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ARTS  AND  SCIENCES. 


BELICS. 


BELIGION. 


HELICS  (in  Latin,  "reUavusa")  ia  a  term  used  to  signify  the 
Tamaina,  bones,  or  garments  of  depuied  hoi;  men,  which  are  honoured 
by  the  followers  of  the  Choroh  of  Some.  During  the  early  ages  of  the 
Christian  Church,  martyrs  were  held  in  veneration ;  and  their  relics 
were  treasured  up  as  sometbiiig  sacred.  The  anniveraaty  of  their 
martyrdom  waa  c^ebrated  by  assembUes  of  the  faithful,  held  round 
their  tomb  or  on  the  plaaes  where  they  hod  perished,  and  chapela  and 
sanctuaries  were  raised  on  the  spot,  bi  the  Ith  and  6th  centuries  the 
prerioua  yeneration  for  the  saints  became  a  kind  of  worship ;  miracles 
were  said  to  be  performed  by  fragments  of  their  bones  or  garments, 
and  pilgrimages  were  undertaken  to  obtain  these  relics.  Helena,  ihe 
mother  of  Conatantine,  went  to  Palestine,  and  waa  said  ta  have  found 
the  identical  cross  on  which  Christ  su&ered.  The  employment  of 
images  and  that  of  relics  aa  accessories  to  church  worship  seem  to  have 
grown  up  together  during  that  period.  Towards  the  end  of  the  6th 
century.  Pope  Gregory  I.  displayed  a  great  veneration  for  relics.  There 
ia  a  letter  of  his  to  the  empress  Constantina,  who  had  asked  him  for  a 
part  of  the  body  of  St,  Paul,  in  which  he  excuses  himself  by  saying 
that  it  waa  not  the  custom  of  the  Bomdns,  and,  in'  general,  of  the 
Chiistiana  of  the  West,  to  touch,  much  less  to  remove  the  bodies  of 
saints ;  but  that  they  put  a  piece  of  linen  called  "  brandeum  "  near  the 
holy  bodies,  which  is  afterwards  withdrawn,  and  treasured  up  with  due 
veneration  in  some/new  church,  and  as  many  miracles  are  wrought  by 
it  as  if  the  bodies  themselves  were  there:  he  adds  that  they  were 
much  surprised  at  the  Greeks  removing  the  bones  of  saints  from  place 
to  place ;  but  that  in  order  not  to  disappoint  the  piety  of  the  empress, 
he  would  aend  her  some  filings  of  the  chains  which  St.  Paul  wore  on 
his  neck  and  hands.  This  letter  is  quoted  by  Baronius,  Fleury,  and 
other  church  historiana.  From  that  time  the  veneration  for  relics 
increased,  but  there  waa  no  l<«ger  the  same  scrupulosity  about  re- 
moving the  relics.  Relic  worship  became  during  the  middle  ages  a 
vulgar  superstition  and  diagraceful  traffic ;  and  the  abuse  has  been 
censured  by  many  sincere  Roman  Catholics.  It  was  ordered  by  several 
synods  that  no  relics  should  be  exposed  to  view  without  the  sanction  of 
the  local  bishop.  Pope  Innocent  III.  forbade  the  sale  of  relics.  The 
Roman  Catholic  Church  however  admits  that  the  relics  of  i^nta  have 
jierformed  and  may  still  perform  miraclea ;  and  that  they  are  a  proper 
object  of  veneration. 

i  {Sihliothtqae  Saerte,  par  la  Pint  Richard  et  Giratid,  articles  '  Be- 
liquea'  and  'Sainta,'  8rd  section,  'Reliques  des  Saints;'  and  also 
Father  Honor^  de  Sidnte  Harie,  IHtieilation  mr  la  Sdiqua  ;  smd  the 
Ahbi  de  Cordemoi,  TraiU  da  Sahtta  SeUmta.) 

BELIEF,  RELEVIUM,  a  burden  incident  to  feudal  tenures, 
being  a  sum  of  money  paid  to  tiie  lord  on  the  admittance  of  a  fresh 
tenant.  It  ia  a  relic  ^of  that  state  of  things  in  which  the  succession 
waa  not  strictly  speaking  of  right,  but  at  the  will  of  the  lord,  who 
required  the  payment  of  such  an  acknowledgment  for  the  concession. 
It  became  however  so  much  the  custom  for  the  lords  to  admit  tho  sons 
or  near  kindred  (heirs,  aa  we.  now  say)  to  the  inheritanoe  of  the 
ancestor,  that  a  custom  became  established  of  doing  so,  and  out  of  the 
custom  grew  the  right.  The  money  however  which  had  been  poid  for 
admission  in  the  former  state  of  things,  continued  to  be  paid  when  the 
succession  of  the  next  heir  had  become  what  is  called  matter  hi 
right. 

Bracton  gives  what  ia  probably  the  true  etymology  of  the  word. 
"  lielevia,"  says  ho,  are  so  called, "  quia  horeditas  qusB  jacens  f  uit  per 
antecessoris  decessum  rdevaitr  in  manus  hei«dam,  et  propter  factam 
relevationem." 

ABTS  A»0  SOI.  DIT.  YOIi.  TH. 


BELIEF    [Alto-Bilievo.] 

BELIGION  ia  a  Latin  word  which,  according  to  the  common  deri- 
vation of  it  (from  rcligare),  means  a  principle  which  acts  as  a  r<!»'>'<M'n' 
on  tho  conduct  of  man.  In  its  more  general  sense  it  is  used  as  an 
abstract  term  to  denote  our  ideas  of  the  existence  and  character  of  a 
Divine  Being,  to  whose  power  men  ore  more  or  leaa  subject.  Thus  we 
apoik  of  a  tense  ofreUgion  and  the  dutia  of  religion,  and  we  call  a  inan 
who  regards  such  subjects  aa  matters  of  great  importance  a  religiova 
perton.  But  as  different  views  have  prevailed  of  the  nature  of  the 
deity  and  the  relation  in  which  man  stands  to  him,  various  systems  of 
religious  belief  have  sprung  up,  and  each  of  these  aystems  is  called  a 
reUanon.  Th\is  we  speak  of  the  Greek,  Hindu,  Jewish,  Christian,  and 
Mohammedan  religions.  The  word  is  also  popularly  used  to  express 
the  attention  of  individuals  to  the  doctrines  and'  duties  of  the  particular 
religion  which  they,  may  have  embiacedi  In  this  sense  it  is  synony- 
mous with  jnetif. 

The  aubjecta  with  which  religion  has  to  do  are  God  and  man  con- 
sidered in  the  relation  in  which  they  stand  to  each  other.  It  conse- 
quently includes  all  the  philosophical  questions  which  can  throw  light 
upon  tJiat  relation ;  for  example,  those  which  respect  the  nature  of  tho 
deity,  the  notions' of  infinite  space  and  infinite  duration,  the  existence 
and  offices  of  spiritual  beings,  the  origin  and  destiny  of  the  human 
race  and  of  the  world  they  inhabit,  the  immateriality  and  immortality 
of  the  human  soul ;  and  also  all  the  practical  questions  which  arise  out 
of  that  relation,  such  as  the  duties  which  men  owe  to  God  and  to  each 
other,  and  the  consequences  which  God  may  have  appointed  to  follow 
different  courses  of  action.  All  impreasions,  notions,  and  belief  upon 
these  aubjecta,  whether  formed  into  a  system  or  not,  constitute  what 
vre  call  rdifiion,  aa  distinguiahed  from  theohrty,  which  ia  the  science  by 
which  these  ideas  are  reduced  to  a  systematic  form,  their  lawa  investi- 
gated, and  their  origin  and  results  traced  out.     [Theoloot.] 

Tho  sources  from  which  our  notions  of  religion  are  derived  are  either 
the  so-called  laws  of  nature  and  the  constitution  of  tho  human  mind, 
or  direct  information  given  to  us  upon  the  subject  by  the  deity  him- 
self, whether  such  information  be  embodied  in  any  lasting  form,  or 
handed  down  from  ono  generation  to  another  by  oral  tradition.  Religion 
derived  from  the  two  former  sources*  ia  called  natural  rdigumj  from 
the  last,  revealed  rdujion.    [Beyelation,] 

The  fundamental  principle  upon  which  all  religion  rests  is  the  notion 
of  the  exiatence  of  a  Being  whose  power  over  us^s  absolute,  whoso 
nature  is  perfect  in  excelTence,  to  whoirf  we  owe  oei-tain  duties,  and 
from  whom  we  have  much  to  hope  and  feeir.  The  existence  of  such  a 
Being  is  proved,  by  tho  evidences  which  the  objects  of  nature  present 
of  perfect  design,  of  fixed  order,  of  power  sufficient  to  accomplish 
everything  which  we  can  conceive  that  does  not  involve  a  contradiction, 
and  which  we  therefore  conclude  to  bo  infinite,  and  of  benevolent  pro- 
vision for  the  wants  of  living  creatures.  Apart  from  all  such  evidence, 
the  belief  in  tho  divine  existence  seems  to  be  strongly  impressed  on 
the  human  mind,  so  strongly  indeed,  that  it  is  a  matter  of  great  doubt 
whether  even  'professed  atheists  have  been  really  such.  Lastly,  this 
truth  may  be  the  subject  of  revelation;  for  revelation  does  not,  as 
may  at  first  sight  seem,  imply  aa  a  fact  prceiouAy  known  the  existence 
of  the  Being  from  whom  it  comes.  To  the  first  recipients  of  the  revela- 
tion the  very  fact  of  their  finding  themselves  possessed  of  tho 
knowledge  of  truths  beyond  the  range  of  human  experience  would  be 
a  sufficient  proof  of  the  existence  of  a  superior  Being,  from  whom  they 
had,  in  whatever  w^y,  obtained  such  knowledge ;  and  if,  in  making 
known  the  revelation  to  the  world,  these' persons  shoald  display  a 
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command  over  the  laws  of  nature  beyond  the  compuss  of  human 
power,  or  an  acquaintance  with  future  events  beyond  the  reach  of 
human  knowledge,  these  miracles  and  prophecies  would  prove  the 
existchco  of  a  superior  Being,  from  whom  they  had  received  the  power 
to.  perform  the  one  and  tibe  foreknowledge  implied  in  the  other. 
Thus  the  revelation  itself  furnishes  a  proof  of  the  existence  of  the 
before  unknown  revealer.  We  do  not  inquire  whether  the  divine 
existence  is  really  proved  in  either  or  all  of  these  different  ways, 
because  the  object  of  this  article  is  to  explain  the  nature  of  religion, 
not  to  establish  its  truth. 

The  belief  in  a  Ood  leads  at  once  to  the  practice  of  worshipping 
him,  on  the  veiy  same  principle  on  which  all  dependants  honour  and 
look  up  to  those  in  whose  power  they  are  placed. 

The  existence  of  a  Qod  once  proved,  the  next  question  is,  In  what 
relation  do  we  stand  to  liim  ?  Are  any  lavra  laid  down  for  our 
conduct  ?  Are  we  responsible  to  him  for  keeping~«r  breaking  those 
laws  1  Are  any  rewards  and  punishments  appointed  for  obedience  and 
disobedience  1 

To  these  questions  it  does  not  appear  that  natural  religion  can  give 
a  perfectly  satisfactory  answer,  though  no  one  con  read  Bishop  Butler's 
admirable  work, '  The  Analogy  of  Beligion,  Natural  and  Bevealed,  to 
'  the  Constitution  and  Course  of  Nature,'  without  being  astonished  at 
the  amoimt  of  information  on  these  subjects  which  it  is  there  shown 
that  the  contemplation  of  natural  phenomena  reveals.  It  seems  also 
that  a  general  undefined  notion  of  responsibility  is  associated  in  nearly 
all  human  minds  with  the  idea  of  divine  existence,  at  least  a  sense  of 
responsibility  sufficient  to  excite  J>leasure  when  we  do  what  we  believe 
to  be  good,  and  remorse  when  we  do  what  we  believe  to  be  evil. 
Again,  the  connection  wMch  we  find  generally  existing  between  vice 
and  misery  on  the  one  hand,  and  virtue  and  happiness  on  the  other; 
impresses  upon  us  the  idea  that  there  does  exist  suoh  a  thing  as  retri- 
butive justice.  But  at  this  point  we  encounter  the  great  difBoulty  of 
natiu-al  religion.  Though  the  general  law  according  to  which  the 
itOairs  of  the  world  appear  to  be  governed  is,,  that  virtue  is  followed  by 
happiness  and  vice  by  misery;  and  though  a  full  knowledge  of  the 
circumstances  of  every  caa6  which  appears  an  exception  to  that  law 
mij;ht  show  us  that  more  real  happiness  is  enjoyed  by  a  virtueus 
Butlerpr  than  by  a  prosperous  sinner,  yet  it  cannot  be  domed  that  daily 
experience  furnishes  us  with  exceptions  to  this  law,  numerous  enough 
to  throw  great  doubt  upon  its  reality,  if  the  period  of  humai^ 
existence  ends  with  the  present  life.  Accordingly  we  find  the  doctrine 
of  a  future  state  forming  a  port  of  all  religious  systems,  and  generally 
connected  with  some  notion  of  rewards  and  punishments. 

Now,  if  there  be  a  supreme  moral  governor  who  rules  the  world  by 
fixt'd  laws,  who  has  appointed  rewards  and  punishments  as  the  reoom- 
jmitM.'  for  obedience  and  disobedience,  and  who  has  constituted  man  so 
that  he  shall  exist  in  a  future  state  to  receive  that  recompense,  the 
question  is  naturally  suggested  whether  there  be  any  means  by  which 
the  consequences  of  disobedience  may  be  averted.  Justice  must  be  an 
attribute  of  tlie  ruler  of  the  universe,  and  natural  religion  affords  us 
sufficient  proofs  of  his  goodness  to  justify  us  in  believing  that  he  is 
also  willing  to  show  mercy.  The  question  that  remain*  to  be  answerad 
is,  how  his  mercy^  can  be  shown  without  injury  to  his  justice ;  and  the 
importance  of  this  question  is  enhanced  by  the  consideration  that  the 
great  majority  of  mankind  (experience  would  justify  us,  apart  from 
the  CliristiaQ  doctrine  of  univereal  depravity,  in  saying  i^  mankind) 
need  the  divine  forgiveness  for  at  least  some  actions  of  their  lives. 
It  is  the  highest  province  of  religion  to  f  utnish  an  answer  to  this 
question ;  and  here  natural  religion  entirely  foih  us,  for  if  left  to  it, 
the  utmost  we  could  do  would  be  to  rest  in  the  exercise  of  an  humble 
faith  that  some  provilion  has  been  made  by  Qod  for  the  just  forgive- 
ness of  our  sins,  though  the  nature  of  that  provision  be  unknown  to 
us.  The  matter  belongs  to  revealed  religion,  and  accordingly  we  find 
in  neatly  every  religion  professing  to  have  a  divine  origin,  and  in  many 
others,  the  doctrine  of  an  atonement ;  that  is,  of  a  satisfaction  for  sn, 
in  virtue  of  which  the  actual  transgressor  m^  be  released  from  tbe  OOQ* 
sequences  of  his  guilt. 

'rbeso,  then,  are  the  element*  which  a«em  to  be  contained  in  any 
religion  suited  to  the  wants  of  man ;  that  there  eisista  a  supreme  Being 
whopossesses  absolute  power  over  man  and  the  material  univeiae,  and 
all  creatures  therein,  and  who  is  to  be  worshipped  by  all  his  rational 
cre.'iturcs;  that  he  has  laid  down  kws  for  our  conduct,  by  our 
obedience  or  disobedience  to  which  we  subject  ourselves  to  a  reoom- 
pciise  of  reward  or  punishment,  which  recompense  is  awarded  partially 
in  the  present  life,  but  more  completely  in  a  future  state,  in  which  we 
are  so  constituted  as  to  exist  after  death ;  that  a  provi^on  has  been 
made  on  behalf  of  those  who  feel  that  their  conduct  has  subjected 
them  to  the  divine  displeasure,  by  availing  themselves  of  which  th^ 
may  escape  the  consequences  of  their  guilt  without  detriment  to  the 
equity  of  the  divme  government;  and  lastly,  that  there  are  oartnin 
practical  rules  of  conduct  by  which  the  intercouAe  of  men  with  each 
other  ought  to  be  governed,  and  by  an  attention  to  which  the  stability 
of  the  social  system  may  to  a  great  extent  be  ensured.  And  all  these 
elements  of  religion  aro  susceptible  of  proof,  either  from  nature,  or 
from  human  experience,  or  from  revelation. 

ItELIQUARV,  a  case  or  repository  fur  relics.  The  term  is  usually 
confined  to  the  smaller  relio-cases,  those  of  large  dimensions,  whether 
axed  or  moveable,  being  more  oomiqonly  designated  ihrinet.    When 


the  veneration  of  relics  had  become  uniTenal  in  the  mediseval  drarch, 
the  practice  of  enclosing  ^e  reUc  in  its  own  special  case,  so  as  to 
preserve  it  alike  from  danger  of  loss  and  fronr  contact  with  less  sacred 
objects,  was  generally  adopted ;  and  these  cases,  often  gifts^  to  tha 
churches,  were  usually  of  the  finest  workmanship  of  the  period,  and 
sometimes  of  very  costly  materials.  Reliquaries  are  among  the  most 
prized  remains  of  mediseval  ari-workmanship  now  preserved  in  the 
ecclesiastioal  treasuries  of  the  continent  and  iapuhHc  museums,  ^  Tkay 
vary  of  course  widely  in  pecuniary  and  artistic  value,  and  also  in  naa 
and  form.  Those  of  earliest  date,  Byzantine  in  character,  are  fre- 
quently of  copper  almost  wholly  enamelled ;  and  a  oommoii  form,  when 
not  a  mere  casket  or  coffin,  is  that  of  a  chapel  or  basilica,  having  on  ths 
sides  and  ends  fignrea  of  Christ  and  the  apostleB,  ot  the  legend  of  the> 
saint  whoee  relics  they  enclosed.  Later,  the  churdi  form  is  more 
developed,  the  sides  and  gaUe-ends  having,  especially  hi  French  and 
German  examples,  columns,  arches,  crockets,  pinnacles,  and  even  towers. 
Those  of  the  13th  and  14th  centuries  are  often  exquisite  specimens  of 
the  art  of  the  period.  They  are  commonly  of  metal — IsMea,  silver- 
gilt,  or  gold — with  figures  in  relief,  and  enamels  inia^uoed  with'great 
taste  and  admirably  executed.  Some  are  of  wood  or  ivory,  beaotifolly 
carved.  Sometimes  they  assume  the  form  of  the  relic  itself---aB  a  lisad, 
heart,  hand,  or  foot,  where  they  were  made  to  oontadn  a  portion  of  ens 
of  those  members.  The  huge  reliquaries,  or  sArtite*,  were  of  stone  or 
l>roiuc^  and,  where  r^jorded  as  of  special  sanctity,  were  overlaid  with  the 
acciimuhited  ofierings  of  devotees.  Thus  the  sluine  of  the  Three  Kings 
at  Cologne  was  ornamented  with  jewels  said  to  be  of  the  Value  of  nearly*^ 
quarter  of  a  million.  The  shrine  of  Thomas  h  Becket,  at  Canterbury, 
was  of  almost  inconceivable  value.  Those  were,  however,  the  real  or 
supposed  tombs  of  the  saints,  and  though  sometimes  spoken  of  as 
reUquaries,  are,  as  we  said^  more  properly  called  shrines.  Of  reliquaries 
proper  some  few  examples  remain  in  our  churches,  aa  at  Brixwurlh, 
near  Northampton;  Taxley,  pear  Peterborough,  fto.  Sewal  good 
examples  of  enamd,  metal,  and  oirved  ivoiy  reliquaries  ite  in  tin 
South  Kensington  Museum* 

BKMAINPER.  An  estate  in  remainder  is  dofined  Iqr  Oaks  to  b» 
"  a  remnant  of  an  estate  in  laoda  or  tenement^  azpeoiiiat  on  •  par- 
ticular estate,  created  togetbetwith  the  -same  at  one  time."  Asoordin^ 
to  this  d^nition,  it  must  be  an  estate  in  lands  or  tafnemanti,  jnehiding 
incorporeal  hereditament^,  as  rents  and  tithes ;  and  it  is  an  aetata 
which  at  the  time  of  its  creation  is  not  an  estate  in  posseenion,  but  an 
estate  the  enjojrment  of  vbiak  is  deferred.  The  estate  in  rsmaindsr 
m^y  exist  in  lands  or  hereditaments  hetd  for  an  estate  of  inheritance  o> 
for  life.  It  must  he  created  at  the  same  time  with  the  preoeding^ 
estate,  and  by  the  same  instrument ;  but  a  will  and  a  eodioU  are  for 
this  purpose  the  same  instrument.  A  remainder  may  be  limited  by 
appointment,  which  is  an  execution  of  a  power  created  by  the  instru- 
ment tiiat  creates  the  partioOlar  estate ;  lor  Ute  instrument  of  appoint- 
ment is  legsUy  oonsidsred  as  a  ^art  of  the  original  instrmnent.  A 
remainder  may  also  be  created  either  by  deed  or  by  will ;  and  either 
according  to  the  rules  of  the  common  law,  or  by  the  operation  of  the 
Statute  of  Uses,  whidi  is  now  the  more  usual  means. 

If  a  man  seised  in  fee  simple  grants  lands  to  A  for  years  or  for  Hfir, 
and  then  to  B  and  his  heirs,  B  has  the  remainder  in  fee,  which  is » 
present  interest  or  estate,  and  he  has  consequently  a  present  right  to 
the  enjoyment  of  the  lands  upon  the  detenniiiation  of  A's  estate ;  ar, 
in-  other  words,  ho  has  a  vested  estate,  which  is  called  a  vested 
remainder.  A  reversiun  differs  from  a  remainder  in  several  reelects. 
He  who  grants  an  estate  or  estates  out  of  his  own  estate,  retains  oa  hi» 
reversion  whatever  he  does  not  grant ;  and  upop  the  determination  of 
the  estate  or  estates  which  he  has  granted,  the  land  reverts  to  him. 
There  may  be  several  remainders  and  a  rerersion  expectant  on  them. 
If  A,  tenant  in  fee  simple,  limits  his  estate  to  B  for  ^ssn,  with 
remainder  to  G  for  life,  with  remainder  to  D  in  tail,  this  limitation  does 
not  exhaust  the  estate  in  fee  simple.  By  the  limitation  B  becomes 
tetumt  in  possession  for  years,  C  has  a  vested  remamder  for  life,  D  a 
Tested  remainder  in  tail,  and  A  has  the  revoraion  in  fee.  If  tha* 
limitation  by  A  exhaust  the  whole  estate,  as  it  would  have  dona  in  the 
preceding  instance  if  the  limitation  had  been  to  C  and  his  heirs,  A  has 
no  estate  left.  It  is  a  necessary  consequence  that  if  a  man  granta  all 
his  wtate,  he  can  grant  nothing  more ;  and  therefore  the  grant  of  any 
estate  after  an  estate  in  fee  simple  is  void  as  a  remainder.  Indeed 
the  word  remainder  impUes  Uut  what  is  granted  aa  such  is  either 
a  part  or  the  whole  of  something  whidi  stiU  remains  of  the  original 
estate. 

The  estate  which  preoedes  the  estate  in  remainder  or  in  reversion  is 
called  the  particular  estate,  being  a  particula  or  portion  of  uU  the 
estate  which  is  limited ;  and  the  particular  estate  may  be  any  estate 
except  an  estate  at  will,  and  an  estate  in  fee  almj^e.  It  must  therefore 
be  either  am  estate  for  years,  or  for  life,  or  in  tail. 

Estatas  for  years  may  be  granted  to  oomraenoe  at  a  future  time; 
but  by  the  nuea  of  tiie  common  law,  no  estate  of  freehold  can  bo 
created  to  eonunenoe  at  a  future  time.  If  therefore  suoh  an  estate  of 
freehold  is  granted,  there  must  be  m«ated  at  the  same  time  an  estate 
for  years,  vwich  s£a11  continue  till  tfie  time  fixed  for  the  enjoyment  of 
the  estate  of  freehold. 

A.  remainder  cannot  be  granted  so  as  not  to  taki  effisot  immediately 
on  the  determination  of  the  particular  estate.  If  there  is  any  interval 
left  between  the  particular  estate  and  the  remainder  in  their  oreation, 
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tho  remainder  is  absolutely  void.  A  grant  of  an  estate  to  A,  and  one 
day  after  the  determination  thereof  to  B,  is  a  void  remainder. 

Estates  in  remainder  are  either  vested  or  contingent.  The  remainder 
may  vest  at  the  time  of  the  Kmitation,  or  it  may  vest  afterwards :  in 
either  case  the  remainder-man  acquires  an  estate  in  the  land,  to  the 
enjoyment  of  vfhioh  he  is  entitled  upon  the  determination  of  the  pre- 
ceding estete.  But  it  may  happen  wat  a  vested  remainder  may  never 
become  an  estate  in  possession. 

A  vested  remainder  is  an  estate  which,  by  the  terma  of  the  original 
limitation  or  Conveyance,  is  limited  or  conveyed  unconditionally.'  If  a 
remainder  is  not  vested,  it  is  contingent.' 

,  A  contingent  remainder  is  defined  by  Fcame  to  b6  "a  remainder 
limited  so  as  to  depend  on  an  event  or  condition  which  may  never 
happen  or  be  performed,  or  which  may  not  liappen  or  be  performed 
till  after  the  determination  of  the  preceding  estate."  Accordingljrjt  is 
the  limitation  of  the  remainder  which  is  conditional,  and  there  is  no 
remainder  limited  or  given  until  the  condition  happens  or  is  performed. 
The  uncertainty  of  the  remainder  becoming  an  estate  in  possession  is 
no  part  of  the  notion  of  a  contingent  remainder ;  for  this  kind  of 
uncertainty  may  exist,  as  already  observed,  in  the  case  of  vested 
remainders. 

Featne  has  made  four  classes  of  contingent  remainders,  to  some  one 
of  which  he  consideTS  that  all  kinds  of  contingent  remainders  may  be 
leduced,  but  he  adds  that "  several  cases  which  fall  literally  under  one 
or  other  of  the  two  last  of  those  four  descriptions,  are  nevertheless 
ranked  among  vested  estates." 

The  first  class  is,  "  wh^re  tho  remainder  depends  entirely  on  a  con- 
tingent determination  of  the  preceding  estate  itself;  "  or,  as  it  may  be 
-  explained,  where  a  remainder  is  limited  to  take  oSect  onfy  on  the 
happening  of  a  specified  contingent  event  which  is  to  determine  the 
preceding  estate,  and  is  not  to  take  eSect  if  the  preceding  estate  deter- 
mines in  any  other  way.  An  example  usually  given  is  the  following : 
A  makes  a  feoStaient  to  the  use  of  B  till  C  returns  from  Rome,  and 
after  Cs  return,  then  to  D  in  fee.  In  this  case  B  has  an  estate  which 
will  determine  either  upon  Cs  return  from  Borne  or  by  his  own  death ; 
but  the  remainder  is  limited  to  D  only  upon  the  happening  of  a 
specified  event  which  may  never  happen ;  and  if  B's  estate  determine 
by  his  death,  or  by  forfeiture,  which  is  possible,  no  estate  is  limited  to 
D.  There  is  then  no  limitation  to  D,  except  conditionally,  and  his 
estate  is  Oierefore  contingent. 

The  second  daas  is, "  where  some  uncertain  event,  unconnected  with 
and  collateral  to  the  determination  of  the  preceding  estate,  is  by  the 
nature  of  the  limitation  to  precede  the  remainder,"  This  class  is  easily 
distinguished  from  the  first,  by  the  circumstance  that  the  uncertain 
event  upon  which  the  remainder  is  limited,  is'  entirely  independent  of 
the  manner  in  which  the  preceding  estate  may  or  must  determine. 
The  following  is  an  example  :  If  a  granWs  made  to  A  for  life,  remainder 
to  B  for  life,  and  if  B  die  before  A,  remainder  to  C  for  lUe,  the  un- 
certain event  of  B's  djring  before  A  is  quite  independent  of  (jie  deter- 
mination of  A's  estate,  but  the  limitation  of  C'a  estate  depends  on  this 
uncertain  event  happening. 

In  both  these  cla^s  of  t-emainders,  the  event  on  which  the  remainder 
is  to  take  efiect  is  absolutely  uncertain ;  in  the  two  following  classes, 
the  events  on  which  the  remainders  are  limited  are  events  which  cer- 
tainly must  happen,  and  the  contingency  arises  from  the  uncertainty 
of  the  time  when  they  will  happen. 

The  third  class  is, "  where  a  remainder  is  limited  to  take  efieot  upon 
an  event,  which,  though  it  certainly  must  happen  some  time  or  other, 
yet  may  not  happen  till  after  the  determination  of  the  particular 
estate."  The  following  ia  an  example  :  A  grant  is  mode  to  J.  8.  for 
life,  and  after  the  death  of  J.  D.  the  lands  to  remain  to  another  in  fee. 
Though  it  is  certain  that  3.  D.  roust  die,  tlua  event,  upon  which  the 
limitation  in  fee  is  to  take  efiect,  may  not  happen  till  after  the  deter- 
mination of  the  life  estate  of  J.  S. 

The  fourth  clasa  is,  "  where  a  renuunder  is  limited  to  a  person  not 
ascertained,  or  not'in  being  at  the  time.when  such  limitation  is  made." 
The  following  is  an  example  :  A  grant  is  mode  to  A  for  life,  remainder 
to  the  right  heirs  of  J.  S.  Now  as  J.  S.  can  have  no  heir  till  he  is 
dead,  and  as  he  may  not  die  till  after  the  determination  of  Uie  par- 
ticular estate,  such  remainder  is  contingent.  If  an  estate  is  limited  to 
two  persons  for  life,  with  remainder  in  fee  to  the  survivor,  the  remainder 
is  contingent,  because  it  is  uncertain  which  will  be  the  survivor. 

The  numerous  exceptions  to  the  fourth  claas  of  contingent  re- 
mainders are  comprehended  in  what  is  called  the  Rule  inShelley's 
case,  of  which  a  complete  exposition  is  given  in  Feame's  '  Essay  on 
Contingent  Remainders ; '  and  in  Preston's  *  Treatise  on  Estates '  (vol,  i.). 
The  nature  of  this  rule  may  be  generally  stated  as  follows : — It  lands 
are  limited,  either  by  deed  or  wiU,  to  a  man  iqr  life,  and  after  his  death 
U)  his  heirs  or  the  h^lra  of  his  body,  the  limitation  to  the  heirs  would 
appear  to  be  a  contingent  remainder  according  to  the  definition  of  the 
fourth  class  of  contingent  remainders,  for  the  heirs  ar^  persons  who 
cannot  be  ascertained  till  the  death  of  the  person  to  whom  the  estate 
for  life  is  given.  Bat  it  ia  an  old  rule  of  law  that  the  estate  so  limited 
to  the  heirs  or  the  heirs  of  the  body  takes  immediate  effeot  as  an 
estate  in  the  ancestor,  and  therefore,  in  the  former  cose,  A  takes  an 
estate  of  freehold  with  a  vested  remainder  fta  fee.  His  Ufe  estate  is 
conaequentlv  merged  in  his  remainder  in  fee,  and  he  becomes  tenant 
in  fee  simple  in  possession.     If  an  estate  for  life,  or  an  e^te  toil,  I 


is  interposed  between  the  estate  for  life  to  the  ancestor  and  the  re- 
mainder to  his  heirs  or  the  heirs  of  his  body,  still  tUis  remainder 
is  vested  in  the  ancestor,  just  in  the  same  way  as  if  it  were  limited  to 
him  and  his  heirs,  or  to  him  and  the  heirs  of  his  body.  Thus  when  A 
takes  an  estate  for  life,  remainder  to"B  for  life,  remainder  to  C  in  tail, 
remainder  to  the  right  heirs  of  A,  this  ultimate. remainder  ia  a  vatted 
remainder  in  fee  in  A,  and,  after  hia  death  and  the  determination  of 
the  intermediate  estates,  his  heir  will  take  by  descents  But  cases  ' 
within  tiiia  rule  are  not  so  properly  exceptions,  as  cases  which  by  tho  ' 
operation  of  the  rule  are  ezSuded  from  the  fourth  daas  of  contingent 
remainders. 

There  is  another  exception  to  the  fourth  class,  which  is  allowed  in 
devises,  where  it  can  be  clearly  inferred  from  the  particular  expres- 
sions in  the  will,  tiiat  a  limitation  to  the  heir  special  of  a  person  then 
living  is  intended  as  a  designation  of  a  particular  peqron.  In  such  case 
the  remainder  will  vest;  for  the  conclusion  is,  not  that  the  testator 
intended  io  limit  the  estate  by  way  of  contingent  remainder  to  such 
person  as  should  be  a^ertained  to  be  heir  by  the  death  of  his  ancestor, 
but  that  he  intended  by  the  word  "  heir,"  accompanied  with  the  other- 
expressions  in  the  will,  to  designate  a  particular  person.  _   * 

A  contingent  remainder  may  intervene  between  the  particular  estate 
and  other  limitations  over,  and  yet  the  subsequent  limitations  may 
be  vested,  if  made  to  a  person  i»  ate,  provided  the  contingent  limita- 
tion ia  not  in  fee  simple.  The  contingent  remainder  itself  may  also 
vest,  and  then  become  an  estate  interposed  between  the  particular 
estate  and  the  subsequent  vested  limitations,  if  the  contingency  hap- 
pens during  the  existence  of  the  particular  estate.  If  in  the  some 
conveyance  an  estate  is  limited  to  A  for  life,  followed  by  a  contingent 
remainder  and  a  subsequent  limitation  to  A  and  hia  heirs,  or  A  and 
the  heirs  of  his  tiody,  this  lost  limitation,  though  executed  under  the 
rule  in  Bhelle^'s  case,  ia  still  eo  executed  as  to  allow  the  contingent 
remainder  to  mterpose  as  a  vested  estate  when  the  contingency  happens. 
A  subsequent  contingent  limitation  may  vest  before  a  preceding  one, 
but  it  follows  from  what  has  been  sold  that  the  preceding  one  ia  still 
capable  of  vestinjf.  ^ 

I,ands  may  be  so  limited  as  to  be  subject  to  a  general  power  .of  ap- 
pointment.   In  auch  cuea,  the  general  pofrer  of  appointment  will  not  . 
prevent  the  estates  limited  in  default  of  appointoient  from  vesting ;  ' 
though  the  due  ^xercise  of  the  power  will  divest  them. 

A  contingent  remainder  may  be  limited  generally  upon  any  event, 
except  in  such  cases  ais  the  following : — the  contingent  event  being 
illegal ;  the  remote  possibility  of  the  contingent  event ;  and  the  con- 
dition enuring  to  defeat  the  preceding  estate.  These  subjeoto  are  fully 
discussed  by  Feorne  (c.  2). 

It  will  be  collected  from  what  has  been  said  that  a  contingent  re< 
mainder  of  freehold  must  be  preoeded  by  a  vested  estate  of  freehold ;  for 
if  there  is  no  precedent  vested  estate  of  frediold,  and  the  freehold 
remainder  is  contingent,  the  freehold  either  remains  in  the  grantor, 
and  therefore  ia  not  transftared  to  any  one  £be,  or  it  ia  transferred  in 
aome  remainder  which  ia  limited  after  the  contingent  remainder,  and 
which,  being  therefore  vested  in  poasession,  precludes  all  possibility  of 
the  vesting  of  the  contingent  estate,  whioh  by  the  te^ms  of  the  limita- 
tion miist  precede  it.  Tiiis  rule  as  to  the  neoeaaity  of  a  vested 
freehold  estate  to  support  a  contingent  remainder,  applies  both  to 
limitationa  of  uaee  and  of  eatatas  limited  at  common  law. 

It  will  alao  appear  from  the  definitiona  of  contingent  remaindeta 
that  they  must  vest,  that  is,  the  conditions  on  which  they  are  limited 
must  be  fulfilled,  during  the  continuance  of  the  particular  estate  or 
immediately  on  its  detenuination.  One  of  the  cases  in  whioh  atich 
remainders  were  formerly  liable  to  fail  under  the  fourth  class  of  con- 
tingent ramaindera,  waa  in  the  oaae  of  such  limi^tions  as  to  A  for  life, 
and  to  his  first  and  other  aona  in  toil.  Originally  a  posilinmoua  aon 
could  not  take,  but  auch  child  ia  now  for  titii  and  several  other  pur- 
poses considered  as  a  person  m  este  during  the  period  of  pregnancy. 
When  a  contingent  remainder  is  limited  to  several  in  a  conveyance  to 
uses  or  by  a  devise,  such  remainder  will  vest  in  the  first  person  in 
whom  it  can  vest,  but  it  will  divest  in  due  proportions  in  fovour  of 
other  persona  who  are  included  in  the  limitations,  and  who  become 
capable  of  taking  before  the  determination  of  the  particular  estate ; 
and  suoh  persons  nuqr  take  aa  joint  tenants,  though  their  eatates  vest 
at  diSisrent  times. 

Formerly,  any  determination  of  the  porticalar  estate  before  a  l^;al 
remainder  vestwl,  destroyed  the  0(nit>ri^t  remainder.  The  contingent 
remainder  might  foil  not  only  tioougfa  the  contingency  not  happening 
till  after  the  expiration  of  the  particular  estate,  but  through  ita  de- 
atruetion  by  the  aurrender  of  the  tenant  for  life,  or  by  the  forfeiture  of 
his  estate  during  the  existence  of  the  contingency.'  The  intermediate 
contingent  remainder  waa  alao  destroyed  i{  the  particulaf  estate  and 
the  next  veated  eatate  of  freehold  became  united  by  the  conveyance  or 
act  of  the  parties,  so  that  the  particular  eatate  waa  merged.  Now, 
however,  it  has  been  enacted  oy  the  statute  8  A  9  Vict,  c  106,  that 
contingent  remaindera  ahall  be  oapdU*  of  taking  effect,  notwithstand- 
ing the  determination  by  firfeiturt,  $mrmder,  or  merger  of  any  pre. 
ceding  eatate  of  freehold. 

A  contingent  remainder  of  an  eatate  of  ildieritAnoe  is  descendible  to 
the  heirs  of  an  aacertoined  person  to  whom  it  ia  limited,  if  such  person 
ahould  die  before  the  contingent  happens,  and  it  will  vest  if  the  same 
should  happen  during  the  ooulinuonce  of  the  particular  estate.    Con- 
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tingent  romaindere  were  onco  not  conBidered  devisable,  but  it  was 
afterwards  determined  that  they  were  devisable  whenever  they  were 
descendible  to  the  heirs  of  the  persons  to  whom  they  were  limited ; 
and  xinder  the  statute  1  Vict,  c  26,  they  are  devisable  in  common 
with  all  contmgent,  executory,  or  other  future  interests  in  any  real  or 
prrrsonal  esttite. 

Though  a  fee  cannot  be  limited  after  a  fee  as  a  remainder,  two  or 
more  contingent  fees  may  be  limited  in  the  alternative,  so  that  one 
,  only  shall  ti^e  effect. 

Interests  in  chattels  real  and  personal  are  susceptible  of  limitations 
over  after  the  limitation  of  some  partial  interest  m  them ;  but  from 
the  nature  of  those  interests  they  are  incapable  of  such  extensive 
modifications  as  freehold  interests  in  land,  and  they  cannot  be  operated 
upon  by  the  Statute  of  Uses.  Originally  a  bequest  of  a  term  of  years 
to  a  man  for  iiis  life  was  an  absolute  gift  of  the  whole  term,  and  the 
donee  might  dispose  of  the  whole  interest  as  he  pleased;  but  at 
present  a  bequest  of  such  term  to  A  for  life,  and  after  his  death  to  B, 
is  a  bequest  of  the  whole  term  to  A,  subject  to  an  executory  bequest  to 
B,  to  take  effect  if  A  dies  before  the  expiration  of  the  term.  It  is  not 
a  particular  estate  to  A  for  life  and  a  remainder  to  B.  Any  dispositiou 
of  a.  chattel,  which  iu  the  case  of  lands  would  make  an  estate  tail, 
gives  the  whole  interest.  Thus  if  the  second  bequest  of  the  term  of 
years  were  to  B  and  the  heirs  of  his  body,  B  would  take  the  whole 
interest. 

An  executory  devise  is  such  a  limitation  of  a  future  estate  in  lands, 
and  an  executory  bequest  h  euch  a  limitation  of  a  future  interest  in 
chattels,  as  are  allowed  ia  the  case  of  a  will,  though  not  in  convey- 
ances at  common  law.  Accordingly  a  fee  may  be  limited  after  a  fee 
in  a  will  or  by  way  of  use  upon  contingencies  which  may  happen 
within  certain  limits  of  time ;  and  such  limitations  take  effect  as 
executory  devises  or  springing  or  shifting  uses.  But  when  future 
estates  are  so  limited  by  devise  as  to  be  comprehended  within  the 
rules  which  apply  to  contingent  remainders,  they  will  be  considered  as 
such,  and  not  as  executory  devises. 

The  snbject  of  contingent  remainders  is  fuUy-  discussed  in  the 
elaborate  Essay  of  Feame  on  '  Contingent  Remainders  and  Executory 
Devises ; '  see  also  Hayes, '  On  Conveyancing,'  Appendix. 

REMEMBUANCIiliS  (ranemoratorei),  formerly  called  clerks  of  the 
remembrance  (37  Edw.  IIL  c.  4),  are  ofiScers  of  whom,  until  recently, 
there  were  three  in  the  exchequer,  called  respectively  the  king's 
remembrancer,  the  lord  treasurer's  i-emembrancer,  and  the  remeni- 
brancer  of  first  fruits ;  their  duty  being  to  put  the  lord  treasurer  and 
the  barons  of  the  exchequer,  who  are  the  judges  of  that  court,  in 
remembrance  of  such  things  as  are  to  be  called  on  and  done  for  the 
king's  benefit. 

I.  The  office  of  the  queen's  remembrancer  has  relation  to  t^e  pro- 
ceedings of  the  court  of  exchequer  in  the  exercise  of  its  original  juris- 
diction as  a  court  of  revenue,  and  of  itS  incidental  jurisdiction  as  a 
court  of  equity,  founded  upon  the  fiction  that  the  party  seeking  for 
relief  upon  matters  of  eqmty  is  a  debtor  and  an  accountant  to  the 
crown,  who  by  reason  of  the  withholding  of  that  to  which  he  is  equitably 
entitled,  is  the  less  able  {quo  miniu  suffidau  exittit)  to  pay  hi^  debts 
to  the  crown.  On  the  revenue  side,  the  queen's  remembrancer  enters  all 
the  recognizances  taken  before  the  barons  for  any  of  the  queen's  debts, 
for  appearances,  &c.,  and  he  takes  all  bonds  for  such  debts,  and  for  the 
due  execution  of  offices,  and  makes  out  process  for  breach  of  them ;  he 
also  writes  process  against  the  collectors  of  customs,  excise,  and  other 
public  payments,  for  their  accounts.  Informations  for  intrusion 
into  the  queen's  lands,  and  information  for  debts  due  to  the  crown, 
and  on  penal  statutes,  are  entered  and  sued  in  his  office ;  and  he  makes 
the  bills  of  composition  on  penal  laws.  Indentures  and  other  evidences 
which  relate  to  the  passing  of  any  lands  to  or  from  the  crown  are 
delivered  into  his  office;  and  commissions  of  nisi  prius,  by  her 
majesty's  warrant,  on  trial  of  any  matters  within  bis  ofBce,  commissions 
to  find  debts  due  to  the  crown,  and  writs  of  extent  awarded  in  pur- 
Kiunce  of  83  Hen.  YIU.  c  39,  ore  issued  and  prosecuted  in  this  office ; 
also  general  process  for  the  recovery  of  arrears  of  taxes  and  other 
debts  due  to  the  crown,  which  issue  twice  a  year.  All  differences  as  to 
irregularities  in  proceedings  are  determined  by  the  queen's  remem- 
brancer, with  power  to  give  costs  against  the  party  in  fault,  but  subject 
to  an  appeal  'to  the  court.  (5  Rich.  II.  st.  I,  cc.  15, 16 ;  13  &  14  Car. 
II.  c,  21.)  He  is  bovmd  by  a  rule  of  court,  3  Jac.  II.,  to  attend  the 
court  during  its  sittings,  to  answer  inquiries  respecting  the  course  of 
proceedings,  and  to  enter  the  rules  and  orders  of  the  court  of  exchequer 
relating  to  its  fiscal  or  its  equitable  jurisdiction,  and  he  executes  the 
duties  formerly  performed  by  the  lord  treasurer's  remembrancer,  now 
abolished  by  3  &  4  Will.  IV.  o.  99.  This  office  is  now  held  by  one  of 
the  masters.    (22  &  23  Vict.  c.  21.) 

II.  The  lord  treasurer's  remembrancer's  o6Sce  was  the  office  prin- 
cipally concerned  in  matters  relating  to  the  landed  and  casual  revenue 
of  the  crown.  When  the  king's  title  was  found  by  an  inquest  of 
office,  it  became  the  duty  of  the  officer  with  whom  the  writ  and  in- 
quisition remainsd,  to  send  a  transcript  into  the  office,  iu  order  to 
being  put  in  charge  for  the  service  of  the  crown ;  he  issued  prdbess  for 
debts  to  the  king,  and  against  sheriffs,  escheators,  &c.,  and  others  who 
did  not  account.  He  took  the  accounts  of  all  sherifb,  and  made  the 
record,  whereby  it  .appeared  whether  sheriffs  and  otiier  accountants 
paid  their  proffers,  that  is,  the  balance  appearing  upon  Uieir  accounts, 


duo  at  Easter  and  Michaelmas,  and  he  made  another  record  showing 
whether  sheriffs  and  other  accountants  kept  their  days  prefixed.  There 
were  also  brought  into  his  office  all  the  accouute  of  customers, 
comptrollers,  and  accountauts,  which  were  to  be  entered  on  record. 

All  estreats  of  finee,  issues,  and  amerciaments,  set  or  imposed  in  any 
of  the  courts  at  Westminster,  or  at  the  assizes  or  sessions,  were  certi- 
fied into  his  office,  and  by  him  delivered  to  the  clerk  of  the  estreats,  to 
make  out  process  on  them ;  and  he  might  issue  process  for  discovery 
of  tenures  and  all  revenue  due  to  the  crown  by  reason  thereof,  &c.  AlS 
soon  08  the  estreats  came  into  this  office,  the  parties  interested  might 
appear  and  deny  the  king's  right,  upon  which  the  pleadings  between 
the  crown  and  the  claimant  were  carried  on  in  this  office  according  to 
the  course  of  the  common  law ;  and  the  right  was  either  determmed 
by  the  court  upon  demurrer  or  byrerdict  of  a  jury.  The  pleadings 
and  judgments  were  entered  on  rolls  called  the  '  Memoranda '  of  eadi 
year.  Those  of  the  reign  of  Edw.  I.  were  published  by  Serjeant 
Maynard,  in  the  first  volume  of  his  edition  of  the  Year-Books. 

Parties  may  apply  in  a  summary  manner  for  the  indulgence  of  the 
court  of  exchequer,  which  is  empowered  by'  privy  seal,  at  the  com- 
mencement of  every  reign,  to  compound  or  discharge  any  fines,  issues, 
amerciaments,  or  recognizances,  according  to  the  circumstances  of  each 
cose ;  and  until  the  statute  of  3  &  4  WiU.  IV.  c.  99,  such  applications 
passed  through  this  office.  By  that  statute,  the  office  of  the  lord 
tctasurer's  remembrancer  was,  with  the  offices  connected  therewith, 
abolished.  Part  of  the  duties  of  this  office  had  been  previously  trans- 
ferred to  other  offices,  part  ceased  by  the  Act,  and  the  remainder  are 
performed  by  the  queen's  remembrancer. 

III.  The  remembrancer  of  tho  first  fruits  office  receives  the 
bishops'  returns  of  institutions,  takes  all  compositions  and  bonds  for 
payment  of  first  fruits  and  tenths,  and  makes  process  against  all  such 
persons  as  do  not  pay  the  same. 

IV.  Remembrancer  of  the  City  of  London.  The  duties  of  this 
officer  1^  those  of  agent  for  the  corporation  in  parliament,  and  at  the 
council  and  treasury  boards.  He  gives  a  daily  attendance  at  the  houses 
of  parliament  during  every  session,  to  examine  all  bills  and  proceedings 
of  the  houses  of  lords  and  commons,  and  to  report  on  such  as  may  be 
likely  to  affect  the  interest  or  privQeges  of  tho  city.  For  this  purpose, 
the  officers  of  both  houses  of  p.irliamentgive  him  &cilities  of  admi^on 
and  attendance ;  and,  for  the  purpose  of  identification  by  them,  he 
sometimes  wears  a  medal  with  the  arms  of  the  city.  His  duty  is 
further  to  take  the  necessary  steps  to  procure  the  presentation  of  all 
addresses  and  resolutions  of  the  corporation  to  the  sovereign  and 
all  the  bi'anches  of  the  royal  family  :  to  make  copies  of  the  addresses 
and  deliver  the  some,  and  to  attend  the  sheriffs,  when  the  appointment 
is  made  to  receive  tho  address  or  resolution,  and  the  corporation,  when 
the  same  is  prescuted :  to  engross  all  petitions  of  the  corpoiatiuu  to  be 
presented  to  cither  house  of  parliament :  to  make  and  deliver  copies, 
and  to  attend  whcu  the  petitions  are  presented.  If  the  petition  be  to 
the  hovue  of  lords,  the  remembrancer,  with  the  sheriffs,  waits  on  some 
peer  of  parliament,  and  requests  liim  to  present  it.  He  has  to  give  the 
city  members  and  the  sheriffs  notice  when  petitions  are  to  be  presented 
to  the  house  of  commons :  to  make  applications  for  obtaming,  and, 
when  received,  to  distribute,  the  city  imposts  for  duties  on  wine,  an 
allo\vanco  made  by  the  lords  of  the  treasury,  the  origin  of  which  is  not 
known.  The  earliest  entry  of  its  beiug  made  is  about  the  year  1680. 
The  sum  allowed  is  nOl.  16a.,  which  is  distributed  in  different  propor- 
tions amongst  the  lord  mayor,  aldermen,  recorder,  sheriffs,  common 
Serjeant,  chamberlain,  town-clark,  remembrancer,  aud  sword-bearer. 
('  Second  Report  on  Municipal  Corporations  of  England  and  Wales/ 
1837.) 

KEMONSTRANTa    [Pklaoius,  in  Bioo.  Div.] 

RENAISSANCE  (Architecture).  The  term  Renaissance  indicates 
the  period  of  the  Emzal,  when  the  olaBsiflal  began  to  be  re-introduced 
after  the  mediaeval  styles.  The  term  is  used  alike  in  architecture, 
sculpture,  and  ornamental  art :  our^attention  in  the  present  article  will 
be  confined  to  architecture. 

The  Renaissantse  had  its  origin  in  Italy,  where  at  'best  Qothic  uvhi- 
teeture  secured  but  a  precarious  hold.  As  soon  as  the  passion  for  the 
old  Roman  literature  sprang  up,  there  arose  ^o  a  desire  for  the  study 
of  classic  art,  to  be  followed  before  long  by  the  attempt  to  imitate  it. 
Traces  of  the  imitation  of  Roman  architectural  forms  are  observable  of 
as  early  a  date  as  the  middle  of  the  14th  century.  But  the  truo 
Renaissance  dates  from  the  time  of  Brunclleschi  (or  the  early  part  of 
the  15th  century),,in  srhoseliaDds  it  assumed  character  and  cousistency. 
Its  full  development,  however,  belongs  to  the  century  following. 
[Italian  ABOHiTECTunE.] 

Although  all  were  derived  from  that  of  Italy,  each  coimtry  had  its 
peculiar  Renaissance,  described  accordingly  as  I'Veuch,  German,  Engliffh 
Renaissance  [Elizabethan  Akchitectubk],  preserving  a  general  family 
likeness,  but  each  exhibiting  traits  exclusively  its  own.  The  Re- 
naissance in  general  is  often  spoken  of  as  if  it  were  nothing  more  than 
a  direct  but  unskilful  imitation  of  the  antique,  previously  to  the  orders 
being  so  well  understood  as  they  were  afterwards  when  studied  through 
the  text  of  Vitruvius,  and  reduced  to  a  methodical  pytitem  of  "  bookish 
rules,"  by  Falladio  and  Vignola.  But  in  the  first  place  it  was  founded 
only  upon  the  Soman  antique,  and  In  the  next,  not  upon  the  temple 
style  of  the  Romans,  but  their  triumphal  arches,  baths,  and  otiier 
edifices.    It  was  not  either  the  portico,  or  the  continuous  colbnuade. 
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vhere  colomniation  displays  itself  in  all  its  purity,  that  was  taken  as  a 
model,  but  ratker  such  structures  as  the  Colosseum,  where  several 
small  orders — that  is,  small  in  proportion  to  the  general  mass — are 
intit>duoed  for  little  more  than  decoration  to  it.  And  in  the  Benaissanoe 
and  Cinquo-cento  (or  1500 — as  w«  should  say,  Idth  century)  styles, 
entii«  orders  are  used  only  as  embellishntent,  and  avowedly  so.  Where 
columns  are  employed  for  actual  support,  as  in  open  loggie,  it  is  only 
in  combination  with  arches  springmg  from  them,  the  columns  pei^ 
forming  the  office  of  piers  to  the  uches.  A  great  deal  of  Italian 
Benaiasance  is,  however,  axtylar,  with  either  a  full  entablature,  or  a 
comicione  crowning  and  proportioned  to  the  entire  mass.  This  large 
and  simple  mode  of  treatment  was  greatiy  affected  by  the  Florentine 
and  Soman  architects  of  the  period  of  the  revival,  and  contrasts  very 
strikingly  with  the  Transalpine  Renaissance  in  France  and  other 
countries,  which  is  oharaoterised  by  multiplicity  of  parts,  and  numerous 
divisions  and  breaks.  It  contrasts  also  with  the  contemporary  practice 
of  the  Italian  architects  themselves  when  they  employed  ^e  oitlen,  in 
doing  which  they  made  their  compositions  microslylar,  ^>plying  a 
separata  small  order  to  each  floor  or  horizontal  division  of  a  facade, 
above  the  ground  floor ;  and  they  further  reduced  th«  haigitt  of  the 
oolunms  by  giving  a  considerable  proportion  of  each  order  to  hi^ 
pedestals  beneath  the  columns. 

In  Transalpine  Renaisstnce  rxck  application  of  the  orders  was  greatiy 
ezaggereted,  they  being  employed  for  the  groimd  floor  as  well  as  the 
othen,  and  th?  spaces  between  the  columns  being  filled  in,  either 
•ntirely  or  nearly  so,  with  large  windows,  so  that  the  oohunns  or 
pilasters  between  them  show  only  as  accessories  to  the  windows  them- 
selves, and  as  narrow  piers  between  them.  Fenestration  completely 
predominates,  both  as  to  the  quantity  of  surface  the  openings  occupy, 
and  the  architectural  character  ooSisioned  by  it.  One  of  the  earli^ 
importations  of  the  Renaissance  into  this  country,  Longleat  House, 
WUts,  erected  by  John  of  Padua,  1667,  is' an  instance  of  such  mode  of 
compoeition,  and  shows  how  greatiy  the  borrowed  s^le  vras  transformed 
in  its  general  physiognomy,  even  when  tieated  faithfuUy  with  regard 
to  detikiU. 

One  deviation  from  Italian  praotice  was  the  frequent  employment 
ol  coupled  columns  or  pilasters,  which  was  in  some  cases  (as  at 
WoUaton  Hall,  see  Elizabbthas  Abohiteotdbe)  caused  by  the  neces- 
oity  for  wider  piers  between  the  windows,  at  the  same  time  that  the 
interoolumne  were  completely  occupied  by  the  windows,  which  last,  it 
■hould  be  obseored,  retained  their  Tudor  or  English  (^laracter,  being 
very  spacious  and  divided  by  mullions  and  transoms. 

In  much  of  the  Itidion  Renoiasaoce,  especially  in  that  for  which  purity 
and  ooirectnesa  were  affected,  the  character  of  the  detail  is  somewhat 
dry  and  meagre,  and  there  is  very  littie  of  ornamentation,  even  the 
entablatures  to  Corinthian  columns  consisting  of  only  plain  mouldings. 
Florid  Renoissance.'Ba  it  may  for  distinction's  sake  be  called — seems,  on 
the  contrary,  to  have  been  most  In  favour  botii  in  France  and  in  our 
country,  probably  in  consequence  of  the  taste  for  luxuriant  enrichment 
which  had  been  indulged  during  that  period  of  Gothic  architecture 
which  the  new  style  was  beginning  to  replace.  Besides  which,  it  was 
out  of  Italy  adopted  as  an  exotic  fashion,  owing  to  which  and  to  its 
bemg  at  firat  employed  for  palatial  and  sumptuaus  structures,  it  was 
dispkyed  in  all  its  luxuriance.  This  florid  species  of  the  style  and 
period  is  marked  by  a  profusion  of  enrichment  and  carvings  in  mould- 
ings, panels,  and  friezes,  by  arabesque  foliage  and  med^ons,  with 
which  surfaces  of  considerable  extent  are  oftentimes  covered.  The 
carvings  consist  of  grotesque  animals,  foliage,  &o.,  extended  into  scroll- 
wwk,  interlaced  in  an  entirely  capricious  manner,  of  the  kind  known  as 
XRMStBVJE.  In  Italian  Renaissance  the  same  kind  of  sculpture  occurs, 
but  purer  in  design,  more  graceful  in  style,  and  more  refined  in  execu- 
tion. Figures  of  Amoriui,  with  medallions,  on  which  are  portraits, 
armorial  bearings, '&c.,  are  common,  especially  in  interiors.  Even  the 
■hafts  of  columns  are  frequently  damasked  or  broidered,  if  not  for  their 
entire  height,  for  a  considerable  portion  of  it,  and  generally  the  loWer 
ones,  vrith  foliage  and  other  chasing ;  besides  whicE  they  are  further 
enriched  by  one  or  more  bands  embossed  in  similar  manner.  The  faces 
both  of  pilasters  and  pedestals  are  also  highly  decorated  by  being 
panelled,  and  filled  up  with  arabesque  work  or  other  scmptures. 
Niches,  too,  are  frequent  features  in  composition,  and  within,  their 
heads  are  generally  carved  to  resemble  a  shell ;  ss  arc  also  devices, 
XQottos,  and  other  inscriptions.  This  profusion  of  minute  oruam^ntSs 
eminenUy  characteristic  of  the  Renaissance  taste  in  building,  furniture, 
and  decoration  generally ;  and  though  it  was  then  carried  to  excess, 
and  the  combinations  themselves  were  often  very  uncouth,  grotesque, 
and  what  is  understood  by  the  term  quaint  (oddly  picturesque,  but 
not  beautiful),  much  of  the  ornament  is,  taken  separately,  marked  by 
elegance  as  well  as  fancy.  Some  examples  from  Italian  interiors,  of 
ohanwiteriatio  design  and  admirably  carved,  may  be  seen  in  the  South 
Kenongton  Museum. 

Frenui  Benaissance  dates  from  the  reign  of  Louis  XII.,  who  em- 
ployed Italian  artists,  and  among  others  the  architect  Qiocondo  [Qio- 
OOHDO,  in  BtOQ.  Div.],  who  erected  for  Cardinal  d'Amboise,  the 
minister  of  that  monarch,  tiie  celebrated  Chftteau  Gaillon.  Though 
that  edifice — at  least  what  remained  of  it, — ^was  taken  down  some  years 
ago,  it  is  known  from  the  representations  of  it,«nd  also  from  such 
fragments  of  it  as  Lave  been  preserved  by  being  reconstructed  at  the 
ficole  des  Beaux-Arts,  Paris,  to  have  been  an  exceedingly  sump tuous 


pile.  The  buildings  towards  the  court  were  almost  entirely  incruste^ 
over  with  panelled  pilasters,  arabesques,  medallions,  aud  other  sculp- 
ture. The  Chiteau  de  Blois,  the  birth-place  of  Louis  XII,,  and' 
restored  and  decorated  by  him,  was  another  distinguished  work  of  thait 
period,  and  probably  one  of  those  on  which  Qiocondo  was  employed^ 
In  the  reign  of  Francis  I.,  the  palaces  erected  by  that  sumptuous: 
prinoe  and  his  nobles  attested  the  magnificenoe  if  not  the  refinement 
of  that  age.  As  a  retreat  for  himself  in  the  immediate  vidbitr  of  liia^ 
capital,  Francis  built  (about  16S0)  the  Ch&teau  de  Madrid  in  «ne  Boi» 
de  Boulogne,  whose  fo^ea  were  decorated  with  coloured  enamelled 
tiles,  oonistituting  a  species  of  polychromic  decontiotk,  Of  that 
building  nothing  now  remains,  it  having  been  taken  down  at  the 
end  of  the  last  century;  but  another  architectural  specimen  of  the 
same  period,  the  house  or  casino  of  Francis  I.,  erected  at  Horet,  near- 
Fontaanebleau,  has  been  preserved  by  being  removed  to  Paris,  where  it 
was  re-ereeted  in  its  primitive  state,  in  the  Bois  de  Boulogne,  by  ths- 
arohitect  Biet,  in  1828.  Of  this  interesting  monument  of  the  Renais- 
sance, which  has  also  some  polychromic  Bc^lna-ware  decoration,  plans,, 
elevations,  and  sections,  are  given  in  Normand's  Paris  Modeme,  but. 
being  onlyin  outline,  a  ^reat  deal  of  the  effect  is  lost  in  them.  The  palace- 
of  Fontamebleau  itself,  in  its  interior  at  least,  records  the  magnificence' 
of  Francis,  his  taste  for  splendour,  and  his  liberal  encouragement  of 
arts.  The  Tuilierios,  as  built  for  Catherine  di  Mediois,  hy  Fhilibert 
Delorme  and  Bullont,  is  another  great  example  of  French  Benaissanoe- 
when  at  its  best,  whioh  has  undei^ne  sucl^  alterations  as  to  be  no- 
longer  recognisable.  By  French  writers  generally)  the  style  is  con- 
sidered to  haye  risen  to  its  highest  point  of  excellence  in  the  hands  of! 
Fhilibert  Belorme  [Delobhe,  in  Bioa.  Div.]  in  the  reigns  of  Henry  II.. 
and -Francis  II. :  but  it  perhaps  appears  to  more  advantage  in  the: 
edifices  built  in  the  reign  of  Francis  I. 

In  Oermany,  the  castle  or  rather  palace  of  Heidelberg  would,  it' 
completed,  have  been  a  most  goi^geous  pile  in  the  Renussance  style,  as: 
it  showed  itself  in  that  country ;  and  though  now  a  ruin,  the  princi{nl' 
portion  of  the  exterior  is  in  sufficientiy  good  preservation  to  admit  of 
faithful  restoration,  in  a  series  of  architectural  engravings.  Qermaa; 
Renaissance  was  even  more  exuberant,  not  to  say  extravagant,  alikei 
in  constructive  chxuacter  and  decorative  detailB,  than  even  the  fVencb-.. 

The  Renaissance  edifices  of  Spain  are  many  of  them  intereeClng: 
and  striking  specimens  of  tiie  kmd.  Among  them  maybe  men>' 
tioned,  as  deserving  of  particular  notice  for  the  elegant  taste  itr. 
displays,  the  upper  gallery  of  the  cloister  of  the  Convent  of.' 
Huerta;  also  the  Town  HaJls  of  Zaragosaa  and  of  Seville;  and  the: 
Alcaza  at  Toledo.  -  - 

BENT,  in  Political  Economy,  is  defined  by  Mr.  Bicardo  to  be  "thatr. 
portion  of  the  produce  of  the  earth  which  is  paid  to  the  landlord  ttar 
the  use  of  the  indestructible  powers  of  the  soiL    It  is  often,  howi-^rer- 
(he  remarks),  confounded  with  the  interest  and  profit  of  capital,,  wid 
in  popular  language  the  term  is  applied  to  whatever  is  annually-ikMdi 
by  a  &rmer  to  his  landlord."    Mr.  Malthus  ('  Prin.  of  FoL  Ecoa^  'de> 
fines  rent  to  be  "  that  portion  of  the  value  of  the  whole  produos  which  <. 
remains  to  the  owner  of  the  land,  after  all  the  outgoings  belonging  to, 
ita  cultivation,  of  whatever  kind,  have  been  paid,  including  the  profit% 
of  the  capital  employed,  estimated  according  to  the  usual  and'ordluMJ* 
rate  of  the  profits  of  agricultural  capital  at  the  time  being." 
'    As  most  modem  econ($migt9  have  adopted  the  main  prinoipltaof  the 
Bicardo  theory,  we  here  give  an  outline  of  it,  in  the  wordSi  af  Mr. 
Ricardo  : — "  If  all  land  had  the  some  properties^  if  it  werehaundless 
in  quantity  and  uniform  in  quality,  no  charge  could-  be-  nastde  for  its 
use,  unless  where  it  possessed  peculiar  advantages  of  sitnetion.    It  is 
then  because  land  is  of  different  qualities  with  respect  to  Hs  productive  - 
powers,  and  because,  in  the  progress  of  population,  land  of  an  inferior  - 
quality,  or  less  advantageou^y  situated,  is  called  into  eultivation,  that 
rent  is  ever  imd  for  the  use  of  it.    When,  in  th»  progress  of  society, . 
land  of  the  second  degree  of  fertility  ia  taken'  into  cultivation,  rent : 
immediately  ooinmences  on  that  of  the  first  quality,  and  the  amount : 
of  that  rent  will  depend  on  the  difference  in  the  quality  of  these  two  i 
portions  of  land,     .     .     .     With  every  step:  in  the  progress  of  popula-  > 
tion  which  shall  oblige  a  country  to  have  recourse  to  land  of  a  worse  - 
quality  to  enable  it  to  n^ise  its  supply  of  food,  reut  on  all  the  more ; 
fertile  land  will  rise.    ...    If  good  land  existed  in  a  quantity  muchi 
more  abundant  than  the  production  of  food  for  an  increasing  popuLv 
tion  required,  or  if  capital  could  be  indefinitely  employed  without  a  - 
diminished  return  on  the  old  land,  there  could  be  no  rise  of  rent ;  for 
rent  invariably  proceeds  from  the  employment  of  an  additional  quan- 
tity of  labour  with  a  proportionally  less  return." 

Bent,  according  to  the  definition  which  has  been  given,  consists  of 
a  surplus  which  renuuns  after  the  capital  expended  in  production  has- 
been  replaced  with  ordinary  profits.  This  surplus,  which  constitutes 
rent,  arises,  as  Mr.  Ricardo  asserts^  from,  and  is  in  proportion  to,  the- 
necessity  for  resorting  to  inferior  soils  or  employing  capital  on  the  old 
soil  with  small  returns.  To  use  the  words  of  Mr.  Mill,  his  friend  and 
disciple — "Rent  is  the  difference  between  the  return  mode  to  the 
more  productive  portions  and  that  which  ia  made  to  the  least  pro- 
ductive portion  of  capital  employed  upon  the  land."  In  a  country 
containing,  as  every  country  does  contain,  land  of  various  degrees  ijt 
fertility,  rent  therefore  will  not  bo  paid  untQ  the  demands  uf  an 
increasing  papulation  have  rendered  it  necessary  to  have  recourse  to 
the  inferior  soils,    "  Thus  (ooutiuuee  Bicardo),  suppose  land,  Nos.  1 
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2,  3,  to  yield,  viih  an  equal  employment  of  capital  and  Ubour,  a  n€t  I 
produce  of  100,  90,  and  80  quarters  of  com.  In  a  new  country, 
where  there  is  an  abundance  of  fertile  land  compared  with  the 
population,  and  where  therefore  it  is  only  necessary  to  cultivate 
Ko,  1,  the  whole  net  produce -will  belong  to  the  cultivator,  and 
will  be  the  profits  of  the  stodc  which  he  advances.  As  soon  as  popu- 
lation had  so  tax  increased  as  to  make  it  necessary  to  cultivate  No.  2, 
from  which  90  quarters  only  con  be  obtained  titer  supporting  the 
labourers,  rent  would  oommenoe  on  Ko.  I ;  for  eitiier  there  must  be 
two  rates  of  profit  on  agriculture,  or  ten  quarters  or  the  value  of  ten 
quarters  must  be  vrithdrawn  from  the  produce  of  Ifo.  1  for  some  other 
purpose.  Whether  the  proprietor  of  the  land  or  any  other  person 
cultivated  Ko,  1,  these  ten  quarters  would  equally  constitute  rent; 
for  the  cultivator  of  No.  2  would  get  the  same  result  with  his  capital, 
^  (trhether  he  cultivated  No.  \,  paying  ten  quarters  for  rent,  or  continued 
to  cultivate  No.  2,  paying  no  rent.  In  the  *same  manner  it  might  be 
shown,  that  whgn  No.  i  is  brought  into  cultivation,  the  rent  of  No.  S 
must  be  ten  quarters,  or  the  value  of  ten  quarters,  whilst  the  rent  of 
No.  1  would  rise  to  twenty  quarters.  .  .  It  often  and  indeed  com- 
monly happens  that  before  Nos.  2  and  S,  or  the  inferior  lands,  are 
cultivated,  capital  can  be  employed  more  productively  on  those  lands 
■  which  are  already  in  cultivation.  .  .  In  such  case,  capital  will  bo 
preferably  employed  on  the  old  land,  and  will  equally  create  a  rent ; 
for  rent  is  always  the  difierence  between  the  produce  obtained  by  the 
employment  of  two  equal  quantities  of  capitnl  and  labour.  If  with  a 
capital  of  lOOOi  a  tenant  obtain  100  quarters  of  wheat  from  hia  land, 
and  by. the  employment  of  a  second  capital  of  lOOW.  he  obtain  a  fiirthor 
return  of  85,  his  landlord  would  have  the  power,  at  the  expiration  of 
his  lease,  of  obliging  him  to  pay  16  quarters,  or  an  equivalent  value  for 
additional  rent;  for  there  cannot  be  two  rates  of  profit.  If  he  is 
satisfied  with  a  diminution  of  16  qnartors  in  the  return  for  his  second 
lOOOi.,  it  is  because  no  employment  more  profitable  can  be  found  for 
it.  .  .  In  this  case,  as  well  as  in  the  other,  the  capital  last  employed 
pays  no  rent.  For  the  greater  productive  powers  of  the  first  lOOOi., 
16  quarters  is  paid  for  rent;  for  the  employment  of  the  second  1000?. 
no  rent  whatever  is  paid.  If  a  third  1000/.  be  employed  on  the  same 
land,  with  a  return  of  76  quarters,  rent  will  then  be  paid  for  the 
second  lOOM.,  and  will  be  equal  to  the  difference  between  the  produce 
oi  these  two,  or  10  quarters ;  and  at  the  same  time  the  rent  of  the 
first  1000(.  will  rise  from  15  to  25  quarters,  whilst  the  last  lOOOi.  will 
pay  no  rent  whatever."  (Ricardo's  '  Prin.  of  PoL  Econ.,'  3rd  edit.) 
Perhaps  however  the  clearest  definition  of  this  theory  of  rent  is  that 
given  by  Mr.  Mill,  in  his  '  Elements  of  Pol.  Econ.,'  to  the  last  edition 
of  which  work  we  refer  for  a  more  complete  examination  of  the 
subject. 

KENT  (in  Law  Latin,  redditut,  "a  return")  is  a  right  to  the 
periodical  receipt  of  money  or  something  valuable  in  respect  of  lands 
or  tenements  held  by  him  from  whom  the  rent  is  due.  There  ore  three 
kinds  of  rent — rent-service,  rent<!faarge,  and  rent-seek. 

There  is  rent-service  when  a  tenant  holds  lands  of  his  lord  hy  fealty 
and  certain  rent,  or  by  homage,  fealty,  and  certain  rent,  or  by  other 
services  and  certain  rent.  Rent-service  therefore  implies  tenure,  and 
it  may  be  due  to  the  lord  of  the  manor  of  which  the  lands  are  held,  or 
to  some  other  chief  (that  is,  immediate)  lord  of  the  fee,  or  to  the 
reversioner.  The  right  of  distress  is  an  incident  to  rent-service  in 
arrear,  so  long  as  it  is  due  to  the  same  person  to  whom  fealty  is  due. 
liefore  the  Statute  of  Quia  Emptores  (18  Edw.  I.),  a  person  might 
make  "  a  feofiment  in  fee  simple  either  by  deed  or  without  deed,  yield- 
ing to  him  and  his  heirs  a  certain  fent,  which  was  a  rent-service,  and 
for  this  he  niight  have  distrained  of  common  right ;  and  if  there  were 
no  reservation  of  any  rent,  nor  of  any  service,  yet  the  feoffee  held  of 
the  feoffor  by  the  same  service  as  the  feoffor  did  hold  over  of  his  lord 
next  paramount.''  (Litt.,  216.)  The  Statute  of  Quia  Emptores 
enacted  that  the  feoffee  shall  hold  of  the  chief  lord  by  the  same  services 
by  which  the  feoffor  held,  and  consequently  no  rent  can  now  be 
reserved  when  a  man  transfers  to  another  all  his  estate  in  land.  In 
oi-der  that  rent-service  may  now  be  created,  the  person  to  whom  the 
rent  is  reserved  must  have  a  reversion  in  the  lands  and  tenements  out 
of  which  the  rent  is  to  issue;  but  liny  reversion  is  sufBoient.  Thus  a 
person  who  has  a  term  of  twenty  years  may  grant  it  to  another,  nil 
but  one  day,  and  this  will  leave  him  a  reversion,  so  that  a  rent- 
service  may  be  reserved,  with  its  incidents  of  fealty  and  the  right  of 
distress.  If  he  assign  all  hia  term,  reserving  a  rent,  but  without 
a  clause  of  distress  in  the  assignment,  he  cannot  distrain  for  the 
rent.     ' 

Ilent-serrice  therefore  which  has  been  created  since  the  Statute  of 
Quia  Emptores  can  only  be  reserved  to  the  lessor  who  retains  a  rever- 
sion, and  it  will  belong  to  the  person  who  is  entitled  to  the  reversion. 
If  a  man  seised  in  fee  simple  makes  a  lease  of  lands  for  years, 
reserving  rent,  the  rent-service  is  descendible  to  his  heir  -with  the 
reversion;  though  all  rents  which  accrue  due  to  the  lessor  before 
his  death  will  belong  to  his  personal  representatives.  A  rent-service 
reserved  out  of  chattels  resU  will  of  course  belong  to  the  personal 
representatives  of  the  lessor.  A  rent  is  now  most  commonly  resen-ed 
in  leases  for  years,  but  it  may  be  reserved  on  any  conveyance  which 
passes  or  enlarges  an  estate ;  and  it  may  be  reserved  in  the  grant  of 
an  estate  in  remainder  or  reversion,  or  in  a  grant  of  a  lease  for  years 
to  commence  at  a  future  time. 


A  rent-service  may  be  separated  from  the  reversion  or  seignory,  by 
the  reversioner  granting  the  rent  and  retaining  the  fealty :  in  this 
case  the  lands  are  still  held  of  the  grantor,  but  the  rent  is  due  to  the 
grantee ;  not  however  as  rent-service,  but  as  rent-seek  (rcdditHt  ncent), 
so  called,  "  for  that  no  distress  is  incident  to  it."  (Litt.,  218.)  If  tho 
seignory  or  reversion  is  granted,  the  rent-service  will  pass  by  the  giant, 
and  the  grantee  is  entitled  to  receive  the  rent  £rom  the  taoaDt 
from  the  time  that  he  gives  him  notice  of  the  giant,  togethnr  with  . 
all  rent  that  had  accraed  due  sinoe  the  grant,  and  is  unpaid  at  the 
time  of  such  notice. 

Rent-service  can  only  be  reserved  to  the  feoffor,  donor,  or  lessOT,  <* 
to  their  heirs,  upon  any  feofihient,  pft,  or  lease ;  and  if  the  rent  it 
reserved  generally,  without  specifying  the  persons,  it  will  belong  to  the 
lessor,  and  after  his  death  to  those  who  are  entitled  to  the  reversion. 
Rent  is  payable  at  the  times  mentioned  in  the  reservation,  but  not  till 
the  last  minute  of  the  day  on  which  it  is  payable. 

When  rettt-servioe  is  in  arrear,  the  common-law  remedy  for  tiie 
recovery  of  it  is  by  distress.  [Distress.]  By  4  Gteo.  II.  o.  28,  a.  2, 
every  landlord  who  by  the  terms  of  his  lease  has  a  right  of  re-entiy  in 
case  of  non-payment  of  rent,  may,  when  half  a  year's  rent  is  due,  and 
there  is  no  suificien^  distress  on  the  premises,  serve  a  declaration  in 
ejectment  on  his  tenant,  without  any  formal  re-entry  or  prerious 
demand  of  rent,  and  a  recovery  in  such  ejectment  is  final  and  oon- 
clusire,  unless  the  rent  and  all  costs  are  paid  within  six  calendar 
months  after  the  judgment  in  the  action  of  ejectment  has  been  exe- 
cuted. The  action  may  also  be  stayed  before  trial,  if  the  tenant 
will  pay  or  tender  to  the  lessor,  or  pay  into  court,  all  the  rent  then  in 
arrear,  together  with  the  costs.  By  the  common  law  the  lessor  has 
also  an  action  of  debt  for  rent  against  a  lessee  for  years  or  at  will ;  and 
,by  the  statute  of  Anne  (8,  o.  14,  s.  4)  there  is  also  the  same  actios 
against  a  lessee  for  life  during  the  continuance  of  his  estate,  which  had 
previously  been  given  for  arrears  of  rent  after  the  determination  of  the 
estate  (32  Hen.  VIII.  c.  87).  A  lessor  may  also  have  an  action  of 
covenant  for  rent,  either  by  force  of  the  impUcation  contained  in  such 
words  as  "  yielding  and  paying  "  rent,  or  by  force  of  an  express  cove- 
nant to  pay,  which  is  seldom  omitted  in  any  lease,  If  the  lessee  assign 
his  interest  in  the  term,  he  and  his  executors,  so  far  as  they  have  assets, 
are  still  liable  tmder  the  covenants  to  the  person  entitled  to  the  rever- 
sion. The  assignee  also  becomes  bound  by  such  of  the  covenants  as 
run  with  the  land,  and  is  consequently  liable  to  an  action  upon  them. 
There  is  also  the  remedy  by  action  of  assumpsit  or  debt  for  the  use 
and  occupation  of  l&nd,  which  action  lies  without  any  express  agree- 
ment for  rent  (see  a  remark  on  this  &ction,  6  A.  ft  E.,  p.  639). 

Rent-service  may  be  discharged,  in  various  ways.  If  the  tenant  be 
evicted  from  the  lands  demised  to  him,  he  is  discharged  from  payment 
of  the  rent ;  and  if  the  lessor  purchase  the  lessee's  interest,  the  rent  is 
.ilso  discharged.  The  lessor  may  release  a  part  of  the  rsnt-service, 
without  rffleasing  the  whole. 

If  the  person  entitled  to  the  rent-service  purchases  part  of  the 
interest  in  the  land  in  respect  of  which  rent  is  due,  the  rent-service  is 
apportioned  according  to  the  value  of  all  tie  land,  and  accordingly  the 
tenant  is  discharged  from  payment  of  rent  in  respect  of  the  part  pur- 
chased. The  parson  entitled  to  the  reversion  may  also  grant  his 
interest  in  part  of  it,  and  the  rent  will  be  apportioned  between  him 
and  his  grantee ;  for  the  interest  in  the  reversion  is  of  a  divisible 
nature,  and  the  rent  follows  the  reversion.  If  the  lessee  should  be 
evicted  out  of  part  of  the  lands,  there  will  also  be  an  apportionment. 
Before  the  late  alterations  of  the  law,  when  the  moiety  of  a  rever- 
sion was  extended  on  an  elegit,  the  rent  was  apportioned,  and  the 
lessor  consetiuently  retained  half  of  it.  If  a  widow  is  entitled  to 
dower  of  a  reversion,  she  is  also  entitled  to  one-third  of  the  rent  -le- 
served  upon  a  lease  for  yeors  made  by  her  husband. 

At  common  law,  if  a  tenant  for  life  died  before  the  rent  became  due, 
which  was  reserved  on  a  lease  that  determined  by  the  death  of  the 
tenant  for  life,  his  personal  representatives  could  not  claim  an  appoint- 
ment of  the  rent,  nor  could-  the  reversioner  or  remainderman  claim 
such  portion  as  accrued  due  during  the  life  of  the  tenant  for  life.  But 
such  an  apportionment  was  given  to  the  personal  representatives  by 
Stat.  11  Geo.  II.  c.  19,  B.  15.  The, Act  4  &  S  WiU.  IV.  e.  22,  extends 
the  provisions  of  this  Act  to  rents  reserved  on  leases  that  determine 
on  the  d%th  of  the  persons  who  make  them,  though'  they  are  not 
strictly  tenants  for  life,  and  on  leases  of  lands  held  pur  avier  vie  ;  and 
by  the  same  Act  all  rents-service  reserved  on  ony  lease  by  a  tenant  in 
fee  or  for  any  life  interest  or  under  any  power,  and  granted  after  the 
passing  of  this  Act,  and  all  rents-charge  and  other  rents,  annuities,  &c., 
made  payable  under  instruments  executed,  or  (being  a  will)  coming 
into  operation  after  the  passing  of  the  Act,  shall  be  apportioned,  and  a 
proportionable  part  thereof,  from  the  last  time  of  payment  to  the  day 
of  the  death  of  the  party  interested  therein,  paid  to  the  peisonal 
representatives  of  such  party. 

A  rent-charge  is  a  rent  granted  out  of  land  either  at  common  law  or 
by  the  Statute  of  Uses,  with  a  power  of  distress  for  the  recovery  of" 
the  rent.  Such  rents  may  be  created  by  the  owner  of  the  land  who 
retains  the  property  of  It;  and  they  may  also  be  reserved  on  tho 
alienation  of  the  land.  These  rents  differ  from  rent-service  in  no€ 
being  connected  with  tenure,  and  the  remedy  by  distress  is  therefore 
not  an  incident  to  rent-charges,  but  is  created  by  the  same  instrument 
which  creates  the  rent-ohoige.    If  no  power  of  distress  is  given,  the 
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rent  is  a  rent-seek,  Reni-eborge  may  be  oreated  either  by  deed  oi^by 
will.  Sometimes,  by  the  terms  of  the  grant,  the  grantee  of  a  rent- 
charge  is  erapotrered  to  enter  on  the  land  and  satisfy  himself  for  all 
arrears  out  of  the  profits  of  the  land.  When  a  rent-chai^  is  created 
tinder  the  Statute  of  Uses  (sa.  4,^)  with  a  power  of  distress  andentij 
upon  the  land  in  case  of  arrear,  the  person  to  whom  the  rent-charge  is 
girsn  obtains  the  legal  estate  in  the  rent-charge,  with  all  the  remedieti 
for  its  recovery,  as  he  would  by  a  direct  grant  of  the  rent-charge ;  and 
the  same  instrument  (leosa  and  release)  which  creates  the  rent-charge 
may  also  maka  a  settlement  of  the  lands  charged  with  the  rent.  In 
this  way  in  a  marriage  settlement  a  ren1>-charge  may  1^  provided  for 
the  wife's  jmnture. 

An  estate  in  a  rent-charge  may  be  either  in  fee  simple,  or  in  fee  tail, 
for  lives  or  for  years,  according  U>  the  terms  of  the  original  limitation, 
A  rent-charge  of  inheritance  is  real  eetate,  and  descendible  to  the  heir ; 
bat  a  payment  that  is  due  belongs  to  the  person  representative.  There 
may  tJso  be  an  eetate  in  fee  simple  in  a  rent-service  created  before  the 
Statute  of  Quia  Emptorea.  A  rent-cluirge  in  fee  simple  is  subject  to 
curtesy  and  dower;  and  also  a  rent-charge  in  taU.  But  if  a  rent- 
eharge  be  created  and  granted  to  a  man  and  t^e  heirs  of  his  body,- 
his  surviving  wife  will  not  be  entitled  to  dower  if  the  husband  dies 
without  issue.  Until  tiie  Act  8  A:  4  Will.  IV.  o.  106,  a  woman  .was 
not  entitied  to  dower  out  of  a  rent-eharge,  unites  her  husband  hod  the 
legal  estate  in  it.  A  rent-charge  may  be  limited  by  way  of  remainder ; 
and  a  new  rent-diarge  may  be 'created  to  commence  at  a  future  time. 

A  rent-charge  may  be  discharged  In  various  ways.  If  a  man  who 
has  a  rent-charge  out  of  certain  lands  buys  any  part  of  them,  the  whole 
rent  is  discharged,  for  it  issues  out  of  the  whole  of  the  lands ;  and  the 
consequence  is  the  same  if  he  releases  all  his  right  in  any  part  of  the 
knd.  But  a  man  may  release  part  of  the  rent-charge  without  affecting 
the  remainder ;  and  a  division  or  apportionment  of  a  rent  by  conveying 
part  of  it  to  a  stranger  is  a  valid  conveyance.  If  part  of  the  lands 
which  are  subject  to  the  rent-chaige  descend  to  the  grantee,  the  rent 
will  be  apportioned  accordifig  to  tiie  respective  value  of  the  two  parts 
of  the  land. 

A  rent-seek,  as  already  mentioned,  is  not,  like  rent-service, 
accompanied  with  a  right  to  distrain  at  common  law ;  but  by  the  stat. 
4  Geo.  II.  c.  28,  s.  6,  tins  distinction  in  respect  of  remedy  between 
rent-service  and  rent-seek  is  abolished ;  and  the  Act  also  applies  to 
rent-seek  created  prior  to  the  statute  which  had  been  duly  paid  for 
three  years  out  of  the  last  twenty  years.  Other  rents,  though  they 
belong  to  one  of  the  three  divisiona  above  mentioned,  are  often 
distinguished  by  particular  names :  thus  the  rent  due  from.-a  free^' 
holder  is  called  a  chief  rent  (redditu»  (MpitaUi) ;  the  rents  of  free- 
holders and  ancient  copyholders  of  manors  are  sometimes  /called  rents 
of  agaae,  being  astin,  or  ascertained,  and  also  quit-rents  (quieti 
redditut),  because  they  are  a  quittance  and  discharge  of  all  services. 

A  fee-&nn  rent  is  properly  a  perpetual  rent-service  reserved  by  the 
crowD,  or,  before  the  Statute  of  Quia  Emptores,  by  a  subject,  upon  a 
grant  in  fee  simple,.  The  purdiaser  of  fee-farm  rents  ori^ally 
reserved  to  the  crown,  but  sold  under  22  Car.  II.  c.  6,  has  the  same 
power  of  distress  tliat  theking  had,  and  so  may  distrain  on  other 
und  of  the  tenant  not  subject  to  the  rent. 

By  the  stat.  42  Qeo.  III.  a  116,  in  cases  where  the  land-tax  has  not 
been  redeemed  in  due  tigie  by  the  owner  of  the  landj  it  may  be 
.ptirchaaed  by  any  other  person,  to  whom  it  will  belong  as  a  perpetual 
rent-charge  (thougi^  it  is  called  a  fee-farm  rent  in  the  Act),  and  the 
purchaser  will  have  all  the  remedies  for  rent  reserved  on  a  lease. 

By  the  stat.  3  JE  4  Will.  IV.  a  27,  s.  42,  no  arrears  of  rent  or  of 
interest  in  respect  of  any  sum  of  money  charged  upon  or  payable  out 
of  land  or  rent,  or  any  damages  in  respect  of  such  arrears  of  rent  or 
interest,  shall  be  recovered  by  any  distress,  suit,  or  action,  but  within 
six  years  next  after  the  same  respectively  shall  have  become  due,  or 
some  acknowledgment  in  writing  given  to  the  person  entitled  thereto 
by  the  person  by  whom  the  same  was  payable ;  except  where  there  has 
been  a  prior  mortgagee  or  other  incumbrancer  in  possession  of  any 
land  or  receipt  of  the  profits  thereof  within  one  year  next  before  an 
action  or  suit  shall  be  brought  by  a  subsequent  mortgagee,  &c. ;  and 
then  Hib  arrears  of  interest  may  be  recovered  for  the  whole  time  such 
prior  mortgagee,  Ac.,  was  in  suoh  possession  or  receipt. 

REPEATING  CIRCLE.  The  principle,  of  repetition  from  which 
ihis  circle  has  its  name  was  first  explained  by  Tobias  Mayer,  professor 
of  the  imiversity  of  Gottingen,  in  '  Commentarii  Societatis  Regia: 
Scientiarum  Qottingensis,'  torn,  ii.,  p.  825,  for  the  year  1752,  Mayer 
found  that  the  common  surveying  instruments  were  often  inaccurate 
to  5',  while  the  quadrant,  then  used  in  all  great  scient^c  surveys,  was, 
from  its  weight  and  price,  and  the  trouble  required  for  verifying  atid 
adjusting  it,  scarcely  to  be  considered  a  portable  instrument,  but  only 
fit  for  the  observatory.  The  substitute  which  he  proposed  for  geo- 
desical  purposes  may  be  described  briefly  as  follows :  —  Suppose  a 
hollow  tube  fitting  upon  an  axis,  to  which  it  can  be  clamped,  when 
required,  by  a  screw;  the  axis  itself  is  fixed  on  the  top  of  a  staff. 
This  part  of  the  instrument  is  exactly  simiUr  to  a  common  mounting 
for  surveying  compasses,  &c,  where  greater  stability  ij  wanted  than  a 
ball  and  socket  will  give.  On  the  top  of  the  tube  a  flat  bar  is  screwed, 
the  plane  of  which  is  horizontal  when  the  tube  and  axis  are  vertical ; 
the  bar  and  tube  thus  form  one  piece,  which  has  the  shape  of  a  T.  A 
second  bar  of  the  same  length  is  placed  exactly  above  the  former.. 


This  latter  bar  moves  easily,  and  ^thout  shake,  on  a  pin  concentric 
with  the  tube  and  axis,  and  thus  can  be  placed  at  any  angle  with  the 
fixed  nile,  and,  as  it  is  supposed,  without  at  all  disturbing  it.  Two 
fine  dots  are  pricked  towards  the  ends  of  each  bar ;  the  lines  joining 
the  dots  in  each  should  pass  exactly  through  the  axis  of  motion  of  the 
upper  bar,  and  the  dots  must  be  equidiataat  from  the  centre.  AVhen 
this  is  so,  the  four  dots  will,  in  every  position  of  the  bars,  be  the 
angular  points  of  a  rect-mgle,  and  thtf  equality  of  the  opposite  sides 
can  be  ascertained  by  measuring  the  distance  with  compasses.  Finally, 
on  the  top  of  the  upper  bar  a  telescope  with  cross  wires  is  fixed,  the 
telescope  being  a  little  shorter  than  the  bar,  that  it  may  not  iuterfe^ 
with  measurements  between  the  dots. 

The  mode  of  measuring  an  angle  with  tliia  instrument,  is  as 
follows : — Let  the  two  objects  be  n  (that  to  the  right)  and  L  (that 
to  the  left).  Set  the  fixed  bar  to  some  angle  from  10  to  20  degrees 
to  thh  right  of  R  by  the  motion  of  the  tube  on  the  axis,  and  clanip  the 
axis  screw  firmly ;  then,  by  Jie  motion  of  the  upper  bar  alone,  bisect 
R  with  the  telescope.  Take,  with  a  pair  of  compasses,  the  distance 
between  the  dots,  apply  the  distance  to  a  scale  of  chords,  and  you  have 
-the  angle  between  the  fixed  bar  and  the  object  b.  Coll  this  angle  0. 
Now,  by  the  motion  of  the  upper  bar  alone,  bisect  the  pbject  l.  It  is 
clear  that,  if  the  distance  between  the  dots  were  again  measured,  and 
the  angle  deduced,  as  before,  from  the  scale,  we  should  have  a  measure 
of  the  angle  required  +  B.  But  instead  of  measuring  at  present,  let 
the  telescope  be  brought  back  on  n,  by  unctamping  the  axU-terew  and 
moving  the  w/iole  instrument  on  its  ofU  ;  when  this  is  satisfactorily  per- 
formed, clamp  the  axis,  and  bisect  L  exactly  as  before,  by  moving  the 
upper  bar  and  telescope  alone.  The  angle  between  the  bars  as  deduced 
from  measuring  the  chord  between  the  dots  will  now  dearly  be  twice 
the  angle  required  -^  S.  Let  the  operation  be  performed  so  many 
times — eight,  for  instance — that  the  bars  are  nearly  in  their  original 
position  with  regard  to  each  other,  and  let  the  distance  between  the 
dots  be  measured  and  the  correspondim;  angle  be  deduced  from  the 
scale  of  chords,  which  suppose  to  be  ^,  ^  being  larger  than  8.  .  If  this 
last-motioned  angle  had  been  9  exactly,  it  is  dear  that  the  bar  would 
have  come  round  exactly  to  its-  original  position  after  having  moved 
through  360°;  but  as  it  has  besides  moved  over  an  angle  =  ^—8,  the 
whole  angle  moved  through  is  360° -t-^ — 9,  which  is  tdso  dght  tames 
the  angle  to  be  measured  :  hence  the  angle  subtended  at  the  spectator 
by  n  and  L  la  J(S60°-^^— fl).  By  continuing  this  process  of  stepping 
several  times  round,  tiiere  seems  to  be-no  limit  to  the  accuracy  with 
which  an  angle  can  be  measured,  except  that  which  depends  on  tiie 
imperfection  of  the  telescope,  the  indistinctness  of  the  objects,  or  the 
uncertain  lateral  effect  of  terrestrial  refraction. '  Mayer  used  a  scale  of 
chords,  probably  because  he  wss  thus  able  to  construct  the  instrument 
himself,  and  could  dispense  with  any  circular  arc  or  divisions.  We  do 
not  see  that  he  has  noticed  one  slight  inaccuracy,  namely,  that  as  the 
dots  lie  in  different  planes,  the  distmce  between  them  is  not  the  actual 
chord  of  the  angle  required,  but  is  the  hypothenuse  of  a  right-angled 
triangle,  the  altitude  of  which  is  the  thickness  of  the  upper  bar,  while 
the  base  is  the  diord  required ;  but  this  error  is  easily  allowed  for, 
and,  when  the  angle  to  be  me^ured  by  the  compasses  is  of  a  tolerable 
size,  is  scarcely  worth  cpnaideriag.  If  we  conceive  the  plane  of  the 
lower  bar  extended  and  changed  into  a  divided  circle,  while  the  upper 
bar  becomes  a  vernier  at  each  end,  we~should  probably  have  the  instru- 
ment Mayer  would  have  proposed,  had  it  been  in  his  power  to  employ 
a  tolerable  mathematical-instrument  maker.  Mayer  says  that  he 
invented  this  instrument  eight  years  before  the  publication  of  his 
memoir. 

The  reward  proposed  by  the  English  parliament  for  any  means  by 
which  the  longitude  at  sea  could  be  determined,  stimulated  Mayer  to 
perfect  the  method  of  lunar  distances.  For  the  successful  solution  of 
this  problem  two  things  are  required — tables  correct  enough  to  predict 
the  true  place  of  the  moon  at  any  future  time,  and  an  instrument  for 
measuring  the  distance  between  the  moon  and  star  with  sufficient 
accuracy.  Mayer  fulfilled  the  first  condition  by  his  celebrated  Lunar 
Tables,  one  copy  of  which  was  sent  to  the  Lords  of  the  Admiralty  in 
1755,  and  a  later.  Improved  up  to  his  death  (1762),  forwarded  by  his 
widow  in  1763.  For  measuring  the  distance  between  the  moon  and 
star  he  proposed  an  instrument  similar  to  Hadley's  sextant,  but  in 
which  the  angle  can  be  repeated  or  multiplied  without  intermediate 
readings  off,  similar  in  principle  to  the  instrument  just  described, 

Mr.  Troughton  says  (artide  '  Circle,'  Brewster's  '  Cyclopaedia ')  that 
Bird  was  employed  to  make  reflecting  drcles  after  Mayer's  idea,  but  his 
dividing  was  so  excellent,  that  the  entire  circle^was  thought  useless, 
and  th^  sextant  preferred,  as  having  a  larger  radius,  and  being  lighter 
and  handier. 

In  1787  the  Chevalier  de  Borda  published  his  '  Description  et  Usage 
du  Circle  de  Reflexion,'  in  which  he  proposed  a  modification  of  Mayer's 
circle,  so  slight  that  at  first  sight  it  would  almost  seem  trivial,  but 
which  gives  an  unquestionable  superiority  to  Uiis  above  every  other 
form  of  reflecting  instrument  when  well  made  and  skilfully  and  per- 
teveringhj  used.  We  shall  return  to  Mayer  and  Borda's  construction' of 
the  repeating  reflecting  circle  in  the  article  Sextant,  as  those  instru- 
ments cannot  be  understood  until  the  principle  of  reflecting  instru- 
ments has  been  explained. 

The  date  of  the  inv^tion  of  the  repeating  circle  which  is  the  proper 
subject  of  this  artide,  is  somewhat  uncertain :  it  is  laterthan  wak  of 
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the  Tefiecting  circle.  One  w&s  constructed  in  1787,  and  employed  in 
xsonnecting  Vbe  meridians  of  Faria  and  Greenwich.  (See  '  Mim.  de 
TAcad^m.  j  a  Memoir  by  Le  Qendre,  1797  ;  and  a  memoir  by  Caaaini, 
1798.)  The  '  Conuoissanoe  des  Tema,"  An  VI.  (1797-8),  contains  the 
<plate  and  description  of  a  repeating  circle  which  was  made  by  Lenoir 
■for  the  astronomer  La  Lande.  When  the  French  government  under- 
Xook  the  measurement  of  an  arc  of  the  meridian  from  Dunkirk  to 
Barcelona,  the  commission  to  whom  this  operation  was  entrusted 
Tesolved  to  employ  the  repeating  circle. 

This  is  one  of  the  most  complicated  as  well  as  ingenious  of  existing 
instruments,  and  obtained  an  immense  reputation,  from  being  the  only 
instrument  employed  in  the  gecdedcal  and  astronomical  observations 
of  the  great  measurement  of  an  arc  of  the  meridian,  on  which  the 
French  haire  founded  their  modem  system  of  measures,  weights,  and 
money.  Since  that  time  the  construction  liaa  been  altered  by  different 
weti^j  bet  not  always  mth  adTantage. 


Fig,  1. — ^Borda's  Bepeating  Clrele, 

In  this  figure  the  general  form  of  the  instrument  is  shown  tolerably 
'well,  but  some  of  the  essential  motions  are  at  the  back  of  the  cirdd, 
and  these  are  drawn  on  a  larger  Kcale  in  a  second  diagram.  The  whole 
circle  turns  round  on  the  vertical  column,  which  has  an  inner  axis  of 
steel,  with  good  fittings  at  the  top  and  bottom.  It  is  usual  and  proper 
to  make  these  fittings  with  great  care,  but  it  is  not  sn  esseutiiil  con- 
dition to  accuracy  in  the  performance  of  the  instrument. 

The  top  of  the  column  finishes  in  a  square  bar,  to  which  the  upper 
works  and  circle  are  firmly  screwed.  We  shall  first  describe  the 
motions  which  are  required  for  astronomical  purposes,  and  point  out 
the  rest  when  the  geodesical  properties  of  this  instrument  are  con- 
sidered. The  azimuthal  circle  is  scarcely  to  be  considered  a  part  of 
the  instrument. 

The  front  telescope,  its  vemien,  and  clamp,  are  se&n  distinctly  iu 
front.  (/Vjf.  1.)  This  moves  very  freely  on  a  spindle  within  the  axis 
of  the  circle.  There  is  a  level  behind,  a  projecting  end  of  which  is 
seen  in  the  figure.  This  and  its  accompanying  back  telescope  are — 
one  a  little  above  and  the  other  a  little  below  the  axis  of  the  circle, 
.ind  revolve  on  a  collar  which  works  on  the  outside  of  that  axis.  These 
can  be  fixed  in  any  position  by  a  clamp  (also  seen  in  the  figure)  which 
embraces  the  back  edge  of  the  circle :  the  back  telescope  is  for  mea- 
suring terrestrial  angles.  Finally,  the  axis  of  the  circle  itself  passes 
through  a  fitting,  on  which  it  also  turns  freely,  carrying  telescopes, 
level,  &c.,  without  altering  their  position  in  respect  to  itself.  There 
is  a  clamp  to  restrain  this  motion  and  fix  the  circle,  the  head  of  which 
is  seen  at  A,  Jig.  2,  and  a  tangent  screw  for  slow  motion  at  B.  This  is 
the  weakest  and  most  inooavenient  part  of  the  instrument,  for  the 


damp  holding  so  near  the  axis  of  motion  has  little  power,  and  there  ii 
scarcely  room  for  getting  at  the  screw-head,  while  the  slow-modon 
clan^)  is  out  of  the  way  of  the  observer  when  he  requires  it  for  biseo- 
tion.  The  large  weight  behind  is  a  counterpoise,  and  the  small  level 
above  is  for  setting  the  circle  vertical.  There  i«  a  clamp  at  o,  whicb 
bites  on  the  semicircle  ;to  make  this  adjustment  and  preven.  its 
being  deranged.  We  will  describe  the  process  of  observing  with  ths 
instrument  when  the  object  is  a  star  at  or  near  its  meridian  altitude. 

Supposing  everything  to  be  adjusted,  that  is,  the  axis  and  circle 
both  vertical,  the  observer  bisects  Uie  star  with  the  telescope,  he  or  an 
assistant  having  previously  brought  the  level  nearly  to  the  coircBpond- 
ing  points  of  its  scale.  The  level  is  now  read  off,  giving  it  time  to 
settle  if  wantetL  We  suppose  its  graduation  to  be  in  seoondi^  and 
reckoned  outwards  from  the  centre  of  the  scale.  The  vetnierB  are 
read  off,  the  instrument  turned  half-round  on^e  vertical  axis,  the  ~ 
telescope  clomp  released,  and  the  star  again  bisected  by  the  telescope, 
using  its  peciUiar  clamp  and  tangent  screw ;  and  finally,  the  level  is 
again  read  off.  This  operation  is  precisely  the  same  in  all  cirdee 
having  an  azimuthal  motion,  and  it  is  dear  that  if  the  vemieiB  were 
again  read  off,  the  difference  between  the  first  and  second  readings 
would  be  (after  it  is  corrected  for  the  indication  of  the  levd)  twice 
the  zenith  distance  of  the  star.  Let  the  cirde  be  now  reversed,  the 
levd  clamp  and  circle-axis  clamp  be  released,  and  the  whole  cirde 
moved  in  its  plane  till  the  telescope  points  to  the  star,  and  let  the  star 
be  bisected  again^y  using  the  axis  damp  and  its  tangent  screw  only. 
The  level  must  be  brought  back  to  be  horizontal  while  this  is  doing, 
and  be  actually  clamped  before  the  final  bisection  of  the  star  is  made. 
We  conceive  thot  this  must  be  done  at  twice,  even  by  two  observers ; 
and  it  may  be  done  at  twice  by  one,  though  in  a  longer  time.  If  the 
reader  has  fully  understood  the  process,  he  will  see  that /the  instru- 
ment is  precisely  as  at  the  commenoment,  except  that  the  telescope 
and  its  verniers  have  travelled  over  the  circle,  an  arc  equal  to  tnico 
the  zenith  distance  of  the  star.  A  repetition  of  the  operation  will 
carry  the  telescope  verniers  over  four  times  the  distance,  and  by  con- 
tinuing the  process  the  final  arc  read  off  may  be  made  any  number  of 
times  twice  the  zenith  distance  of  the  star.  If  the  series  stops  after 
ten  such  processes,  the  arc  travelled  over  is  twenty  times  the  simple 
zenith  distance.  Let  the  verniers  be  now  read  on,  then  subtracting 
the  first  reading  from  thd  last,  and  dividing  by  twenty,  the  result  will 


Fig.  2. — Back  of  Borda's  Bepeating  Circe. 

be  the  zenith  distance  of  the  star,  and  the  errors  of  division  or  of 
reading  off  will  also  be  divided  by  twenty.  If  the  number  of  repeti- 
tions which  can  be  taken  at  one  culmination  are  not  thought  sufiiui«:it 
to  destroy  these  errors,  the  series  may  be  prolonged  on  the  following 
and  subsequent  niglits,  starting  from  the  preceding  reading  without 
disturbing  the  vcniicrs,  until  any  number  whatever  ore  taken,  tbo  oiii\ 
essential  condition  being  that,  in  reversing,  the  level  is  uudi^tiirbed 
botli  in  its  attachment  to  the  circle  and  in  its  own  zero ;  and  tiiut  in 
bringing  the  telescope  on  the  star  by  turning  the  whole  on  it.s  buri- 
zontal  axis,  the  connection  between  the  telescope  and  circle  is  puiln-.- 
nent.  The  hour,  minute,  and  second  at  which  each  bisection  is  nmi  e 
are  to  be  noted. 

We  have  said  that  it  is  better  to  read  off  the  level  than  to  attempt 
to  bring  the  ends  of  the  bubble  exactly  to  the  same  division,  which  is 
really  an  impossible  condition  with  one  observer,  and  scarcely  practic- 
able even  with  two.  The  differences  should  be  as  small  as  they  can  be 
made  mth  moderate  care  and  iu  a  moderate  time;  but  a  well-ground 
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le^el  will  measure  small  arcs  better  tb&n  any  graduated  limb  or  evbn 
?than  any  small  telescope  can  do,  and  it  13  therefore  as  safe  to  correct 
<or  an  error  of  level  as  to  adjust.  Thelevel  readings  should  be  rois- 
tered as  towards  the  object  end  and  eye  end,  or  —  and  -t- ,  along  with 
the  times,  and  the  correction  may  be  made  to  the  final  arc.  It  is 
«1ear  that  if  lixe  level  were  always  brought  to  the  same  divisions,  there 
\rould  be  no  level  error.  The  effect  of  a  derangement  of  the  vei-tical 
ftzJB,  ^hich  is  shown  by  the  level,  is  calculated  as  follows  : — Let  the 
reo^g  of  the  level  end  towards  the  object  be  10'  larger  than  the 
leading  towards  the  eye.  To  correct  this,  the  footscrew  towards  the 
observer  should  be  raised  6',  when  the  two  readings  wilL  agree ;  but 
now  the  telescope  pcnnts  6'  bdoa  its  former  position,  in  which  it 
bisected  the  star  correctly.  The  telescope  therefore  must  be  raised, 
that  is,  the  xtHUh  dittanee  maxt  be  dinlinithed  6' ;  hence  if  S"  be  sub- 
tracted from  the  multiplied  zenith  distance  on  account  of  that  observa- 
tion,  the  error  would  be  corrected,  and  so  on  with  every  other  instance. 
The  rule  is,  add  together  all  the  level  readings  towards  the  object  end, 
find  prefix  -  ;  do  Uie  same  with  those  towards  the  eye  end,  and  prefix 
■*■  ;  take  their  algebraic  sum,  and  divide  by  twice  the  number  of 
observations,  and  the  result  is  the  correction  to  he  applied  with  its 
sign  to  the  mean  zenith  distance.  This  will  generally  be  a  very  small 
qusbtity.  As  the  great  difficulty  in  observing  out  of  a  regular  obser- 
vatory 18  im  the  TClding  off,  the  division'  of  the  level  might  be  to  every 
2",  but  numbered  as  single  seconds.  These  would  be  better  seen,  and 
the  divisor  of  the  difference  would  be  the  number  of  observations. 
When  the  instrument  is  very  small,  and  the  probable  circumstances 
imd^  which  the  observer  may  be  placed  promise  few  facilities,  the 
scale  may  be  cut  to  10''  only,  with  bold  lines.  A  mistake  of  one  or 
two  tenths  in  guessing  the  subdivisions  would  be  very  rare,  and 
scarcely  cause  a  sensible  error  in  the  final  result. 

The  circle  has  been  supposed  to  be  adjusted  before  observing;  this 
is  a  very  mmple  operation.  First  place  the  instrument  with  the  foot- 
acrewB  in  their  cups,  and  let  that  footscrew  be  towards  the  observer 
which  rests  on  the  slow-motion  piece.  This  is  seen  at  fi;f.  1,  on  the 
light.  Place  the  axis  nearly  vertical  by  Ruess,  or,  if  there  is  an 
•zimuthal  circle,  set  the  plane  of  that  nearly  horizontal  by  a  box  level- 
^hen  place  the  plane  of  the  vertical  circle  upright  by  the  cross  level, 
•ad  bring  its  plane  to  be  parallel  with  the  two  footscrews  which  are 
yrom  the  observer;  that  is,  if  the  object  is  in  or  near  the  meridian, 
•et  the  eircle  east  and  west.  Bring  the  bubble  of  the  main  level  to  the 
same  division  at  each  end  by  its  clamp  and  t.ingent  screws,  and  then 
reverse  the  instrument  (turn  it  180°  in  azimuth).  The  level  is  to  be 
brought  again  to  the  same  divisions,  half  by  its  tangent  screw,  half  by 
screwing  Uie  two  footscrews  on  equal  quantity  in  opposite  directions. 
Now  turn  the  circle  a  quarter  round  (place  it  in  the  meridian  according 
to  tiie  supposition),  and  bring  the  bubble  of  the  level  to  its  proper 
position  by  the  third  footscrew  only.  This  firat  attempt  at  adjustment 
ossd  only  be  approximate,  but  it  must  be  performed  over  again  with 
aoDslderoble  nicety.  The  slow-motion  piece  is,  we  believe,  due  to 
Sorda,  and  is  a  very  ingenious  and  useful  contrivance  for  making  a 
ooane  screw  do  the  work  of  a  fin^  one.  By  [Jacing  the  footscrew 
nearer  to  or  farther  from  the  line  of  the  two  studs,  the  elevating  power 
of  the  screw  can  be  reduced  in  any  proportion,  and  the  finest  and 
■lowest  motion  possible  given  to  thar  instrument.  We  have  used 
the  alow  motion  for  finally  bisecting  a  star  in  observing  with  great 
comfort.  It  is  more  ready  to  the  hand  than  any  other  part  of  the 
instrument,  and  the  disturbance  of  the  axis  is  of  no  import.-tnco,  as 
the  level  must  be  read  off  at  all  events.  The  approximate  bisection 
is  performed  by  the  oUier  screws,  and  if  the  observer  recollects  which 
way  the  star  is  moving,  the  space  through  which  the  instrument  is 
thus  moved  need  only  be  a  very  few  seconds.  The  cross  level  must 
be  originally  fixed  and  adjusted,  after  the  plane  of  the  circle  is  known 
to  be  vertiau,  either  by  hanging  a  plumb-line  before  the  limb,  or  when 
the  telesoope  bisects  at  the  same  time  an  bbject  and  its  image  reflected 
from  a  fluid.  When  the  prosa  level  is  adjusted,  the  horizontal  wire  of 
the  telescope  may  be  set  right  by  making  a  star  in  the  meridian  run 
along  it,  or  else  by  bis^ting  a  fixed  object  with  it,  and  after,wanls 
moving  the  circle  in  azimuth.  The  object  should  run  along  the  wire, 
and  by  twisting  the  wire-plate  round  may  be  made  to  do  so. 

In  the  astronomical  use  of  the  instrument  the  azimuthal  circle  is 
scarcely  required,  except  to  see  that  you  have  turned  the  oirole  1 80°  at 
each  reversal.  It  i^  ooiivcnient  to  have  a  coarse  division  to  show  this ; 
it  is  a  relief  to  the  eye,  and  prevents  the  possibility  of  catching  a 
wrong  star.  Any  stop  which  is  adjustable  and  f^iyes  notice  when  the 
rotation  luCTreached  180°  will  do.  In  many  of  Troughton's  repeating 
circles  there  is  a  pin  which  is  pressed  by  a  slight  spring  against  two 
boles  in  the  azimuth  circle,  which  are  180°  apart.  This  is  convenient 
enough  if  the  observations  are  confined  to  Polaris,  or  a  very  slow 
moving  star,  but  wholly  insufficient  for  stirs  near  the  equinoctial.  It 
supposes  besides  that  the  fdet  of  the  instrument  are  almost  exactly 
placed  n-ith  respect  to  the  meridian,  which  is  not  to  be  done  at  once. 
A  bar  moving  rather  stifBy  on  the  vertical  axis,  and  coming  against  a 
■tiw,  seems  a  better  contrivance. 

For  setting  to  the  approximate  zenith  distance,  there  is  a  graduated 
■emicircle  attached  to  the  level,  which  may  be  seen  in'  the  general 
view.  This  has  its  diameter  parallel  to  the  level  A  slender  b.ir  is 
attached  to  the  object  end  of  the  telescope,  Qnd  passes  at  the  back  of 
the  drde;  this  points  out  on  the  semioirclo  the  approximate  iseoiUi 
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distance  of  the  star.  In  many  drcloi  which  we  have  seen  there  ars 
two  slips  of  brass  which  slide  with  a  little  force  on  the  semicircle,  and 
the  slight  bar  above  mentioned  is  brought  to  touch  each  of  these  stops 
alternately.  Nothing  can  be  more  convenient,  but  unfortunately,  how, 
ever  well  the  clamps  may  be  made,  the  contact  between  the  bar  and 
a  stop  forces  the  clamp  somewhat,  and  the  essential  condition  of  the 
instrument,  that  these  should  be  undisturbed,  is  destroyed.  The  bar 
should  not  be  allowed  to  touch  the  semioirole  at  all,  but  stand  freely 
from  it.  In  this  way,  by  alternately  bringing  the  l)ar  to  the  equal  and 
opposite  divisions,  when  either  the  telescope  or  the  level  is  moved,  the 
telescope  will  always  be  at  the  proper  altitude  when  the  level  is  hori- 
zontal. If  any  one  should  wuh  to  use  the  repeating  circle  as  an 
altitude  and  azimuth  circle,  or  as  a  surveying  instrument,  the  wires  of 
the  telescope  must  be  set  at  right  angles  to  the  circle  axis,  by  bisecting 
a  distant  and  distinct  object,  reading  the  azimuthal  verniers,  turning 
the  instrument  half  round,  again  bisecting  the  object,  and  reading  the 
verniers  a  second  time.  If  tiie  object  be  very  distant,  the  azimuth 
circle  may  be  set  to  the  mean  of  the  readings,  and  the  object  bisected 
by  the  horizontal  screws,  which  draw  the  wire-plate ;  but  if  very  great 
accuracy  is  required,  either  two  marks  must  be  set  up  having  the  same 
distance  from  each  other  as  lies  between  the  two  positions  of  the  axis 
of  the  telescope,  or  the  angle  which  this  last  space  subtends  at  the 
distant  mark  must  be  allowed  for.  The  instrument  is  not  fitted  for 
nice  observation  with  the  aziq^iuth  circle. 

We  have  now  explained  the  chief  astronomical  use  of  Borda's  eircle, 
which  is  that  of  determining  the  altitudes  of  stars  upon  the  meridian 
by  several  observations  near  the  meridian.  There  is  a  correction  to  be 
applied  tothe  mean  result,  which  is  easily  computed  when  the  approxi- 
mate latitude  and  exact  time  are  known.  The  formula)  dnd  tables 
require<l  may  be  found  in  several  works  on  astronomy,  in  SchumacherV 
'  Hultstafeln,'  p.  38,  and  Baily's '  Tables,'  p.  154.  The  length  of  time 
dtirinc;  which  the  observations  may  be  carried  on  depends  on  t1i» 
altitude  of  the  star  and  its  proximity  to  the  pole.  Polaris  might  bo 
observed  safely  beyond  36'»  on  4ach  side  the  meridian,  which  in  tlio 
extent  of  the  present  tables,  and,  in  these  latitudes,  stiu^  in  or  below 
the  equinoctial  for  fully  half  an  hour  on  each  tide.  It  is  supposod  that 
the  error  of  the  dock  is  well  known,  but  even  this  may  bo  wrong  tt; 
a  small  amount  without  causing  much  error,  if  the  number  of  otecr- 
vatious  on  each  side  the  mendian  and  the  hour  angles  ore  nearly 
equal. 

The  repeating  circle  may  be  veiy  well  used  for  getting  the  time 
either  hy  equal  altitudes,  or  by  absolute  altitudes  with  one  or  two 
repetitions.  For  this  purpose  there  should  be  throe  or  five  horizontal 
wires,  and  the  instrument  should  ba  previously  carefully  adjusted. 
The  instrument  must  be  moved  in  azimuth,  so  that  the  s'tar  passes 
each  wire  near  the  centre,  and  nothing  should  be  touched  which  affects 
the  level  For  illumination  by  night,  there  is  an  opening  with  a 
reflector  in  the  centre  of  the  telescope.  This  is  objected  to  as  weaken- 
ing the  telescope,  but  the  other  mode  of  illuminating  by  a  small 
central  reflector,  or  outer  ring  in  front  of  the  object  glass,  is  incon- 
venient. Perhaps  by  taking  a  longer  hold  of  the  telescopa  and 
strengthening  the  intervening  portion  of  the  tube,  the  former  con- 
venient arrangement  may  be  preserved  without  sensible  loss  of  strength. 
The  repeating  circle,  on  Borda's  construction  at  least,  cannot  be  well 
employed  in  observing  the  sun  without  very  careful  screening.  The 
level  IS  so  perpetually  changing  its  zero,  when  exposed  to  the  sun, 
that  there  is  no  possibility  of  saying  what  the  instrumental  zenith  is. 

One  of  the  first  operations  which  the  observer  must  engage  in,  is  to 
determine  the  scale  of  his  level  at  different  temperatures,  and  then  he 
may,  for  small  deviations,  use  the  indications  of  the  level,  instead  of 
worrying  himself  and  losing  his  time  in  attempting  to  produce  a 
perfect  aidjuatment.  The  value  of  the  scale  is  thus  measured : — Brin'^ 
the  bubble  towards  one  and,- bisect  a  very  well  defined  object  with  the 
telescope,  and  read  off  both  scale  and  verniers.  Then,  by  the  slow- 
motion  foot-screw,  bring  the  bubble  towards  the  other  end,  bisect  the 
object  again  by  the  telescope,  and  read  off  the  level  scale.  Now  bring 
the  bubble  to  its  original  position  by  the  circle-axis  clamp,  and  the 
telescope  on  the  object  by  its  own  clamp,  when  everything  is  as  at 
starting,  except  that  the  telescope  has  moved  over  the  circle  the 
sum  of  the  angular  motions  pointed  out  by  the  level.  This  may  bo 
repeated  till  a  sufficiently  accurate  value  is  got  for  the  whulc  scale.  To 
try  the  equality  of  the  divi^iions  of  the  level,  place  the  foot-screw  near 
the  line  passing  through  the  studs  of  the  slow-motion  piece,  and  note 
the  motion  of  the  level  for  every  whole  revolution  of  the  screw. 

For  geodeaical  purposes  Borda's  circle  is  an  excellent  instrument,  as 
the  great  French  survey  proves,  but  as  the  same  advantages  can  be 
obtained  by  a  different  application  of  the  repeating  principle,  it  is  now 
but  little  used.  For  an  account  of  its  employment  and  tte  directions 
for  its  use  we  refer  to  Delanibre'a  '  Mdtliodos  Analytiques  pour  la 
Determination  d'lme  Arc  du  MdridieD,'  &o.,  Paris,  An  VII. ;  in  th^ 
•  Discours  Pr^liminaire,' by  the  same  author,  contained  in  the 'Base 
du  Systems  MStrique  Decimal,'  vol  L  Paris,  1806. 

Borda's  repeating  circle  possesses  two  most  valuable  properties : 
mere  errora  of  division  may  be  diminuted  by  sufficient.patience ;  and 
the  fatigue  of  reading  off  the  divisions,  the  most  ungrateful  part  of  an 
observer's  task,  is  greatly  reduced.  Hence,  it  may  be  asked,  why  is  not 
the  repeating  circle  in  general  use  as  a  portable  aatronomiciil  instru- 
ment t  We  should  answer  that,  in  the  fir^t  place,  the  construction 
■  '  o 
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of  SotSa  ia  by  no  means  aatisiactoiy  for  an  aitronotnical  instrument ; 
it  is  weak,  sad  heavy,  and  rickety.  But  if  a  porlabk  nstronomieal 
circle  ia  wanted,  and  to  this  class  of  instruments  we- should  confine  the 
repeating  cirole,  we  think  the  following  alteration  should  be  adopted. 
Ibe  teleaeope  hangs  loosely  from  its  xtentre,*  and  whatever  care  may 
be  taken  by  the  axtist,  tiie  flexure  of  eooh  end  must  be  oonsidemble, 
probably  different,  and  possibly  vaiying  from  time  to  time  with  varia- 
tiona  in  the  temperature.  It  should  be  grasped  by  two  strong  collars 
near  the  ends  of  a  diameter  of  a  vernier  dicle,  and  the  telescope  might 
then  be  safely  extended  three  or  fot:r  inches  each  way  beyond  the 
divided  circle.  Again,  the  axis  damp  which  holds  the  vertical  oirde 
should  be  fixed  on  the  pillar  and  embtaoe  the  rim  of  the  inner  circle, 
the  damp  of  the  level  (for  no  second  telescope  is  wianted)  might  be  at 
the  back,  above,  and  quite  out  of  the  way.  The  whole  circle  should 
be  brought  as  dose  to  the  upright  pillar  as  possible,  and  perhaps  its 
axis  had  better  be  fixed  by  the  maker  permanently  at  right  angles  to 
ihe  plSar.  This  would  ti^e  away  much  weight  and  give  great  firm- 
ness to  tile  whcde  inrtrument. 

I  It  must  however  be  admitted  that  unless  there  are  two  intelligent 
'observen,  or  unless  the  base  on  which  the  instrument  stands'-is  so 
steady  as  to  inrevent  the  possibility  of  any  derangement  when  tiie 
observer  moves  from  the  telescope  to  read  the  level,  that  errors  may 
creep  in,  though  not,  as  it  seems  to  us,  greater  than  in  all  other  instru- 
ments not  reflecting.  We  have  previovudy  cautioned  circle  observers, 
and  the  warning  cannot  be  too  Btoongly  pressed  upon  our  countrymen 
•t  least,  that  the  levd  must  alwayi  be  noted  contemporaneously  with 
the  baatton  of  the  star.  If  the  foundation  of  the  instrument  is  im- 
moveable, this  will  be  the  same  as  the  level  a  minute  after  bisection, 
and  so  only  cue  observer  be  required.  Bat  if  the  position  of  the 
instrument  is  afiiBoted  by  the  weight  or  motion  of  the  observer,  the 
levd  after  bisection  is  no  teat  of  the  position  at  biseotlon,  and  two 
observers  are  absolutely  necessary.  In  Borda's  repeating  circle,  where 
the  clamp  is  necessarily  imperfect  from  the  shortnesa  of  i(a  bearing,  it 
ia  impossible  to  move  the  front  telescope  without  shifting  the  circle  a 
little  at  the  same  time ;  but  this  is  ^of  no  importance,  for  the  level 
shows  the  change,  and  the  reading  off  of  the  level,  when  properly 
applied,  corrects  this  error. 

I  In  judging  of  the  repeating  principle  as  applied  to  any  instrument, 
attention  should  be  paid  to  the  perfect  independence  of  the  telescope 
and  level  with  -  respect  to  each  other,  and  to  their  perfect  connection 
with  the  drcle  when  they  are  clan^>ed  to  it.  In  some  instruments  a 
sort  of  repetition  has  been  attempted  by  having  the  circle  turn  freely 
on  the  teloacope  axis,  and  clamping  it  alternately  to  the  telescope  and 
to  a  Temior  circle  which  carries  the  level.  It  seems  difficult  in  sny 
such  construction  to  secure  tiie  immoveability  of  the  eirclo  while 
clamping  and  unclamping  Is  going  on,  and  the'  construction  has,  we 
believe,  gone  out  of  use.  There  are  some  precautions  which  should  be 
observed  in  every  repeating  circle,  which  we  shall  describe  in  reference 
to  Borda's  construction.  Besides  the  perfect  independence  of  the 
level,  the  telescope  with  its  verniers  and  clamps  should  be  perfectly 
self-balanced,  so  as  not  to  apply  any  force  to  the  damp  in  any  position; 
the  telescope  should  be  moved  on  the  circle  by  two  fingers  pressing  in 
opposite  directions  towuxjs  the  extremities;  ihe  circle  should  be 
turned  in  its  own  plane  by  laying  hold  of  the  circle  itself,  and  so 
gently  that  no  jar  con  take  place,  or  any  springing  back  or  forward  of 
the  telescope  or  its  verniers  from  the  moment  of  inertia  :  finally,  the 
level  must  have  time  to  settle  before  it  ia  read  ofT.  When  these  pre- 
cautions are  duly  observed,  great  accuracy  may  be  obtained ;  in  two 
instances,  to  our  knowledge,  where  the  latitude  has  been  determined 
by  unexperienced  but  intelligent  obserrers,  the  results  even  of  a  single 
night  have  come  within  1'  of  the  truth. 

It  may  be  worth  mentioning  that  with  the  circle  of  Boida  the 
measurements  may  be  made  by  moving  the  telescope  eontraty  to  the 
order  of  divisions,  that  is,  if  the  first  observation  ia  made  with  the 
face  to  the  right  hand  instead  of  the  left.  There  is  no  advantage  in  this 
modification,  except  perhaps  that,  aa  the  screws  are  handled  a  little 
diETerenUy,  any  discrepancy  between  an  angle  measured  in  the  two 
ways  would  show  on  error  in  one  or  both  the  methods.  It  would  be 
advisable,  where  several  series  are  taken,  to  vary  the  direction  in  which 
the  teleeoope  is  brought  to  its  new  position,  and  that  in  which  the 
circle  is  turned  upon  tite  star.  The  tangent  screw  might  be  worked 
either  oonstantiy  one  way  or  the  other,  or  alternately,  but  we  should 
not  expect  any  sensible  £fference  in  the  results  if  the  instrument  is 
well  made  and  the  observers  careful.  °  If  two  steady  observers  can  be 
found,  the  double  altitude  of  any  star  may  be  repented,  with  the 
genuine  Borda  and  its  two  telescopes,  exacUy  aa  a  terre8tri.il  aBgle,(that 
is,  by  measuring  the  angle  between  the  star  seen  directly  and  by 
r^exioD  from  mercury.    This  would  in  theory  appear  to  be  the  most 

*  If  the  Direct  and  eyo  end  Vnd  equally,  tUcro  ia  no  alteration  in  the 
iliroction  of  the  line  of  sight ;  the  only  evil  is  that  the  obUqne  incidence  of  the 
rays  on  the  object  gloss  deforms  the  image  -when  the  obliquity  Is  considerable. 
The  German  artists  of  Bciehenbach's  school  apply  levers  to  telescopes  hung  by 
the  middle,  in  order  to  conntcraet  flexure.  \>'o  prefer,  oA  the  irhole,  obtaining 
a  maximum  ol  sUlfncKS,  and  then  determining  the  effect  of  flexure  vhich  must 
be  allowed  for.  There  is  no  possibility  of  avoiding  the  investigation  in  any 
cose  where  accuracy  is  demanded,  Gambey  takes  a  longer  hold  of  the  tclcacoiw, 
but  in  providing  a  motion  for  surveying  when  the  circle  is  horizontal,  we 
think  he  has  lost  something  in  stability  when  the  clrolo  Is  vertical. 


perfect  application  of  iiie  instrument,  as  flexure  has  no  effect  upon  the 
angle  measured,  being  equal  and  in  the  same  direction  in  both  posi- 
tions of  the  telescopes.  The  level  is  not  wanted  for  this  observation 
at  all,  but  the  circle  must  be  set  truly  vwticaL  A  single  observer  mig^t 
indeed  make  the  same  observation  with  one  telescope,  as  the  level 
would  show  and  measure  any  shifting  of  the  circle.  And  here  again 
the  effect  of  flexmre  is  diminated  from  the  observed  double  altitudes. 
Finally,  double  nadir  distances  may  be  observed  of  a  star  reflected 
from  a  mercurial  horizon,  exactiy  as  double  zenith  distances  are 
observed  in  the  ordinary  method.  This  lost  species  of  observation 
may  have  the  advantage  of  being  sometimes  more  convenient,  but  the 
chief  reason  why  it  ia  pcnnted  out  is,  that  the  eSect  of  flexure  upon 
double  nadir  distances  is  equaJ,  but  in  a  contrary  direction,  to  ita 
efiisct  on  double  lenith  diatanoes ;  the'  observer  has  thus  an  easy 
mode  of  ascertaining  whether  flexure  exists,  and  of  measuring  ite 
amovmt  and  law.  We  suj^ose  that  the  apparent  nadir  distance  of  a 
reflected  star  is  the  -same  as  the  zenith  distance  of  the  star  seen 
directly.  The  horizontal  points  of  all  the  large  cfreles  which  we  know, 
vary  to  some  extent  with  the  altitude  of  tiie  star  observed,  which 
seems  contnry  to  what  ia  here  supposed.  This  last-mentiaaied  dis- 
crepancy is  one  of  the  most  perplexing  points  in  modem  practical 
astronomy.  The  amount  is,  however,  so  small  aa  scarcely  to  vitiate 
sensibly  any  conclusion  drawn  frcHn  reflected  obaervationa  with  bo 
small  an  instrument  aa  a  repeating  drcle. 

What  precedes  refen  simost  entiidy  to  the  rtpeating  priacipU 
when  applied  to  measurements  in  altitude.  Instead  of  the  eirde  of 
Borda  and  its  two  tdeseopes,  later  artists  have  given  a  motion  in 
azimuth  to  their  theodolites,  in  addition  to  the  motion  ef  the  tele- 
scopes and  vemisrs,  by  which  the  angle  can  be  measured  praoisdy  aa 
in  Mayer's  original  instrument.  But  in  several  instruments  which  we 
have  seen  there  is  a  considerable  probability  of  disturbing  tiie  drcle 
clamp  while  moving  the  telescope  or  osiog  its  tangent  screws.  It  is  to 
secure  the  detection  of  any  similar  motion  that  a  vratch  tdescope,  aa 
it  ia  called,  is  frequentiy  added  to  Knglish  theodolites,  and  is  indeed 
required  for  many,  spoiled  as  they  ore  by  an  unnecessaiy  adjustment 
to  zero,  to  save  indolent  or  ignorant  surveyon  a  sim[de-  subtraction. 
A  watdi  telescope  con  scarody  be  applied  to  a  repeating  theodolite, 
and  wo  think  that  the  repeating  tripod  may  be  so  made  as  to  be  free 
from  any  objection.  This  was  first  constructed  by  Mr.  DoUond  on 
the  suggestion  of  the  late  Astronomer  Royal,  and  has  been  found  very 
useful  in  the  trigonometrical  survey  of  Ireland. 

The  three  foot-screws  of  on  ordinary  theodoHte- are  placed  in  the 
three  notches  which  are  seen  on  the  table  of  tiie  tripod.  This  upper 
part  turns  hooivily  on  a  stout  short  centre,  it  is  fixed  by  a  damp  at  a, 
and  there  is  a  tangent  screw  at  B  for  giving  slow  motion.  The  steady 
action  of  the  tangent  screw  is  secured  by  a  spring  at  c.  It  is  evident 
that  if,  in  using  an  ordinary  theodolite,  R  (the  right  hand  abject)  is 
first  bisected,  tiie  drde  read  off,  and  then  L  (the  left  hand  object)  is 
bisected,  the  cirde  being  again  read  off,  that  the  difference  between 
the  two  readings  is  the  angle  to  be  measured,  if  the  initrunumt  hat  itot 
been  thifted,  and  if  the  bisection,  reading  off,  &a,  are  perfect.  Now 
suppose  the  whole  instrument  to  bo  taken  up  and  set  down  exactiy 
concentric  with  ita  first  position,  without  any  other  alteration,  but 
with  the  telescope  on  n ;  if  L  be  a  second  time  bisected,  the  difference 
between  this  latter  and  the  preceding  reading  will  be  also  the 
angle  to  be  measured,  and  tiierefore  the  vernier  will  have  passed 
over  twice  the  angle,  reckoning  from  the  beginning.  If,  instead  -of 
this  impracticable  taking  up  and  setting  down  again,  the  stand 
on  which  the  theodolite  rests  can  be  turned  round  concentrically 
so  that  B  is  bisected  by  the  telescope,  the  tiieodolite  itself  being 
untouched,  it  is  clear  that  the  operation  is  equivalent  to  that  .just 
d«S(»ibed,  and  consequently  that  the  telescope  being  brought  on  L  by 
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its  o\m  motion,  the  measure  is  obtained  of  twice  the  angle  roqnired, 
and  the  proccas  tavf  be  continued  ad  liUtum,  until  the  errors  of  read> 
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ing  off  and  of  dMaion  are  eliminated.  The  only  preoantion  to  be 
observed  is,  that  the  stand  must  receire  no  angular  motion  from  the 
motion  of  the  telescope,  and  this  is  easily  effected  by  giving  a  certain 
masijivenesa  to  the  stand  and  a  considerable  heaviness  to  its  motion, 
^vhile  the  telescope  and  its  varniers  revolve  as  lightly  as  possible.  The 
observer  should  satisfy  himself  as  to  this  perfect  independence  of  the 
two  motions  and  the  stability  of  his  repeating  tripod  by  taking  a  set 
of  twenty  repetitions  of  an  angle,  always  moving  the  telescope  for- 
ward in  tne  order  of  the  divisions,  and  a  second  set  of  twenty  of  the 
some  angle,  canying  the  telescope  round  the  eontraiy  way.  The  two 
results  would  agree  if  the  stand  has  no  motion ;  am  if  they  do  not, 
the  upper  motion  must  b«  lightened  or  the  lower  be  loaded  till  they 
do  agree.  We  should  not  feel  satisfied  to  use  the  repeating  stand  if  a 
motion  of  the  telescope  a  Uttle  ruder  than  necessary  affected  its  posi- 
tion although  undamped ;  and  the  stand  whlcb  is  here  figured 
fulfilled  this  condition  very  well  with  a  12-lnoh  theodolite.  As  the 
absolute  coincidence  of  the  axes  of  the  tripod  and  theodoUte  cannot  be 
obtained,  the  angle  should  be  repeated  at  least  once  round  the  circle, 
and,  if  the  case  requires  it,  until  the  multiple  angle  is  very  nearly 
equal  to  one,  two,  or  more  drcvmferencea.  The  original  repeatipg 
tnpod  as  designed  by  Mr.  Fond  was  considerably  higher  thim  that 
figured  here.  (See  Pearson's  '  Practical  Astronomy,'  plate  xxix,  fig.  7, 
and  Tol.  ii,  p,  nS.)  A  little  greater  nicety  is  thus  given  to  the 
adjustment  of  the  v^ical  axis  of  the  tripod,  which  is  not  necessary, 
ftnd  the  [snugness  of  the  present  stand  is,  we  think,  more  than  an 
equivalent  The  axis  of  the  tripod  must  first  be  set  vertical,  either 
by  a  level  of  its  own  or  the  theodolite  level,  exactly  as  is  described  in 
the  adjustment  of  the  vertical  column  of  Borda's  circle.  For  the 
subsequent  adjustments,  &o.,  of  the  theodolite,  see  Thzodolite. 

BBPETEND,  the  part  of  a  CiBOULaTora  Dkcwai.  which  is  per- 
ftetually  repeated.  The  word,  however,  means  simply  (o  b»  reptated, 
and  is  so  little  used  la  the  above  sense  that  it  might  be  advantageously 
emplOTed  with  more  generality. 

REPLEVIN  ^deliirrance  de  nampt,  npUgialio).  In  the  middle  ages 
the  performance  of  legal  duties  was  raiforcad  by  taking  the  person,  the 
lands,  or  the  goods  of  the  defaulter  into  the  custody  of  the  party 
authorised  to  enforce  the  performance  of  such  duties.  When  such  a 
t^ng  was  effected,  the  party  was  said  to  be  distrained  (dittrictv,  put 
under 4X>mpulsion),  by  his  body,  his  lands,  or  his  goods,  to  do  the  act 
in  respect  of  which  he  was  supposed  td  have  made  default.  [Distress.] 

Upon  a  distress  being  effected,  the  body,  land,  or  goods,  as  the  case 
might  be,  of  the  distrainee  remained  in  the  custody  of  the  diBtrainor 
until  the  act  for  which  the  enforcing  of  the  distress  had  been  made  was 
performed  :  unless  the  distrainee  brought  the  question  of  the  legality 
of  the  taking  before  a  competent  tribunal,  in  which  case  he  might 
either  await  the  result  of  his  legal  proceedings,  or,  if  he  was  desiroils 
of  obtaining  a  more  ppeedy  liberation  of  the  wing  distrained,  he  might 
replevy  it  by  giving  a  pledge  or  security^  replace  it  in  tiie  custody 
of  the  distrainor  in  the  event  of  the  lend  dedsion  being  in  favour  of 
the  latter.  ^ 

The  alleged  defaulter  might  contest  the  legality  of  the  taking  in  an 
action  of  trespass.  [Tbesp.vss.]  But  in  this  form  of  action  he  could 
recover  damages  only.  He  would  not  be  entitled  to  the  liberation  of 
his  body,  lauds,  or  goods,  as  the  case  might  be,  pending  the  suit ;  nor 
indeed  when  the  suit  had  terminated  in  his  favour,  could  he  by  any 
proceeding  which  could  be  resorted  to  in  the  action  of  trespass  be 
relieved  from  the  dirtreos.  The  remedy  by  which  a  party  was  to 
recover  his  liberty  or  the  property  distrained,  and  also  damages  for  the 
temporary  detention,  was  an  action  of  replevin.  Where  the  person  of 
the  plaintiff  was  taken,  his  remedy  was  by  an  action  of  replevin  in  a 
peculiar  form,  which,  taking  its  denomination  from  the  wnt  by  which 
it  was  commenced,  was  called  de  homine  repUgiando.  This  proceeding 
was  however  surrouiidcd  by  so  many  difficulties,  rendered  perhaps 
indispensable  by  the  necesaity  of  preventing  criminals  from  using  it  as  a 
means  of  eroding  justice,  that  it  has  now  become  obsolete  in  England, 
parties  preferring  to  obtain  their  discharge  by  the  more  summary 
process  of  habeas  corpus.  [Habeas  Conpns.]  The  great  ^nass  of  the 
cases  of  homiue  repUgiando  in  the  old  law  books  arose  upon  the  seizure 
and  detention  of  persons  whom  the  parties  seising  claimed  as  their 
fugitive  villeins  [Villsik],  and  this  process  was  frequently  resorted  to 
in  Jamaica  and  other  slave  colonies.  The  seizing  of  the  lands  of  a 
defaulter  by  way  of  distress  has  long  ceased  to  be  practised. 

Formerly  not  only  lands  but  incorporeal  hereditaments  were  the 
subjects  of  replevin,  of  which  a  remaricable  instance  occurred  in  the 
reup  of  Edward  HI.     ('  Parliament  Rolls,'  vol.  L,  45.) 

The  third  form  of  replevin,  and  the  only  one  now  in  use,  is  replevin 
of  goods,  called  in  the  old  sbktutes  replegiari  de  averiit,  cattle  (in  law 
Latin,  averia)  being  the  species  of  goods  which  usually  formed  the 
subject  of  a  distress. 

If  the  goods  of  a  party  were  taken  out  of  his  possession  against  his 
will,  he  was  entitled  to  a  writ  of  replegiari  facias,  by  which  the  sheriff 
was  required  to  causp  the  goods  to  be  replevied,  that  is,  restored  to  the 
owner  upon  his  giving  pledges  for  the  prosecution  of  his  action,  and 
fur  the  return  of  the  goods  to  the  disl^rainor  in  case  a  return  should  be ' 
adjudged.  As  the  right  of  the  party  from  whom  the  goods  are  taken 
to  have  the  ixjssession  restored  to  him  by  replevin,  depends  upon  the 
property  belonging  to  him — if  the  taker  of  the  goods  claim  them  as 
his  own  proper^,  the  power  of  the  sheriff  is  suspended,  until  the  party 


has  sued  out  a  writ  de  proprietate  probamUl,  by  which  the  sheriff  tries 
whether  the  goods  are  tho  property  of  the  plaintiff  or  of  the  defendant ; 
and  if  they  are  found  to  be  the  property  of  the  plaintiff,  then  to 
replevy  them ;  if  of  the  defendant,  the  plaintiff's  claim  to  be  restored 
to  the  poaseesiou  of  the  goods  remains  iu  suspense  until  the  termina- 
tion of  the  action. 

A  replevin  does  not  lie  for  goods  taken  iu  execution,  or  for  goods 
seised  for  a  debt  to  the  crown.  In  a  very  intemperate  q>eech, 
addressed  by  Hyde,  afterwards  Lord  Clarendon,  to  the  House  of  Lords, 
upon  a  charge  against  the  barons  9f  the  Exchequer,  for  enjoining  tiie 
sherifis  of  London  not  to  execute  a  writ  of  replevin  of  goods  seiaed  by 
the  officers  of  the  custom-house  in  respect' of  unpaid  tonnage  and 
poundage,  he  is  stated  to  have  said,  in  the  comae  of  his  orgmnenty 
"  We  all  know  a  replevin  lies  against  the  king,  if  the  goods  be  (be  not  t) 
in  his  own  hands."  ('  Bushwortii,'  part  2>  vol.  ii,  1361.)  Though  this 
strange  assertion  has  been  regular^  transcribed  by  succeeding  writam, 
it  appears  to  be  altogether  unfounded.  The  replsTins  sued  out  for 
goods  seised  io  respect  of  tonnage  and  poundage  would  issue  agaiort 
the  officers  as  for  goods  seized  by  them  in  respect  of  debts  claimed  to 
be  due  to  the  crown.  But  goods  seised  for  the  king's  debts  cannot 
be  replevied  without  the  special  mandate  of  the  king  or  of  the  barons 
of  the  Exchequer.  Still  less  could  replevin  be  brought  in  rei^eet 
of  goods  in  the  actual  possession  of  the  king,  and  upon  an  allegatioii 
of  tiieir  having  been  wrongfully  taken  by  hiny 

Replevin  does  not  lie  for  goods  taken  in  a  foreign  conntiy,  thong^ 
afterwards  imported  here. 

If  upon  a  distress  taken  by  the  superior  landlord  upon  premises  in 
the  possession  of  an  imder-tanant,  the  mesne  or  intermediate  tmant 
puts  his  cattle  in  the  place  of  those  distrained,  as  by  law  he  was 
allowed  to  do,  he  might  replsvy  the  goods  so  substituted,  though  the 
latter  were  never  distrained. 

Replevin  lies  notwithstanding  an  express  agreement  that  the  land- 
lord shall  be  at  liberty  to  distrain  and  hold  the  goods  against  pledges 
(that  is,  notwithstanding  a  tender  of  pledges)  until  the  rent  be  paid ; 
for  goods  cannot  be  made  irreplevisable  by  the  mere  agreement  of  the 
parties. 

Executors  may  maintain  replevin  for  the  goods  of  the  testator  taken 
in  his  lifetime,  and  a  husband  may  bring  replevin  alone  without 
naming  his  wife,  for  the  goods  of  the  wife  taken  before  the  marriage ; 
as  the  property  in  the  goods  passes  to  the  executors,  and  to  the  husband 
respectively,  notwithstanding  the  seizure  and  detention. 

A  person  may  in  some  cases  support  a  replevin  without  being  the 
owner  of  the  goods,  as  where  the  plaintiff  is  the  bailee  of  the  goods 
taken.  [Bailmeht;  Pledok.] 

The  writ  of  repleguxn  faaai,  which,  must  have  been  sued  out  of  the 
Court  of  Chancery,  was  attended  with  great  inoonyenience  and  delay  at 
a  period  when  the  chancery  followed  the  persoti  of  the  king,  and  henoe 
it  was  provided  by  the  statute  of  Harlbridge,  (1267)  that  the  sheriff 
should,  after  complaint  made,  deliver  the  goods  without  hindrance  or 
refusal  of  him  who  took  them,  and  by  1  and  2  Philip  and  Hary,  c.  12, 
every  sheriff  was  required  to  appoint  four  deputies  dwelling  not  above 
twelve  miles  distant  from  one  another,  to  moke  replevies  and 
deliverance  of  distresses.  Under  these  two  statutes  distresses  continued 
to  be  replevied,  until  quite  recently ;  when  by  the  statute  19  ft  20 
Vict,  c;  108,  the  powers  of  the  sheriffii  were  transferred  to  the  registrars 
of  the  County  Courts  [Codutt  Coubts],  who  now  grant  replevins,  and 
take  seourity  from  the  replevisor  for  the  prosecution  of  on  action  either 
in  the  County  Court  or  in  one  of  the  superior  courts  to  try  the  validity 
of  the  distress.  This  bond  is  taken  under  the  statute  11  Geo.  II.,  o. 
19, 8.  28,  requiring  aherifts  and  other  officers  having  authority  to  grant 
replevin,  in  every  replevin  of  a  distress  for  rent,  to  take  from  the 
plaintiff  and  two  responsible  persons  as  sureties  a  bond  in  double  the 
value  of  the  goods  distrained,  with  a  oondition  for  prosecuting  the  suit 
with  effect  and  without  delay,  and  for  duly  returning  the  goods  and 
chattels  distrained  in  case  of  a  return  being  awarded. 

By  this  statute  this  bond  may  be  assigned  to  the  avowant  (the  party 
who  took  tho  diatress  iu  his  own  right),  or  to  the  person  making 
cognizance  (the  party  acknowledging  the  taking  of  the  distress  on 
behalf  of  some  other  person),  and  the  assignee  may  sue  upon  it  in  the 
event  of  the  condition  of  the  bond  not  being  performed. 

In  the  action  which  follows  the  replevin,  the  plaintiff  declares  against 
the  defendant  for  the  taking  of  the  goods  and  chattels  of  the  plaintiff, 
at  such  a  time  and  in  such  a  place,  and  claims  damages.  To  this 
declaration  the  defendant  may  plead  non  cepit,  whereby  he  admits  that 
the  goods  belong  to  the  plaintiff,  and  denies  the  taking  only ;  or  he 
may  plead  that  the  goods  do  not  belong  to  the  phuntiff,  thereby 
admitting  that  he  took  and  detained  them. 

But  in  ordinary  cases,  the  defendant  avows  in  his  own  right,  or 
makes  cop^iizauce  ns  bailiff  to  his  employer,  for  rent,  or  for  soma 
other  duty  or  ciuse,  for  which  a  distress  is  allowed  by  law  [Dis- 
tress], in  doing  which  he  may  set  up  any  ground  of  distress,  though 
differing  from  that  expressed  at  the  time  when  the  distress  was 
made. 

The  plaintiff  may  reply  to  the  defendant's  \t\ea,  as  in  other  cases 
[Pleadiko]  ;  but  inasmuch  as  an  avowant,  or  a  person  making  cog- 
nizance, is  not  merely  a  defendant,  bnt  a  piirty  seeking  to  recover  some- 
thing, the  plaintiffs  answer  to  an  avowry  or  cognizance,  which  -  is  in 
the  nature  of  a  declaratiou  for  the  right  or  duty  withheld,  is  called  a 
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plea  in  Ixur  to  such  avowry  or  cognizance;  the  defendant's  answer  to 
whiuh  plea  or  liar  is  called  a  replication. 

Where  there  is  judgment  for  the  defendant,  or  tho  plaintiff  ia  non- 
suited, the  judgment  directs  that  the  defendant  shall  have  the  goods 
restored  to  hira  without  being  again  subject  to  being  replevied,  which 
is  called  a  return  irreplevisable. 

If  upon  a  replevin,  or  upon  a  writ  of  rotomo  habendo  after  judg- 
ment, the  sheriff  returns  that  the  cattle,  &c.,  are  driven  away  (eloigned, 
elongata)  a  writ  may  issue  commanding  the  sheriff  to  make  reprisals  by 
taking  the  cattle,  &c.,  of  the  distrainor,  and  to  detain  them  until  he  is 
ably  to  replevy  the  cattle,  &o.,  of  the  distrainee.  This  process,  which 
is  now  nearly  obsolete,  was  called  a  capias  in  withernam,  or  a  capias 
by  way  of  counter-taking,  from  ivMtr  (against ;  in  German,  mder)  and 
luim,  a  taking  or  distress.  A  special  action  of  trespass  also  lies  for 
removing  a  distress  so  that  it  cannot  be  replevied.  This  latter  offence 
was  formerly  called  a  "  vee,"  or  "  vetitum  namium,"  by  which- term  is 
to  be  understoo<i,  not,  as  might  be  supposed,  a  forbidden  distress,  but 
a  distress  forbidden  or  refused  to  be  replevied."     (2  '  Inst.',  140.) 

If  after  goods  have  been  replevied,  and  before  the  suit  has  been 
decided,  the  defendant  makes  another  distress  for  the  same  cause,  such 
second  distress  is  called  a  recaption,  and  the  course  is  to  sue  out  a 
special  writ  for  the  restoration  of  the  goods  and  for  the  punishment  of 
the  recaptor ;  since,  whether  the  first  taking  was  right  or  wrong,  the 
defendant  is  not  justified  in  thus  anticipating  the  judgment  of  the 
court.  It  is  not  material  whether  the  second  tolung  be  of  the  same 
goods  or  of  other  goods,  provided  they  belong  to  the  same  party,  and 
are  taken  for  the  same  cause ;  but  if  the  landlord  distrain  the  goods  of 
A,  who  replevies,  and  af  teTWu<da,  finding  the  goods  of  B  upon  the  land, 
he  distrains  them  for  the  same  rent,  no  writ  of  recaption  lies.  B  can 
only  replevy  or  bring  an  action  of  trespass  or  trover. 

At  common  law,  if  the  plaintiff  was  nonsuited,  although  the  defen- 
dant became  entitled  to  a  return  of  the  goods,  yet  the  judgment  was' 
not  that  the  return  should  be  irreplevisable,  as  in  a  jitdgment  upon  a 
verdict  where  the  right  had  been  tned.  The  plaintiff  might  have  again 
sued  out  a  replevin,  and  so  after  several  successive  nonsuits.  To  put 
an  end  to  this  vexatious  proceeding,  the  statute  of  Wcstm.  II.  c.  2, 
gav."  the  plaintiff  a  writ  of  second  deliverance  instead  of  a  new  replevin, 
in  which,  if  the  plaintiff  in  any  manner  fail  in  his  suit,  tho  defendant 
will  have  judgment  for  a  return  irreplevisable.  In  other  respects  the 
proceedings  in  the  action  of  second  deliverance  tre  similar  to  those  in 
the  action  of  replevin. 

REPLICATION.    [Pleadino.] 

BKPOllTS  (in  Law)  are  relations  of  the  prooeeding.1  of  courts  of 
justice.  They  usually  contain  a  statement  of  the  pleadings,  the  facts, 
the  arguments  of  counsel,  and  the  judgment  of  the  court ; — the  object 
being  to  cstabhsh  the  law,  and  prevent  conflicting  decisions,  by  pre- 
serving and  publishing  the  judgment  of  the  court,  and  the  grounds 
upon  which  it  decided  the  question  of  law  arising  in  the  case.    " 

The  earliest  reports  extant  are  the  '  Year  Books.'  It  is  said  that 
Bomo  few  exist  in  MS.  of  the  reign  of  Edward  I.  and  a  few  broken 
notes  are  to  be  found  in  Fitzherbert's  abridgment.  A  series  of  these 
commences,  and  are  now  printed,  from  the  reign  of  Edward  II. 
They  were  published  annuaUy,  which  explains  their  name,  from  the 
notes  of  persons,  four  in  number,  according  to  Lord  Coke,  who  were 
paid  a  stipend  by  the  crown  for  the  purpose  of  committing  to  writing 
the  proceedings  of  the  courts.  These  early  accounts  of  cases  are  very 
ahort,  abrupt,  and  often  confused,  especially  from  the  circumstance 
that  it  ia  frequently  difficult  to  ascertiun  whether  »  judge  or  a  counsel 
is  speaking. 

The  Year-books  continue,  with  occasional  interruptions  in  their 
series,  down  to  the  reign  of  Henry  VIII.  The  omission  during  the 
time  of  Richard  II.  has  been  attempted  to  be  supplied  by  Bellewe,  who 
collected  and  arranged  the  cases  of  that  period  which  had  been  pre- 
served by  other  writers.  The  Year-books  are  wholly  written  in  Nor- 
man-French, although  by  the  86  Edw.  III.,  stat.  1,  c.  15,  it  was  enacted" 
that  all  pleadings  should  be  in  the  English  language,  and  the  entries 
on  the  rolls  in  Latin.  This  dialect  contmued  indeed  to  be  used  as  late 
as  the  18th  century ;  the  last  whK;h  app^red  were  those  of  Levina 
and  Lutwyche;  the  former  in  1702,  the  latter  in  1701.  The  Year- 
books of  later  date  have  more  continuity  of  style  and  fulness  of 
discussion;  cases  are  cited,  and  tho  decision  of  the  court  is  given  at 
greater  length,  with  more  solemnity  and  clearness.  About  the  end  of 
tho  reign  of  Henry  VIL  it  is  probable  that  the  stipend  was  withdrawn. 
Only  five  Year-books  exist  for  the  ensuing  reign,  and  none  were 
published  after  it.  Their  phice  was  shortly  afterwards  supplied  by 
rcporls  compiled  by  private  individuals,  but  subject  for  some  time 
to  the  inspection  of  the  judges,  whose  testimony  to  the  fitness  of  the 
i-epurtcr  is  prefixed  to  the  Reports.  This  however  soon  became  a  mere 
form,  as  appears  by  the  statement  of  Lord- Keeper  North,  who  speaks 
elio'htingly  of  the  Reports  in  his  time  as  compared  with  his  favourite 
Yciff-books. 

During  tho  icign  of  Henry  VIII.  and  his  three  successors,  Dyer, 
afterwards  chief-justice  of  the  Common  Pleas,  took  notes  as  a  reporter, 
licaloc  !Uid  lJ.ilison  were  also  reporters  in  those  reigns.  In  the  time  of 
Eliz.-vbctU  m.iny  eminent  lawyers  reported  the  proceedings  of  the 
courts,  and,  from  tho  abiUty  with  which  they  acquitted  themselves, 
'idded  to  the  previously  un.?ettle<l  state  of  the  law,  the  Reports  of  about 
this  period  have  acquired  very  great  authority.    Aiiderson,  Moore, 


Leonard,  Owen,  Coke;  and  Croke  all  lived  about  this  time.  But  the 
first  printed  accounts  of  cases  published  by  a  private  hand  are  those  ot 
Edmund  Plowden,  the  first  part  of  which  i^peared  in  the  year  1571, 
under  the  title  of  '  Commentaries.'  A  few  years  afterwards  the  exe- 
cntors  of  Dyer  published  the  notes  of  their  testator  under  the  expicis 
name  of  '  Reports,*  being  the  first  published  under  that  title.  These 
were  followed,  in  ISOl  and  1602,  by  those  of  Sir  Edward  Coke,  which, 
from  their  excellence,  have  ever  been  dignified  by  the  name  ot  '  The 
Reports.'  During  this  time  reporters  did  not,  as  they  have  done  in 
more  modem  times,  confine  themselves  to  one  court.  In  the  sama 
volume  are  found  reports  of  cilses  in  chancery,  in  the  three  superior 
courts,  the  court  of  wards,  &c.  During  the  reign  of  James  I.,  Lord 
Bacon  and  Sir  Julius  Caesar  suggested  to  the  king  the  appointment  of 
two  officers  for  the  purpose  of  taking  notes  and  minutes  of  proceedings 
in  the  courts.  James  acceded  to  the  suggestion,  and  a  copy  of  his 
ordinance  for  their  appointment,  at  a  salary  of  100{.  each,  is  extant. 
(Rymer's  '  Fcedera,'  15  Jao.  I.,  1617.)  The  ordinance  does  not,  however, 
appear  to  have  been  acted  upon,  and  Reports  eon^ued  to  be  oompiled 
and  published  by  private  hands  only. 

The  English  language  was  first  used  by  reporters  about  the  time  of 
Elizabeth.  Lord  Coke  employed  it  in  his  '  Commentary  upon  Little- 
ton.' In  his  preface  he  states  why  he  thought  it  convement  to  do  so  ; 
and  adds  that  his  conduct  was  not  without  precedent.  fVom  the 
period  of  Elizabeth  down  to  the  present.  Reports  have  been  published 
of  the  proceedings  in  aU  the  courts.  Coke,  in  Ids  day,  thought  this 
following  distich  applicable : — 

"  Quorltar  ot  eroaennt  tot  magna  volunlna  legis ; 
In  promptn  oansa  est,  ereaclt  in  orbe  dolui." 

This  is  curious  as  evidencing  the  number  and  fecundity  of  reporters 
at  that  time.    North  also  complains  of  the  great  number  of  Reports. 

(Coke's  Beporit,  Preface  to  part  8;  Dugdale's  Origintt  Jiridieala  i 
Reeves's  History  of  the  Englith  Law.) 

REPRESENTATION.    [Descent.] 

REPRIEVE  (from  the  French  repru,  withdrawn),  in  criminal  law, 
means  the  withdrawal  of  a  prisoner  from  the  execution  and  proceeding 
of  the  law  for  a  certain  time.  Evefy  court  which  has  power  to  award 
execution,  has  also  power,  either  before  or  after  judgment,  to  grant  a 
reprieve.  The  consequence  of  a  reprieve  is,  that  the  delivery  or  the 
execution  of  the  sentence  of  the  court  is  suspended.  A  reprieve  may 
proceed  from  the  mere  pleasure  of  the  crown  expressed  to  the  court, 
or  from  the  discretion  of  the  court  itself.  The  justices  of  jail  delivery 
may  either  grant  or  take  off  a  reprieve,  although  their  session  b« 
finished,  and  their  commission  expired.  A  reprieve  proceeding  from 
the  discretion  of  the  court  is  usually  granted  when,  from  any  circum- 
stance, doubt  exists  as  to  the  propriety  of  carrying  a  sentence  into 
execution.  This  doubt  may  be  created  either  from  the  unsatisfactory 
character  of  the  verdict,  tiie  suspicious  nature  of  the  evidence,  the 
insufficiency  of  the  indictment,  Ac.,  or  from  the  appearance  of  circum- 
stances favourable  to  the  prisoner.  When  a  reprieve  has  been  granted 
with  a  view  to  recommend  to  merey  a  prisoner  capitally  condemned,  ■ 
memorial  to  that  effept  is  forwarded  to  the  secretary  of  state,  who 
recommends  the  prisoner  to  the  mercy  of  the  crown.  Where  it 
has  been  granted  by  reason  of  some  doubts  in  point  of  law  as  to  the 
propriety  of  the  conviction,  the  execution  of  the  sentence  is  suspended 
until  the  opiivon  of  tho  judges  &as  been  taken  upon  it.  The  sentence 
is  then  executed  or  commutoi  in  accordance  with  their  opinion. 

There  are  two  cases  in  which  a  reprieve  is  necessarily  granted.  One 
is  where  a  woman  who  has  been  capitally  convicted  pleads  her  pr^- 
nancy  in  delay  of  execution.  Where  such  a  plea  is  made,  the  judge 
must  direct  a  jury  of  matrons  to  inquire  of  the  fact ;  and  if  they  find 
that  she  is  quick  with  child,  the  execution  is  delayed,  either  till  after 
her  delivery,  or  proof  by  lapse  of  time  that  she  was'  not  pregnant.  Tho 
other  is  where  a  prisoner  appears  to  have  become  insane  between 
judgment  and  the  award  of  execution.  In  such  case  a  jury  must  be 
sworn  to  inquire  whether  he  realty  is  insane.  If  they  find  that  he  is, 
a  reprieve  must  be  granted. 

If  the  reprieve  is  sent  by  the  secretary  of  state,  it  is  under  the  sign 
manual  of  the  sovereign. 

REPUBLIC  is  derived  immediately  from  the  French  rfptMijutf 
and  ultimately  from  the  Latin  ret  piMica.  The  Latin  expression  ra 
publica  ia  defined,  by  Facciolati,  to  be  "res  communis  et  publics 
civium  una  viventium,"  and  corresponds  very  closely  with  the  English 
word  commonwealth,  as  used  in  its  largest  acceptation  for  a  political 
society.  The  Latin  word  ret  pMiea  might  be  applied  to  a  community 
under  a  monarchical  government;  thus  Augustus  is  said  in  a  passage 
of  Capito,  a  Roman  lawyer,  to  have  governed  the  ret  publica  (OeUius, 
xm.  12) ;  the  word,  however,  was  more  applicable  to  a  society  having  a 
popular  government  than  to  a  society  having  a  monarchical  govern* 
ment ;  thus  Cicero  denies  that  the  name  of  ret  piMica  can  be  pro- 
perly given  to  a  community  which  is  grievously  oppressed  by  the 
rule  of  a  single  man  :  "  Ergo  illain  rem  populi,  id  est  rem  publicam, 
quis  diceret  turn,  quum  crudelitate  unius  oppressi  easent  universi; 
neque  esset  unum  vinculum  juris,  nee  consensus  ao  societas  coetus, 
quod  est  populus  "  ('  De  Rep.,'  iii.  81). 

A  reptwtic,  according  to  the  modem  usage  of  tho  word,  signifies  a 
political  community  which  is  not  uuder  uiunarchioal  government,  or, 
in  other  words,  a  political  community  in  which  one  person  does  not 
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poEsees  {be  entire  sovereign  power.  Dr.  Jolmaon,  in  liia  dictionary, 
defines  a  republic  to  be  "  a  state  in  which  the  power  ia  lodged  in  more 
than  one."  Since  a  republic  is  a  political  community  in  which  several 
persons  share  the  sovereign  power,  it  comprehends  the  two  classes  of 
sristooraoies  -and  democracies,  the  differences  between  which  are  ex- 
plained under  Aristocbao;  and  Democbaot. 

The  word  repubUo  ia  sometimes  understood  to  be  equivalent  to 
dtmooracy,  and  the  word  republican  is  considered  as  equivalent  to 
democrat ;  but  this  restricted  sense  of  the  words  appears  to  be  in- 
accumte ;  for  aristocratic  communities,  such  as  Sparta,  Borne  in  early 
times,  and  Venice,  have  always  been  c^ed  republics.  > 

REPUBLICATIOK.    [Will  akd  Testament.] 

BGPULSIOK  is  that  power  by  which  bodies  or  the  particles  of 
bodies  are  made  to  recede  from  one  another.  Both  attraction  and 
repulsion  exist  in  all  the  particles  of  material  substances,  and  seem  to 
be  properties  by  which  those  particles  act  upon  one  another  when  not 
in  contact*  The  cause  of  these  actions  will  probably  be  for  ever 
unknofrn  to  us ;  and  the  terms  are  only  applied  in  conformity  to  the 
phenomena  exhibited.  At  all  senrible  distances,  bodies,  small  and 
great,  except  in  certain  states  .with  respect  to  electricity  or  magnetism, 
attract  one  another ;  and  the  intensity  of  the  attraction  varies  inversely 
as  the  square  of  the  distance  between  the  bodies.  But  the  phenomena 
of  light,  and  of  elasticity  in  general,  show  that  at  distances  which  are 
not  appreciable  by  the  eye  (perhaps  such  as  are  less  than  j,Jjj  inch) 
both  atthuitions  and  repulsions  take  place.     [Attraction.] 

In  his  researches  concerning  the  phenomena  of  light,  Newton,  having 
brought  at  one  time  a  hair,  and  at  another  the  edge  of  a  knife,  near  a 
small  beam  of  light  in  a  darkened  room,  found  that  the  particles  of 
light  were  made  to  deviate  from  the  rectilinear  direction,  as  if  attracted 
by  a  force  which  diminished  with  the  distance  of  the  lay  from  the  hair 
or  knife.  The  shadow  of  the  latter  was  bordered  with  three  coloured 
fringes,  of  which  the  nearest  to  it  was  formed  by  inflect(>d  rays  passing 
at  a  distance  rather  greater  than  ^  inch  from  tiie  knife-edge ;  and  the 
second  and  third  fringes  by  rays  inflected  respectively  at  greater 
distances.  ('  Optiocs,'  lib.  ijL)  [Dipfbactios  op  Light.]  From  these 
phenomena  Kewton  was  led  to  the  opinion  (which  he  proposes  as  a 
queiy)  that  all  material  bodies  might  be  assemblages  of  particles  in 
equiUbrio  between  their  mutual  attractions  and  repuMons.  He 
imagined  slso  that  a  subtle  ether,  pervading  material  bodies,  was  the 
immediate  agent  in  producing  such  attractions  or  repulsions,  together 
with  all  the  circumstances  of  cohesion,  and  also  tiiose  of  chepiical, 
magnetical,  and  electrical  actions.  The  phenomena  of  nature  seem  to 
justify  the  supposition  than  an  ether  pervades  all  bodies ;  but  it  must 
be  admitted  that  the  hypothec  of  Newton  only  removes  the  difficulty 
concerning  the  actions  of  the  particles  of  bodies  a  step  further,  since 
yta  are  equally  at  a  loss  to  account  for  the  existence  of  the  powers  in 
those  particles,  and  in  the  ether  itself. 

The  realiify  of  a  distance  between  the  partides  of  bodies,  whether 
solid,  fluid,  or  gaseous,  admits  of  no  question ;  for  the  differences  ia 
the  densities  ortheee  classes  of  bodies  can  only  be  conceived  to  arise 
from  the  different  extent  -ot  the  intervals  between  the  particles. 
[H£AT.]  By  the  process  of  cooling,  all  bodies,  with  certain  exceptions 
m  particular  cases,  become  contiacted  in  volume ;  and  the  mixing  of 
two  given  volumes  of  different  fluids  (as  water  and  sulphuiio  acid)  pro- 
duces a  volume  less  than  the  sum  of  the  two  separate  volumes.  These 
effects  manifestly  depend  upon  the  approach  of  the  particles  to  one 
another,  and  are  therefore  inconsistent  with  the  supposition  that  they 
were  originally  in  contact. 

It  is  natural  to  ask  if  there  be  such  a  thing  as  mathematical  contact 
in  nature,  and  it  may  be  answered  that  we  have  no  evidence  of  such  a 
condition.  [Cohesion.]  Besides  the  continual  diminution  of  volume 
produced  in  the  oooling  of  bodies,  the  Newtonian  experiment  of 
presaiug  a  convex  lens  of  glass  upon  the  surface  of  a  gloss  mirror 
affords  evidence  that  the  lens,  at  the  point  of  nearest  approach,  and 
under  a  very  great  pressure,  is  not  in  contact  with  the  mirror ;  and  it 
has  been  supposed  that  the  distance  between  them,  at  that  place,  is  then 
not  less  thui  ,^  inch.  (Robison, '  Mechan.  FhiL')  It  seems  to  follow 
that  a  vast  force  of  repulsion  must  be  in  action  between  the  particles 
of  bodies  when  they  are  as  near  together  as  mechanical  power  can 
bring  them ;  and  it  can  be  easily  conceived  that  such  repulsive  force 
may  be  the  immediate  cause  of  the  sensation  of  touch. 

It  has  been  said  that  the  mixture  of  certain  different  fluids  produces 
a  diminution  of  volume;  but  it  must  be  observed  that  a  contruy  effect 
frequently  takes  place.  Some  of  the  metals,  when  mixed  together  lb  a 
melted  state,  produce  a  volume  greater  than  the  sum  of  the  component 
volumes ;  and  melted  metals,  on  becoming  solid,  like  water  on  being 
frozen,  expand  in  volume.  The  latter  effect  may  arise  from  the  crystals, 
on  being  formed,  placing  themselves  across  one  another  so  as  to  leave 
comparatively  large  intervals ;  but  tiie  other  can  only  be  caused  either 
by  a  diminution  of  the  attraotive  power  which  the  particles  exert  on 
one  .another,  or  by  its  being  changed  into  a  power  of  repulsion.  One 
of  these  latter  circumstances  must  also  be  the  cause  of  the  great 
augmentation  of  volume  which  takes  place  when  the  components  of 
some  bodies  are  disengaged  from  each  other.  It  ia  said  that  if  the 
parts  of  olefiant  gas  were  separated,  the  sum  of  ^  the  separate  volumes 
would  be  four  times  as  great  as  the  volume  of  the  compound ;  that  is, 
two  volumes  of  hydrogen  and  two  of  carbon  vapour  are  condensed  in 
olefiant  gas  into  the  space  of  one  volume. 


It  is  right  to  observe  that  the  word  rcpulsiop  ia  often  applied  to 
phenomena  which  are  in  reality  the  results  of  attraction.  A  small 
quantity  of  quicksilver  being  laid  on  a  glass  plate  assumes  a  spherical 
form,  Instead  of  spreading  over  it  in  a  thin  surface ;  and  this  was  onco 
supposed  to  arise  from  a  repulsNe  power  in  the  glass,  whereas  it  ia 
omng  to  the  attraction  of  the  particles  of  quicksilver  for  one  another 
being  greater  than  the  attraction  of  the  glass  for  the  quicksilver. 
Again,  when  a  small  sewing-needle  is  placed  on  the  surface  of  water,  it 
remains  there  without  sinking,  and  the  water  is  depressed  about  the 
needle  as  if  it  were  repelled  by  the  steel ;  in  fact,  however,  the  trough 
is  caused  by  the  weight  of  the  needle,  which  displaces  the  particles  of 
water,  but  ia  not  great  enough  to  overcome  their  attraction  for  each 
other.  Also,  when  two  balls,  one  of  them  of  glaaa,  which  is  capable  of 
attracting  water,  and  the  other  of  buint  cork,  which  is  not,  or  only  in 
a  very  small  degree,  are  placed  near  one  another  in  water,  the  latter 
seems  to  be  repelled  from  the  former ;  but  the  .cause  of  the  pheno- 
menon ia  that  the  ring  of  elevated  water  about  the  glass  assumes  on 
the  exterior  a  conical  surface,  so  that  when  the  cork  ball  is  brought 
near  enough  to  the  other  to  be  partiy  on  the  slope,  it  immediate!; 
slides  off  by  its  gravity. 

The  elasticity  of  bodies  is  a  result  either  of  attractive  or  repuMw 
powers,  or  both.  For  example,  when  a  steel  rod  is  bent,  the  partidsK 
on  one  side  will  be  forced  towards,  and  on  the  opposite  they  yfiH  ba 
drawn  from  one  another ;  in  recovering  itself,  a  force  of  attraction  will 
be  exerted  on  the  latter  side,  and  of  repulsibu  on  the  other ;  and  this 
may  be  considered  as  an  evidence  that  in  the  insenalble  spaces  between 
the  particles  of  bodies  attraations  and  repulsions  prevul  aocordingjis 
the  distanced  between  those  particles  are  varied.  While  the  change  ot 
figure  in  the  rod  is  small,  so  that  the  displacement  of  any  two  porticlea 
ia  but  a  small  part  of  their  Whole  distance  from  one  another,  the 
attractions  and  repulsions  exerted  by  the  force  applied  are  proportional 
to  that  force;  and  upon  this  principle  depends  the  obserred  isochro- 
nlsm  in  the  oscillations  of  a  watch-balance,  whatever  be  the  extent  of 
the  arcs  of  vibration.  The  expansions  of  aolida  and  flulda  by  heat,  and 
the  elastic  powers  of  gas  at  different  temperatures,  are  consequences  of 
the  repulsions  residing  in  the  particles  of  caloric,  or  induced  by  the 
latter  in  those  of  the  bodies  with  .which  they  are  combined.  [Elas- 
TIOTFT ;  Gas  ;  Heat.]  The  repulsire  power  existing  in  the  air  which 
is  condenaed  in  nitre,  produces,  on  being  combined  with  heat,  a  velocity 
of  expansion  equal  to  about  7000  feet  per  second ;  and  the  force  of 
pressure  resulting  from  it  is  thought  to  be  equal  to  2000  times  the 
pressure  of  the  atmosphere.  (Button, '  Tracts.')  The  repulsive  force 
which  produces  some  of  the  electric  explosions  in  the  atmosphere  is 
supposed  to  be  much  greater.  But  the  forces  both  of  attraction  and 
repulsion  by  which  the  particles  of  light  are  deflected  from  their  course 
when  they  impinge  on  a  refracting  or  reflecting  surface  are  enormous  ; 
and  Sir  John  Herschel  computes  that  they  exceed  the  force  of  gravity 
in  the  ratio  of  2  x  10'*  to  1.  This  is  on  tiie  hypothesis  of  radiation; 
and  that  philosopher  observes  that  on  the  undiilatory  hypothesis  the 
uumbera  are  equally  high. 

The  circumstances  of  electrical  attractions  and  repulsions  are  shown 
in  the  article  Electrioitt  ;  and  the  results  of  experiments  prove  that 
the  intensities  of  these  forces  in  the  electric,  galvanic,  and  magnelie 
fluids,  like  that  of  general  attraction,  vary  inversely  as  the  squares  of 
the  distances  of  the  bodies. 

Boscovich  has  ingeniously  represented  the  series  of  alternate 
attractions  and  repulsions  supposed  to  be  experienced  by  a  particle 
of  matter  within  the  very  small  distances  between  that  particle  and 
another,  by  a  curve  consisting  of  several  beuds  crossing  and  recrossing 
on  axis  ia  points  at  vaiious  distances  from  the  origin,  which  may  be 
supposed  to  be  the  place  of  the  second  particle  above  mentioned.  The 
ordinates  of  this  curve  on  one  side  of  the  axis  represent  attractions,  and 
those  on  the  other  side  repulsions ;  the  places  of  crossing  being  sup- 
posed to  be  those  at  which  the  firat  particle  would  be  at  rest.  Beyond 
the  small  distance  above  mentioned,  this  axis  becomes  an  asymptote  to 
the  curve,  Snd  the  ordinates  of  the  curve  here  represent  the  general 
law  of  attraction  (the  inverse  square  of  the  distances).  Near  the  origin 
of  the  axis  the  ordinates  represent  repulsions;  and  these  ordinates 
constantly  increase  till  they  become  infinite,  so  that  a  right  line  drawn 
through  the  place  of  the  second  particle,  perpendicular  to  the  axis,  is 
on  asymptote  to  this  branch  of  the  curve. 

BEQUEST,  COUBTS  OF  (sometimes  .called  Courii  of  OoMdmee), 
were  local  tribunals,  founded  by  Act  of  Parliament  to  facilitate  the 
recovery  of  small  debts  from  any  inhabitant  or  trader  ia  the  district 
defined  by  the  Act :  they  have  been  altogether  superseded  by  the 
Cou^'Ty  Courts. 

UEQUIEM  (lieijuia,  Lat.,  rat),  the  name  of  a  mass  sung  in  the 
Bomish  Church  fur  tiie  repose  of  the  dead,  beginning  Jleqaiem 
atemam,  and  in  the  Boman  Catholic  liturgy  called  Mista  nroDdwuiti*. 

REREDOS.    [Betable.] 

BESCUE,  in  Law  ('  rescous,'  from  the  old  French  word  rMCOifrwr, 
'  to  recover '),  is  the  unlawful  and  forcible  setting  at  liberty  a  person  or 
goods,  in  lawful  custody.  A  rescue  may  be  either  a  criminal  offence 
or  a  civil  Injury,  according  to  the  circumstances  under  which  it  is 
effected.  The  character  of  the  criminal  offence  is  determined  by  the 
character  of  the  offence  committed  by  the  person  rescued.  If,  for 
instance,  a  party  has  rescued  a  traitor  or  a  felon,  he  has  committed  the 
offence  of  treason  or  felony ;  but  as  the  treason  or  felony  of  the  penon 
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rescued  cannot  be  assumed  to  have  been  committed  until  after  his  oon- 
▼iction  and  judgment,  it  is  not  proper  to  arraign  the  rescuer  for  such 
offences  until  after  judgment  of  the  principal  offender.  But  the 
rescuer  may  be  indicted  for  a  misdemeanor  before  such  judgment. 
For  a  rescue  from  lawful  custody  is  in  all  eases  a  misdemeanor. 
Several  statutes  have,  however,  varied  the  character  of  this  offence,  and 
the  punishment. 

Previously  to  the  abolition  ol  arrest  on  mesne  process,  if  a  prisoner 
in  custody  of  the  sheriff  on  mesne  process  was  rescued,  the  sheriff 
might  make  a  return  to  that  effect,  which  freed  him  from  further 
responsibility ;  the  rescuers  being  liable  to  an  attachment  for  a  con- 
tempt, and  also  to  an  action  at  suit  of  the  plaintiff. 

Where  a  party  is  arrested,  or  goods  are  token  upon  a  final  process, 
the  sheriff  capnot  return  that  there  has  been  a  rescue,  and  either  he  or 
the  jailer  is  in  all  cases,  except  where  the  rescue  is  effected  by  the 
king's  enemies,  answerable  in  an  action  by  the  plaintiff.  This  liability 
is  concurrent  with  the  liability  of  the  rescuers  themselves,  the  plaintiff 
having  the  option  to  sue  either  the  rescuers  or  the  sheriff. 

(Com.,  Biff.,  'Rescous;'  Hale,  P.  0. ;  Hawk.,  P.  C;  Russell,  On 
Crimes  ;  Matthews,  On  Criminal  Law.) 

RESERVOIRS.  '  la,  engineering  works  the  word  reterroir  is  under- 
stood generally  to  apply  to  the  large  collections  of  water  which  are 
made  for  the  purpose  of  feeding  canals,  or  of  supplying  the  headwaters 
ef  a  mill,  or  of  supplying  the  water  required  for  municipal  services.  The 
water,  in  almost  aU  these  cases,  is  obtained  by  storing  the  excess  of  the 
pun-fall  (which  would  otherwise  pass  off  from  the  surface  of  the  land, 
by  the  streams  or  rivers,  during  the  rainy  sea-wns)  in  artificial  ponds, 
provided  with  sluices,  feeders,  or  main  pipes,  to  conduct  the -water  to 
the  places  where  it  is  required.  Under  these  circumstances  .the 
ilimensions  of  reservoirs,  and  the  modes  of  their  construction,  must 
admit  of  every  imaginable  variation ;  but  the  general  principles  con- 
nected with  their  formation  may  be  briefly  stated  as  follows. 

The  reservoirs  for  feeding  canals,  or  inland  navigation,  may  be 
made  without  much  reference  to  the  quality  of  the  water  to  be  stored 
in  them ;  but  those  which  are  designed  for  the  purpose  of  a  town 
-  supply  must  be  made  in  such  places  as  to  obviate  any  danger  from  the 
contamination  of  the  water.  It  is  customary  that  they  should  be 
formed,  in  either  of  these  cases,  if  practicable,  in  the  gorges  of  moun- 
tainous districts,  where  there  might  exist  a  large  area  of  land  having  a 
natural  fall  towards  the  outlet  of  the  gorge.  'Writers  upon  meteorology 
calculate  that  upon  the  average  }  of  the  total  rain-foil  of  the  whole 
year  passes  off  by  means  of  the  superficial  natural  watercourses ;  that 
another i  passes  off  by  evaporation;  and  that  the  remaining  i  descends 
into  the  ground  to  feed  the  land  springs  and  the  wells.  In  moun- 
tainous districts,  however,  these  proportions  do  not  hold  good;  for, 
firstly,  it  happens  that,  as  a  general  rule,  the  nucleus  of  mountain 
chains  consists  of  dense  impermeable  rocks,  which  not  only  oppose  the 
infiltration  of  water,  but  also  from  the  steepness  of  their  escarpments 
throw  off  the  rain-fiill  in  greater  abundance  than  would  be  the  case  in 
more  level  districts.  Secondly,  on  mountains  the  rain-fall  is  usually 
more  abimdaut  than  it  is  on  plains,  and  it  is  mora  evenly  distributed 
over  the  year;  so  that  the  natural  sitrfece  of  the  groimd  does  not 
become  so  absorbent,  nor  does  the  evaporation  from  that  surface  take 
place  with  the  same  rapidity,  as  it  would  do  in  the  low  lands.  It 
thus  happens  that  the  quantity  ef  w^atcr,  which  may  usually  bo 
calculated  as  being  likely  to  find  its  way  into  a  reservoir  placed  in  a 
mounfciinous  district,  may  be  reckoned  as  being  about  one  half  of  the 
total  rain-fall;  but  the  net  quantity  disposable  will  bo  often  very 
inferior  to  the  quantity  .thus  originally  impounded,  because  there  must 
always  be  an  active  e\-aporation  gorag  on  from  the  water  surface, 
(which,  moreover,  will  take  place  to  the  gieatcst  extent  when  the 
water  is  most  wantcdj  and  there  must  always  be  a  more  or  Iras  active 
infiltration  through  the  bed  of  the  reservoir  itself.  As  it  will  bo 
necessary  to  disout.'*  the  cf!'ect«  of  these  conditions  of  evaporation  and 
infiltration  under  the  article  Watkii  Suri-LV,  on  account  of  their 
influence  upou  gravitation  water-works,  it  may  suffice  here  to  Kvy  that 
it  is  very  rarely  indeed  that  the  engiheor  can  depend  upon  com- 
manding more  than  from  J  to  J  of  the  total  qviantity  of  the  rain-fall  of 
his  drainage  area ;  .and  th.it  it  is  only  exceptionally  th.it  he  can  attain 
tho  higher  limit  above  quoted. 

Another  very  important  consideration  will  bo  found  to  affect  tho 
dimensions  of  recervoirs,  which  h.-is  only  been  cursorily  noticed  above, 
jiaiucly  the  distribution  of  tho  i-ain-fall  over  the  year.  In  many  cases 
it  is  known  that  i-ain  docs  not  fall  fiir  months  together;  and  even  in 
the  Biigshot  Heath  dUtrict  droughti  of  four  and  five  months  duration 
iKvve  t,ifcen  place.  A  reservoir  established  in  such  a  district  must  then 
contain ;  Ist,  the  total  actual  quantity  required  for  the  service  it  is 
iiitendeil  to  perform;  and  it  is  to  bo  observed  that  during  droughts 
the  consumption  of  water  must  bo  nearly  double  that  which  would  be 
required  under  normal  cmjumatanceii,  whilst  the  reservoir  must  be 
U)a;Io  Uirge  enough  to  supply  tho  larffcil  con.=<umption,  not  the  average 
one.  2nd,  it  must  contain,  in  addition  to  this  quantity,  enough  water 
t<)  comjjensate  for  the  evaporation  and  infiltration,  and  to  secure  the 
water  from  injurious  chemical  changes.  In  fact  the  water  of  large 
lakes  even,  unless  constantly  kept  in  motion  by  streams  passing 
through  them,  is  ILible  to  become  vapid  and  deficient  in  aeration'; 
whilst  pond  waters,  in  dry,  hot  weather,  become  positively  nauseous, 
unless  tUdr  volume  should  be  very  great  indeed ;  and  vegetation,  and  the 


lower  fonns  of  animal  life,  develop  themselves  with  singular  activity 
under  the  same  circumstances.  Of  course  this  latter  consideration 
would  not  materially  affect  canal  reservoirs,  but  it  is  an  all  impor- 
tant one  in  the  case  of  gravitation  water-works,  and  the  singular 
story  of  the  introduction  of  the  atMtharit  altincutrtim  into  ova  cuials, 
proves  that  it  is  expedient  to  watch  the  growth  of  aquatic  plants  even 
in  canal  reservoirs. 

In  all  descriptions  of  reservoirs  it  is  important  that  precautions 
should  be  taken  to  prevent  the  accnmulatiou  of  alluvial  matters  of  • 
nature  to  fill  them  up;  and,  in  the  case  of  water-works  reservoirs, 
this  is  essentially  necessary  because  the  waters  standing  tor  a  long  time 
over  them  must  contract  impurities  from  those  matters.  The  nature 
of  'the  surface  of  the  drainage  area  will  regulate  the  nature  of  the 
precautions  to  be  taken  ;  for,  if  the  soil  should  be  one  easily  moved  by 
the  surface  rills,  it  will  be  necessary  to  form  depositing  pits  on  the 
ooursea  of  the  feeding  streams ;  on  hard  limestone,  slate,  or  plutonio 
formations,  it  may  often  only  be  neoessary  to  prevent  lai^  boulders 
from  being  carried  into  the  reservoir ;  and  on  peaty  uplands,  It  will 
usually  be  found  that  the  surface  of  the  country  will  itself  suffice  to 
prevent  the  transport  of  much  alluvial  matter.  The  water  obtained 
from  peat^  lands,  it  is  to  be  observed,  is  not  fit  for  the  pnipoees  of  » 
municipal  supply ;  and  hitherto  ^o  satisfactory  mode  of  removing  the 
qualities  communicated  to  the  water  by  the  pest  has  been  discovered. 
For  canal  purposes  peaty  water  is  as  good  as  any  other,  inasmuch  as 
its  colour  and  taste  are  of  no  importance  for  purposes  of  navigaUon  { 
but  either  for  irrigation,  or  for  town  supplies,  saoh  watws  are 
inadmissible. 

In  selecting  the  position  for  a  reservoir  the  most  importutt  oon- 
ditions  to  be  considered  are,  firstly,  the  nature  of  the  bed;  and 
secondly,  the  position  of  the  retaining  waU.  The  bed  must  not  only, 
as  said  before,  be  of  a  nature  not  to  communicate  impurities  to  the 
water,  but  it  must  be  for  all  practical  purposes,  impermeable.  The 
value  of  a  reservoir,  in  fact,  depends  on  its  power  of  storing,  that  is  to 
say,  of  its  holding  water;  but  when  the  strata  of  which  it»  bed  is 
composed  are  go  much  fissured,  or  are  of  so  permeable  a  nature  as  to 
allow  the  water  to  escape,  it  becomes  necessary  both  to  increase  the 
original  volume  of  the  water  stored,  and  to  guai^  against  the  danger  of 
the  water's  finding  its  way  under  the  seat  of  the  dam.  The  oon- 
struction  of  the  latter  is,  however,  the  most  important  part  of  the 
works  required  for  the  formation  of  a  reservoir,  for  the  depth  of  water 
against  its  face  frequently  ia  not  less  than  40,  or  even  70  feet,  so  that 
the  pressure  calculated  to  turn  the  reservoir  over  upon  its  outer  edge, 
or  to  thrust  it  forward  horizontally,  is  enormous ;  and  the  difficiUties 
of  construction  increase  precisely  in  proportion  to  the  height  and  the 
length  of  the  dam.  Its  position  must  therefore  be  selected  in  some 
portion  of  the  gorge  to  be  converted  into  a  reservoir  where  the  sides 
approach  one  another  so  as  to  contract  the  opening  of  the  valley ;  the 
foot  of  the  dam  must  be  carried  down  far  enough  below  the  sunaoe  of 
the  ground  or  of  any  subjacent  permeable  strata,  to  prevent  the  lateral 
passage  of  the  water ;  its  thickness  must  be  made  superior  to  that  required 
toresistanypossible  dynamical  effort  it  may  be  exposed  to ;  the  materials 
of  which  it  is  composed  must  be  able  to  resist  the  passage  of  water ; 
it  must  be  made  high  enough  to  prevent  waves,  by  whatever  cause 
produced,  from  washing  over  its  crown ;  and  finally  the  overflows,  bye 
vrashes,  waste  weirs  and  accessory  structures  (suoh  as  the  sluices,  draw- 
off  pipes,  &c.)  must  be  made  perfectly  vrater  tig^t,  unless  in  the  parts 
eei>eciaily  designed  for  the  passage  of  the  water.  To  secure  the 
condition  of  the  impermeability  of  the  seat  of  a  dam  it  is  often 
necessary  to  carry  the  foundations  as  far  below  the  surface  as  the  dam 
itself  rises,  and  instances  of  foundations  fifty  feet  deep  are  by  no  means 
rare.  Telford  even  recommended  that  when  the  strata  on  which  a 
reservoir  had  to  be  formed  were  of  a  poroqs  nature,  the  whole  of  the 
valley  should  be  puddled ;  so  great  an  importance  did  he  attach  to  the 
necc^ity  for  opposing  this  dangeroiu  action. 

The  <lams  'of  reservoirs  are  either  formed  of  earthwork,  or  of 
m."isonry,  or  of  a  mixed  system  of  earthwork  and  masonry.  LoeoL 
circumstances  must  guide  the  engineer  in  his  selection  of  the  precise 
nature  of  the  materials  he  will  employ;  but  the  result  of  careful 
observations  on  the  movements  of  largo  works  of  this  description  has 
led  to  the  general  recognition  of  the  following  practical  rules  for  the 
tluckncsses  to  bo  given.  When  masonry  dams  are  used,  it  is  foimd 
to  be  necessary  to  make  the  thickness  of  the  wall,  x,' equal  to  the 
following  proportions  of  the  height  of  the  dam  above  the  surface  of 
the  bottom  of  the  reservoir  near  its  foot : 

at  the  top  ,  X  =  h  X  0-30 
in  the  middle  x  =^  h  x  O'SO 
at  tlie  bottom  x  =  h  x  0'70 

When  eorthwork'is  used  tho  dam  should  be  made  from  16  to  16  feet 
wide  at  the  top,  with  slopes  of  at  least  IJ  to  1  towards  the  water, 
and  of  24  to  1  on  the  dry  side;  the  water  side  must  be  protected 
against  the  abrasion  of  the  waves  by  atone  pitching,  and  below  the 
lino  of  agitation  its  face  must  bo  carefully  puddled.  A  wide  puddle 
trench,  or  a  thick  wall  of  hydraulic  masonry,  should  be  carried  up  in 
the  heart  of  th»  bank,  and  every  precaution  must  be  taken  to  resist 
the  passage  of  the  water  through  the -various  layers  of  the  body  of  the 
work.  As  a  general  rule  the  materials  of  the  bank  should  be  deposited 
in  layers  of  from  6  to  9  inches  in  thickness,  and  well  and  oarefully 
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rammed  ;  esire  being  taken  to  prevent  anything  like  a  perfect  horizon- 
taltty  of  bedding,  by  making  occasional  steps  in  tlie  layen  o{  earth. 
Similar  tarecautionB  must  be  taken  in  the  formation  of  masonry  dams, 
•ndthelayen!,  or  horizonlxJ  beds  must  be  stepped^  It  is  also  to  be 
observed  that  there  Is  a  tendency  in  all  long  straight  dams,  of  earth, 
or  of  masonry,  exposed  to  tbe  cofistant  action  Of  a.  great  weight  of 
water  to  assume  in  time  the  form  of  a  catenary  curve ;  and  in  order  to 
resist  this  tendency  it  is  ouHtomary  to  make  earthwork  dams  segments 
of  large  circles  in  plan,  with  their  convex  «ide  towards  the  water ;  and 
in  masonry  dams,  it  is  usual  to  form  Abong  counterforts  on  the  down 
side,  even  when  the  same  segmental  horizontal  outline,  and  the  before- 
quoted  thicknesses  have  been  adopted.  The  usual  rule  u,  it  may  here 
be  added,  to  make  the  top  of  the  dam  about  5  feet  above  the  maximum 
water  level,  Inorder  to  resist  the  action  of  the  waves  in  the  reservoir ; 
a  precaution  which  was  proved,  by  the  accident  to  the  dam  of  the 
Croton  reservoir,  to  be  by  no  meaiu  exaggerated. 

One  of  iba  most  important'  accessory  works  of  a  reservoir  is  the 
bye  wash,  or  waste  weir ;  a  portion  of  the  enclosure  over  which  any 
water  is  allowed  to  pass  after  the  reservoir  itself  is  filled  to  its  mazi- 
mtun  water  line.  The  length  of  the  bye  wash  must  be  made  sufficient 
to  carry  off  in  a  thin  stream,  the  surplus  products  of  the  most  violent 
storms,  or  of  the  most  continuous  winter's  rains;  and  it  must  be 
vaaHe  in  such  wise  that  the  water  flowing  over  it  should  not  aSect 
the  stability  of  the  dam,  ^ther  by  the  cataract  of  the  falling  water,  or 
W  the  velocity  of  the  stream  flowing  from  the  foot  of  the  bye  wash. 
Vol  the  service  of  canals,  or  of  town  distribution,  the  water  is  drawn 
off  by  a  series  of  sluice-gates,  provided  with  the  necessary  contrivances 
to  regulate  the  velocity  of  flow  in  the  distributing  chumels;  and  it 
may  be  stated  that,^or  a  town  distribution,  the  variable  head  upon  the 
mam  pipes  which  is  usually' admitted,  does  not  exceed  13  feet;  and 
that  in  all  cases  it  is  desirable  that  the  efflux  of  the  water  through 
the  feeders,  or  the  mains,  should  take  place  with  as  great  regularity 
as  it  is  possible  to  attain. 

Some  idea  of  the  importance  of  the  reservoirs  formed  for  the  supply 
of  canals  and  town  distributions  may  be  derived  from  the  following 
notes  upon  some  of  the  most  remarkable  works  of  this  descriptioiL 
Thus  the  Fountain  Beservoir  of  the  Croton  aqueduct  covers  400  acre^ 
and  has  a  depth  at  tiie  dam  ef  88  feet :  the  Manchester  Corporation 
Waterworks  oover  an  area  of  above  408  acres,  ahd  have  an  average 
depth  of  85  feet  6  inchas,  or  they- have  a  storeage  capacity  of  584,866,716 
oubio  feet ;  the  Liverpool  reservoirs  have  a  storeage  capacity  of  about 
8,156,000,000  gallons ;  the  Yan  Yean  reservoirs  in  Victoria,  have  an 
area  of  1308  acres,  and  a  storeage  capacity  of  6,400,000,000  gallons. 
The  Canal  du  Midi,  of  France,  has  at  Qroa  Bois,  a  reservoir  of 
300,510,000  cubic  feet  capacity,  with  a  head  of  water. at  the  dam  of 
69  feet  6  inches ;  the  reservoir  of  the  JNantes  to  Brest  canal  has  a 
capacity  of  about  262,395,000  cubic  feet,  and  a  head  of  33  feet;  the 
reservoir  of  St.  FMoI,  on  the  canal  du  Midi,  has  a  capacity  of 
223,090,000  cubic  feet,  and  a  head  of  105  feet.  The  Birmingham 
canal  has  a  reservoir  of  80  acres  area,  with  a  dm)th  of  46  feet  at  the 
head ;  the  reservoir  of  the  Union  canal  of  Pliiladelphia,  is  not  less  than 
730  acres  in  area,  by  an  extreme  deptii  of  40  feet,  and  it  has  a  capacity , 
of  572,000,000  oubic  feet ;  on  the  Bideau  canal  of  Canada,  there  is  a 
dam  70  feet  high ;  the  Turton  and  Eutwystle  reservoir,  in  Lancashire, 
is  of  100,000,000  oubic  feet  in  capacity,  £c.  In  England,  it  seems 
that  the  usual  ratio  of  the  storeage  capacity  to  the  area  of  gather- 
ing ground  is  from  30  to  40  thousand  cubic  feet  per  acre ;  and  it  is 
found  practically  that  the  maximum  quantity  stored  never  exceeds 
16  inches  ovenlme  area  of  the  gathering  grounds,  in  the  most  favour- 
ably inclined  and  impermeable  districts;  nor  does  it  ever  exceed 
12  inches  in  flat  retentive  ones.  The  coat  of  forming  large  reservoirs 
has  rarely,  if  ever,  bllen  short  of  450i.  to  5001.  per  mi&on  cubic  feet  of 
the  storeage  capacity,  leaving  out  of  acoonnt  tbe  accessory  works,  or 
the  purchase  ei  the  Land.  A  very  important  element  in  the  cost  of  all 
such  works  is  to  be  found  in  the  compensation  to  be  given  to  the 
parties  who  were  formerly  entitled  to  the  water  privileges  exisUng  in 
the  district ;  but  it  is  not  possible  to  discover  any  general  rule  appli- 
cable to  the  countless  variety  of  cases  of  this  description.  Some 
remarks  on  the  subject  will  be  found  under  Water  Mills. 

There  is  an  important  distinction  to  bo  made  between  the  various 
kinds  of  reservoirs  used  upon  town  distributions,  which  may  be 
mentioned  here,  though  the  discussion  of  the  principles  of  their 
oonstniction  must  be  referred  to  Water  Supply.  The  distinction  in 
question  (is  the  one  between  the  open  storeage  reservoirs,  and  the 
covered  reservoirs,  from  whence  the  waters  arc  distributed,  generally 
after  flHrntton.  The  latter  are  extre"mely  costly  structures,  and  are, 
therefore,  rarely  made  larger  than  would  be  required  for  a  four  or  a 
seven  days'  supply  at  the  maximum ;  whilst  the  storeage  reservoirs  are 
made  large  enough  to  hold  a  quantity  equal,  when  the  rain-fa^  is 
about  60  inches  per  annum,  to  about  120  days'  consumption ;  when 
it  is  about  48  inches,  to  about  140  days'  consumption ;  and  when  it  l9 
about  22  indies  (which  is  the  case  in  the  eastern  parte  of  England),  to 
about  200  days'  consumption. 

It  may  be  interesting,  aroha!ologically,  to  add  that  some  of  the  most 
extraordigary  motmtain  reservoirs  in  Europe  are  those  which  were 
conrtructed  by  the  Moors  of  Spain;  that  the  Egyptians  under  the 
Pharaohs  had  executed  some  wonderful  works  for  the  purpose  of 
■toring  the  inundation  waters  of  the  Nile ;  that  the  native  rulers  and 


the  Mohammedan  conquerors  of  India  vied  with  one  another  in  the 
construction  of  the  colossal  tanks  of  that  country ;  and  that  oven  the 
Aztecs  had  adopted  a  peculiar  system  of  aguadas,  or  underground 
reservoirs,  for  the  purpose  of  storing  the  copious  bnt  partial  rains  of 
their  country.  The  Moors  and  the  Egyptians  seem  to  have  used  tho 
water  they  stored  principally  for  the  purpose  of  irrigation.  Thd  Greeks 
and  the  Romans  supplied  their  towns  with  water  from  springa  and  rivers, 
and  very  rarely  attempted  to  execute  irrigation  works,  so  that  there  are 
no  authentic  records  of  the  formation  of  artificial  storeage  reservoirs  by 
either  of  those  nations.  On6  of  the  most  ancient  works  of  this  de^ 
scription  whose  history  con  bo  identified  in  modem  times  is  the 
reservoir  of  St.  F^riol,  on  the  Canal  du  Midi ;  and  neady  contem- 
poraoeously  with  it  the  system  of  eatchwater  ponds,  which  supply  ' 
partially  the  fountains  of  Versailles,  was  executed  by  the  orders  of 
Louis  XIV. 

RESIDUAL,  an  expression  which  giv*  the  remainder  of  a  sub- 
traction, as  a  —  J. 

RESIDUARY  LEGATEE.    [Lwu.ntE.1 

RESIGNATION.    [Bekefiok.] 

RESIN.    [TnnPENTiNE.] 

RESINEIN.    [TtrBPENTiHi;.] 

RESIN'S,  a  large  class  of  substances,  existing  cliiefly  in  the  vegetable 
kingdom,  and  of  which  common  resin,  rosin,  or  colophony,  is  the  type. 
They  are  generally  obtained  by  incismg  the  bark  of  trees;  oUo-min,  or 
a  mixture  of  a  volatile  oil  and  resin,  then  exudes,  and  gradually 
hardens.  It  is  possible  that  the  resins  do  not  exist  as  such  in  ^lont^ 
but  that  they  are  produced  by  the  oxidation  of  essential  oils. 

The  chief  properties  of  resins  are  :  insolubility  in  water  ;  non- 
volatility;  solubility  in  alcohol,  ether,  benzole,  essential  oils,  and  by 
the  aid  of  heat  in  fixed  oils  ;  are  instJators  of  electricity ;  become 
negatively  electric  by  friction ;  fuse  when  heated ;  and,  in  contact  with 
air,  bum  with  a  bright,  but  very  smoky,  flame. 

But  little  is  known  of  the  constitution  of  reSna.  ConstaniJy,  but 
slowly,  absorbing  oxygen,  with  or  without  evolution  of  cM^onio  acid 
or  water,  or  both,  it  is  almost  impossible  to  obtain  them  in  anything 
like  a  definite  state.  Again,  with  one  or  two  exceptions,  they  do 
not  crystallise,  and  this  greatly  increases  the  difficulty  of  determining 
their  mdividuality.  Some — such  as  santonin,  eugenin,  gamboge,  cube- 
bin,  myrrh,  and  dirysophanio  acid — seem  to  be  produced  by  tho  rample 
replacement  of  a  number  of  equivalents  of  oxygen  for  ap  equal  number 
of  equivalents  of  the  hydrogen  in  the  essential  oil.  Others,  ior 
example,  styracin,  anime,  red  resin  of  rhubarb,  mastic,  amber,  elemi, 
and  aloetin ;  not  only  take  up  oxygen  in  the  place  of  hydrogen,  but 
also  assimilate  water.  Many  are  probably  mere  oxides  of  the  volatile 
oils;  some  we  know  to  be  simply  hydrates.  As  yet,  the  resins  have 
not  been  artificially  formed  from  the  pure  essential  oils  :  could  this  be 
accomplished,  an  important  insight  into  their  constitution  would,  no 
doubt,  be  obtained. 

The  solutions  of  several  of  the  resins  in  alcohol  redden  litmus-paper, 
indicating  that  they  are  acid  bodies.  Such  resins  combine  with  alkies 
to  form  soaps,  differing  but  little  from  ordinary  soaps.  Common 
rosin,  for  example,  contains  tylvic  add,  which  crystallises  in  prisms ; 
pimaric  add,  whicji  is  obscurely  crystalline ;  and  pinlc  acid,  which  is 
amorphous.  These  acids,  as.  well  as  many  other  solid  and  liquid  bodies 
existing  in  or  obtained  from  resins,  will  bo  found  described  sumewhfit 
more  in  detail  imder  Tdbpentuje. 

Many  of  the  resins  are  used  in  medicine ;  several  have  considerable 
commercial  value,  being  used  for  the  preparation  of  varnishes  by 
dissolving  in  turpentine,  wood  naphtha,  or  spirit  of  wine. 

The  more  important  resins  are  treated  of  in  this  division  of  tiie 
Enqlish  Ctclop^dia  under  their  respective  names,  or  in  the  Natural 
History  Diyisioir  either  individually  or  under  the  name  of  the  plant 
from  which  they  are  obtained, 

Gum-nsiht,  as  the  name  implies,  are  mixtures  of  QuK  and  resin. 

For  Icieane,  and  resin  of  icica,  see  Tubp£ntine. 

The  resins  of  commerce  are  in  some  cases  natural  exudations,  while 
others  are  obtained  from  vegetable  compounds  by  the  action  of  alcohol. 
They  are  for  the  most  ixtit  brittle,  tasteless  or  insipid,  and  fusible  at  a 
moderate  heat ;  they  seldom  have  any  smell;  they  generally  bum  with 
a  strong  yellow  flame,  emitting  a  large  quantity  of  smoke. 

The  ordinary  resin  of  the  shops  is  colopiwny,  obtained  as  a  residue 
after  the  distillation  of  oil  or  spirit  of  turpentine  from  common  tur- 
pentine. The  btach  resin  is  the  cooied  brittle  mass  in  the  state  in 
which  it  leaves  the  still;  whereas  the  yellow  rosin  is  the  black  modified 
by  the  action  of  water.  Reiin-o'd  \a  made  in  London,  Liverpool,  Bristol, 
Hull,  and  Glasgow,  as  on  ingredient  in  lubricating  grease  for  railway 
axles  and  for  the  bearings  of  heavy  machinerj-.  It  is  also  used  in 
France  as  an  ingredient  in  printers'  ink,  thereby  giving  the  unplca.saut 
odour  which  is  often  observable  in  newly-printed  French  newspapers. 
Most  of  the  common  resin  comes  from  North  Americo,  to  the  extent  of 
20,000  tons  or  more  annually.  Rain-gat  is  bu-gely  made  in  America ; 
but  in  England  it  does  not  successfully  compete  \i\xii  coal-gaij.  The 
chief  uses  of  the  various  reidns  'in  England  ore  for\aruish,  lacquer, 
Sealing-%ax,  and  dyeing. 

RESISTANCE  is   a  power   by  which  motion,  or   a  tendency  to 
motion,  in  anjr  body  is  impeded  or  prevented.    When  a  weight  or  ' 
pressure  acts  upon  a  beam  or  bar  in  any  direction,  thd  tenacity  by 
which  the  particles  of  such  material  oppose  that  action  eonstitutes  a 
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itisistaDce  of  one  kind,  [Matebials,  SmENa^n  of,]  -  Again,  when  a 
body  is  mode  to  movu  on  anotlier,  the  ineqiii^;ies  of  the  Burfacea  of 
both  create  a  reaidUtuue  of  a  different  kinii.  [Fbiotiox.]  When  a 
body  moves  in  a  fluid,  the  inertia  of  the  fluid  partioles  disphiced  by  it 
produces  a  third  kind  of  resistance. 

This  liut  branch  of  the  subject  of  resistances  has  already  been  in 
port  considered  under  Htdbodysauics:  In  that  article  there  is  given 
a  general  expression  for  the  measure  of  the  resistance  made  by  a  fluid 
against  a  plane  surface  which  is  either  perpendicular  or  indined  to 
the  direction  of  the  motion,  together  with  a  few  results  of  experi- 
ments on  the  resistances  experienced  by  bodies  of  various  forma 
and  lengths  in  moving  through  water.  The  relations  between  spaces 
.and  times  in  the  vertical  ascent  and  descent  of  bodies  when  acted  on 

•  by  gravity  and  resisted  by  a  fluid,  are  given  in  the  article  Projec- 
tiles, Theobt  of  ;  and,  for  the  pressure  against  a  cannon-ball  moving 
in  air,  see  the  ortiole  Qunnkbt, 

In  investigating  the  resistances  of  fluids  against  bodies  moving  in 
them,  it  is  customary  in  elemental  writings,  for  the  sake  of  simpli- 
■city,  to  consider  the  particles  of  fluid  as  unconnected  with  each  other 
'by  contact  or  by  any  law  of  attraction,  so  that,  when  struck,  their  re- 
dactions maybe  considered  as  taking  place  perpendicularly  to  the  strik- 
ing surface  of  the  moving  body,  whatever  De  the  position  of  this 
surface  with  respect  to  the  direction  of  the  body's  motion,  and  after 
jthe  impact  their  action  is  suppdsed  to  cease,  -  Such  are  called  dlscon- 
.^uous  fluids,  and  in  these  the  motion  produced  in  the  particles  by 
'the  collision  is  the  measure  of  the  resistance.  Newton  shows 
'('Principia,'  lib,  ii,,  prop,  85)  what  would  be  the  resistance  expei'ienced 
.by  a  cylinder  moving  in  the  direction  of  its  axis  in  a  discontinuous 
.Buid ;  the  c^'Iinder  and  particles  uf  fluid  being  elastic,  so  that  the 
.latter  on  being  struck  arc  reflected  back  with  a  velocity  double  the 
•velocity  of  the  cylinder ;  and  he  explains  that,  if  the  particles  of  fluid 
•M-e  not  reflected,  but  are  moved  forward  by  the  cylinder  with  a 
.veloci^  equal  to  its  own,  the  resistance  is  but  half  the  former.  But 
:tfais  lm)othriiis  js  far  from  being  onfonuable  to  the  constitution 
uof  fluid  bodies  in  nature,  the  particles  of  these  being  connected 
by  mutual  actions.  The  elastic  fluids,  as  air,  at  any  place  in  the 
.atmosphere  are  always  in  a  state  of  compression  from  the  weight  of 
•the  column  vertically  above  that  place;  and  the  particles  of  non- 
.  elastic  fluids,  as  water,  exert  in  every  direction  pressures  which  depend 
upon  the  distances  of  the  particles  below  the  surfaces'  of  the  fluid  in 
the  vessel,  river,  or  ocean.  In  iiaasing  through  a  fluid  of  this  kind 
(calle<l  a  continuous  fluid)  a  bo<ly  strikes  only  the  fluid  particles  which 
: are  nearest  to  it ;  these  strike  those  beyond,  and  so  on;  and  Nowton 
proves  (lib,  ii.,  prop.  35,  schol.)  that  in  this  aise  the  resistance  to  a 

•  cylinder  is,  only  half  the  last-mentioned  resistance,  or  one-fourth  of  the 
•first. 

In  all  these  resistances  however  it  is  supposed  that  the  particles  on 
'being  struck  arer  repelled  perpendicularly  to  the  front  of  the  moving 
Ixxly ;  but,  in  fact,  the  particles  of  the  fluid  are  in  part  repelled  from 
the  front  in  oblique  directions,  and,  on  account  of  the  compressed 
state  of  the  surrounding  fluid,  these  particles  not  being  able  immodi- 
•ately  to  escape  Laterally,  there  is  produced  in  front  more  or  less  oon- 
•densation,  and  consequently  an  increase  of  resistance.  The  pressure 
■of  the  fluid  against  the  sides  of  the  moving  iKKly  creates  also  a  resist- 
ance from  friction ;  and  when  the  velocity  is  very  great,  the  fluid  not 
falling  towards  the  hinder  p.irt  of  the  body  so  fast  as  the  latter  moves, 
the  pressure  there  which  would  servo  to  counterbalance  the  resistance 
in  front,  is  in  part  or  wholly  removed,  .  On  these  aceounts  it  is  that 
military  projectiles  are  subject  to  such  v-vt  rttardiiig  forces.  It  is 
computed  that  a  24-pounder  ball  experiences  a  resistance  equ.il  to 
*00  Iha,  when  its  velocity  is  equal  to  2000  feet  per  second.  Like 
effects  take  place  in  the  movements  of  b(>,it»  and  ships;  when  tiho 
•velocity  is  great,  the  water  accumulates  in  front,  and  flowing  off  from 
thence  obliquely,  it  carries  away  some  from  tlio  sides,  and,  causing  the 
surface  of  that  which  is  near  the  stem  to  be  rather  lower  than  the 
general  level,  it  there  produces  a  diminution  of  pressure,  while  there  is 
an  excess  in  front  on  account  of  the  accumulatioa. 

In  order  to  find  the  pressure  of  a  fluid  against  a  body  which  is  ter- 
minated in  front  by  a  curve  surface,  an  expression  must  be  obtained 
<by  means  of  the  equation  of  the  surface)  for  the  a'Tea  of  an  elemen- 
tary portion  of  that  surface,  and  this  must  be  niultipliwl  by  tho  cube 
of  the  sine  of  its  inclination  to  the  Une  of  motion.  The  product 
being  multiplied  by  t^  [HrDiiODVNAMics],   and   the  whole   inte- 

grated  between  the  proi>er  limits,  the  result  will  express  the  required 
resistance. 

Again,  in  investigating  the  motion  of  a  body  on  an  inclined  piano 
when  resisted  by  friction  and  tho  i)ressure  of  the  atmosphere,  the 
general  equation  of  motion  -^=3-0^  may  be  employed.    Here  s 

is  the  space  described  in  the  time  I,  ^  is  the  velocity  acquired  in  the 

1-4 
mme  time,  and  _  is  the  dlfferaptial  expression  for  aocelerative   or 

retardative  force.  If  the  body  were  to  descend  vcHically,  g,  tho  force 
of  gravity  (  =  82-17  feet),  wouW  alone  be  the  force  producing  tho 
motion ;  and  the  equation,  being  integrated,  would  give  the  relation 


between  the  spaces  described  and  the  times  of  description  when  the 
body  descends  or  ascends  in  a  resisting  medium.  In  the  first  of  these 
cases  g  should  be  positive,  and  in  the  second  negative.  In  order  to 
adapt  the  equation  to  the  descent  of  a  body  on  an  inclined  plane, 
let  9  be  tho  inclination  of  the  plane  to  the  horizon  ;  then  g  sin.  9  would 
represent  the  aocelerative  force  on  "the  plane  if  there  were  no  friction. 
But  since  friction  is  proportional  to  the  pressure  (=g  cos.  S)  on  the 
plane,  and  is  independent  of  the  velocity,  let  h  be  put  for  the  coefS- 
cient  of  friction  and  represent  a  fractional  part  of  the  pressure ;  then 
we  shall  have  hg  OOB,  0  for  the  retardation  produced  by  friction. 
a  is  the  coefficient  of  the  resistance  due  to  the  pressure  of  the 
atmosphere;  it  depends  on  the  form  and  magnitude  of  the  moving 
body,  and  not  on  its  weight;  and  the  resistance  is  supposed  to  be 
proportional  to  the  square  of  the  velocity.  Thus  the  above  equation 
becomes 

_  =odnfl— A«roos9— o — ; 

or,  since  the  two  first  terms  of  the  second  member  are  constant,  repre- 
senting them  by  a,  it  becomes  _— =  a— a— -.  Integrating  this  equa- 
tion  by  Buccessivo  approximations,  or  otherwise,  we  obtain  ia  terms  of 

t  the  values  of  —  (the  velocity)  and  of  S'{the  distance  on  the  .plane), 

dt 
either  when  the  body  seta  out  from  a  state  of  rest,  or  when  it 
sets  out  with  any  given  initial  velocity.  From  these  values,  by 
means  of  the  data  obtained  from  good  experiments,  the  values  of  A<> 
and  a  might  be  found;  and  thus  the  effects  of  friction  might  be 
obtained  separately  from  those  which  are  due  to  the  resistance  of 
the  air. 

The  formula)  which  are  now  generally  received  as  expressing  the 
resistances  to  v^hich  w.iggons  moving  upon  railways  are  exposed  are  as 
follows : — They  are  of  two  classes ;  the  one  normal,  and  the  other 
accidental ;  the  one  susceptible  of  d  priori  calculation,  the  other 
depending  upon  the  state  of  the  road,  the  action  of  the  wind,  &c.,  or 
upon  conditions  of  an  essentially  variable  nature.  Of  tho  normal 
causes  of  resistance,  there  are  three  kinds :  1,  the  friction  of  the  axles 
in  the  boxes  :  2,  the  friction  of  tlie  wheels  upon  the  rails ;  and  8,  the 
resistance  of  the  airj  supposed  to  be  in  a  state  of  repose,  to  the  advance 
of  the  train.  The  level  of  the  surface  of  the  roadway  naturally  affects 
the  numerical  calculations  of  the  various  conditions  thus  specified;  1 

but,  as  was  before  s.iid  (under  Railw,vy),  the  introduction  of  the 
expansion  gear  into  locomotive  machinery  baa  so  modified  the  powers 
of  that  class  of  engine,  that  the  importance  of  the  precise  value  of  the 
rejiistances  to  bo  overcome  has  of  late  been  matorislly  diminished. 
With  an  engine  whose  powers  can  be  increased  at  will,  and  almost  j 

instantaneously,  variable  resistances  are  really  matters  of  very  little 
moment.  The  formula;  for  this  class  of  resistance  are  extracted  from 
Perdonnet's  '  Traitd  EUmentaire  des  Chemins  de  Fer,' 

Taking  into  account,  firstly,  the  ease  of  a  waggon  moving  in  plain 
and  on  a  dead  level,  it  is  evident  that  the  horizontal  movement  must 
produce  a  friction  of  tho  bearing  surface  of  the  axle-boxes  upon  the 
axles  themselve-s,  which  will  be  proportional  to  the  pressure  (or  to  the 
weightof  the  carriage,  minus  that  of  the  wheels  and  axlesl,  and  will 
vary  with  the  state  of  the  bearing  surfaces,  but  independently  of  their 
own  state.  If,  then,  the  pressure  upon  the  axle-boxes  be  represeatcd  by  p, 
and  the  coefficient  of  friction  by  /  (it  will,  in  fact,  be  regulated  by  the 
nature  of  the  bearing  surfaces,  their  smoothness,  and  the  nature  of  the 
lubricating  material),  the  friction  of  the  boxes  on  the  axles  will  be 
represented  by  /p.  Then,  calling  n  the  radius  of  the  wheels,  and  r 
the  radius  of  the  bearing  of  the  axle,  every  revolution  of  the  wheels 
will  cause  tho  waggon  to  advance  a  distance  of  2  t  u,,  and  every  point 
of  the  bearing  a  distance  of  2Tr ;  so  that  whilst  the  waggon  advances 
through  a  distance  =  I,  the  bearings  of  the  axles  will  have  slid  over  a 

■surface  - —  =— .    The  value  of  the  friction  of  the  bearings  will  then 
2wb      e  - 

be,  for  the  same  distance  traversed,  ft  -. 

The  friction  of  the_  wheels  against  the  rails  is  a  friction  of  the  kind  ' 

known  as  a  rolling  friction,  and  as  such  it  is  generally  considered  to  bo 
proportional  to  tho  pressure,  and  variable  according  to  the  nature  of 
the  surfaces  in  contict,  but  indeijcndent  of  the  area  of  those  surfaoes, 
and  of  the  speed  of  the  motion.    Or,  calling  p  the  weight  of  the  wheels  ' 

and  axles,  the  total  pressure  or  weight  will  be  r+p,  and  /'  the 
coeflicieut  of  friction,  the  expression  of  thii  description  of  friction  will 
then  become  /'(p  +y).    Strictly  speaking,  the  value  of  /'  would  depend  , 

on  tho  size  of  the  wheels ;  but  as,  practically,  tho  wheels  of  railway 
carriages  ore  of  the  same  diameter,/'  may  be  considered  to  be  a  constant 
quantity. 

W'hen  a  body  moves  in  a  discontmuons  fluid  in  repose,  tiie  resistance  \ 
it  meets  with  is  proportional  to  the  square  of  the  v^ocity ;  to  the  area 
of  the  section  of  tho  bod^  moved,  taken  normally  to  the  direction  of 
the  movement:  it  is  less  in  proportion  to  the  length  of  that  body  in 
the  direction  of  the  movement ;  and  if  two  surfaces,  covered  one  by  j 
tho  other,  move  in  the  same  direction,  the  resistance  of  the  covered 
face  will  be  equal  to  a  fraction  of  the  face  immediately  exposed  to  the 
air;  and  the  smaller  the  interval  between  the  two  faces,  the  less  will 
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he  the  fraction  in  question.  If,  then,  q  be  called  the  resistuDca  of  the 
air  songUt,  A  =  the  area  of  the  exposed  end,  v=  the  velocity  of  motion, 
c  =  a  co-efficient  depending  upon  the  length  of  the  train,  and  9  =  a 
constant  oo-efBoient  to  repreaent  the  resistance  caused  by  the  intervala, 
the  resistoooo  of  the  air  will  be  represented  by  the  formula — 

It  thence  faUows  that  the  sum  of  the  calculable  resistances  to  be 
OTeroome  when  a  train  moves  in  a  straight  line,  on  a  level  road,  may 
be  represented  ^calling  the  reButaoce  t)  by  the  formula, 

«=/pI  +/'(P+i>)  +  ««AT*. 

When  the  train  moves  upon  an  incIiBe  fomdng  with  the  horizon  an 
angle  a,  the  gravity  of  the  train  is  decomposed  mto  two  portions,  one 
of  which  is  perpendicular  to  the  plane  of  the  rails,  and  the  other  acts 
in  a  direction  parallel  to  that  plane,  and  tends  to  draw  the  train  down- 
wards ;  BO  that  in  pulling  a  train  up  an  incline,  the  locomotive  must 
exercise  a  power,  not  only  able  to  overcome  the  friction,  but  also  to 
overcome  this  effort  of  gravity  in  the  direction  parallel  to  the  surface 
of  the  incline.  The  latter  force,  as  is  well  known,  is  equal  to  (P-(-p) 
sin  a ;  the  pressure  of  the  bearings  of  the  boxes  upon  the  axles  is 
equal  to  P  cos  a ;  and  thev  pressure  of  the  wheels  normally  to  the  rails 
is  equal  to  (r-t-f)  cos  a.  The  force,  then,  which  the  locomotive  must 
exercisq  upon  a  waggon  in  order  to  allow  the  latter  to  retain  the 
velocity  it  had  at  any  particular  moment,  under  the  conditions 
supposed,  must  be 

/»  cos  tt  r -h/' (P -fp)  cos  a -^  9  «  A  v' -^  (p -H  j>)  sin  B. 
B 

As  the  inclines  upon  railways  ore  generally  such  that  we  may  consider 
cos  a  =  l,  and  that  sin  a=tga,  we  may  consider  that  the  force  exer- 
cised may,  practically,  be  represented  by  the  formula, 

/pI=/'(p■^J>)-^•«Av'•^(p-^p)tga. 

B 

The  resistances  a  waggon  encounters  on  a  curve  are  of  a  complicated 
nature,  and  in  a  railway  waggon  they  become  more  than  usually  so, 
from  the  fact  that  the  wheels  are  fixed  on  the  axles.  ■  Calling  a  the 
half  width  of  the  way,  and  p  the  mean  radius  of  the  curve,  if  the  centre 
of  the  waggon  travel  over  a  space  =  1,  the  interior  wheels  will  travel 

tZ^,  and  the  exterior  wheels  t — - ;  so  that  the  slip  of  each  of  them  will 
P  P 


■■  p  +p,  and  if  we  repre- 


be  -.    Now  the  wheels  exercise  a  pressure 

p 
sent  the  co-efficient  of  friction  V  /",  the  expression  of  the  resistance 

created  by  the  fixity  of  the  wheels  will  becous  /"  (p  -f- j))  ?  foi"  every 

P 
unity  of  distance.  But  there  is  another  resistance  developed  on  a 
curve  from  the  two  axles  of  a  carriage  being  fixed  to  its  frame ;  fur 
whilst  the  centre  of  the  carriage  traverses  a  circle  described  by  the 
radius  o  (the  mean  radius  of  the  curve),  the  respective  points  of  con- 
tact of  the  axles  describe  a  circumference  around  the  centre  o  of  the 
rcct:ingle  formed  by  the  points  of  contact  of  the  wheels  and  of  the 
rails.  The  mdius  corresponding  to  these  points  of  contact  is  OAs 
'  \/a?  +  b^,  b  representing  the  half  distance  of  the  two  axles,  and  a  the 
half  distance  of  the  two  points  of  contact  of  the  wheels  on  the  same 
axle.  The  slip  of  the  wheels,  whilst  the  waggon  mokes  a  revolution 
round  o,  becomes  then  /" (r  +  p)2w  ■y/ a,"  +  bK  In  the  same  space  of 
time,  the  distinco  traversed  by  the  waggon  =  2  ir  p ;  so  that  the  resist- 
ance caused  bv  the  wheels  being  fixed  on  their  axles,  and  by  the 
lorallelism  of  those  axles  themselves,  is  represented  by  the  formula, 

f"  (r+p)  —^^ =f  (r+p)  —J—. 

There  is  a  third  force  developed  during  the  curvilinear  movement  of 

a  waggon  arising  from  the  pressure  of  the  rims  of  the  wheels  upon  the 

,      ,  .      .   P  +  P    V* 

outer  rail,  whose  expression  IS  — —  "";  in  which  g  represents  the 

accelerating  force  of  gravity,  which  is  in  our  latitude  =  32J  feet.    This 

p  +  p  v^ 
presiuro  gives  rise  to  a  friction,/"*-    -  —  ,in  which  f"  represents 

the  co-efficient  of  the  friction  created  by  ibe  pressure  of  the  rims  of  the 
wheels  upon  the  inner  sur&ce  of  the  outer  raiL  But  in  addition  to 
thix  there  ii  a  friction  exercised  by  the  surface  of  the  rim  in  ibs  motion 
along  the  inner  edge  of  the  rails,  and  the  resistance  thus  developed  by 
the  friction  due  to  the  centrifugal  force,  for  every  unity  of  the  advance 

of  the  waggon,  is  f  ——— ;  in  which  n  =  the  radius 

9'       P  « 

of  the  inner  erigo  of  the  rim  of  the  wheel,  and  h  =  the  depth  of  that 
rim.  The  additional  resistance  thus  created  by  the  passage  of  a  train 
over  a  curve  is,  then,  represented  by — 

f"  (r+l*)  —7—  +  r-f-  — iT-- 
The  total  effort  which  the  locomotive  must  exercise  in  order  to  retain 
the  velocity  it  previously  had,  must,  during  the  unity  of  the  distance 
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traversed,  be  equal  to  thO^!jn  of  the  resistances  above  stated;  and  it 
is  therefore  represented  '^jm  furmiUa 

«=/*i"  +  /  fr  +  l')  +  ^«^''+ (p  +  i»)te<»+/"  (P+J>)  — ^ 
.... p +j»  T*  V3rF+P 

*^         9      P  B         • 

In  Ferdonnet's  '  Traits  El^mantaire,'  in  Wood's  '  Treatise  on  Rail- 
ways,' in  the  second  edition  of  M.  de  Pambour's  '  Traits  dea  Machines 
Locomotives,'  jtc.,  the  various  experiments  by  whidi  the  values  of  the 
various  co-efficients  in  the  above  formulss  have  been  ascertuned,  an 
discussed  at  length.  It  may  suffice  here  to  say  tliat  generally  speaking 
the  values  assigned  by  Coulomb  to  tiie  co-effldents/,/",  are  considered 
still  to  apply,  though  they  are  evidently  in  excess  <k  the  actual  values 
as  they  have  been  indicated  by  experiments  on  railway  trains ;  for  Mr. 
Wood  found  that  the  total  resistance  of  waggcos  of  the  <dd  model 
travelling,  at  small  velodtiee,  upon  a  level  straigjit  line,  was  0*00175 
(p-t-p),  and  De  Pambour  found  it  to  be  only  0*0026  (p-fj>).  Messrs. 
Qouin  and  Lechatellier  found,  by  direct  experiment  with  Morin's 
dynamometre,  that  the  resistance  from  this  cause  was,  at  speeds  vary- 
ing between  IS  to  25  miles  per  hour,  equal  to  0*008  to  0*0045  (p  +p) ; 
at  speeds  between  26  and  38  miles,  it  was  =  0*0045  to  0*0086  {r+p)i 
and  for  speeds  between  50  and  60  miles,  it  was  =  0*012  to  0*016  (p  i-p) 
On  the  average  it  may  be  taken  that  these  resistances  amount  to 
0*004  (p-fp). 

De  Pambour  gives  the  value  of  0=0*004828,  and  that  of  (=1*17 
for  a  cubical  body,  =1*07  for  a  train  of  five  carriages,  =1*06  for  • 
train  of  fifteen  carriages,  and  =1*04  for  a  train  of  twenty-five  carriages ; 
but  the  learned  author  seems  to  consider  the  truest  value  of  *  to  be 
=  1°13.  H  is  generally  considered  that  the  value  of /"=0*I6;  the 
value  of/'"  has  uot  been  ascertained  by  direct  experiment,  but  it  is 
known  to  be  considerably  greater  than  /". 

The  practical  conclusions  drawn  from  the  examination  of  these  for- 
mula are:  1.  The  resistance  is  diminished  by  diminishing  the  diameter 
of  the  axles,  and  increasing  that  of  the  wheels.  2.  It  is  desirable  to 
diminish  the  weight  of  the  carriages  as  far  as  may  be  consistent  with 
safety.  3.  The  resistance  in  traversing  a  curve  is  increased  in  propor- 
tion as  the  radius  is  decreased.  4.  The  useful  effect  of  locomotives  is 
materially  affected  by  their  rate  of  motion,  and  economically  there  are 
serious  objections  to  high  rates  of  speed. 

The  experiments  of  Messrs.  Gouin  and  ChatelUer  show  also  that  a 
great  portion  of  the  resistance  of  a  train  arises  from  the  frictions  pro- 
duced by  the  frame  of  the  engine,  and  the  frictions  of  its  machinery. 
They  fuimd  that,  in  fact,  when  the  resistance  of  the  whole  train  was 
equal  to  0*0105  per  ton,  tiiat  of  the  carriages  alone  was  0  00625  ;  that 
created  by  the  frictions  of  the  machinery  alone,  without  reference  to 
the  load,  was  0*0025 ;  and  the  resistance  created  in  the  machinery  by 
the  presavu'e  of  the  steam,  was  000175.  The  speed  in  this  case  was 
about  28  miles  per  hour,  and  the  experiments  were  tried  on  an  incline 
of  1  in  125 ;  the  weight  of  the  train  was  60  tons,  and  the  weather  quite 
calm.  Finally,  it  m^  be  stated  that  it  i^  usually  considered  that 
taking  into  account  both  the  variable  and  the  constant  resistances  to 
be  encountered  on  railways  the  force  required  to  ensure  the  traction  at 
speeds  of  20  miles  an  hour  is  equal  to  j^  th  of  the  load ;  and  that  if  the 
speed  should  exceed  30  miles  an  hour  it  becomes  jf^th  of  the  quantity. 

The  method  of  finding  the  resistance  which  an  engine  opposes  to 
the  effort  made  by  the  steam  to  put  it  in  motion,  is  as  follows : — 
Multiply  the  area  of  one  of  the  two  equal  pistonS  in  square  inches  by 
the  pressure  of  the  steam  on  a  square  inch  of  the  piston  in  each 
cylinder,  when  that  pressure  is  just  sufficient  to  cause  the  engine  to 
move ;  the  product  is  the  pressure  on  each  piston.  Then,  since  the 
piston  makes  two  strokes  while  the  wheel  of  the  engine  turns  once 
round,  the  velocity  of  the  piston  is  to  that  of  the  engine  as  twice  the 
length  of  the  stroke  is  to  the  circumference  of  the  wheel ;  and,  the 
resistances  being  inversely  proportional  to  the  velocities,  we  have — 

circumf.  of  wheel  :  twice  the  length  of  the  stroke  :  :  pressure  on 
both  pistons  :  the  resistance,  or  inertia,  of  the  engine. 
But  the  resistance  increases  with  the  load  which  the  engine  has  to  draw ; 
and,  in  order  to  determine  it  when  attached  to  a  train,  the  above  pro- 
portion may  be  used ,-  but  the  pressure  on  the  pistons,  instead  of  being 
found  as  before,  must  be  taken  when  the  engine  and  train  are  observed 
to  have  a  uniform  motion.  Then  the  fourth  term  of-  the  proportion 
being  diminished  by  the  known  resistance  of  the  train,  will  give  the 
resistance  of  the  engine  alone. 

From  the  experiments  of  Mr.  Telford,  the  following  values  of  the 
resistances  experienced  by  loaded  carriages  on  level  roads  have  been 
determined.  On  a  good  pavement  the  resistance  is  ,^  of  the  weight  ef 
the  carriage  and  load ;  on  a  broken  siu  lice  of  old  flint,  ^ ;  on  graVel,  £j ; 
and  on  a  well-constructed  railway,  from  ;i^  to  ^ 

By  experiments  made  on  the  force  (of  traction)  required  to  give 
motion  to  vessels  on  canals,  it  is  found  that  the  resistance  varies  nearly 
as  the  cube  of  the  velocity ;  and  thii  great  deviation  from  the  general 
law  of  resistances  is  probably  cauaed  by  the  reaction  of  the  sides  of  the 
canal  against  the  water  displaced  by  the  vessel.  It  deserves,  however, 
to  be  mentioned,  that  when  the  velocity  of  the  vessel  is  considerable, 
the  resistance  has  been  found  to  experience  some  diminution,  perhaps 
on  acoovint  of  the  water  momentarily  displaced,  from  its  inability  to 
escape  laterally,  becoming  oondenaed,  and  thus  giving  superior  buoyancy 
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to  the  Teasel,  the  immersed  part  being  Ieefl|^  pressure  of  the  wate 
DgaiDEt  the  front  Trill  also  be  less.  ^P 

Mr.  Barlow  observes  that,  with  small  velocities,  the  force  of  traction 
on  canals  ia  less  than  on  ndlways ;  and  when  the  velocity  is  e^oal  to 
four  miles  per»hour,  the  forces  are  equal.  Beyond  this  velocity  the 
advantage  is  in  favour  of  the  railway. 

RESISTANCE  OF  MATERIALS.  When  solid  bodies  are  exposed 
to  the  action  of  external  forces,  they  are  capable  of  resisting  those 
forcts  by  reason  of  the  cohesion  or  of  the  elasticity  they  may  poss^, 
until  their  own  povreis  are  exceeded,  when  the  particles  of  wluch  the 
solid  body  in  question  is  composed  begin  firstly  to  change  their 
respective  positions,  and  finally  separate  from  one  another.  Within 
certain  limits,  the  solid  bodies  in  question  aresnsceptible  of  resuming 
their  original  form  after  their  particles  have  begim  thus  to  change 
their  positions  (under  conditions  depending  upon  the  nature  of  the 
external  force)  when  the  force  is  withdrawn ;  and  it  is  according  to  the 
energy  and  the  mode  of  exhibition  of  this  power  that  bodies  are  ranged 
in  the  classes  of  elastic  or  non-elastic  bodies,  of  highly  elastic  or 
perfectly  elastic  bodies.  When  .the  force  is"  exerdsed  in  a  direction 
parallel  to  the  longitudinal  axis  of  the  body  in  a  manner  to  pull  or  to 
extend  it,  the  force  is  said  to  be  one  of  traction,  or  extension ;  when  it 
acts  in  the  direction  able  to  bind  the  particles  of  the  body  into  closer 
contact,  it  is  said  to  be  an  effort  of  comjiretaon  ;  when  it  apts  in  a 
direction  able  to  cause  one  part  of  the  body  to  slide  over  tiie  other, — 
or,  in  other  words,  to  split  it, — the  force  is  said  to  produce  an  eSfort  of 
detnuion  ;  and  when  it  acts  so  as  to  twiat  the  particles  or  fibres  of  the 
material  one  over  tiie  other,  the  efibrt  is  said  to  be  one  of  toi-aon. 
Tlie  terms  tiastic,  highly  elaitic,  and  non-elastic  bodies  sufficiently 
explain  themselves ;  but  it  may  be  deeirable  to  add  that  bodies  are 
said  to  be  perfectly  elaitie  when  they  resist,  with  equal  energy,  efforts 
of  compression  and  of  extension.  The  best  wrought  iron  is  an  illua- 
tration  of  this  property ;  but  in  the  case  of  good  cast  iron,  the  resist- 
ance to  compression  is  equal  to  nearly  64  times  the  resistance  to 
extension  :  the  former  is  nearly  a  perfectly  elastic  body,  the  latter  is 
only  imperfectly  such.  It  was  formerly  considered  that  the  com- 
preesiou  of  solid  bodies  took  place  equally,  or,  in  the  words  of  Hooke, 
that  ut  temio,  sic  lis  ;  but  more  recent  experiments  have  shown  that, 
beyond  certain  limits,  the  compression  and  extension  take  place  with 
a  gre,iter  degree  of  rapidity  than  would  bo  proportional  to  the  increase 
of  the  effort.  The  limits  of  equable  resistance  thus  alluded  to  corre- 
spond with  the  range  of  the  unimpaired  elastic  powers  of  the  body ; 
for  if  tl\e  effort  should  be  such  as  to  cause  the  body  to  compress  or  to 
extend  with  an  accelerated  vdocity,  the  original  dimensionB  and  form 
will  not  be  reassumed  when  the  effort  is  withdrawn.  Bodies  so 
affected  are  said  to  have  bad  their  permanent  elasticity  interfered 
with ;  or  their  elasticity  has  been  changed,  so  as  to  produce  either  a 
pei-mancnt  elongation,  contraction,  or  flexure,  as  the  case  may  be. 

There  ia  a  very  important  consideration  which  must  always  be  borne 
in  mind  in  determining  the  effort  to  be  applied  to  any  body,  namely, 
that  tlie  length  of  time  during  which  it  is  so  applied  has  a  material 
influence  ujion  the  resistance;  or,  in  other  words,  bodies  will  resist 
instantaneous  efforts  of  far  greater  value  than  they  can  resist  perma- 
nently, without  alteration  in  their  elasticity.  '  It  therefore  becomes  a 
matter  of  necessary  precaution  (in  all  building  or  mechanical  operations), 
to  keep  the  fortes  tu  which  the  various  materials  are  exposed  consider- 
ahiy  within  the  limits  of  what  would  be  able  to  produce  instantaneous 
changes  of  their  natural  elastic  states  ;  and  this  is  the  more  necessary 
because  the  materials. alluded  to  are,  in  practice, subject  to  shock^ 
jars,  or  accidental  efforts,  which  may  be  of  a  serious  nature. 

Modulus  of  £laslicily, — If  a  prismatic,  or  cylindrical  body  of  a 
given  length,  L,  and  an  area  A,  bo  exposed  to  an  effort  of  longitudinal 
traction  in  the  direction  of  its  axis  P,  it  would  extend  under  this 
action  by  a  quantity  we   may  call  I;  and  if  this  quantity  should 

be  proportional  to  the  total  length,  in  such  a  manner  as  that  — 

L 

should  be  a  constant  quantity,  it  may  be  represented  by  i,  and  will 
represent  the  elongation  for  every  unit  of  length.  Now,  so  long  as 
this  qiumtity  does  not  exceed  the  limits  of  the  .perfect  elasUcity  of 
the  material,  t  increases  proportionally  to  the  load  and  the  area,  or 

F  F 

to  the  ratio  -;  so  that  in  tact  -j  is  a   constant  quantity,  which 

is  called  the  co-rffident,  or  modvim  ofelasticiit/,  and  is  usually  expressed 
by  i;.  If  then,  the  transverse  section  were  equal  to  the  unity  of 
surface,  and  the  elongation  t,  for  every  unit  of  length,  were  equal  to 
that  unit  of  length,  A.i  =  1,  and  v  =  s  would  be  £e  effort  supported 
by  the  unity  of  surface,  and  able  to  produce  for  the  unity  of  length  an 
clastic  elongation  equal  to  that  unity.  The  same  remarks  will  apply 
to  efforts  of  compression,  and  it  is  generally  admitted  that  the  co- 
efficient of  elasticity  has  the  same  value  in  the  two  cases,  although  in 
certain  granular  bodies  this  htw  does  not  appear  always  to  hold.    As 

the  relation  P  =  AEt  becomes  F  =  Et  and  from  thence  s  =  -;,  when 

the  load  r  is  supported  by  every  unity  of  the  section  A,  it  is  easy  to 
determine  the  value  of  E  for  every  such  unity  of  section,  and  thence  to 
calculate  the  value  of  the  load  able  to  produce  a  given  elongation  of 
the  body  presenting  that  section,  or  to  calctdate  the  elongation  pro- 
'  duoed  by  a  given  iMd. 


ExtensUm,  and  comprtssion. — A  very  great  number  of  observations 
have  been  made  for  the  purpose  of  ascertaining,  experimentally,  the 
laws  which  regulate  the  extension  of  solid  bodies,  the  results  of  which 
may  bo  briefly  stated  as  follows.  The  load  which  is  capable  of  producinj^ 
rupture  by  extension,  is  directly  proportional  to  the  transversa  section 
of  the  body  considered ;  and  the  load  has  no  reference  to  the  length, 
provided  the  material  be  homogeneous,  and  the  weight  of  the  body 
be  taken  into  account.  The  substances  which  have  the  highest  co- 
efilcient  of  elasticity,  are  those  which  resist  rupture  by  extension  ia  the 
most  energetic  manner ;  that  is  to  say,  they  are  the  most  tenacious. 
The  temperature  of  the  bodies  considered  must  be  taken  into  con- 
sideration ;  for  the  exp,in8ion  produced  by  an  increasff  of  temperature 
in  many  substances  acts  in  such  a  manner  as  to  produce  a  longitudinal 
extension,  whereas  in  others  it  produces  a  change  in  volume ;  and  this 
remark  may  be  extended  also  to  the  changes  which  follow  upon  any 
alteration  in  the  molecular  structure  of  a  body ;  because,  in  the  first 
place,  every  new  crystalline  arrangement  is  liable  to  produce  some 
change  in  the  volume  of  the  substince,  and  in  the  second,  the  relative 
positions  of  the  axes  of  the  crystals  may,  and  often  do,  singularly  affiact 
the  powers  of  resistance  to  extension.  In  a  great  number  of  the 
materials  used  in  the  arts  the  resistances  to  extension  and  to  com- 
pression are  netvly  equal ;  but  there  ore  cases  (as  for  instance,  building 
stones  and  cast  iron)  in  which  there  are.  marked  differences  in  these 
respective  powers. 

As  a  general  rule,  it  is  more  important  in  the  arts  to  know  the 
limits  of  the  resistance  of  the  substances  employed  to  efforts  of  com- 
pression, and  it  thus  happens  that  the  majority  of  the  experiments, 
made  upon  the  physical  properties  of  those  bodies,  have  been  made 
with  a  view  to  the  solution  of  that  class  of  investigations.  The  law 
before  stated,  as  applying  to  the  resistance  to  extension,  sensibly  holds 
with  respect  to  compression,  and  it  is  expressed  by  the  formula  K=:  A  R, 
in  which  N  =  the  total  effort  exercised  normally  to  the  direction  of  the 
base,  A  =  the  sectional  area  of  the  prism,  and  r  —  the  resistance  for 
every  unity  of  the  section.  When,  however,  the  bodies  pass  certain 
lengths,  compared  with  the  dimensions  of  their  sides,  the  resistances 
to  compression  cease  to  follow  the  ordinary  law,  and  it  beoomea 
necessary  to  divide  the  theoretical  results,  obtained  by  the  application 
of  the  tables  of  resistance,  by  a  co-efficient  vaiying  with  the  propor- 
tionate length  of  the  prism  to  the  diameter  of  the  polygon  circum- 
scribed upon  its  base.  Thus,  when  the  diameter  of  the  polygon  is  in  a 
lesser  ration  than  1  to  the  following  tabular  numbers,  representing  the 
height,  the  co-efficient  becomes,  in  each  case,  as  under  : 


BaUo  1 .       . 

10 

15 

30 

2i 

30      Si 

42      46 

to 

Oo-effldent      .    . 

1 

1-2 

1-6 

2 

2-S      4 

<        8 
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Again,  the  form  of  the  body  experimented  upon,  and  the  relative 
positions  of  its  molecules,  have  an  important  influence  on  its 
resistance,  for  Vicat  has  shown  ('  Annalea  des  Fonts  ct  Chaussdes,' 
1833)  that  the  resistance  of  a  cylinder  of  stone  to  compression,  in  a 
direction  at  right  angles  to  its  bedding,  is  rather  greater  in  proportion 
than  that  of  the  circumscribed  square ;  a  cylinder  laid  flat  crushes 
under  a  weight  which  does  not  exceed  J  of  the  one  required  to  crush 
it  when  loaded  on  end ;  and  the  inscribed  sphere  will  crush  under  J  of 
the  load  of  the  cylinder.  Compound  substances  were  found  to  crush 
more  readily  than  homogeneous  ones;  that  is  to  say,  that  cubes 
of  stone  built  up  of  several  pieces  were  found  to  crush  more 
easily  than  monolitha  did;  .but  the  general  conditions  of  their 
resistance  to  compression  were,  after  due  allowance  for  this  law,  pre- 
cisely analogous  to  those  of  solid  bodies.  In  fact,  in  large  masses  of 
masonry,  the  resistance  to  efforts  of  compression  is  regulated  by  the 
resistance  of  their  weakest  parts,  that  is  to  say,  by  the  resistance  of 
the  mortar  used ;  and  if  it  were  required  to  calculate'  within  safe 
limits  the  condition  of  the  stability  of  a  lofty  pier,  it  would  also  be 
necessary  to  apply  the  oo-efficient  for  the  relative  heights  and  bases 
just  quoted.  Vicat  observes  that  in  many  cases  loads,  which  for  as 
much  as  95  days  were  not  ablo  to  produce  any  perceptible  effect  upon 
the  bodies  exposed  to  their  compressive  action,  were  able  ultimately  to 
destroy  them ;  and  he  thence  inferred  that  it  was  not  safe  to  employ 
any  materials,  under  efforts  of  permanent  compression  exceeding  ^  of 
the  effort  required  to  produce  instantaneous  rupture.  In  tlie  case  of 
substances  possessing  very  imperfect  elasticity  a  diminution  of  volume 
may  frequently  be  producol  by  an  effort  of  compression,  which 
would  not  be  recovered  if  that  effort  were  withdrawn,  even 
though  the  substance  had  not  begun  to  disintegrate,  nor  its  molecules 
had  lost  their  cohesion.  The  clays  and  loams,  so  fretiuently  met 
with  in  foundation  works,  are  exposed  to  this  peculiar  action  ;  and  it 
requires  to  be  taken  seriously  into  account  in  building  operations. 
Water  is  one  of  the  imperfectly  elastic  bodies,  but  it  resists  oomprea- 
sion  with  very  great  energy. 

Temperature  has  a  decided  influence  upon  the  powen  of  resistance 
of  bodies  to  efforts  of  compression.  For  an  increase  of  temperature, 
beyond  the  atmospheric  average,  diminishes  in  a  gradually  accelerating 
ratio  the  solidity  of  the  bodies,  whilst  a  decrease  of  temperature, 
below  the  freezing  point,  by  affecting  the  powers  of  cohesion  (or  in 
common  phrase  1^  ita  rendering  the  bodies  more  brittle),  causes  the 
bodiM  to  break  up  more  rapidly.  In  materials  obtained  from  stratified 
deposits,  such  as  the  decidedly  laminated  building  stones,  im.,  Vicat 
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found  that  the  reaiatouce  tu  compreaaion  was  much  greater  when  the 
eifort  wan  applied  in  a  direction  perpendicular  to  the  bedding,  than 
Vrben  it  nas  applied  in  a  direction  parallel  to  the  bcda;  and  in  fibrous 
materials  the  resistance  to  effort*,  cither  of  extension  or  of  compres- 
sion, is  the  greatest  when  those  eflbrts  are  applied  in  the  direction  of 
the  fibres.  In  this  last-named  class  of  materials  it  is  esiiecially 
necessary  to  preserve  them  from  flexure  in  their  length  ;  and  thence 
also  the  necessity  for  observing  the  proportions  before  stated  between 
the  various  conditions  of  base,  height,  and  load.  As  it  has  been 
ascertained,  theoretically  and  experimentally,  that  when  the  mass  of  a 
body  is  arranged  in  the  form  of  a  hollow  body,  the  resistance  U  nearly 
doubled,  (when  the  thickness  of  the  cylinder  is  mode  about  ^  of  the 
diameter,)  it  becomes  an  additional  reason  for  using  hollow  columns  of 
metal  to  support  heavy  loads,  because,  in  the  first  place,  the  powers  of 
resistance  to  compression  are  increased,  and,  in  the  second,  there  is 
lesi  d.-mger,of  flexure,  when  the  diameter  of  the  body  is  thus  made  as 
large  as  possible. 

In  the  works  of  Tredgold,  HodgWnson,  Tate,  Barlow,  Moaeley, 
Willis,  Whewell,  Morin,  Wavier,  Prony,  Bresse,  Claudel,  Bourdais, 
Daguin,  Jamin  &c,  the  various  conditions  of  the  resistance  of  solid 
bodies,  and  of  the~^orms  of  greatest  resistance,  are  discussed  in  great 
detail;  and  the  reader  is  referred  to  them,  should  he  require  to 
examine  any  complicated  problem  of  this  description.  It  may  suffice 
here  to  say  that  the  condition  most  commonly  occurring  in  practice  ijs, 
when  a  rectangular  beam  is  exposed  to  a  load  acting  either  longitudinally, 
or  transveraally,  to  its  axis.  In  the  former  case  the  whole  action  ia 
either  of  compression  or  of  extension,  as  the  case  may  be,  and  in 
addition  to  what  has  been  before  stated,  it  is  only  necessary  to  observe 
that  it  is  essential,  in  order  that  the  action  should  be  uniform,  that  the 
load  should  be  brought  to  bear  evenly  over  the  whole  area.  When 
beams  are,  however,  exposed  to  efforts  acting  transversally  to  their  axes, 
the  laws  of  their  resistance  become  more  complicated,  for  the  deflections 
produced  cause  some  of  the  fibres  to  pass  into  a  state  of  tension,  whilst 
some  of  the  others  are  compressed,  and  some  of  them  remain  in  a 
neutral  atate,  as  long  as  the  limits  of  elasticity  of  the  extended  or 
comproflied  fibres  are  not  exceeded.  The  modes  of  loading  solid 
bodies  are  usually  considered  to  be  classed  under  the  following  heads, 
and  the  formula)  for  calculating  their  resistances  have  been  deduced 
from  the  known  laws  of  mechanics.  1.  When  one  extremitj  of  the 
beam  is  firmly  embedded  in  masonry  at  one  end  and  acted  upon  by  a 
force,  P,  applied  at  the  other ;  then,  calling  the  lever  of  the  beam  l  ; 
the  resistance  to  compression  and  extension,  R ;  the  moment  of  inertia 
of  the  beam  at  the  point  of  its  bedding,  i ;  and  the  distance  of  the 
line  of  the  neutral  fibres  from  the  most  distant  point  of  the  section  of 
the  part  fixed.  It  / 

As   in   a  regular  prism  of   a  rectangular  section  n  =  —    and   the 

2 

moment  of  inertia  is  I  ^  — ;  this  formula  becomes  F  L  =  — i ,  in 

6  12  ' 

which  b  =  the  transverse  section  of  the  prism  perpendicular  to  the 
direction  of  the  force  P,  and  h  =  liie  section  parallel  to  that  direction. 

The  deflection  /  would  be  represented  l)y  /  =  — r.;- ;  in  which  the  new 

term  b  represents  the  modulus  of  elasticity. 

,  2.  If  the  solid  be  of  the  form  shown,  then  calling  I'  the 

intemal  dimension  in  the  same  direction  as  b ;  and  h'  the 


1        intamal  dimension  in  the  same  direction  as  k ;  then, 

6i 


and 


PI  =  ■ 

'  ~  s(bK'—Vh'*\  '^^•"^"^  *"^  preceding  notation. 

■/?wt      8.  In  a  beam  of  the  section  in  the  margin,  calling  V  the 
sum  of  the  two  deficiencies  &om  the  full  section,  and  A  their 

B(6A'-6'A'»)  ,        .  4pl 

height, then  also,  Pt=  ^ 5"^/=i"(iA»^:pA^y- 

4.  The  section  being  circular,  and  the  n>diuB=r ;  then  the  formula} 

become  P  I,  = ,and/= ;  when  the  section  is  circular  and 

hollow,  calling  r  the  external,  and  r'  the  internal  tadius,  the  formuln 
become  Pt  =  "'('^-'^^);  and  /  =  -^^-^  . 

5.  If  now  the  beam  under  consideration  be  carried  at  a  point  in 
its  length,  and  be  acted  upon  at  its  extremities  by  two  forces  which 
balance  one  another  upon  this  point  of  support,  the  formula  for  a  pris- 
matic beam  of  a  rectangular  section  becomes, — (calling  m  the  leverage 
of  the  force  acting  at  one  end,  and  n  the  leverage  of  the  force  acting 
on  the  other;  so  that  in-h»=L  the  total  length  of  the  prisiu,  and  j> -(- 

,  .     .V  pm+qn_tibh''  L       ..  i 

2  =  F  the  total  load;)   v     — r-:  and  if  m=Ab^,  or  if  the  pomt 

PL        R&A* 
of  support  b«  in  the  middle  of  the  length,  then  -t"  =  ~k~' 


6.  If  the  load  applied  to  a  prism,  fixed  at  one  of  its  extremities, 
instead  of  being  applied  at  the  other  extremity,  be  evenly  distributed 
over  its  length,  then  the  load  per  imity  of  length  being  called  j^,  the ' 

total  load  becomes  pL ;  and  g,  the  leverage  of  the  total  Jpad  j)L ;  the 
formuliD  expressing  the  fundamental  conditions  of  resistance  becomo 

•fL- =—  ;  and  c_=Bl/,  retaining  the  preceding  notation  for  the  old 
2       n  8  o  I  -o 

terms.  FVom  these  formulas,  it  appears  that  a  beam  loaded  uniformly 
over  its  whole  length,  can  resist  an  effort  which  would  be  double  the 
one  required  to  break  it  if  applied  only  at  the  extremity  the  farthest 
removed  from  the  section  of  rupture ;  and  in  order  to  produce  equal 
deflections  at  the  extremity,  the  load,  distributed  evenly  over  the 
whole  length,  should  bear  to  the  load  applied  solely  at  the  extremity, 
the  proportion  of  8  :  3. 

7.  In  the  case  of  a  beam  testing  upon  two  points  of  support  at  its 
extremities,  if  we  suppose  that  the  weight  of  the  beam  itself  can  be 
neglected,  and  that  the  weight,  or  load,  P,  bo  placed  on  the  middle  of 
its  length ;  then  as  the  effect  upon  the  beam  would  be  the  same  as  if 
it  had  been  fixed  in  the  middle,  and  loaded  at  eSich  end,  by  a  weight 

=  -,  the  first  set  of'formulse  would  apply,  excepting  that  P  would  be  re- 

placed  by  -  and  L  by  -;  co  that  for  a  rectangular  prism  the  formulas 
2  2 

PT       HT  Pf  ^ 

become  — =— ;  and  /:=  .    From  this  it  appeara  that  a  beam 

4      n  4eoA^ 

supported  at  the  extremities,  and  loaded  in  the  middle,  is  able  to 
support  a  load  four  times  as  gfeat  as  a  similar  beam  fixed  at  one  end 
and  loaded  in  the  middle ;  and  that  the  deflection  would  be  sixteen 
times  less  than  in  the  latter  case.  If  the  load,  instead  of  being  con- 
centrated in  the  centre,  were  evenly  distributed  over  the  length,  and  , 
the  load  per  unity  of  length  be  called  p,  the  total  load  would  be  pL, 

and  the  fonnulte  would  become  ^  =  — ;  and  /  =  -Hl.. 

8       n  884EI 

It  has  been  proved,  both  theoretically  and  practically,  that  a  beam 
fastened  at  both  ends  will  bear  a  load  applied  in  the  middle  of  its  dear 
span,  which  would  be  double  the  one  it  would  be  able  to  support  if  it 
merely  rested  upon  two  points  of  support,  and  that  the  deflection  in 
the  former  case  would  be  four  times  less  than  it  would  be  in  the 
latter.  As  it  generally  happens  that  in  building  operations,  beams 
and  joists  have  beoiings  of  only  about  one  foot  (which  is  insufficient 
to  constitute  an  effective  fixing  of  their  extremities),  it  is  essential  to 
calculate  their  dimensions  on  the  supposition  that  they  are  merely 
beams  resting  on  two  points  of  support. 

Before  closing  these  remarks  on  compression  and  extension,  it  may 
be  desirable  to  add  a  few  practical  observations  on  the  resistance  of 
materials  used  in  buildings.  These  are,  1st,  that  as  the  form  of 
gi-eatest  resistance  is  almost  always  one  in  which  the  mass  of  the 
elements  is  concentrated  at  the  top  and  bottom  of  a  beam,  leaving  the 
portion  about  the  neutral  axis  as  light  as  possible,  it  follows  that  with 
plastic  materials  it  is  advisable  to  make  the  sections  of  the  beam  of  a 
girder  shape,  that  is  to  say  with  top  and  bottom  flanges :  the  material 
must  bo  distributed  in  those  flanges  according  to  its  powers  of  resist- 
ance to  efforts  either  of  compression  or  of  extension.  [Qirdeb.]  2nd, 
It  is  usually  considered  that  a  load  acting  with  a  shock,  or  able  tn 
produce  sudden  vibrations,  acts  in  a  manner  far  more  injurious  tliau 
if  the  same  load  '^ere  to  act  steadily ;  and  in  practice  engineers  have 
adopted  the  rule  of  never  exposing  a  construction  to  a  rolling  weight 
greater  than  J  of  the  permanent  breaking  weight.  3rd,  It  is  usually 
considered  that  a  deflection  of  ^  of  the  span,  ia  the  maximum  which 
should  be  tolerated ;  but  that  the  safe  deflection  would  only  be  j^i 
of  the  span.  4th,  The  resistance  of  cast  iron  to  compression  is,  com- 
pared to  its  resistance  to  extension,  as  64  (nearly)  to  1 ;  on  the  contrary 
the  resistance  of  wrought  iron  to  compression  is,  compared  to  its 
resistance  to  extension,  as  4  to  5. 

Torn'on. — With  respect  to  the  resistance  to  torsion  it  may  be 
observed,  that  in  a  prismatic  body  submitted  to  such  an  action,  the 
relation  of  the  effort  to  the  angle  of  torsion  ia  constiut-  for  the  samo 
material,  so  long  as  the  limits  of  elasticity  aiv  not  exceeded.  Calling 
this  relational ;  the  effort  q ;  and  the  angle  of  torsion  0,  for  a  rod  of  a 

given  tmity  of  leng&  and  of  section;  we  have—  =  o,  which   may  be 

0 

called  the  co-efficient  of  torsion.     If  then,  we  call  p  the  force  tending 

to  twist  a  cylindrical  or  prismatic  solid,  in  a  plane  noimal  to  the  axis ; 

R,  the  radius  of  the  leverage  with  which  P  acts ;  (,the  angle  of  torsion ; 

l^  the  length  of  the  solid ;  and  i,  the.  moment  of  polar  inertia ;  wo  have 

the  moment  of  the  force  p  =  P  B  »  — i ;  and  from  this  we  derive  t  = 

L 


ai 


- .    It  is  considered  that  the  value  of  i  becomes. 


w^ 


when  the  section  is  orculor,    i  =  "2*  i 


W 


when  the  section  is  rectangular,  t=  g/^j  ^  yjij  i 
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when  the  section  is  square. 


9* 


calling  >•  the  radius  of  the  solid  cylinder;  4-  and  h  the  sides  of  the 
rectingle,  and  }  the  aide  of  the  sijiuu-e;  when  the  section  is  annular, 
caliiiiK  the  external  and  internal  radii  resiiectively  r  and  r*,  the  value 

becomes  I  —         o •    I"  practice,  the  angle  of  t9rsioD  is  usually 

made.  (  =  0*0005^,  in  which  n  =  the  distance  from  the  axis  to  the 

» 
most  distant  fibre  from  itself.    Mr.  Bevan  ('  Philos.  Trans.,'  1829)  has 
given  a  table  of  the  modulus  of  torsion  for  the  different  "kinds  of  wood, 
which  is  appended ;  oad  he  also  states  that  for  metals  the  motluliis  of 
torsion  is  equal  to  ^  of  the  modulus  of  elasticity. 

Detrimon.- — The  resistance  to  detrusion  is  at  times  called  into 
action,  in  timber  or  iron  construction ;  and  therefore  requires  to  be 
noticed.  It  has  not  been  made  the  subject  of  any  direct  expurimeuta, 
but  it  is  supposed  in  fir  timber  to  be  equal  to  592  lbs.  per  square  inch 
in  the  direction  of  the  force ;  in  cast  irun,7S,000  lbs. ;  and  in  wrought 
iron,  from  45,000  to  53,000  lbs. 

In  Warr's  '  Construction  of  Machinery,'  a  very  useful  comparative 
table  of  the  various  kinds  of  resistances  of  the  principal  classes  of 
materials  used  in  the  arts  is  given  as  follows  : — 


Material. 
Timber 
Cost  Iron 
Stone   . 

GlOM 


ComprcsKion.  Tension.  Trantvorsc. 

.     1000  1900              83-1 

.     .     1000  138              10-8 

.     1000  100               10-0 

.     .     1000  123.             10  0 


Tabm!  or  VAsiocs  PROPKanu  of  Matebiaij. 


lUterial. 

Specittc 

Weight 
per  cubic  TmsK-ity 

Crushing 

force  in 

lbs.  i>er 

square 

inch. 

Modulus  of 

gravity. 

foot 
in  lbs. 

in  lbs. 

EUisUelty. 

Alder. 

0-800 

50-00 

11,186 

6,89j 

Antimony,  cast        .    . 

4-300 

281-23 

1,066 

Ash,  deoMst 

0-8« 
(    -8-23 

33-81 
53  37  1 

to 
48-12  ) 

17,207 

9,363 

1,661,800 

Beecb     .... 

to 

17,830 

9,363 

1,353,600 

(     -COO 

Birch  .        .         .        . 

0-TM 

49-30 

15,000 

6,102 

1,562,400 

Biimath,  east .        >    . 

0-810 

619-87 

3,250 

Box,  dry     . 

0-960 

60-00 

19,891 

10.299 

Brass,  cut      .        .     . 

8399 

325-00 

17,968 

10,304 

8,930,000 

„     Hire  drawn 

8-311 

534-00 

B>ick,Ted       .        .     . 

2-IC8 

133-50 

28a 

807 

„     prie.        .        . 

3  683 

130-31 

390 

562 

Brickwork      .        .     . 

1-800 

112-30 

270 

Cedar,  wasoncd  . 

0-733 

47-06 

1,912 

Chnlk     .        .        .    . 

2-781 

174-00 

334 

Clay    .        .        .        . 

1-919 

119-93 

Copper,  cast   .        .     . 

8-607 

587-93 

19,072 

117,088 

„      -wire  drawn    . 

8-878 

560-00 

61,228 

103,0J0 

Deal,  Chriatlania 

0'C98 

43-62 

U,400 

1,672,000 

„     Mcmel  .        .     . 

0-390 

36-87 

1,535,200 

Elm,  trasoncd     . 

0-588 

36-37 

13.189 

10,331 

699,810 

I'ir,l«ga        .        .    . 

0-7  38 

47-06 

12,857 

6,586 

669,600 

Clou,  plate 

2453 

153-31 

9,420 

1  Granite,  Cornish      .     . 

2-C82 

166-30 

11,302 

,  Hawthorn   . 

0-910 

68-12 

10,500 

1  lloriibram      .        .    . 

0-760 

5373 

20,210 

7,089 

;  Iron,  b«r     . , 

7-JoO 

481-20 

67,120 

56,000 

1      „    wire      .        .     . 

89,00(r 

„    sheets         .        . 

31,360 

„    cast,  cold  blast   . 

7 -066 

411  02 

16,683 

106,375 

17,270,500 

1      „    hot  blast         .     . 

7-040 

410-37 

13,5I'3 

108,510 

16,085,000 

■■  XArsh          . 

0-322 

32-C2 

10,230 

3,201 

697,600 

Lend,  cut       .        .    . 

11-446 

717-15 

1,821 

7,728 

720,000 

„    «hcct 

11-407 

712  93 

3,328 

Llmntone,  box       .    . 

I-89S 

114-93 

„        Portland 

2-143 

134-06 

10,584 

Lime  tree    . 

0-760 

17-30 

23,300 

Uarble,  white         .    . 

2-638 

164-87 

13,620 

2,529,000 

„      black      .        . 

2-693 

1 88-23 

20,712 

Hortar  .        .        .    . 

1-751 

107-18 

50 

Oak,  Knglish 

0-931 

38-37 

17,300 

9,5b9 

1,451,200 

„     Dantzie  .        .    , 

0-756 

17-21 

12,780 

„     African 

0-972 

60-73 

Pitch  pine      .        .    , 

0-6C0 

11-25 

7,818 

5,115 

1,225,600 

Slate  .        .        .        . 

2  888 

180-30 

12,800 

1,580,000 

Sandstone,  Cralglrith  . 

2-266 

111-62 

5,800 

Yorkshire  . 

2-320 

11300 

Steel,  soft       .        .     . 

7-780 

486-25 

120,000 

„    razor.tempcted  . 

7-810 

490-00 

150,000 

2,900,000 

Teak,  dry    . 

0-637 

41-06 

15,000 

12,101 

2,414,100 

Tln,cast        .        .    . 

J'291 

455-63 

5,333 

15,456 

4,608,000 

Tile,  eommon 

1-815 

113-43 

Willow,  dry    .        .    . 

0-390 

21-37 

14,000 

Zino   .       .        .        . 

7-028 

439-23 

13,680,000 

Table,  from  Warr's  '  Construction  of  Machinery,'  of  specific  gravities 
and  of  the  ^-olues  of  8,  the  co-efBoient  of  the  specific  strength  of  materials, 
for  the  application  of  the  formula  usually  employed  to  calculate  the 

breaking  weight  of  beams,  ^!??^^*P*^  -   breaking  weight 
length  m  feet, 
both  the  breadth  and  depth  being  in  inches. 


in  lbs. : 


Material. 


SpecMo  gravity.    Yaluc  of  8. 


Afh 
Beech 
Birch 
Kim 


English  oak       •        . 
Pitch  pine     .        • 
Uaiitxio  fir         .        * 
Qcxl,  Chrixtiania  . 
3lalihg;uiy  *        . 

Teuk     .        . 
Cust  iiutt   .        . 
Hard  limestone,  nbout 
Soft  ditto  „ 

Brick,  eommon      „ 


0-760 
0-690 
0-711 
0-579 
0-829 
'0-710 
0-019 
0-689 
0-088 
0-729 
7-00- 
1-800 
2-200 
2-090 


500 

890 

482 

200 

421 

'132 

350 

303 

430 

5'7 

1980 

78 

69 

61 


-  Tablb,  nr  Ma.  Bkta:c,  or  Modcm  o»  Tubsios  or  Woods. 

Kind  of  Wood. 

Si>cciiic 
gravity. 

Modulus 
in  lbs. 

Bemarks. 

Acneia  .... 

•795 

28,293 

Not  iiuite  dry. 

Alder        .... 

-55 

16,221 

Cross  grained.    . 

Apple    .... 

-726 

20,397 

A>a 

20,300 

Of  my  own  plsuting. 

„  monnlain         . 

-119 

13,933 

Beech       .        ... 

21,213 

Birch    .... 

17,230 

Box 

-99 

30,000 

Old  and  very  dry. 

BrttKil  wood  .        . 

1-05 

87,800 

Old  and  very  dry. 

Cane         .        .        .    . 

21,50C 

Influenced   by  the  hard 

Cedar,  scented 

12,500 

[suriuccs. 

Cherry      .         ... 

•71 

22,800 

Chestnut,  sweet      . 

18,  .360 

„         horse          .     . 

-615 

22,205 

Crab 

-763 

22,738 

Damson     .        ... 

23,500 

Deal,  CbrUtinnia       .     . 

•38 

11,220 

Elder     .        •        .        . 

•753 

22,285 

Elm           ...   ': 

13,5<i0 

lir,  Scoicb    .        . 

13,700 

Hazel        .... 

-83 

26,325 

Not  quite  dry. 

Holly    .... 

20,513 

noriibean .        .        *    . 

•86 

26,111 

Xot  quite  dry. 

Laburnum      .         .         . 

18,000 

GtecB,  or  Itesh  cut. 

L.-incewaoJ         ,         .     . 

lOJ- 

25,215 

Lurch    .... 

-5S 

18,967 

Lime,  or  Linden        .     . 

-675 

18,309 

Maple    .... 

•735 

23,947 

Partly  eross-gtsined. 

Oak,  EngliKh     .        .    . 

20,000 

. 

„     llaiubuig       . 

-69J 

-12,000 

„     UantrJe      .        .    , 

-586 

16,500 

„     (from  bog)     . 

-67 

11,500 

Ozler         .... 

18,700    . 

Pear      .... 

-72 

18,113 

Pine,  St.  Pclcrhbuig 

V 

10,500 

Fre»h. 

„     St.  IMcrsburg 

13,00 

I'our  or  Ire  years  old. 

„     Mcmel      .        .     . 

15,000 

„    American      . 

14,750 

Plane         .         .         .     . 

-59 

'    17,017 

Plum     .... 

-79 

23,700 

Poplar       .        •        .     . 

•333 

9,173 

Satin  wood    ... 

1-02' 

30,000 

Sallow        .... 

18,000 

Sycamore       .        . 

22,900 

Teak         .... 

16,S00 

Old,  partially  decayed. 

„     Africa    .        . 

27,300 

Walnut     .... 

•372 

19,781 

RESOLUTION.  [Solution.]  The  resolution  and  solution  of  a 
question  are,  in  common  language,  the  same  things.  The  word  is  also 
used  as  opposed  to  Composition. 

RESOLUTION  IN  MUSIC.    [DisconD;  Hahmony.] 

RESPIRATOR,  or  breath-waj-mer,  an  instrument  invented  and 
brought  into  use  by  Mr.  Julius  Jeffreys,  for  giving  warmth  to  tlio 
air  drawn  into  the  lungs  in  breathing,  and  thereby  en.-tbling  invalid< 
to  enjoy  the  benefits  of  exercise  in  tho  open  air  without  injury  or 
inconvenience. 

The  common  practice  of  wrapping  up  tho  lower  part  of  the  face  in  a 
woollen  covering  warms  the  air  inhaled  through  it  very  imperfectly, 
and  in  an  unwholesome  manner,  by  mixing  with  it  a  portion  of  the 
impure  air  exhaled  from  the  hmgs,  and  detained  in  its  bulky  folds.  A 
woollen  wrapper,  being  a  nonconductor  of  heat,  can  act  in  no  other 
way.  In  the  respirator  this  disadvantage  is  avoided  by  causing  tli«  air 
discharged  from  the  lungs  to  pass  through  several  layers  of  very  lino 
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wire,  fixed  so  near  together  tliat  tbe  breath  passing  through  them  is 
almost  infinitely  dividedj  its  warmth  being  abstracted  by  the  metal, 
which,  being  an  excellent  conductor  of  heat,  freely  imparts  it  to  tlie 
fresh  c»Id  air  drawn,  or,  as  it  were,  filtered  through  it.  The  compact- 
ness of  the  instrument  is  such  that  there  is  no  room  for  the  lodgment 
of  the  impure  air  expelled  from  the  lungs,  and  consequent  contamina- 
tion of  that  inhaled ;  and  the  condensation  of  moisture  on  the  wires 
corrects  the  injurious  dryness  of  the  atmosphere  in  some  northerly 
winds. 

The  means  by  which  these  objects  are  attained  in  the  respirator 
display  much  ingenuity  in  oontrivance,  and  no  ordinary  degree  of  skill 
in  the  execution.  The  inventor  considers  it  necessaiy  that  about 
twenty  layers  of  metal-work  should  be  used,  and,  in  order  to  make  the 
instrument  as  light  and  compact  as  possible,  each  layer  is  required  to 
be  exceedingly  thin.  The  apparatus  usually  consists  of  from  eight  to 
twelve  frames  of  sheet-silver  or  other  metal,  about  three  inches  and  a 
half  long,  one  inch  and  a  half  wide,  and  ^i^.th  port  of  an  inch  thick ; 
the  metid  of  which  is  piercod  away  by  machinery  so  as  to  leave  merely 
a  narrow  frame  contaioing  six  vertictJ  bars  of  jjth  and  five  horizontal 
ban  ^th  of  an  inch  wide,  On  both  sides  of  each  of  these  frames  a 
layer  of  wires  an  inch  and  a  half  long  and  jjjjth  of  an  inch  thick  is 
soldered,  care  being  taken  to  connect  each  wire,  not  only  with  the  top 
and  bottom  bars  of  the  frame,  but  also  with  each  of  the  five  horizontal 
bars.  The  wires  are  laid  about  ligth  part  of  an  inch  apart,  and  are  so 
numerous  that  a  large  respirator  of  high  power  contains  2000  feet  of 
wire,  divided  into  about  12,000  pieces,  and  soldered  to  the  frames  at 
more  than  80,000  distinct  points.  The  frames  or  lattices  of  wire-work 
are  fixed  parallel  to  each  other,  and  kept  a  shoi-t  distance  apart  by 
small  studs  of  a  substance  which  is  a  slow  conductor  of  heat,  so  that 
the  inner  layer  is  always  kept,  as  nearly  as  possible,  at  the  temperature 
of  the  air  expelled  from  the  lungs,  and  each  successive  layer  diminishes 
in  warmth,  till  the  outer 'one  is  nearly  as  cold  as  the  extei-ual  air.  The 
curious  and  philosophical  application  of  a  non-conducting  medium 
between  the  metallic  screens  is  essential  to  the  perfect  action  of  the 
instrument,  as  without  it  the  heat  would  be  equally  difiused,  and  no 
part  of  the  metal-work  could  retain  more  than  half  the  temperature  of 
the  breath.  By  this  arrangement  the  air  inhaled,  finding  each  layer 
of  wire  warmer  than  the  preceding,  is  gradually  raised,  in  respirators 
of  the  highest  power,  to  the  greatest  attainable  temperature.  The 
most  powerful  respirators  have  taventy-four  Liyers  of  wire-work,  those 
of  medium  power  sixteen,  and  the  lowest  power  eight.  The  whole  of 
the  wiie-work  is  bent  into  a  curved  form,  and  enclosed  in  a  bordering 
or  case  of  soft  leather,  which  is  made  to  fit  closely  to  the  face  of  the 
wearer,  so  as  to  prevent  the  entrance  of  air  otherwise  than  through 
the  metid-work,  and  to  hold  the  latter  in  such  a  position  that  the  lips 
do  not  come  in  contact  with  the  wires.  An  outer  covering  of  silk  or 
other  material  is  added,  having  an  aperture  in  which  is  inserted  a  very 
thin  plate  of  silver,  perforated  with  minute  holes,  and  to  which  a  dark 
colour  is  imparted  by  a  chemical  operation,  to  serve  as  a  screen  to  the 
wire-work,  which  it  hides  without  impeding  the  passage  of  air  as  most 
textile  fabrics  would  do.  Recently  however  a  very  fine  and  open 
woollen  fabric  has  been  mode  use  of  in  lieu  of  the  perforated  plate,  to 
suit  the  wishes  of  some  persons  to  whom  the  appearance  of  the  instru- 
ment was  an  objection.  The  common  or  oral  respirator  covers  the 
mouth  only ;  but  a  variety  called  the  oriruual  respirator  encloses  the 
nostrils' also.  A  piece  of  sponge  attached  to  the  lower  edge  of  the 
instrument  collects  the  moisture  condensed  from  the  breath,  and  it,  as 
well  asHhe  metal-work  and  leather  mounting,  may  be  detached  from 
the  outer  covering  and  cleaned  when  necessary. 

RESPONDENTIA.    [BoxTOMnT.] 

REST,  in  music,  a  character  denoting-  silence  ;  a  cessation  of  sound 
equal  in  duratign  to  the  note  represented  by  the  mt.  As  there  are  six 
musical  characters  called  notes,  eo  there  are  as  many  rests.  Ex. : — 


Minim 
Rest. 


Crotchet 
Itcst. 


Qtiiiver 
Rest. 


Semiquaver    Pomlscmi- 
Rot.        qiuvor  Rest. 


The  breve  rest,  to  be  found  in  old  mnaic,  is  a  short  thick  bar  con- 
necting two  lines.    Ex. : — 


In  separate  vocal  and  instrumcntil  parts,  a  character  imiting  three 
tines,  and  indicating  a  rest  four  bars  in  duration,  is  employed.  \  Ex. : — 


The  following  is  the  manner  of  directing  a  silence,  or  rest,  of  eleven 
ban,  in- any  of  the  modern  times  or  meitsvires  : — 


aat 


R'fcSTITDTION  (in  Iaw)  of  landt.  Where  a  forcible  entry  or 
detainer  of  lands  is  on  inquiry  duly  found,  or  after  conviction  under 
an  indictment  for  a  forcible  enti-y,  the  court  before  whom  the  inquiry 
is  made;  shall  cause  ratilutum  of  the  lands  to  be  made  to  the  party 


who  has  been  turned  out  of  possession.  (Com.,  '  Vis.,'  '  Forceable 
Entry,'  D  5,  4c.) 

RalitHlioa  of  good*. .  By  7  k  i  Geo.  IV.,  e.  29,  e.  67  (re-enacting  a 
statute  of  Henry  VIII.),  if  any  penon  guilty  of  a  felony  or  misdemeanor 
in  Stealing,  converting,  or  receiving  any  property,  shall  be  indicted  for 
such  ofience  by  the  owner  or  his  executor,  and  convicted,  the  proiwrty 
shall  be  restored,  and  the  court  shall  have  power  to  award  writs  of 
restitutidn  for  the  property,  or  order  it  to  be  restored  in  a  summary 
manner.  If  it  appean,  however,  that  a  valuable  security  has  been 
bond  fide  paid  or  discharged  by  some  person  liable  to  piy  it,  or  being  a 
negotiable  instrument  has  been  bond  Jide  tt^en  or  received  by  transfer 
or  delivery  by  some  person  for  a  valuable  oonsideration,  wiUiout  any 
reasonable  groimd  to  suspect  that  it  had  been  stolen,  ic.,  then  the 
court  shall  not  order  the  restitution  bf  such  security. 

Restitution  also  formerly  took  place  where  the  heir  of  one  attainted 
of  treason  was  relieved  from  the  consequences  of  the  attainder. 
(3  <  Inst."  Restitution.') 

RESTORATIONS,  in  Architecture,  a  term  applied  to  drawinga 
intended  to  show  ancient  buildings  according  to  their  original  design, 
as  made  out  from  their  existing  remains,  aided  by  such  descriptions  or 
hints  as  are  to  be  obtained  from  classic  authors,  or  from  the  repre- 
sentations of  them  on  coins.  The  term  restoration  is,  however,  now 
more  commonly  applied  to  the  actual  rfconttraction  of  an  old  building, 
where  that  reconstruction  has  for  its  object  to  reproduce  the  leading 
architectural  features  and  om.imental  details,  so  as  to  resemble  as 
nearly  as  practicable  those  of  the  original  building.  In  this  seuse  of 
the  term,  a  very  lai^e  proportion  of  the  Gothic  churches  in  this  country 
have  been  mtored  during  the  last  few  yean ;  while  many  othen  are 
undergoing  that  process. 

RESULTING  USEi     [Uses.] 

RESULTING  TRUSTS.    [Trdst  akd  Teubtke.] 

RESUSCI'TATION  (from  rautcito,  to  arouse,  to  revive),  the  re- 
storing to  animation  of  persons  apparently  dead.  Under  this  term, 
strictly  speaking,  should  be  considered  the  restoration  of  all  cases  of 
suspended  animation,  whether  arising  from  disease  or  as  a  result  of 
asphyxia ;  yet  it  is  chiefly  made  use  of  to  designate  the  recovery  of 
peraons  from  this  latter  condition.  The  symptoms,  physiological  con- 
ditions, and  causoa  of  asphyxia  are  fully  described  under  tiiat  head ; 
the  treatment  of  it  generally,  and  of  its  difi'erent  varieties,  was- reserved 
for  the  present  article.  Although  the  suspension  of  all  the  vital 
actions  of  the  system  which  takes  place  in  asphyxia  has  originated  from 
the  temporary  interruption  of  a  single  function,  yet  the  derangement 
which  has  followed  is  of  so  complicated  a  nature,  and  extends  to  so 
great  a  number  of  important  origans,  that  the  mere  re-establishment  of 
the  function  primarily  disturbed  is  not  immediately  followed  by  the 
restoration  of  the  rest,  and  by  the  removal  of  all  the  mischiel  The 
mere  introduction  of  fresh  air  mto  the  lungs  cannot  at  once  restore  the 
action  of  the  heart,  or  of  the  diaphragm,  and  of  the  other  muscles 
which  are  concerned  ia  re^iration,  because  these  muscles  have  lost 
either  the  whole  or  the  greater  part  of  their  irritability,  in  consequence 
of  having  been  supplied  with  venous  instead  of  arterial  blood.  While 
the  first  and  principal  object  is  to  bring  the  blood  contained  in  the 
pulmonary  vessels  under  tbe  influence  of  atmospheric  air,  attention 
must  at  the  same  time  be  paid  to  the  state  of  the  circulation,  and  to 
the  restoration  of  those  power^  by  which  that  fainction,  as  well  as 
respiration,  is  to  be  carried  on.  The  firat  of  theae  objects  can  be 
accomplished  by  the  artificial  inflation  of  the  lungs;  the  second  is  to 
be  attempted  by  the  judicious  application  of  stimulants  to  various 
parts  of  the  body.  The  details  of  these  processes  have  been  already 
given  in  the  article  Orownihs.  But  asphyxia  may  also  occur  from 
the  presence  of  foreign  bodies  in  the  larynx,  which  mechanically  prevent 
the  inflation  of  tbe  lungs  through  the  natural  passage ;  in  this  case  the 
operation  of  tracheotomy  must  be  resorted  to,  and  the  pipe  of  the 
bellows  must  be  introduced  into  the  windpipe  through  the  opening 
thus  nrtificmlty^  made.  In  addition  to  the  employment  of  artificial 
respiration,  and  the  use  of  external  and  internal  stimulants,  many 
phyuicions  have  recommended  blood-letting ;  but  besides  the  doubtful 
advantage  which  sometimes  may  accrue  from  this  practice,  it  is  not 
always  possible,  and  such  is  especially  the  case  if  the  asphyxia  is  of 
long  continuance.  In  general,  the  efi'ects  of  blood-letting  would  be 
injurious,  and  it  is  now  rarely  hod  recourse  to  unless  there  ore  very 
unequivocal  indications  of  great  pressure  on  the  brain.  Whatever  may 
be  the  means  that  we  employ,  they  should  be  persevered  in  till  the 
signs  -of  death  are  no  longer  equivocaL  Dr.  Currie,  in  his  '  Observations 
on  Apparent  Death,'  recommends  their  being  persisted  in  for  at  least 
six  houra ;  the  French  writers  mention  the  commencement  of  rigidity 
of  the  limbs  as  the  only  criterion  of  the  hopelessness  of  continuing  our 
efibrts.  The  firat  signs  of  returning  animation  are  slight  convulsive 
twitchings  in  the  muscles  of  respiration,  which  give  rise  to  gaspings 
and  sighings.  By  degrees  theae  spontaneous  efibrts  become  more 
regular,  and  natural  respiration  is  restored ;  and  together  with  it  the 
circulation  returns.  The  first  return  to  sensation  is  usually  attended 
with  great  sufi'ering,  and  the  utmost  attention  is  required  to  guartl 
against  the  dangerous  symptoms  which  sometimes  show  themselves  at 
this  period. 

RETABLE,  called  most  commonly  by  Englisb  architectural  writers 
lUredos,  the  screen  of  wood  or  stone  placed  at  the  back  x>f  and  above 
the  altar  in  meditcval  churches.    RetaUes  do  not  appear  to  have  oome 
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RETORT. 


into  HBO  till  to^YarcU  the  eud  of  the  13th  century,  the  tiirone  of  the 
bishop  having  been  till  then  usually  placed  at  the  end  of  the  apse  and 
behind  th6  nltarj  so  that  anything  rising  above  the  altir  would  have 
obstructed  the  view  of  the  cougiegation.     At  first  the  rotable  was 
merely  a  low  screen,  with  a  single  row  of  gcriptural  figures  placed  in 
niches.    But  in  the  15th  century  retables,  whether  of  marble,  stone, 
or  wood,  were  made  of  large  size,  and  adorned  with  a  profusion  of 
sculpture  embodying  the  best  sculptural  art  of  the  period.     In  Ger- 
many especially,  they  were  often  of  extravagant  height  and  costliness, 
reaching  sometimes  to  the  chancel  roof,  and  covered  with  a  multitude 
of  small  figures.     In  our  own  country  they  sometimes  extended  quite 
across  the  chancel.    The  leading  events  of  the  Uvea  of  the  saint  to 
whom  the  altar  was  dedicated  were  now  often  represented,  th«  carved 
figures  being  coloured,  and  the  ground  gilt :  characteristic  examples 
may  be  seen  at  the  South  Kensington  Museum,  in  one  of  French  work 
wiu  a  largo  number  of  figures  in  high  relief,  of  about  1600 ;  and  one 
of  carved  oak  of  the  latter  part  of  the  15th  century  of  Flemish  work, 
said  to  have  been  brought  from  the  cathedral  of  St.  Bavou,  Qhent ; 
while  in  the  same  collection  is  a  still  more  remarkable  triptych  retable 
of  the  15th  century  (Ko.  181)  of  Qerman  work,  iu  which  the  life  and 
martyrdom  of  S.  Margaret  are  represented  by  numerous  small  figures 
arranged  iu  compartments,  which  retain  much  of  the  original  colour 
and  gilding.    Several  other  retables  of  mediscval  date  are  in  the  same 
museum ;  and  also  one  or  two  in  marble  of  ItaUan  renaissance  work. 
Portable  diptych  and  triptych  retables  were  much  used  in  the  lOtb 
oentury,  of  which  some  very  beautiful  specimens  in  ivoiy  and  m  enamel 
are  at  South  Ken^ngton.    Many  of  the  chimshes  of  the  continent 
retain  fine  examples  of  mediceval  retables ;  and  many  fine  reredoses, 
as  the  fixed  retable  was  here  called,  may  be  seen,  more  or  less  muti- 
lated, iu  our  own  Gothic  churches,  as  at  Durham,  Gloucester,  and 
Bristol  cathedrals,  St.  Albau's  Abbey  Church,  Henry  VlL's  Chapel, 
Westminster  Abbey,  St.  Saviour's,  Southwark,  &c. 
RETAINER.    [Execctob;  Skbjbaht-at-LAw.] 
RETAINING  WALL  is  the  term  used  for  a  wall  erected  to  resist 
the  thrust  of  a  mass  of  earth,  or  of  a  volume  of  water  stored  in  a 
reservoir.    In  consequence  of  the  variable  nature  of  the  materials  to  be 
sustained,  as  well  as  of  Vke  materials  of  which  the  walls  themselves  are 
composed,  the  practical   application  of  the  mechanical  laws  usually 
adopted  for  calculating  the  thicknesses  of  this  class  of  works  is  more 
empirical  than  is  usually  the  case  iu  the  ordinary  operations  of  building. 
The  following  are,  however,  some  of  the  generally  received  principles 
adopted  by  engineers  in  the  construction  of  these  walls. 

Navier,  who  has  applied  the  higher  analysis*  to  the  investigation  of 
the  laws  of  the  stability  of  buildings,  gives  a  formula  for  the  thickness 
of  retaining  walls,  and  a  table  of  the  weights  of  the  materials  com- 
monly dealt  with.  The  table  is  as  follows,  in  English  weights  and 
dimensions : — 

Material.  lbs. 


Vegetable  earth,      per  jmrd,  cube. 

Clayey  cartU  „            • 

Cliy  „ 

Stiff  earth,  vith  pebbles  „  « 

Marl  „ 

Mad  ,,            • 

Pice  dry  sand  „ 

^Vct  ditto  „            • 

Argillaceous  «and  „ 

Wot  river  snnd  „            • 

Hubble  inafonry  „ 

Asblur  „  '          • 

Ilrickwork  „ 


23i] 
2GSS 
3192 
3347 
2CS3 
2772 
2352 
3192 
2910 
3024 
33G0 
493G 
3021 


The'  formula  for  walls  with  two  vertical  faces  is ;  calling 
X,  the  thickness  sought,  in  yards  and  decimals, 
A,  the  height  of  the  wall  above  its  base,  in  yards, 
p,  the  weight  per  yard  cube  of  the  wall, 
r',  the  weight  of  the  earth  or  other  material, 
S,  the  angle  that  material,  if  left  free,  wpuld  form  with  the 
vertical  line  passing  through  the  foot  of  the  slope; 


then  X  =  0*69  h  tangent 


«       /p' 
2V7 


Thii  formula  would  give  thicknesses  considerably  less  than  those 
usually  adopted  in  practice ;  for  the  general  rule  adopted  by  engineers 
is  to  make  the  thickness  of  retaining  walls  equal,  on  the  average,  to 
1-Srdof  the  height,  or  0*33  A.  It  must,  however,  be  borne  in  mind, 
that  there  is  no  allowance  made  in  the  formula  for  the  numerous 
disturbing  causes  which  are  frequently  mot  with.such  as  the  subsi- 
dence of  the  ground ;  nor  does  it  take  into  account  the  cohesion  of 
the  earth,  nor  that  of  the  masonry;  it  is,  in  fact,  only  founded  upon 
the  theoretical  conditions  of  the  equilibrium  of  the  materials.  It  is 
even  desirable  in  addition  to  the  extra  thickness  thus  given  in  practice 
to  the  walls,  beyond  that  which  is  required  by  the  strict  application  of 
theoretical  laws,  to  give  a  batter  to  the  external  faces  equal  to  l-2^th 
of  the  height.  A  greater  batter  than  this  would  be  objectionable, 
on  account  of  its  catching  and  retaining  the  falling  rain ;  and  it  is 
desirable  that  the  internal  face  of  the  wall  should  be  fdrmed  in  such  a 
manner  as  not  to  hold  up  any  w»ter  which  might  filter  through  the 


earth  piled  against  it.  In  most  cased,  also,  the  resistance  of  retaining 
walls  is  increased  by  the  introduction  of  counterforts;  especially  when 
the  length  of  the  embankment,  or  earthwork,  to  be  retained  is  con- 
siderable. 

_  Retaining  walls  used  in  situations  where  the  earth  at  their  backs  is 
liable  to  become  saturated  with  water  by  tidal  action,  or  by  the 
capillary  attraction  of  the  earth,  must  be  established  on  the  supposition 
that  their  backing  becomes  in  fact  a  semi-fluid,  denser  than  water,  and 
which  consequently  has  no  angle  of  repose.  Careful  observations  on  the 
state  of  the  walls  in  the  French  ports .  on  the  Channel,  have  shown 
that  in  many  cases  those  walla  have  yielded  when  their  mean  thickoess 
has  even  been  as  much  as  0-41  :  1-00 ;  and  it  therefore  would  iqipear 
that  in  such  cases  it  is  not  safe  to  keep  the  ratio  of  the  mean  thick- 
ness below  0-45  or  O'SO  to  1-00.  In  reservoir  walls  of  masonry,  the 
thickness  should  bo  made,  practically,  double  that  of  ordinary  earth- 
retaining  walls,  as  indicated  by  theory;  and  especial  care  should 
be  taken  to  ensure  the  adhesion  of  the  wall  to  its  foundations ;  for  it  is  i 
found  that  the  expression  of  the,  lesistance  of  these  walls  to  overthrow 
is  0'41A,  while  that  of  the  resistance  to  longitudinal  displacement  is 
0-50  h.  The  summit  of  the  retaining  wtdl  of  a  reservoir  should  be 
made  at  least  equal  to  l-8rd  or  l-4th  of  the  head  of  water ;  and  the 
effect  of  the  surcharge  of  the  masonry  above  the  water-line  nmy  be 
neglected  in  estimating  the  statical  resistance. 

The  reader  who  would  desire  to  study  the  strict  theory  of  this 
question  would  do  well  to  examine  the  'M^moires'  by  Coulomb, 
Hayniel,  and  Prony, '  Sur  la  Pou^s^  des  Torres  ; '  Navier's  '  Lemons  de 
la  M&sanique ; '  Pasley's '  Course  of  Military  Instruction ; '  Moseley's 
'Engineering  arid  Architecture  ; '  but  the  moat  condensed  and  practical 
notice  upon  the  subject  is  to  be  found  in  Carr's  invaluable  '  Synopsis 
of  Practical  Philosophy,'  under  the  head  'Earth.'  The  following  table 
of  the  angle  formed  by  the  natural  slope  of  the  matmiala  enumerated 
may  be  found  useful  in  applying  Navier's  formula,  jirevioualy  given, 
^when  it  may  be  desired  to  calculate  the  resistance  of  a  wall  rathdr 
more  closely  than  it  is  fotmd  necessary  to  do  in  practice : — 

1.  Fine  dry  sand  forms  with  the  vertical  line  *  alope, 

having  an  angle  of  69" ;  sometimea  the  angle  is, 
however,  =  654,  when  the  sand  hoa  been  woU 
rammed. 

2.  Vegetable  earth  do.  of    654' 
8.  Loose  shingle                                             do.           of    61* 
4.  Ordinary  earth,  well  dried  and  pulverised  forms 

anangleof , .    iV  10* 

6.  Rubble,  small  and  rough  do.  of    87|° 

6.  Do.        do.     slightly  moistened         do.  of    86* 

7.  Densest  and  most  compacl;  sand  do.  of    85* 

From  this  table  it  teppeaia  that  8  usually  ranges  between  35*  and 
70° ;  for  water  and  for  extremely  fluid  mud  S  becomes  =  9°, 
RETARDATION.    [Acckleration.] 

RETI'CULUS,  or  RETICULUM  RHOMBOIDA'LK  (the  rhomboidal 
network  formerly  used  to  divide  the  field  of  a  telescope),  a  aouthem 
constelLation  of  Laoaille,  situated  directly  between  the  great  stars  of 
Argo  and  Eridouus. 

Ko.  in  Catalogue 
Ko.  In  Catalogue  of  British 

Cliaracter.  ot  Laoaille.  Association.  Hagnltude. 

0  292  1197  i 

a  829  1336  8. 

RETINAPHTHA.    [Ttopentke.] 
RETINOLE.    [TuRPESTDre.1 

RETINYL.      [I'UBPESTINE.] 

RETISTERENE.    A  name  given  by  Dumas  to  metanaphthaliue. 

RETORT,  a  chemical  vessel  in  which  distillation  or  decomposition 
is  odeoted  by  the  application  of  heat ;  for  different  purposes  retorta  are 
made  of  glass,  earthenware,  and  metal. 

Glass  retorts  are  usually  of  the  annexed  form,  iiith  a  noHTw 


Fig.  5.       = 


Fig.  3. 


w 


attached ;  they  may  be  employed  for  the  preparation  of  auch  producta 
as  do  not  require  any  extraordinary  degree  of  cold  for  the  condensa- 
tion of  their  vapour :  such  a  liquid  is  nitric  acid.  Iu  this  cut  a 
represents  the  body  of  the  retort,  6  the  neck,  and  c  is  the  receiver. 
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To  prepare  this  aoid,  nitrate  of  potash  k  carefully  conveyed  by  the 
neck  into  the  body  of  the  retort,  and  then  aulphurio  acid  is  added  to 
it  by  means  of  the  retort  funnel  d,  which  prevents  any  of  this  acid 
from  remaining  in  the  neck  of  the  retort,  and  being  washed  down  by 
and  contaminating  the  nitric  add,  as  it  condenses  and  passes  into  the 
receiver.  In  thia  case,  when  heat  is  applied  to  the  retort,  nitric  acid 
and  water  rise  together  in  vapour  from  the  body  of  Hxe  retort,  and  are 
condensed  in  the  neck;  but  when  the  product  is  more  ditlicult  of 
condensation,  the  neck  of  the  retort  is  lengthened  by  placing  an 
adapter  e  between  it  and  the  receiver,  to  both  of  which  it  is  securnl  by 
a  lute ;  it  being  imderatood  that  the  wider  end  slips  over  the  aperture 
of  the  retorC,  and  the  narrower  one  is  admitted  into  the  mouth  of  the 
receiver.  In  many  case*  condensation  is  accelerated  by  the  use  of  a 
liebig's    condenser    interposed    between    the    retort  and    receiver. 

[CONDENSIIl.] 

A  (toppired  retort  /  (J!g.  4)  is  sometimes  used  instead  of  a  plain  one ; 
these  retorts  are  more  expensive,  bnt  much  more  convenient  than 
common  ones;  for  both  the  dry  and  the  liquid  substances  to  be 
employed  in  Uie  operation  are  passed  into  the  body  of  the  retort 
through  the  aperture,  which  ii  afterwards  secured  by  a  stopper, 
without  having  recourse  to  the  retort  funnel.  Frequently  also  a 
qoiUed  or  tubulated  receiver  is  used  instead  of  the  plain  one  above 
described :  this  is  represented  by  g ;  the  tube  is  inserted  into  a  bottle 
h,  and  this,  when  ammonia  or  other  very  volatile  or  difficultly  conden- 
sible  products  are  distilled,  dips  into  water,  or  the  receiving-bottle 
itself  is  immersed  in  water  kept  cold  by-ice  or  by  a  freezing  mixture, 
as  when  hydroeyanio  acid  is  distilled  :  i  is  the  stand  which  supports 
the  retort,  and  i  is  the  lamp  by  which  heat  is  applied  to  ib 


Olass  retort*  and  receivers  are  made  c£  ^arioas  sizes,  capable  of 
contuning  from  .a  few  ounces  to  several  galions,  and  both  flint  and 
green_  glass  are  used  in  theft-  numuf^ture.  Usually,  instead  of 
applying  heat  by  a  lamp,  retorts  are  heat<»l  in  a  sand-bath,  and  some- 
times they  are  subjected  to  the_direct  action  of  the  fire ;  but  before 
this  they  are  very  commonly  protected  by  a  coating  of  lute.   [LUTK.] 

In  general,  when  the  application  of  the  higher  temperatures  is 
required  for  distillation  or  decomposition,  earthen  retorta  are  employed. 
In  preparing  hydrofluoric  acid,  lead  is  used ;  and  in  concentrating 
sulphuric  acid,  platinum  retorta  are  now  largely  employed,  and  would 
be  universally  so,  were  it  not  for  their  very  high  price. 

In  the  destructive  distillation  of  coal  [Gas  Liohtino]  iron  retorts 
are  used,  and  also,  on  the  small  scale,  for  obtaining  oxygen  from  the 
peroxide  of  manganese,  and  various  other  chemical  operations. 

RETRENCHMENT,  m  Fortification,  is  a  work  constructed  within 
another,  in  order  to  prolong  the  defence  of  the  latter  by  impeding  or 
preventing  the  formation  of  lodgments  when  the  enemy  has  gained 
possession  of  it ;  or  to  aObrd  protection  to  the  defenders  till  they  can 
retreat  with  safety  or  obtain  a  capitulation.  In  the  latter  instances  the 
nterior  work  is  called  by  the  French  engineers  a  reduit. 

Every  principal  work  in  permanent  fortification  is  pro,vided  with  its 
retrenchment  or  redout ;  and  some  of  these,  as  the  redout  of  the 
ravelin,  and  of  the  re-entering  places  of  arms,  are  constructed  at^he 
same  tjme  as  the  work  itself,  wbUe  others,  as  the  retrenchments  within 
a  bastion,  are  generally  executed  but  a  short  time  before  they  are 
vaoted. 

In  15,52,  when  Metz  was  besieged  by  Charles  V.,  the  Duke  of 
Guise,  who  commanded  in  the  town,  by  constructing  new  ramparts 
within  the  old,  as  fast  as  the  latter  were  destroye<l  by  the  besiegers, 
succeeded  at  length  in  compelling  the  emperor  to  raise  the  siege ; 
and  at  the  siege  of  .Candia  (166C-16fi9),  the  Venetians  i-aiaed  a  ram- 
part from  one  curt&in  to  the  next  in  rear  of  the  gorge  of  the  bastion 
St.  Andrea,  bo_  that,  long  after  that  bastion  was  breached  and  taken, 
the  town  continued  to  hold  out    Such  prolonged  defences  are  now 


rare,^  and  the  governor  of  a  fortress  is  considered  as  having  fulfilled 
his  duty  if  he  do  not  surrender  till  a  breach  has  been  m:tde  in  the 
rampart  of  the  enceinte ;  though  if  the  bastion  were  retrenched,  he 
might  sostain  an  assault  without  any  risk  of  being  refused  a  capitula- 
tion, or  of  seeing  the  town  given  up  to  bo  plvmdered.  In  the  event 
of  the  assallautB  gnining  the  top  of  the  braich,  the  defendants  would 
be  able  to  retreat  within  the  entrenchment,  the  fire  from  which  might 
then  bo  concentrated  upon  the  enemy  while  confined  within  the  com- 
paratively narrow  space  between  the  faces  of  the  bastion. 

The  kind  of  retrenchment  proixwed  by  Cormontaingne  for  the  bastion 
of  a  fortress  is  a  rampart  or  parapet  extending  across  the  interior  of 
the  work  in  a  right  line,  or  rather  in  the  form  of  a  tenaille.  [x, 
FoETU'iCATioN.]  Its  extremities  join  the  faces  of  the  bastion  at  20 
or  30  yards  in  front  of  the  shoidders,  by  which  means  the  flank  is 
left  quite  free,  so  that  all  its  artillery,  can  be  employed  in  defence  of 
the  main  ditch,  and  there  is  room  between  the  retrenchment  and  the 
shoulder  of  the  bastion  for  two  guns,  by  which  the  interior  of  the 
ravelin  and  the  ditch  of  itsreduit  might  be  defended,  if  necessary,  even 
after  the  enemy  had  made  a  lodgment  in  the  bastion. 

As  the  retrenchment  in  this  situation  is  liable  tb  be  enfiladed  by  a 
battery  of  the  besiegers  on  the  glacis  before  the  collateral  bastion,  it  is 
proposed  that  another  should  be  formed  in  rear  of  the  gorge  of  the 
bastion  attacked ;  and  as  in  this  ca.se  there  would  be  sufficient  room, 
the  retrenchment  may  be  in  the  form  of  a  front  of  fortification  with  a 
revetted  scarp  and  counterscarp. 

The  ditch  in  front  of  a  retrenchment,  as  at  x  in  Fortifioatios,  is 
cut  quite  through  the  parapet  of  the  bastion,  in  order  to  prevent  the 
enemy,  after  the  assault  at  the  breach,  from  passing  along, the  top  of 
that  parapet,  and  getting  to  the  rear  of  the  retrenchment.  This 
opening  of  the  parapet  does  not,  however,  go  lower  than  the  level  of 
the  cordon  of  the  scarp  revetment,  in  order  to  avoid  diminishing  the 
height  of  that  scarp,  and  thus  offering  a  facility  to  the  enemy,  should 
he  attempt  to  escalade  the  work  at  that  place. 

'  Cormontaingne  proposed  to  retrench  small  'bastions  by  constructing 
within  them  cavaliers  of  the  same  form  as  the  bastion  itself,  and 
having  a  command  of  5  or  6  feet  above  it.  The  fire  from  this  high 
p.irapet  might  give  the  work  some  advantages  during  the  progress  of 
the  eiege ;  but  from  its  figure  a  cavalier  appears  to  be  less  proper  than 
a  retrenchment  in  the  form  of  a  tenaille,  for  the  defence  of  the  terre- 
pleiu  at  the  top  of  the  breach.  ^ 

It  is  evident  that  full  bastions  like  A  [FonTlFlCATlON]  must  be  more 
oenvenient  for  being  retrenched  than  those  which  are  of  tlie  kind 
called  hollow,  as  B ;  since  less  cirth  is  wanted  to  raise  the  retrench- 
ment to  the  required  level,  and  the  scarps  ai-e  covered  by  the  opposite 
side  of  the  ditch  from  the  view  of  the  enemy  at  the  top  of  the  breach. 
The  most  simple  manner  of  retrenching  a  hollow  bastion  would  be 
that  of  retaining  the  rampart  on  the  interior  side,  where  it  is  usually 
10  or  12  feet  high,  by  a  wall,  and  cutting  a  deep  ditch  at  the  foot ; 
then  forming  a  traverse  across  the  terreplein  of  the  rampart  on  each 
face  (at  20  or  30  yaids  from  the  salient  angle  of  the  bastion)  with  a 
ditch  in  front.  The  enemy,  in  gaining  the  top  of  the  breach,  would 
then  find  himself  arrested  by  these  obetaoles,  and  exposal  to  the  fire  of 
the  defenders,  till  ladders  and  the  support  of  a  loi^e  body  of  troops 
could  be  obtained.  The  bastions  of  Ciudad  Rodngo,  Badajos,  and 
St.  Sebastian  were  retrenched  in  this  manner  when  those  fortresses 
were  besieged  by  the  British  ailU  their  aUies  during  the  Peninsular 
war. 

Vauban,  having  observed  that  the  ravelin  was  sometimes  abandoned 
by  the  defenders  previously  to  an  expected  assault,  on  account  ot  the 
difficulty  of  retreating  across  the  main  ditch  under  a  fire  from  batteries 
on  the  glacis  before  the  bastions,  constructed^  in  the  interior  of  that 
work,  another,  which  might  afford  thedefenders  protection  till  tKe  coming 
night  would  permit  them  to  retire  in  safety.  This  work  was  at  first 
only  a  wall,  pierced  with  loop-holes  for  musketry  and  covering  the 
steps  at  the  gorge ;  but  when  Vauban  increased  the  size  of  the  ravelin, 
he  made  this  redout,  or  retrenchment,  to  consist  of  a  rampart  and 
parapet  similar  to  those  of  the  ravelin  itself,  as  at  Neuf  Brisac ;  and 
Cormontaingne  subsequently  enlarged  the  work,  so  as  to  render  it  a 
second  ravelin,  as  at  Y  [FonTiFiCATiON].  This  spacious  retrenchment 
contributes  much  to  the  prolongation  of  the  defence  of  the  ravelin, 
since  it  is  capable  of  coutjuning  a  large  body  of  troops ;  and  each  of  its 
flanks  carry  three  guns,  whose  fire  might  be  directed  against  the 
counter-battery  at  tlie  salient  of  the  bastion,  or  might  serve  for  the 
defence  of  the  breach  in  the  face  of  the  latter,  should  the  enemy 
attempt  to  make  an  assault  before  he  has  obtained  possession  of  the 
reduit.  But  to  take  this  Inst,  it  would  be  necessary  to  breach  its  faces 
either  by  artillery  or  by  mining ;  and  the  passage  of  its  ditches  would 
be  difficult  under  a  close  fire  from  the  ramparts  near  the  shoulders  of 
the  neighbouring  bastions. 

In  order  that  the  defenders  might  be  able  to  retain  possession  of  the 
extremities  of  the  ravelin,  near  the  main  ditch,  after  the  salient  part 
may  have  been  taken,  retrenchments  or  coupures,  .is  they  are  callcil, 
simiL-ir  to  the  traverses,  t,  t.  Sic.,  are  recommended  to  be  formed 
across  the  terreplein  of  the  ravelin.  Behind  these  some  of  the 
defenders  may  retire,  and  keep  up  a  fire  against  the  enemy's  lodgment 
near  z. 

When  Vauban  had  enlarged  the  re-entering  places  of  anna,  t, 
[Bastion;  FobtiticationJ,  he  retrenched  the  interioirwith  stockados. 
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which,  by  covering  the  rteps  leading  from  the  ditches  in  their  rear, 
protected  the  retreat  of  the  defenders  of  the  covered  way  ;  and  Coe- 
hom  appears,  about  the  same  time,  to  have  constructed  brick  trails, 
provided  with  loop-holes,  in  the  places  of  arms,  at  Bergen-(^-Zoom, 
for  tiie  same  purpose.  But  Cormontaingne,  in  order  to  render  the 
defence  of  the  places  of  arms  more  obstinate,  and  to  secure  more 
effectually  the  retreat  of  the  defenders  of  the  covered-way,  constructed 
the  redouts,  as  w  [Fobtification],  with  parapets  ef  earth  12  or  14 
feet  thick;  and  he  revetted  the  sides  of  their  ditches,  in  order  to 
diminish  the  risk  of  a  snrprito :  he  also  gave  them  flanks,  which  he 
made  perpendicular  to  the  covered-way,  that  a  fire  of  light  artillery  or 
musketry  might  be  directed  from  them  against  Ihe  enemy  while 
attempting  to  crown  the  salients'of  the  ravelin.  These  redouts  more- 
over cover  the  shonlders  of  the  bastions  and  the  portions  of  the  curtain 
which  might  be  seen  and  breached  by  a  fire  directed  between  the 
flanks  of  tiie  bastions  and  the  tenailles ;  and  their  faces  are  directed 
80  that  they  cannot  be  enfiladed.  The  crest  of  their  parapet  is  about 
four  feet  higher  than  that  of  the  f^iada  in  their  front. 

The  advanced  worksabouta  fortress  are  recommended  to  be  retrenched 
with  round  towers  of  masonry,  provided  with  upper  and  lower  tiers  of 
loop-holes  for  musketry.  These  are  called  tafety  rtdovhtt ;  and  in 
Hontalembert's  'Fortification  Perpendiculaire,'  such  towers  are  con- 
structed to  carry  artillery  within  the  rampart  of  the  enceinte. 

For  retrenchments  in  field  fortification,  see  BloCKHousk. 

RETROQRADE,  moving  backwards,  as  opposed  to  Dibect.  In 
astronomy  all  motion  from  east  to  west  is  retrograde :  tiiiis  the  appa- 
rent motion  of  the  heavens  is  retrograde,  and  the  earth's  diurnal 
motion,  which  causes  it,  is  direct, 

RETURN  OF  CATTLE,  ate,  is  a  term  applied  to  the  restoration  of 

cattle,  &c.,  distrained,  to  the  party  by  whom  they  were  distrained,  after 

it  has  been  ascertained  that  the  distress  was  rightfully  liiken.    The 

'restoration  of  the  cattle,  &c.,  distrained  to  the  owner  b  not  called  a 

return,  but  a  replevin.  JRBPLEvra.] 

RETURN  OF  WRITS.  When  process  [Process]  issues,  the  party 
to  whom  it  ia  directed  is  commonly  required  to  do  a  specified  act,  to 
certify  the  court  in  what  manner  the  command  has  been  executed, 
and  at  the  same  time  to  produce  or  retvirn  the  process  itself.  '  Hence 
the  whole  answer  to  the  process  is  called  the  return.     [Sbkriff.] 

REVELATION  (removal  of  a  covering,  or  discovery)  signifies,  in 
theology,  a  preternatural  or  extraordinary  communication  mode  by  the 
Deity  to  men.  The  evidence  of  a  revelation  may  be  considered  with 
reference  to  the  party  to  whom  it  is  first  and  immediately  made  ;  to 
those  who  have  tiieir  knowledge  of  it  immediately  from  him  ;  and  to 
those  who  possess  only  a  recorded  account  of  it.  It  should  seem  that 
in  the  case  of  the  first  recipient,  the  only  evidence  fully  satisfactory 
must  be  something  external  to  himself,  or  unequivocally  presenting 
itself  to  the  judgment  of  his  senses.  If  it  is  asked  why  preternatural 
intervention  Is  claimed  in  behalf  of  those  to  whom  the  revelation  is 
delivered  by  the  first  receiver  of  it,  and  dispensed  with  in  the  case  of 
those  to  whom  onl^  the  record  of  it  has  descended,  the  answer  is,  that 
a  miiaculous  fact  is  a  subject  for  historical  testimony ;  and  if  con- 
firmed by  that,  conveys  to  future  generations  the  same  kind  of  security 
which  it  was  intended  to  aflTord  to  those  who  witnessed  it. 

In  saying  that  a  miracle  is  the  proper  test  of  a  revelation,  we  do  not 
mean  to  exclude  every  other  kind  of  proof.  We  mean  only  that  a 
miracle  is  that  one  species  of  proof  which  cannot  be  spared.  Many 
circumstances  may  be  supposed  to  have  place  in  a  revelation,  which 
would  contribute  greatly  to  confirm  its  reality,  and  which  might  with 
some  minds  have  more  influence  in  inducing  acceptance  than  even  the 
proof  of  miraculous  agency. 

We  have  spoken  of  a  miracle  as  the  test  of  a  revelation,  without 
attempting  a  definition,  believing  the  common  notion  of  it  to  be 
sufficiently  accurate  for  our  purpose.  For  the  distinctive  character  of 
a  miracle,  and  the  possibility  of  proving  it  by  evidence,  the  reader  may 
consult  the  article  Miraolk  in  this  work,  and  the  authors  referred  to 
ot  the  end  of  it.  It  is  presumed  that  the  purpose  of  the  miraculous 
tost  is  evident.  A  certain  person  is  converted  to  the  belief  of  certain 
truths  by  an  appearance,  undoubtedly  miraculous,  in  the  sky.  The 
miracle  is  to  him  a  proof  that  his  conversion  is  from  God.  He  teaches 
to  others  the  truths  which  he  has  been  made  to  believe :  and  in  doing  this 
performs  mirades.  These  are  a  proof  to  them  that  he  is  commissioned 
by  God  to  tench  what  he  dulivei-a;  recorded  and  duly  attested,  they 
prove  the  same  to  those  who  have  not  witnessed  them.  All  the 
parties,  in  accepting  the  test,  would  reason  in  the  same  manner, 
namely,  that  the  laws  of  nature  could  be  changed  only  by  God,  the 
author  of  them,  or  by  his  permission ;  and  that  he  would  not  change 
them  or  permit  them  to  be  changed  for  the  purpose  of  establishing  a 
falsehood. 

To  the  question,  "  has  a  revelation  been  actually  made  ?"  the  Chris- 
tian believes  that  he  has  an  answer  in  the  possession  of  the  Holy 
Scriptures,  or  the  books  of  the  Old  and  New  Testament  An  account 
of  tlio  contents  of  these  books  and  an  examination  of  the  evidences  of 
the  Christian  revelation  form,  of  course,  no  part  of  the  subject  of  this 
article  :  they  are  noticed  under  their  respective  headings.  The  proofs 
wliich  we  have  insisted  on  as  requisite  to  establish  the  reality  of  a 
revelation  generally,  must,  if  rightly  assigned,  be  applicable  to  this 
particulai-  one. 

We  insisted  on  the  prinuuy  evidence  of  miraculous  agency  in  the 


communication,  with  corroboration  from  the  matter  cammmiicatod,  th« 
miraculous  agency  to  be  so  exhibited  to  the  witnesses  as  to  be  capable 
of  proof  from  testimony  to  others.  Particular  revelations  may  be 
supposed  according  to  the  circumstances  under  which  they  were 
given,  and  the  nature  of  .their  contents,  to  admit  various  topic»  of 
evidence;  almost  all  of  which  however  will  probably  be  found  ti 
resolve  themselves  into  one  or  other  of  these  two,  though  all  inquirers 
may  not  agree  in  the  classification.  We  should  place  for  iustouee 
under  the  head  of  proof  from  f  re^^matiwal  manifcstitions,  the  fulfil- 
ment of  prophecy  in  coses  supi  0S3 1  to  be  beyond  the  reach  of  human 
foreknowledge  or  conjecture ;  the  attested  existence  of  persons  ex- 
hibiting quidities,  moral  or  intellecttial,  in  kind  or  degree,  not  exem- 
plified or  to  be  expected  in  others  of  the  human  race;  conduct  of 
men,  natural  under  the  supposition  that  they  were  consciotu  and  had 
proof  of  a  divine  commission,  but  otherwise  tmaccountable  according 
to  any  known  motives  of  human  action. 

The  purpose  and  value  of  what  may  be  called  the  corroborative 
evidence  as  distinguished  from  that  founded  on  miraculous  agency  can 
hardly  be  overlooked.  Between  the  highest  degree  of  certainty  with 
which  a  fact  can  be  invested  by  evidence,  and  the  faintest  probability, 
there  is  room  for  every  shade  of  assurance. 

Now  it  is  notorious  both  that  different  minds  are  difierently  afibctad 
by  the  same  evidence,  and  that  some  minds  seem  peculiarly  constituted 
by  nature  ttr  admit  the  full  force  of  one  mode  of  proof,  whilst  they  are 
comparatively  insensible  to  another ;  so  that  it  might  happen  that 
whilst  to  one  inquirer  the  testimony  which  supported  the  story  of  the 
miraculous  facts  seemed  so  strong  as  to  supersede  the  necessity  of 
confirming  his  belief  in  the  revelation  by  the  evidence  which  the 
matter  of  it  might  supply,  and  which  perhaps  he  might  be  little  able 
to  appreciate,  another  might  rather  feel  that  the  miracles  were  so  far 
proved  as  to  complete  the  satisfaction  which  he  had  abeady  derived 
from  the  other  source. 

The  Christian  revelation,  which  may  be  considered  as  forming  ona- 
subject  with  the  Jewish,  from  the  wide  field' over  which  it  is  spread 
and  the  miscellaneous  character  of  its  contents,  must  necessarily 
supply,  in  large  aband.ince,  matter  for  examination  in  the  w.iy  of 
evidence.  An  enumeration,  which  however  does  not  pretend  even  to 
approach  completeness,  of  the  constituent  parts  of  the  body  of  evidence 
belonging  to  it,  together  with  the  proper  mode  of  using  them  and 
estimating  their  joint  force,  may  be  found  shortly  but  very  clearly 
proposed  in  the  first  of  Mr.  Davison's  '  Discourses  on  Prophecy.' 
Before  we  leave  this  part^f  the  subject,  we  would  observe,  what  seems 
sometimes  to  be  overlooked,  that  an  action  may  itself  be  a  revcl.ition. 
It  would  not  be  improper  to  say  that  the  birth,  death,  and  actions, 
even  more  than  the  discourses  of  Jesus  Christ,  were  a  cevelation,  of 
which  the  Apostles,  who  taught  what  ore  called  the  doctrines  of  Chris- 
tianity ,were  only  the  interpreters.  Of  these  doctrines  it  is  not  our 
business  to  treat,  but  we  will  select  one  as  the  subject  of  a  few  obser- 
vations, merely  with  a  view  to  illustrate  the  disposition  of  mind  with 
which  we  must  necessarily  regard  the  pretensions  and  evidences  of  a 
professed  revelation,  according  as  we  recognise,  or  not,  a  need  which 
men  have  of  extraordinary  information  on  the  subject  of  religion.  The 
doctrine  we  select  is  that  of\  the  immortality  of  the  soul  and  a  future 
state  of  rewards  and  punishments.  Without  assuming  the  probability 
or  improbability  of  wis  doctrine,  we  suppose  it  to  be  notorious  that 
the  immortality  of  the  soul,  or  some  kind  of  continued  existence  after 
bodily  death,  with  liability  to  a  state  of  happiness  or  su&eriug,  has 
been  very  generally  believed,  in  one  shape  or  other,  in  all  parts  and  at 
all  periods  of  the  world  ;  and  that  this  doctrine  is  distinctly  delivered 
and  prominently  set  forth  in  the  New  Testament.  There  Js  as  little 
doubt  that  before  the  time  of  Christianity,  either  the  notions  com- 
monly received  of  a  future  state  were  so  irrational,  or  the  belief  of 
it  BO  faint  and  unassured,  that  for  the  most  part  it  had  comparatively 
little  effect  on  the  moral  feelings  and  conduct  of  men;  and  that  on  the 
other  hand,  wherever  the  Christian  revelation  has  been  published, 
this  doctrine  has  not  only  been  firmly  received  with  little  variation  in 
the  manner  of  understanding  it,  but  has  influenced  the  couduct  of 
many,  happily  or  not,  in  the  most  important  reqiects,  and  regulated 
the  whole  course  of  their  lives.  It  is  plain  that  those  who  regarded 
the  distinct  and  authoritative  announcement  of  this  doctrine  to  be 
among  the  things  especially  needed  by  mankind,  and  those  who  con- 
sidered it  to  be  either  useless  or  mischievous,  would  be  very  differently 
impressed  by  the  general  body  of  evidence  in  favour  of  the  revelation. 

Among  professed  revelations  which  have  been  the  ground  of  a 
national  religion,  it  may  be  doubtful  whether  we  should  place  the 
mythnlo'^cal  systems  of  ancient  Greece  and  Rome.  They  are  indenl 
avowedly  founded  on  traditional  accounts  of  certain  transactions 
between  gods  and  men ;  but  from  the  nature  of  the  tranenctions,  of 
the  supernatural  beings  concei'ned  in  them,  and  the  purposes  of  the 
interference,  wo  may  doubt  whether  the  discoveries  supposed  to  bo 
made  belong  to  the  notion  of  a  revelation  acci>riling  to  our  definitio:! 
of  the  word,  or  the  usual  acceptation  of  it.  Tlio  same  for  tlie  most 
I>art  may  bo  said  of  the  mythology  of  the  Hindus  and  of  the  northern 
nations  of  Europe.  But  there  can  be  no  doubt  that  the  religion  of 
Mohammed,  as  taught  in  the  Kortln,  professes  to  be  fouDi1e<l  on  a 
revelation  in  the  strict  sense  of  the  word,  such  as  may  be  subjected 
to  the  some  tests  which  we  have  supposed  to  be  applicable  to  all 
revelations. 
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in  pamdng  from  the  Christian  revelation  itself  to  the  -written  record 
of  it  a  new  and  important  question  is  opened  to  us.  The  revelation 
may  have  been  made  to  the  persons  who  profess  to  hare  received  it ; 
but  in  recording  it  also,  were  they  pretematurally  assisted,  or  were 
they  left  to  the  tise  of  their  natural  memories,  and  the  guidance  of 
their  unassisted  judgment  T  In  other  words,  we  are  met  by  a  question 
respecting  what  is  ciJled  the  inspiration  of  the  books  of  Scripture,  or, 
more  properly,  of  the  persona  who  wrote  them.  By  this  word  we  are 
to  understand,  not  the'  preternatural  infusion  of  revealed  truUis  into 
the  minds  of  the  writers  (which  however  would  not  be  inconsistent 
with  the  original  meaning  of  the  word),  but  preternatural  assistance  in 
recording  what  had  been  so  infused.  This  distinction  should  be 
observed.  St.  Paul,  if  we  believe  his  own  declaration,  received  immedi- ' 
ately  &om  God  a  message  to  men.  He  may  be  supposed  to  have 
ddivered  this  message  orally  or  in  writing  to  others  from  memory ;  and 
in  that  caae  ha  would  have  been  a  deliverer  and  they  receivers,  in  the 
■trictest  sense  of  the  words,  of  a  divine  revelation ;  but  the  message, 
ao  delivered,  would  not  in  theological  language  have  been  an  inspired 
message,  tiiat  is,  spoken  or  written  under  inspiration.  It  is  beside  our 
purpose  to  defend  or  impugn  the  doctrine  of  the  inspiration  of  Scripture 
generally,  or,  out  of  the  various  theories  which  have  been  put  forth,  to 
advocate  one  in  preference  to  the  others.  We  only  wish'to  do  some- 
thing towards  clearing  away  certain  fears  and  difficulties,  which  seem 
to  bMet  and  mislead  many  in  ihe  yerj  outset  of  the  inquiry,  and  to 
o£fer  a  few  suggestions  as  to  the  principle  on  which  the  inquiry 
should  be  conducted,  to  those  who  are  not  very  conversant  with  the 
subject. 

In  the  case  of  most  persona  educated  in  the  Christian  faith,  their 
-first  introduction  to  the  Bible  is  aooompanied  by  an  sssuiance  that  it 
-was  dictated  by  God,  and  is  thereon  true ;  and  Uiia  is  told  them  at  a 
time  when  its  claims,  as  an  authentic  histoir,  independently  of  its 
iiupiration,  neither  are  nor  can  be  explained  to  them.  Tms  early 
impression,  perhaps  unavoidable,  that  the  Scriptures  are  to  be  received 
as  true,  oiUy  because  they  are  the  Word  of  God,  is  probably  retained 
for  the  most  part  wiUiont  question,  in  spite  of  its  inconsistency  with 
the  method  and  object  of  books  which  are  given,  almost  as  imiversaUy 
as  the  Bible,  to  all  eduoated  persons  for  the  purpose  of  establishing 
iheir  &ith  on  rational  grounds.  Hence  they  are  habituated  from  the 
Tery  nuneiy  to  confound  in  their  minds  two  (juestions  essentially 
distinct,  the  divine  origin  of-  the  Christian  religion,  and  the  divine 
origin  of  the  scriptural  records  of  it.  All  might  easily  remove  this 
eonfusion  by  simply  answering  the  question,  what  would  be  the  natural 
oouTse  of  our  inquiries,  and  by  what  steps  should  we  anive  at  con- 
viction of  th«  divine  origin  of  the  Christian  religion,  if  the  volume  of 
the  New  Testament  were  for  the  first  time  pi't  into  our  hands  for 
examination,  at  an  age  when  we  were  capable  of  making  it  t  It  is 
obvious  that  we  should  not  begin  with  assuming  the  inspiration  of  the 
^niters;  for  that  would  be  assuming  the  very  point  in  debate, 
assuming  that  for  which  we  had  not  as  yet  a  shadow  of  evidence.  But 
neiUier  is  it  of  their  inspiration  that  it  would  be  our  first  object  to 
find  evidenee ;  for  such  evidence  could  not  at  first  be  obtained.  If  we 
ever  came  to  the  conclusion  that  th^  were  inspired,  it  must  be  because 
«ither  the  very  supposition  of  a  revelation  from  Ood  included  in  it  the 
supposition  of  a  revelation  on  the  part  of  those  who  commimicated  it, 
or  becaois  all  the  writers  themselves  claimed  inspiration,  or  some, 
trhose  claims  we  had  already  allowed,  attributed  it  to  the  rest.  In  the 
former  case  we  must  firH  have  believed  tbat  a  revelation  was  made ;  in 
other  words,  that  the  origin  of  the  religion  was  divine :  in  the  other,  if 
ire  assent  to  the  claim  of  inniiration,  we  must  first  have  admitted  the 
credibility,  the  veracity  of  those  who  make  it;  that  is,  if  we  believe 
them  to  be  inspired  because  they  say  so,  we  must  have  had  reason  for 
believing  what  they  say,  on  other  ground  than  that  of  their  inspiration. 
It  seems  then  that  it  would  be  our  first  object  to  establish,  not  the 
inspiration,  but  the  credibility  of  the  sacred  writers  apart  from  their 
inspiration.  We  should  proceed  from  the  establishment  of  their 
credibility,  to  inquire,  in  the  second  place,  if  they  were  inspired.  The 
result,  in  short,  to  which  we  have  actually  come  is  this :  the  New 
Testament  is  put  into  our  hands  for  examination,  and  we  find  that  the 
olaima  of  Jesus  and  his  followers  to  a  divine  commission  rest  on  the 
miracles  which  they  are  said  to  have  performed.  Our  belief  of  the 
Awt  of  the  miiscles  depends  on  the  credit  we  attach  to  the  story  of 
the  witnnssiii.  If  that  is  substantially  true,  Jesus  came  from  God. 
With  tike  aigumsnts  by  which  the  credibility  of  the  gospel  history  is 
proved  irt  have  here  no  concern.  It  is  plsin  that  it  is  not  proved  by 
the  insfiiration  of  the  authors.  Some  confusion  seems  to  have  arisen 
irou  a  strange  mistake  respecting  the  kind  of  satisfaction  which  the 
inspiration  of  the  sscred  writers,  when  established,  is  capable  of 
supplying.  It  does  not  confirm  their  veracity,  it  only  implies  their 
accuracy.  It  secures  us  from  their  mistakes,  not  from  their  falsehood. 
Kow  if  it  should  be  aigued  that  without  inspiration  we  can  have  no 
aasuraaoe  that  they  were  not  mistaken,  when  they  tell  us  that  they 
saw  a  man  dead  on  the  cross,  Uud  in  his  grave,  and  afterwards  olive,  it 
may  be  asked,  how  can  they  be  secured  from  their  liability  to  mistake, 
when  they  tell  us  that  thfy  are  inspired !  It  is  at  least  as  likely  that 
they  should  be  mistaken  in  Uie  one  case  as  in  the  other.  The  obvious 
truth  is,  that  if  we  cannot  rely  on  their  veracity  when  they  vouch  for 
miracles,  wa  can  trust  none  of  their  assertions,  and  admit  none  of  their 
claims ;  and  if  they  might  be  mistoken  as  to  the  foct  of  a  miiade,  they 

ABTS  AXS  8CI.  SIT,  TOL.  TIi; 


might  be  equally  mistaken  in  their  claim  of  inspiration  for  themselves 
or  for  others. 

It  is  hardly  necessary  to  observe  that  the  various  methods  followed 
by  writers  on  the  evidences  of  the  Christian  religion  are  all  in  oon- 
formify  with  tiie  view  that  has  been  taken  of  <^  subject  Thej 
endeavour  to  show  the  genuineness  and  authentioity  of  the  books  of 
the  New  Tesfoment,  the  Kdelity,  disinterestedness,  and  integrity  of  the 
writers ;  to  point  out  their  means  of  information  as  human  historians, 
and  to  confirm  the  accuracy  of  their  accounts  by  comparison  with 
other  records.  The  question  of  inspiration  forms  no  port  of  their 
inquiry.  It  is  beside  their  object,  which  is  to  prove  the  divine  origin 
of  Christianity ;  and  this  is  fully  proved  if  their  arguments  are  satis- 
factory. 

It  is  not  meant,  of  course,  that  all  who  are  brought  to  a  oouviction 
of  the  truth  of  Christianity,  arrive  at  it  in  l^e  same  manner.  It  is 
sufficient  for  our  argument  that  it  may  be  reached  in  the  manner  we 
have  supposed.  In  short,  on  whatever  support  the  believer  himself 
ma^  eventually  feel  that  his  faith  habitually  reposes,  if  he  should  ever 
be  impelled  by  any  motive  to  trace  his  conviction  to  a  source  from 
which  it  can  be  shon-n  to  others  by  reasoning  that  it  may  legitimately 
flow,  he  will  find  that  he  must  rely,  in  the  first  instance,  on  the  credi- 
bility of  the  sacred  writers,  however  established,  considered  as  unin- 
spired historians.  With  this  foundation  laid,  he  may  commence  an 
inquiry  into  the  proofs  of  their  inspiration ;  and  he  may  pursue  it 
with  a  full  assurance  that  to  whatever  result  it  may  lead,  the  divine 
origin  of  his  religion  is  already  secured ;  that  he  has  in  possession  a 
revelation  from  Ood,  truths  divinely  communicated  to  men.  We  may 
seem  to  have  taken  unnecessary  pains  to  establish  a  point  too  plain  to 
be  disputed.  Our  justification  must  be,  that  it  does  not  seem  to  have 
been  so  plain  to  some  even  of  those  who  have  written  on  the  subject, 
and  are  occasionally  quoted  as  authorities,  and  who  have  been  led, 
apparently  by  the  confusion  which  we  deprecate,  into  unwarrantable 
insinuations  of  infidelity  against  those  who  differ  &om  them  in 
opinion. 

If  the  question  should  be  asked,  where,  when  the  divine  origin  of 
the  religion  is  supposed  to  be  established  on  the  credibility  of  the 
sacred  writers,  we  should  look  for  proof  that  the  books  which  ore  the 
records  of  it  were  written  under  the  security  of  inspiration  ?  the 
natural  answer  would  bo  that  it  must  be  looked  for  in  the  books  tiiem- 
selves,  from  the  claims,  declarations,  and  intimations  of  the  writers. 
When,  for  example,  one  of  the  evangelists  has  recorded  a  distinct 
promise  made  by  their  master  to  his  Apostles,  of  a  divine  gift  for  the 
declared  purpose  of  assisting  the  memory  and  enlightening  the  under- 
standing, the  inference  seems  to  be  unavoidable  that  those  to  whom 
the  promise  was  given  must  have  written  with  more  than  natural 
advantages.  The  argument  founded  on  the  necessity  of  inspiration  to 
render  the  sacred  books  effectual  for  the  purpose  for  which  they  were 
intended,  ought  not  perhaps  to  be  slighted.  We  have  seen  indeed  that 
the  supposition  of  the  divine  origin  of  the  religion  does  not  necessarily 
require  the  admission  of  inspintion ;  yet  the  peculiar  character  of  the 
contents  of  the  books,  together  with  the  service  they  were  destined 
to  perform,  may  raise  a  presumption  in  its  favour.  The  direct 
testamony  however  from  the  writers  themselves  must  be  principally 
r«gaided.  But  when  commencing  the  eza9>ination,  whilst  the  evidence 
is  yet  to  be  found,  we  must  be  careful  to  estimate  correctly  the  degree 
of  authority  which  ought  in  this  stage  of  the  inquiry  to  be  attributed 
to  the  words  of  Scripture.  They  are  not  yet  proved  to  be  the  words  of 
God.  The  declarations  of  the  writers  must  be  received  and  interpreted 
fairly  and  liberally,  as  the  solemn  declarations  on  a  solemn  subject,  of 
honest  and  credible  writers,  ought  to  be  received  and  interpreted.  If 
the  evidence  which  we  seek  to  obtain  from  them  cannot  be  obtained  in 
this  manner,  it  cannot  be  obtained  at  all.  To  search  Scripture  for 
proofs  of  its  inspiration  whilst  at  the  same  time  we  assume  it  to  be 
inspired,  is  a  proceeding  so  obviously  absurd,  that  if  experience  did 
not  teadi  us  otherwise,  any  caution  against  it  would  seem  to  be 
unnecessary.  But  even  when  this  strange  error  is  not  committed, 
declarations  of  the  sacred  writers,  apparently  bearing  on  this  subject, 
may  be  and  often  are  improperly  summoned  to  the  cause.  When  a 
writer  professes  to  have  received  secret  suggestions  from  the  deity, 
that  is,  to  be  the  subject  of  inspiration  in  one  sense  of  the  word,  he  is 
represented  as  claiming  it  in  the,  other,  as  though  the  privilege  of 
receiving  communications  necessarily  implied  the  privilege  of  infalli- 
bility in  recording  them.  This  confusion  has  been  noticed  on  another 
occasion. 

That  most  popular  argument  for  the  inspiration  of  a  particular 
book,  founded  on  testimony  borne  to  the  purity  and  integrity  of  the 
canon  of  Scripture,  may  be  soon  disposed  of.  When  it  lias  been 
proved  that  a  book  forma  part  of  what  is  colled  the  canon,  it  may 
follow  that  it  forms  part  of  Scripture.  This  will  not  cany  us  far 
when  the  question  to  be  decided  is,  what  <ire  the  oliums  of  Scripture  to 
inspiration  ? 

There  is  one  mode  of  proof,  beddes  those  already  mentioned,  which 
ought  perhaps  to  be  noticed,  as  being  much  in  favour  with  some 
theologians,  namely,  an  appeal  to  what  is  called  tho  tradition  of  the 
church.  There  are  some  advocates  of  inspiration,  in  the  strictest  sense 
and  most  unlimited  application  of  the  term,  who  allow,  or  rather 
contend,  that  the  proof  of  it  rests  mainly,  if  not  entirely,  on  the 
testimony  of  tradition.    An  examination  of  the  value  of  tlii^  teatimony 
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would  oblige  iia  to  enter  more  largely,  than  wouW  here  be  expedient, 
on  the  importiint  question  of  ecclcwastical  tradition  generally.  We 
shall  content  ourselves  with  sjiying  that,  in  this  case  at  least,  wo 
greatly  doubt,  for  ninny  reasons,  the  suiliciency  of  the  witness,  and  aro 
not  satisfied,  even  where  it  speaks  to  the  purpo/O,  that  its  words  have 
always  been  rightly  understood.  However  this  may  be,  it  is  plain  that 
this  mode  of  proof  also  supiwscs  the  question  of  the  divine  uiigia  of 
the  Christian  religion  to  bo  independent  and  to  havo  precedence  of  the 
question  of  inspiration. 

We  shall  dose  this  article  with  a  brief  notice  of  the  three  most 
popuUr  theories  of  inspiration,  which  are  distinguislied  from  each 
other  more  in  respect  of  the  extent  to  which  they  attribute  inspiration, 
than  in  respect  of  any  difference  in  the  meaning  assigned  ii  tks 
moid. 

That  which  is  called  verbal  inspiration  supposes  each  word  in  the 
Bible,  as  we  now  have  it,  with  due  allowance  made  for  mistakes  of 
transcribers,  to  have  been  irresistibly  dictated  by  the  Spirit  of  God, 
the  writers  being  only  vehicles  of  words  and  thoughts  not  their  own. 
This  notion  of  inspiration  has  undoubtedly  still  its  advocates ;  but  we 
are  not  awu-e  that  it  is  at  present  maintained  by  any  divine  of  repute. 
According  to  another  theory,  somew.<at  modifying  the  fdtmer,  the 
writers  were  allowed  to  exercise  their  own  judgment  in  the  choice  of 
their  words;  but  in  the  meaning  of  each  sentence,  from  the  first  verse 
of  Genesis  down  to  the  last  of  the  Revelations,  they  have  been  secured 
by  supernatural  interference  from  the  least  particle  of  error.  This 
theory,  which  is  not  without  support  from  well-known  tlieologfans, 
represents  perhaps  more  nearly  than  any  other  the  popular  creed, 
lastly,  there  are  many,  and  amongst  them  divines  of  great  eminence 
and  reputed  orthodoxy,  and  not  a  few  distinguished  prelates  of  the 
English  church,  who  limit  the  extent  of  insi>iration  as  commonly 
received,  and  suppose  that  parts  of  Scripture  may  have  been  written 
with  the  liability  to  error  incident  to  ordinary  histories ;  those  for 
instance  which  ore  purely  historical,  and  contain  no  religioiu  truth. 
As  to  the  degree  in  which  this  linjitation  is  to  be  admitted,  and  the 
number  and  length  of  pasiiages  to  be  excepted  from  the  sanction  of 
inspiration,  there  is  of  course  room  for  diversity  of  o|iinious,  which 
affords  apparent  ground  for  objection  to  the  theory  itself.  The 
advocates  of  the  two  former  theories  contend  tliat  a  latitude  for  choice 
is  allowed  which  is  capable  of  a  dongci-oius  abuse.  The  truth  of  the 
allegation  cannot  be  disputed;  but  perliaps  it  is  not  po.-iiiible  by  any 
device  to  exclude  the  danger  whicE  alarms  them.  The  canon  of 
Scriptiu'e  has  not  been  ascertained  to  us  by  an  authoritative  revelation, 
nor  has  the  purity  of  the  text  been  absolutely  secured  by  prorfdential 
interference.  A  liberty  is  thus  left,  which  in  tliese  cases  also  may 
become  dangerous  to  those  who  are  williag  to  abuse  it.  Some  however 
may  think  Uiat  the  test  of  sincerity  and  right  intention,  and  the  means 
of  probationary  discipline  which  the  allowance  of  such  a  measure  of 
discretion  affords,  is  apparently  in  harmony  with  what  we  havo  been 
taught  of  God's  moral  government  of  the  world.  On  the  other  hand  it 
is  objected  to  the  advocates  of  the  mc/jfe  rigid  theories,  that  the  faith 
of  the  believer  is  exposed  to  still  greater  danger  by  the  forced  con- 
structions and  violent  treatment  of  the  text  which  their  systems  have 
often  induced  them  to  cmplo}'. 

It  might  perhaps  havo  been  expected  that  wo  should  notice  a 
certain  classification  of  the  phenomena  of  inspiration  of  which  many 
theologians  ai-e  fond,  certain  distinctions  in  kind,  under  th»  titles  of 
impulsive,  suggestive,  superintending,  and  many  others.  The  truth  is, 
we  think  them  to  be  of  very  little  value  on  any  view  of  the  subject. 
They  seem  to  have  been  adopted  by  theologians  who  hold  the  theory 
of  plenary  but  not  verbal  inspiration,  from  a  wish  to  remove  the 
necessity  of  supposing  a  greater  quantity  or  degree  of  miraculous 
agency  than  the  occasion  required. 

We  have  drawn  none  of  our  materials  from  the  writings  of  a  class  of 
tiieologians  who,  regarding  the  Scriptures  as  in  some  sense,  not  very 
clearly  defined,  vehicles  of  religious  truth,  exclude  all  notion  of 
revelation  which  is  not  equally  applicable  to  discoveries  made  by 
human  intelligence,  and  Who  give  no  credit  to  assertions  of  miraculous 
interposition,  whether  in  conveying  knowledge  or  attesting  facts. 
Whatever  consideration  may  be  due  to  the  writers,  some  of  whom  are 
men  of  ingenuity  and  research,  their  speculations  could  hardly  have  an 
appropriate  place  in  treating  of  the  subjects  to  which  this  article  is 
confined.    [Ratioxalism.I 

REVELATIONS,  BOOK  OF.    [Apocalypse.] 

BEVELS,  MASTER  OF  THE,  an  officer  in  noblemen's  and  othei- 
great  houses,  appointed  ;pn>  tempore  to  manage  the  Christmas  diversions 
from  All-hallow-eve  to  Candlemas-day;  moro  ordinarily  called  the 
liord  of  Mi»niU.  In  the  royal  household  however  the  master  of  the 
revels  was  a  permanent  officer,  and  was  called  Miater  of  the  Tents  and 
Revels  or  Masks  and  Revels,  whose  business  it  was  to  ke^  the  tents 
and  pavilions  belonging  to  the  king,  which  were  often,  if  not  always, 
carried  with  the  king  upon  removes  and  progresses.  This  officer  had 
also  the  keeping  of  the  dresses  and  masks  which  were  used  in  enter- 
t«nmeuts  given  at  oom-t,  and  ho  was  to  provide  such  new  ones  as 
were  wanted. 

The  permanent  oiHec  of  master  of  the  revels  was  first  instituted  in 

_  the  reign  of  Henry  VIIL    Queen  Elizabeth  divided  the  mastership  of 

the  revels  in'.o  several  offices,  which,  as  vacated  by  death,  were  to  be 

re-imite(L    In  1663  we  find  two  masters  of  tho  toils,  tents,  hayles. 


1  (that  is,  halls  or  temporary  buildings),  and  pavilions,  who  again  occur 

I  in  1674. 

I      Sec  the  'Ai-ctueologio,'  vol.  xviii.  p.  S18,  SiC.,  and  'The  Loseley 

Manuscripts,'  edited  by  A.  J.  Kempe,  Esq.,  8vo.,  Lond.,  1836.    Ko 

mention  of  this  office  has  been  found  subsequently  to  tho  reigu  uf 

king  diaries  II. 

RE  VKUSION.    By  a  rcvci^sion.  in  the  widest  scu«c,  is  meant  a  right 

'  of  property  the  enjoyment  of  which  is  to  commence  at  some  future 

I  period,  fixed  or  depending  on  contingencies,  and  is  to  continue  cither 
for  ever  or  duiing  a  term  either  fixed  or  depending  on  a  uoutlngoucy  : 
anything  in  fact  which  is  to  be  entered  on,  or  which  may  be  entered 
on,  at  a  future  time,  is  a  reversion  in  books  which  treat  on  the 
value  of  property.    The  legal  sense  of  the  word  is  more  restricted. 

Thus  on  assurance  of  lOOt.,  or  a  contract  to  pay  IWiL  at  the  deatli 
of  a  given  individual,  is  lOOJ.  in  reversion  to  the  executors  of  that 
individual.  Our  object  in  this  article  is  to  treat  of  this  most  common 
species  of  reversionary  contract,  life  insurance  or  assurance. 

The  value  of  a  reversion  depends  in  a  very  easy  manner  upon  the 
value  of  the  corresponding  annuity;  that  is,  any  given  sum,  say  100^, 
to  be  received  wlien  a  given  event  anives,  depends  for  its  value  upon 
that  of  1002.  a-year  to  be  received  till  the  event  arrives.  Suppose,  for 
example,  that  money  m^es  five  per  cent.,  and  that  an  annuity,  say 
upon  a  life,  is  wortii  fourteen  years'  purdiase,  upon  the  method  of 
calculation  explained  in  Anituiti.  That  is,  1002,  paid  a  year  hence, 
and  again  two  years  hence,  and  so  on  ta  long  as  the  life  lasts,  is  now 
worth  14002.  Required  the  value  of  1002.  to  be  paid  at  the  end  of  tha 
year*  in  which  the  life  drops.  We  must  now  reason  as  follows  -.-^ 
Suppose  a  perpetual  annuity  of  1002.  a-year  is  to  be  enjoyed  by  A 
during  his  life,  and  by  his  legatees  after  him.  By  hypothesis  A's  por- 
tion is  DOW  worth  14002.,  and  (  money  making  five  per  cent.)  the 
annuity  for  ever  is  worth  20  years'  purchase,  or  20002 ;  consequently 
the  legatees'  interest  is  now  worth  2000—1400,  or  6002.  But  at  the 
end  of  the  year  of  death  the  legatee  will  come  into  1002.  current 
l)ayment,  and  a  perpetual  annuity  worth  20002.;  for  the  re- 
mainder of  a  perpetual  annuity  is  also  a  perpetual  annuity :  his 
interests  ill  then  be  worth  21002.  Hence  we  have  ascertained  Uiat 
21002.  at  tlie  end  of  the  year  of  death  is  now  worth  6002. ;  and  the 
rule  of  three  tlien  gives  the  value  of  any  other  sum  :  thus  lOOI.  at  iha 
end  of  the  year  of  death  is  now  worth  '^^l.,  or  282.  lis.  5|<2.  Hence 
the  following  easy 

RuLE.^ — To  find  the  value  of  a  given  reversion,  subtract  the  value  of 
the  same  annuity  from  that  of  a  peqietual  annuity,  and  divide  the 
difi'ei-ence  by  one  more  than  the  number  of  years'  purchase  in  a  per- 
petual annuity :  or  multiply  the  excess  of  the  number  of  years' 
purchase  in  a  perpetual  annuity  of  12.  over  that  in  the  life  annuity  by 
the  reversionary  siun,  and  divide  as  before. 

Next,  to  find  what  premium  should  be  paid  for  the  reversion.  A 
premium  dilTurs  from  an  annuity  in  that  a  sum  is  paid  down,  and  also 
at  the  end  of  every  year  :  consequently  it  is  worth  one  year's  purchase 
more  than  an  annuity.  In  the  preceding  question,  the  annuity  was 
worth  14  years' purchase;  oouseciuenUy  me  premium  now  is  yrorth 
15  years'  purchaso.  But  the  present  value  of  all  the  premium*  is  to 
be  also  the  present  value  of  the  reversion,  or  282.  lit.  5|<2.,  whence 
the  premium  should  be  the  15th  part  of  this,  or  12.  18<.  Id,  Hence  te 
find  the  premium,  divide  the  present  value  of  the  reversion  by  on* 
more  than  the  number  of  years'  purchaso  in  the  life  annuity.  But 
when,  as  most  commonly  lutiipeus,  the  premium  is  wanted  without  the 
present  value,  the  following  is  an  easier 

Rule. — Divide  the  reversionary  sum  separatdy  by  one  more  tiiaa 
the  number  of  years'  purchase  in  tho  perpetual  annuity,  and  one  more 
than  the  number  of  years'  purchaso  in  the  life  annuity :  the  difiiarence 
of  the  quotients  is  the  premium  required.  Thus  if  in  the  preceding 
example  we  divide  lOOl  by  20-f-l  and  by  14 -f  1,  or  by  21  and  15,  we 
find  42.  15>.  Zd.  and  62.  lit.  id.,  which  differ  by  12.  18<.  Id.,  the  same 
as  before. 

The  life  we  have  been  tacitly  considering,  when  we  talked  of  w 
annuity  being  worth  14  years'  purdiase  at  five  per  oeot.,  is  one  o£ 
about  36  years  of  age.  The  first  impression  must  be,  that  the  pro- 
posed premium  is  ridiculously  small.  Make  it  up  to  22.,  and  it  wiU 
be  CO  years  before  the  premiums  reach  1002.  Some  such  considera- 
tion must  have  moved  the  law  officers  of  the  crown,  in  1760,  when 
they  refused  a  charter  to  the  Equitable  Society,  then  charging  a  pre- 
mium of  about  iU  at  the  age  of  36,  on  account  of  the  lowness  of  titeir 
tei-ms.  But  it  is  to  be  remembered  that  those  who  receive  the 
premiums  are  to  invest  them  immediately  at  five  per  cent.,  and  are  to 
invest  the  interest,  thus  making  compound  interest ;  persona  aged  86 
Uve,  one  with  another,  about  80  years,  which  is  aufficacnt  time  for  the 
premiums,  with  their  interest,  to  realize  1002.  for  each  person,  one 
with  another. 

We  now  show  the  manner  in  which  a  simple  result  of  calculation 
answers  its  end.  To  simplify  the  case,  suppose  an  office  starts  wUb  6648 
individual  subscribers,  each  aged  30  years,  the  mortality  among  them 
being  that  of  the  Carlisle  Table.  [Mort^ujtv.]  The  bargain  is  for  a 
temporary  assurance,  as  it  is  called,  of  20  years,  and  of  10002. :  that  ia 

*  Amurancc  companies  nsnally  pay  in  a  few  months  aftor  proof  of  death, 
vhlch  gives  a  trifling  adrantiigc  to  the  assured,  not  worth  conridcrinr  la  a  Tei7 
elemcntnrj'  statement  of  the  qnestion. 
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to  say,  the  executora  of  each  one'who  dies  within  20  years  are  to  receive 
lOOOt.  at  the  end  of  the  year  of  death.  Honey  makes  tliree  per  cenL 
once  a  year.  According  to  the  table,  thwi,  there  are  57,  67,  56,  &o. 
deaths  in  the  successive  years,  and  the  following  is  the  result,  the  pro- 
per premium  being  calculated  at  111.  lis.  3Jd.  each  person,  or  more 
exactly  11,6141  16».  for  1000  persons.  It  is  supposed  that  there  are 
no  expenses  of  management.  By  P  is  meant  that  premiums  are  paid, 
and  the  number  paid  precedes  the  letter  i  by  y,  that  a  year's  interest 
is  received,  and  by  c,  that  claims,  in  number  as  stated,  are  paid ;  small 
letters  denote  a  transaction  at  the  end  of  a  year,  and  the  large  letter 
one  at  the  beginning ;  the  age  of  the  parties  paying  premiums  is  in 
I>arenthesca  at  the  beginning.  Fractions  of  pounds  are  neglected,  1/. 
being  written  for  everything  above  10<, 
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At  the  outset  the  office  receives  65,530^  from  the  5642  persons 
assured ;  this  is  immediately  invested  at  3  per  cent.,  and  yields  1966^ 
by  the  end  of  the  year,  making  67,496/.  But  at  the  end  of  the  year 
the  claims  of  the  executors  of  57  persons  who  have  died  during  the 
year  are  to  be  satisfied,  which  requires  a  disbursement  of  57,000/., 
reducing  the  society's  accumulation  to  10,496/.  The  contributors  who 
arc  left,  5535  in  number,  now  pay  their  socoud  liromiiims,  64,869/.,  so 
that,  tlieuo  being  immediately  invested,  the  comi>any  has  75,365/.  at 
interest  during  the  eocuud  year.  This  yields  2261/.,  so  that  by  the  end 
of  the  year  77,626/.  is  accumulated.  Then  comes  the  demand  of 
57,000/.  on  behalf  of  57  contributors  deceased  during  the  year,  which 
reduces  the  accumulation  to  20,626/.  This  is  more  than  it  was  at  the 
same  time  l:ist  year,  i^hich  is  denoted  by-f ,  In  this  way  the  company 
goes  on,  accumulating  to  an  amount  which  would  lead  a  person 
unacqu.iintcd  with  the  subject  to  conclude  that  the  premium  must  bo 
too  large  :  in  fact  ten  years  give  an  accumulation  of  91,809/.  But 
now  thu  state  of  afiUirs  begins  to  change ;  the  contributoin  have  been 
diminishing,  while  the  claims  have  been  increasing,  imtil  the  yeaiiy 
incomings  no  longer  equal  the  outgoings.  The  accumulations  then 
come  in  to  make  good  the  difference  in  such  manner  that  by  the  time 
the  remnining  contributors  come  to  be  50  years  of  age,  and  the  claims 
of  61  who  died  in  their  fiftieth  year  have  been  satisfied,  there  only 
remains  8/.  of  the  91,809/. ;  and  this  8/,  is  merely  the  error  arising 
from  omitting  shillings,  &:c.,  in  the  calculation.  Something  of  the 
same  kind  must  take  place  in  every  office  which  dies  a  natural  and  a 
solvent  death :  the  only  diiference  being  tlmt,  when  new  business 
censes,  instead  of  a  number  of  contributors  all  of  the  same  age, 
and  under  similar  contracts,  both  ages  and  contracts  vary  con- 
siderably. 

There  are  certain  tables  which  ore  variowsly  named  (sometimes 
after  Mr.  Barrett,  the  inventor;  sometimes  after  Mr.  Griffith 
Davies,  the  improver ;  sometimes  after  D  and  ir,  letters  of  reference 
used  in  them),  but  which  we  call  commutation  tables.  They  are  de- 
scribed in  the '  Treatise  on  Annuities,'  in  the  '  Library  of  Useful  Know- 
ledge,' and  a  copious  collection  is  given :  also  in  an  article  in  the  '  Com- 
panion to  the  Almanac'  for  1840.  They  very  much  exceed  in  utility 
those  which  preceded  them ;  and  wo  shall  here  give  port  of  one  of 
them,  namely,  that  for  the  Carlisle  Table,  at  8  per  cent.,  which  con- 
tains the  materials  for  judging  of  the  demands  made  by  an  insu- 
rance company  in  cases  involving  one  life  only.  Opposite  to  each 
age  of  life  are  three  rews  of  figures  in  columns  marked  D,  ir,  and 
M :  and  by  u  (x)  we  mean  the  number  in  column  u  opposite  to  the 
age  2. 
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To  find  the  Talue  of  an  annuity  of  II.  on  a  life  of  any  age,  diyide 
the  N  of  that  age  by  its  D,  Tbua  at  the  age  of  8S  the  value  of  an 
annuity  of  12.  is  li(35) -m^SS),  or  35126-57-4-1905-57,  or  18-4S3<., 
or  18^.  8<.  8<f.  Thus,  the  following  formula)  will  be  readily  under* 
stood: — 


Value  of  an  annuity  which  is  to  commence  1 
immediately ;  that  is,  which  is  to  make  > 
the  first  payment  in  a  year  (age  z)     .    .  J 

Value  of  an  annuity  which  is  to  commencel 
in  n  years;  that  is,  to  make  the  first  I 
fuiyment  in  n  -l- 1  years,  if  the  party  be  f 


D(«) 
W(g-H») 


then  alive  (present  age  x) 

Premium  for  sucfi  an  annuity,  payable  1  lt(a+ii) 

now  and  n  times  in  all       .        .        .'  .  J  n(x— 1)  — l!(x-t-«— 1) 

k(x-h>) 


The  same  premium,  payable  » -f- 1  times 


-} 


Value  of  a  life  annuity  for  n  years;  orl 
payable  n  times  at  most         .       .        ./ 

Present  value  of  an  assurance  of  1{.  at 
death        .        .        «        •        . 

Premium  for  the  same      •       • 


Present  value  of  an  assurance  of  II.  atl 
death  if  after  n  years         .        ,        •    •  J 


»(«;— 1)— K(«-m) 

k(x)— N(£+») 
E(i) 

MM 
l>{x) 

"(^ 
»(x-l) 

ll(x-H») 
li(x+«) 


•/  »(x-l) 


)l  -. 

./      K(X-1)-1C(X  +  I«) 

M(x)-M(x  +  ll) 
D(X) 


Premium  for  the  same,  payable  (n-l-l) 
times 

Present  value  of  an  assurance  of  II.  atl 
death  if  within  n  years      .        .        •    •  / 

„       .       ,     ^,  ,,       »■  1 M(•'•)-»(x■^«) 

Premium  for  the  same,  payable  n  tunes     .  |  j,(x—i\—y(jj+,i^ii 

As  an  inatanco,  let  us  take  the  case  of  the  last  formula,  which  waa 
proposed  at  the  beginning  of  this  article :  the  age  is  SO,  and  the 
term  of  insui-auce  20  years ;  we  liavo  then  to  divide  the  excess  of  u  (30) 
over  M  (60)  by  the  excess  of  N  (29)  over  K  (49)  : — 


U  (80)  982-6867 
M  (60)  665-9683 


N  (29)  48783-19 
N  (4f )  15347-98 


376-7284      div.  by  82436-21  gives  •0116148 : 

this  is  for  II.,  giving  11-61481.,  or  111.  12*.  S^d.  for  lOOOl.,  and 
11,614-81.  to  be  the  total  premium  for  1000  persona. 

Quatian. — If  the  office  insure  a  large  number  of  persons  (for  the 
whole  life  or  a  term)  at  the  premium  p  (the  ag«  being  x),  what  will  be 
their  accumulation  in  n  years,  upon  the  suppositions  the  woricing  of 
which  has  been  shown  in  the  example  alrnidy  giyen ;  it  being  sup- 
posed that  £a  is  insured  to  every  one  who  dies  ?  The  answer  is  in  the 
following  formula :  for  every  person  who,  according  to  the  tables,  is 
alive  at  the  end  of  the  term  of  ti  years,  there  is  remaining  in  the  office, 
after  all  claims  have  been  paid  up  to  the  end  of  the  i>  years,  and  before 
the  (n  +  l)th  premium  is  paid,  the  sum 


P  {n(x  -  1) 


K(x  +  n  —  1)  }  -  A  {m(x)  -  M(x  +  n)\ 

D(X  +  «)  ' 


As  an  example  we  shall  verify  the  acoumulaUons  of  10  vears  in  th« 

/  ,r^v  .r^v  rf^*^  ' 
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inatance  relerrvd  to ;  in  which  p  =•  l!l'6148I.,  A  =  lOOOL,  x  »  SO, 

tt=10. 

s(29)  47788-19        ii(80)  982-6867 
it(89)  28225-55        x(40)  7836727 


19657-64 
X  11-6148 

227158-1 
199014-0 


199-0140 
X  1000 

199014-0 


28144-1 
d(40)         1665-78)28144-1  (1809002 
X  6076 


91806-84 


The  answer  is,  that  the  reeerre  of  premiunta  for  eacb  person  of  the 
6075  then  renuuniiig  is  18-09002!.,  which  for  the  whole  is  91806-84A 
The  TOU(^  answer  in  the  acheme  worked  out  at  length  is  91,8092. 

Now,  this  18-092.,  or  182:  la.  lOd.,  is  what  is  called  the  value  of  each 
man's  poliqr  at  the  expiration  of  the  ten  years;  or  the  verg  utntott  the 
office  could  afford  to  give  him  to  surrender  aU  daim,  and  to  keep  his 
future  premiums  to  hknself.  But  what  is  the  nature  of  his  claim  on 
the  office  ?  Evidently  this,  that  he  has  a  right  to  make  them  give  him 
a  guarantee  for  the  next  ten  years  on  payment  of  a  premium  of  112. 
lit.  3id.,  which  could  not  be  done  at  so  low  a  rate  for  a  new  comer. 
Compute  the  premium  for  a  person  entering  at  40,  and  insuring  10002. 
for  10  yean;  or  divide  1000  times  M(40)-M(S0)  by  N(39)— N  (49), 
and  the  answer  will  be  found  to  be  13-8002.,  or  132.  16>.  If  then  any 
person  aged  40,  having  been  in  the  office  ten  years,  were  to  put 
another  peiBon  of  the  same  age  in  his  place  at  his  own  premium,  he 
would  obviously  make  that  person  a  present  of  the  difference  between 
11-61481.  and  18-8002.,  at  once  (since  a  premium  is  to  be  paid  imme- 
diately), and  for  nine  succeeding  years,  if  the  latter  should  live  so  long. 
And  18-800—11-6148  is  21862,  whMe  an  annuity  of  2-18522.  for  nine 
years,  at  the  age  of  40,  ia  worth  N(40)-N<49)  divided  by  D(40)  and 
multiplied  by  2-1852,  or  15-9082.  Add  to  this  2-1852.  for  the  imme- 
diate difference,  and  we  get  18-0882.,  differing  only  a  halfpenny  from 
18-0902.,  the  sum  which  t£e  office  has  in  reserve^  If  then  the  person 
who  is  to  take  the  place  of  the  insured  at  40  years  of  age,  were  to  pay 
him  an  equivalent,  he  must,  beeidas  taking  on  himself  the  future  pre- 
miums, pay  the  retiring  member  18-0902.,  which  is  therefore  Uie  vidue 
of  the  latter's  policy.  The  last  formula  will  always  give  the  aceitiitit2a- 
tio»  value  of  a  policy,  whether  for  the  whole  life  or  for  a  fixed  term. 

The  preceding  contains  the  moat  material  calculations  whidh  are 
necessary  in  the  management  of  an  office,  or  r^er,  in  forming  an 
opinion  on  the  management  of  an  office.  It  is  to  be  remembered  that 
all  which  has  hitherto  been  said  supposes  the  rates  of  mortality  and 
interest  to  be  absolutely  known  and  invariable,  the  parties  to  enter  on 
their  birthdays,  and  all  claims  to  be  adjusted  at  the  terminations  of 
whole  years  from  the  time  of  entry.  We  now  proceed  to  the  appli- 
cation. 

An  assurance  company  is  a  savings'  bank,  with  a  mutual  under- 
standing, presently  to  be  noticed,  between  the  contributors.  To  make 
out  this  proposition,  let  us  suppose  tliat  A  bomiwa  money,  and  insures 
hia  life  for  tiie  amount  as  a  security  to  his  creditor.  For  this  he  has 
to  pay  a  premium.  If  life  were  certain,  the  office  of  the  company 
would  be  to  reoeive  and  invest  thette  premiiuns,  which  would  be  calcu- 
lated in  such  a  manner  as  with  their  interest  to  amount  to  a  sum  suffi- 
cient to  discharge  the  loon  in  a  settled  time.  At  the  end  of  this  time 
the  creditor  (who  has  been  all  this  while  receiving  interest  for  his 
money  from  A)  calls  upon  A  to  make  his  claim  upon  the  office,  and 
repay  the  loan  with  the  money  received.  If  such  an  office  existed, 
life  being  certain,  the  rationale  of  the  proceeding  would  be  that  the 
creditor,  though  tolerably  confident  of  A's  power  and  willingness  to 
make  any  yearly  payment,  whether  of  interest  or  instalment,  will  not 
trust  him  steadily  to  lay  by  and  improve  yearly  instalments,  but  re- 
quires that  he  ahoold  make  his  instalments  payable  to  third  parties, 
who  are  engaged  not  to  return  them  on  demand  imtil  they  amount  to 
•  sum  suffiment  for  the  discharge  of  the  debt.  Such  an  office  certainly 
could  not  exiit,  on  account  of  the  uncertainty  of  individual  Ufe.  So 
soon  however  as  it  is  known  that  the  duration  of  masses  of  individuals 
can  be  calculated  with  tolerable  accuracy,  there  is  a  remedy  for  the 
individual  uncertainties.  Let  a  large  number  of  debtors,  similarly 
situated  with  A,  agree  to  be  guarantees  for  one  another ;  titat  is,  let 
each  of  them  pay  during  his  Ufe  not  only  hia  own  instalments,  but 
•uch  additional  sums  as  wUl  provide  the  means  of  meeting  the  d^cits 
of  those  who  die,  and  the  savings'  bonk  thus  constructed  will  become 
an  ossunmoe-office.  Of  course  it  matters  nothing  whether  these  debtors 
pay  their  instalments  to  a  person  agreed  on  among  themselves,  or  go 
to  a  company  which  undertakes  the  management  of  auch  concerns. 
And  again,  it  makes  no  difbranoe  whether  the  instalments  be  for  liqui- 
dation of  debt,  or  to  accumulate  a  provision  for  widows  and  children. 
-We  have  taken  the  case  of  debtors,  because  in  such  a  case  an  office 
looks  nune  like  a  mere  indemnity-office  than  when  its  contributors 
enter  for  the  benefit  of  their  families;  still  however,  in  the  former 
caach  it  is  evident  that  the  premiums  are  partly  instjjmente  of  iitbt, 


partly  sums  intended  to  make  good  the  deficiency  of  the  lif  e-lnstsl- 
ments  of  those  who  die. 

Let  us  now  suppose  a  company  to  be  formed  for  the  simple  purpose 
of  aasnring  lives.  Their  business  is  to  invest  the  premiums  of  those 
who  assure  with  them ;  their  receipts  will  consist  entirely  of  .^mrrnnt 
premiums  and  interest  on  the  investments  of  the  old  ones ;  and  tiieir 
outgoings  will  contain  expenses  of  management,  payment  of  olaims, 
purchase  of  their  own  pdicies,  and  (possibly)  losses  by  bad  investment. 

There  is  one  question  which  is  generally  settled  at  the  very  outset, 
namely,  whether  the  company  is  to  be  what  is  Mlled  mutual,  proprie- 
tary, or  mixed. 

A  mutual  company  is  one  in  which  the  members  stand  bound  to 
each  other,  and  constitute  the  company  themselves.  In  such  a  com- 
pany no  capit-J  ia,  generally  speaking,  raised  at  the  outset,  except  a 
small  sum  for  necessary  expenses  at  starting.  This  however  is  not 
necessarily  the  feature  of  a  mutual  company ;  for  if  its  members  choose 
to  constitute  themselves  on  investment  company  as  well  ss  an  assur- 
ance company,  they  may,  without  losing  their  mutual  character,  r«- 
quire  every  assurer  to  be  also  a  shareholder.  In  a  mutual  company 
tiie  profits  of  course  are  divided  among  the  assured. 

A  proprietary  company  in  one  in  which  a  body  of  proprietors  raise  a 
ci^tal  and  pledge  it  for  the  payment  of  claims,  in  esse  the  premiums 
are  not  sufficient :  for  this  security  they  receive,  in  addition  to  the 
interest  of  their  own  capital,  the  profits  of  the  sssuranoe  business.  It 
has  long  been  proved  that,  -with  proper  tables  of  premiums,  and  a  hit 
amount  of  business  at  starting,  this  capital  is  an  unnecessary  security ; 
and  the  only  reason  which  could  now  make  such  an  office  desirable, 
woiUd  be  the  lowness  c>f  its  premiums.  Of  course  it  matters  nothing 
to  the  assured  how  claims  are  paid,  as  long  as  they  are  paid;  tiie 
capital  nuiy  be  diminished,  but  the  assurer  fears  notliing  except  its 
exhaustion  before  his  turn  comes.  This  must  be  Uie  sole  considera- 
tion with  a  person  who  is  tempted  by  low  premiums  to  a  purely  pro- 
prietary office :  the  nominal  capital  signifies  nothing ;  it  is  upon  the 
amount  of  assurance  to  which  it  (with  the  premiums)  is  pledged  that 
the  solvency  of  the  office  depends.  Generally  speaking  however  We 
believe  it  vrill  be  found  that  the  purely  proprietary  offices  have  not 
allowed  themselves  tu  run  much  risk. 

A  mixed  office  is  one  in  which  there  is  a  proprietary  company,  which 
does  not  take  all  the  profits,  but  a  share ;  the  rest  being  divided  among 
the  assured.  The  only  good  effect  of  the  capital  upon  the  condition 
of  the  assured  in  such  a  company  is  tliis ;  that  the  directors,  having 
fixed  capital  as  well  as  premiums,  may  justifiably  seek  for  investments 
which  a  mutual  company  must  avoid.  Having  the  capital  to  moke 
good  purely  commercial  losses,  they  may  perhaps  attempt  to  get  a 
higher  rate  of  interest,  and  of  course  take  more  risk  of  loss;  the 
assured,  who  are  sharers  in  the  whole  of  the  profits,  since  the  profits 
of  premiums  and  profits  of  original  capital  are  not  distinguished,  come 
in  for  their  share  of  tiie  extra  profits  of  the  capital.  But  no  such 
attempt  at  gaining  higher  interest  by  secondary  securities  should  be 
made  until  a  sum  sufficient  (with  future  premiums)  to  meet  all  claims 
is  invested  in  the  very  safest  securities  wluch  the  state  of  society 
offers. 

Ther;  is  much  confusion  in  the  ideas  of  many  persons  about  interest, 
arising  from  not  distinguishing  between  interest  and  other  returns. 
The  foUowiog  remarks  may  serve  to  explain  our  meaning : — 

Interest  is  the  return  which  is  made  for  the  use  of  money,  when  the 
owner  entirely  relinquishes  its  management,  and  believes  he  has  un- 
doubted security  for  its  return.  "  Interest,"  says  Mr.  M'CuUoch, "  is 
nothing  more  than  the  net  profit  on  capital."  The  same  author  goes 
on  to  say,  "  the  rate  of  interest  on  each  particular  loan  must  of  course 
vary  according  to  the  supposed  solvency  of  the  borrowers,  or  the 
degree  of  risk  supposed  to  be  incurred  by  the  lender."  But  here  the 
acute  writer  from  whom  we  quote,  after  setting  out  with  the  accurate 
definition  of  the  political  economist,  proceeds  to  use  the  word  in  the 
common  sense,  in  which  it  is  no  longer  the  net  profit  of  capital.  For 
this  variation  in  the  rate  of  interest  (so  called),  this  addition  for  pos- 
sible insolvency,  is  or  is  meant  to  be  only  as  much  as  will  make  every 
debtor  who  does  pay  contribute  towards  the  bad  debts  of  those  who 
do  not.  Nothing  then  is  netted  by  the  increase  for  suspicion  of  in- 
solvency,  in  the  long  run,  and  one  debt  with  another ;  so  tliat,  abiding 
by  Mr.  M'CulIoch's  definition  of  interest  as  the  correct  one,  we  should 
propose  to  call  the  additional  sum  debt-insurance.  To  tliia  we  must 
add,  that  when  a  person  employs  hia  own  money,  as  in  trade  or  manu- 
factures, he  also  gains  that  additional  return  which  a  borrower  coimts 
upon  reserving  to  himself  after  paying  the  interest  (and  debt-insurance, 
if  any)  to  his  creditor.  This  is  neither  interest  nor  debt-insurance,  but 
is  of  tiie  nature  of  salary,  by  which  name  it  might  be  called.  Perhaps 
it  would  be  best  to  retain  the  term  interest  in  its  general  loose  signifi- 
cation, and  to  subdivide  it,  for  accuracy,  into  pure  interest  or  net 
profit,  debt-insurance,  and  salary. 

In  the  construction  of  a  table  of  premiums,  three  points  must  be  left 
to  the  judgment  of  the  constructor,  the  rate  of  interest,  the  table 
of  mortality,  and  the  addition  to  be  mode  for  expenses  of  management 
and  probable  fluctuation,  or  discrepancy  between  the  predictions  of 
the  table  and  the  events  which  actually  arrive.  The  third  point  would 
not  arise  if,  as  was  once  the  case,  the  table  of  mortality  made  life 
much  worse  than  the  actually  prevailing  state  of  things  shows  it  to  be. 
Security  against  adverse  fluctuation  is  thus  taken  in  the  choice  of  the 
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ta'ble;  and  tUa  iru  done  by  the  older  offices,  which  choae  the  NorUi- 
smpton  Table ; — by  the  Equitable,  for  instance.  (Compare  the  mean 
duration  of  life  in  the  Northampton  I'able  with  that  of  the  Equitable 
experience,  in  Mortality.)  But  we  hold  decidedly  by  the  method 
of  choosing  a  true  table,  and  augmenting  the  premiums  given  by  it  as 
a  safeguard  against  fluctuation ;  and  for  this  reason,  that  wrong  tables 
are  usually  unequally  wrong,  making  different  errors  at  different 
ages,  and  thus  augmenting  different  i^  premiums  by  different  per- 
centages. 

•  According  to  the  Carlisle  Table  (which  we  prefer  for  the  purpose), 
of  6642  persons  alive  at  the  age  of  30,  3018  are  alive  at  65,  whence  the 
chanoB  of  living  tjHthe  second  age  is  3018-5-6642  or  •5625.  Now,  by 
applying  calculation  to  this  question,  we  find  that  an  office  which 
would  have  practical  certainty  (thousands  to  one  for  it)  that,  so  &r  as 
this  instance  is  concerned,  the  office  should  hot  be  injured  bj  adverse 
departure  of  events  from  tables,  must  make  provision  for  twenty-five 
deaths,  at  least,  in  the  period  above-mentioned,  more  than  the  tables 
predict.  And  this  even  on  the  supposition  that  the  table  itself  can  be 
certainly  reckoned  upon  as  representing  the  law  of  mortality  of  the 
whole  insurable  population.  It  would  be  a  very  long  process  indeed 
to  apply  calculation  in  detail,  so  as  to  form  a  well  supported  idea  of 
the  proper  amount  of  precaution  against  fluctuation ;  and  the  question 
is  mixed  up  with  another,  to  which  we  proceed. 

The  rate  of  interest  to  be  assumed  is  an  element  which  requires  the 
greatest  caution.'  It  most  be  a  rate  which  can  actually  be  made,  and 
therefore  prudence  requires  that  it  should  be  something  below  that 
which  may  reasonably  be  looked  for.  To  show  how  powerful  an  agent 
it  is,  we  shall  repeat  the  example  already  given,  of  the  5642  insurers 
for  twenty  years,  on  the  supposition  that  the  office  which  chaives  as 
far  3  per  cent,  finds  itself  able  to  make  m  per  cent. 


Brought  over 


(30)  6642  P 

y 

£ 
65530 
2294 

67824 
67000 

Brought  over 

y 

66  c 

£ 
129203 
4622 

67  e 

133726 
66000 

(31)  6686  P 

10824 
64869 
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77725 
60989 
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76698 
2649 

78342 
57000 

138714. 
4856 

67  e 

143569 
67000 

(32)  5628  P 

21342 
64207 

85549 
2994 

86669 
60327 

y 

146896 
6141 

66  c 

88543 
56000 

152037 
68000 

(33)  5472  P 

32543 
03557 

96100 
3864 

99464 
65000 

94087 
59664 

y 

163691 
5379 

65  e 

159070 
61000 

(84)  6417  P 

44464 
62917 

107381 
3768 

111139 
55000 

98070 
68946 

V 

167016  ■ 
6496 

66  e 

162512 
66000 

96512 
58179 

154691 
5414 

16010S 
69000 

(35)  6862  P 

V 
65  e 

56139 
62279 

118418 
4145 

1225.i3 
65000 

<86)  6807  P 

67668 
61640 

(42)  4940  P 

91105 
67878 

14848S 

129208 

Ifiii^^  "?  f^  Uie  office  leaves  off  with  an  aeeumulation  c* 
JiA^^^  l^l  "^  «  t  ^  ooky  during  the  first  yean.,  it  maybe 
said  to  be  safe  (ajwe  find)  against  any  fluctuation  for  Which  th«^  i, 
an  even  chance,  by  the  increase  of  interest  alone 
'Take  what  unount  of  precaution  we  may,  an  office  must,  at  first 
starting  d^end  upon  gomething  either  of  capital  or  guarantei  Even 
Il^^"!d^  "^-.v"^  "^  something  at  theoutaet."  Tables  mnstbe 
COTSbTicted  with  very  large  additions  to  the  calcuUted  premiums. 
I«  uT  ""1**  the  very  earliest  contingencies  alone ;  indeed  it  J« 
difficult  to  say  what«ddition  would  be  too  li-ge.  But  this  po^  it  S 
mnecesajy  to  insist  on,  since  we  can  hardly  suppose  it  poeSble  that 
any  set  of  men  would  found  an  office  with  no  resouiieexcept  premiums 
from  the  very  commencement.    Supposing  proper  ppecantlMw  to  be 

^?-Li'^"^°<^*v*!'  "^  "'^*'°»  °*  25  per  cent  to  premiums  cal- 
culirted  fifom  the  C^hsle  Tables  at  8  per  cent  per  annM,  is  sufficient 
to  place  a  mutual  office  upon  a  sound  footing,  and  to  give  a  very  neat 
prospect  of  a  return  m  the  shape  of  what  is  called  profit.  It  never  has 
been  found  that  an  office  charging  at  this  rate  ha«  been  without  surolus 
of  some  kind.  *^ 

This  surplus  lus  been  called  by  the  inaccurate  name  of  profit, 
whereas  it  is  reaUy  that  part*  of  the  security  against  fluctuat/on  of 
mtereet  and  mortality  which  has  been  found  t?be  unneces^™.  In 
mutual  offices  it  is  to  be  returned  to  the  assured  ta  an  equitable 
nianner;  in  purely  proprietary  offices  it  is  really  profit  to  ttie  pro- 
prietors  whose  capital  ha^  yielded  them  the  ordii^  internet,  skioe 
by  h:^th«u.  none  of  it  hss  been  necessary  to  meet  daims,  and  they 
therefore  share  among  themselves  the  residue  of  the  premiums.    It  u 

™.?^  f-  ■,  r°"^  ^'^  ""'■P'""  "^  »  weU-consUtuted  office,  for  the 
mathematics  line  which  sepwates  surplus  from  deficiency  innot  bo 
expected  to  be  attained,  so  that  those  who  would  not  have  the  latter 
must  take  care  to  have  the  former. 

The  questions  connected'  with  life  assurance,  fto.,hove  beeomesd 
^  ^l!?  important  that  it  is  impossible  to  ent^r  on  the  subject. 
r5«l«fiT^  m1  ?°?*?  *^"*"y  discussed  in  our  own  day.  The 
sc^c  reader  will  find  in  the  pages  of  the  '  Assarance  M^arine,' 
matmals  for  thoi^ht  on  most  of  these  subjects.  For  others,  wfEiow 
of  no  work  which  gives  so  much  information,  and  which  so  well 
mablee  the  n»der  to  refer  »U  statements  to  their  real  souroes,  as  an 

S^^^IS^:  w^/T^*^  ^""^  ">'»  Handbook,'  London,  8v" 
1867  <.P«l>lbh«i  by  W.  a  D.  Pateman,  pp.  440).  This  work  professed 
to  be  mtended  for  insurance  agents,  and,  so  far  as  we  can  find,  has  no 
leamng  to  any  particular  offices  or  systems. 

wWch^^^  f^^  ^J-  ^^"^^^-  ^"  "">  nomenclature  of  mathematics, 
which  IS  far  fsom  being  consistent  wiUi  itself,  the  words  revmnon  and 
inremon  are  sometimes  confounded.  Thus  the  term  by  which  wo 
desCTibe  the  square  root,  as  connected  with  the  squar«,  is,  that  each  is 

powms  of  X,  Ae  determmafaon  of  *  in  a  series  of  functions  of  •  is  not 
oritad  mTwijon,  but  rsTMROB.    Tarions  polaU  waiiweted  wttS  i 
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Bion  (to  keep  the  common  term)  will  be  met  with  in  Taylob's 
TuEOBEU  and  Series  ;  the  present  article  is  meant  purely  for  reference 
npon  the  most  usual  case  of  the  problem,  which  is  not  sufficiently 
developed  iu  elementary  works;  that  is,  enough  of  the  result  for 
reference  is  not  put  down. 

The  problem  is  as  follows  : — Given  y  =  ax  +  bu?  +  cj.*  +e3^  + 
fjf  +  . .  . ;  required  at  in  a  series  of  the  form  Kij  —  By'  +  cy*  —  Ey^  + 
....  It  will  be  proper  first  to  put  down  the  coefBcients  in  connection 
with  Uie  exponents  to  which  they  belong,  as  follows  : — 


4    6 


7    8 

H     K 


10      11 


lit 
11 


It  will  be  convenient,  instead  of  writing  the  resulting  series 

Ay  —  By'  + ,  to  let  it  be  AO-'y  —  Ba-'y'  +  Ca-»y»  —  »»-'/  + 

ra-o  yi  _  ca-"  y"  +  Ha-"  y?  —  Ko""  y*  +  Lo-"  y»  —  !«»-'•  y"  + 
uo-siyU  — y^e  u,gn  jjj^y, 

A=l 

s  =  6      -' 

0  =  af  -  oc 

t,^W  -  habe  +  a't 

r  =  14i«  -  21ai'e  +  8a'(2i<  +  <>•)-«»/ 

o  =  *24»  -  84ot»e  +  a8o>  («!  +  faS)  _  7o'  (i/  +  ce)  +  o^ 

H  =  182M  —  SSOai'e  +  60a»  (26>e  +  8i»e»)  —  12o»  (8**/  +  6ic«  + 
<?)+i<C  (ibg  +  2c/  +  «»)  -  o»A 

K  -  429J<"  -  1287a6V  +  496a'  (lA;  +  ^<?)  —  165o»  Off  +  8J'««  + 
Ix?)  +  45a  (6V  +  2i(/  +  W  +  <?«)  -  9a»  (6A  +  (y  +  </)  +  o«jt 

L  =  14306»  -  6005o4«c  +  lOOlo'  (26»e  +  6i<<a)  -  715a'  (¥f  +  443«!  + 
24=c»)  +  65o«  (44V  +  I  '-^'cf  +  6iV  +  12iA'+  c")  -  55cfi  (4'A  + 
26cy  +  2i«/  +  c=/  +  e«=)  +  6a«  (2i£  +  2cA  +  2eg  +  f)  -  aH 

U  =  48624'  —  lUiSaVc  +  8008o=  (4«e  *  845<!»)  -  1001o»  (Si*/  + 
lSb*ce  +  104»c»)  +  lOOla*  (4^  +  We/  +  24><!'  +  W(?e+  be*)  — 
286o»  (4»A  +  34' cj  +  U^ef+3b<?f+  Sbo^  +  c"  e)  +  22a«  (34»i- + 
e4cA  +  6beg  +  Sc^  +  ibf'  +  6«e/+  «»)  -  llo?  (6J  +  dfc  +  «A  + 
fg)  +  cfm 

W  =  167964'"  -  75582o4V  +  16912««  (24?*  +  7if<^  -  12376a»(4«/+ 
64'ce  +  64V)  +  2184n<  (24^  +  104*e/  +  64V  +  204>c»  i  + 
Bb-e*)  -  273»*  (54<A  +  20fi»<y  +  204»«/  +  S04»c'/  +  304'ce«  + 
204«»«  +  «•)  +  182o"  (24'i  +  64VA  +  04^^  +  dd'g  +  wh  + 
124c</+  2<!»/+  24e»  +  8c=«')  -  78(t'  (4^^  +  24ot  +  24«A  +  cJA 
+  2bfg  +  2c<y  +  ^  +  «»/)  +  6a»  (24in  +  2cl  +  2ek  +  2/A 
+  S')  -  o»n. 

We  have  given  these  coefficients  to  an  extent  which  many  will  think 
useless,  and  in  fact  it  will  not  often  be  necessary  to  employ  all  that  are 
here  given.  But  we  have  two  objects  in  view :  first,  to  enable  those 
who  want  these  coeifioients  to  refer  to  them ;  secondly,  to  point  out 
the  great  advantage  of  some  methods  which  are  never  given  in  ele- 
mentary works,  and  aro  not  so  much  known  and  practised  as  methods 
of  such  utility  and  power  should  be.  '        i  < 

The  iMuid  way  of  obtaining  these  results  ia  to  take  the  series 

X  =  Ao-'y  —  Bo-»y'  + ,  and  in  it  to  substitute  the  value  of  y, 

namely,  ax  +  i^  +  . , , .    This  would  give 

*  =  J  (o*  +  ftiS  +  ...)_  i  (oa  +  4a!».  ..)•+., ., 

the  two  sides  of  which  equation  must  be  identical ;  giving 

,       6         1 
A  =  l,  Aj-B-  =  0,  orB  =  S; 

A         26  ,      o 

J  «  -  ^  6  +  ^  =  0,  or  0  =  24«-o#, 

jind  so  on;  but  this  process  would  become  intolerably  tedious  and 
liable  to  error  after  a  few  steps ;  that  which  we  have  followed  in 
forming  the  preceding  coefficieiitd  [Tayloii's  TiiEonEii]  would  have 
enabled  us  with  comparatiTcly  little  difficulty  and  small  risk  of  error 
to  double  their  number.  It  also  gives  the  law  of  the  coefficients, 
which  is  as  follows : — 

1.  What  sort  of  terms  enter  into  jt,  the  coefBcientof  y"f  Write 
down  every  way  in  which  .2(10  -  1),  or  18,  can  be  made  up  of  10  -  1, 
or  9,  numbers,  and,  taking  the  letters  belonging  to  these  numbers  from 
the  table,  we  have  the  literal  parts  of  the  different  terms  of  the 
coefficients.    Thus — 

18  is  made  up  of  the  nine  munbers,  1, 1, 1, 1,  2,  2,  2,  2,  «,the  letters 
of  which  are  a,  a,  a,  a,  4,  4, 4,  6,  g :  accordingly,  a*b*  g  is  the  literal 
p«rt  of  one  of  the  terms  of  u.  And  similarly  for  every  other  com- 
bination of  nine  numbers  which  make  18. 

2.  What  ia  the  coefficient  of  any  given  term  ?  Say  that  y»  ia  the 
power  to  which  the  term  belongs,  and  that  o"i''c»'  . . . .  ia  the  literal 
part  of  it.    The  coefficient  required  ia  as  follows : 

•  (n  +  1)  («-f2) (2H-0-2) 


(1.2. 8... .18)  (1.2. «....>)  (1.2.8.. ..8). 


Thus,  to  verify  tho  numerical  coefficient  of  a'(?^  in  v,  the  coefficient 
of  y",  we  must  calculate  (»  =  11,  o  =  6,  2a  —  o  —  2  =  14), 


12.13.14 
(1  .  2)  (1 .  2) 


,  which  is  6 .  13  .  7,  or  516,  ■ 


and  182  ^x  3,  the  coefficient  in  the  teble,  ia  also  640. 

2.  The  sign  of  any  term  Is  poaitiTe  or  negative  according  as  the 
power  of  a  which  it  contains  is  even  or  odd. 

We  may  thus  verify  any  one  term,  and  ihe  coefficients  may  be 
sufHoiently  verified,  as  to  typographical  correctness,  by  remembering, 
that  if  a  =  4  =  e  =  Jui.  =  1,  we  should  have  a  =  B  =  c  =<  to.  =  1 ; 
fory  =  x  +  ai'-^x'-^...  gjvee  a;  =  y  —  y'  -H  y»  —  . . . .  The  result 
of  the  use  of  the  preceding  teble,  distinguishing  the  positive  from  the 
negative  parts,  is 


»=y-y'-f(2  -  l)«>-{9-S)f*  +  (28-22)y» 
■f  (462 -451)  y'- (2140       " 


(99  -  98)  y< 
'2139)"/  +  (10397  -  10390)  y'  - 
(51625  -  51524)  y"*  +  (259480-  259429) y". 

The  preceding  is  a  particular  case  of  the  following  general  problem, 
which  frequently  occurs,  and  is  very  complicated  in  ite  details.  Given 
ym=  ax'  +  6j:»+>  -I-  <af+»  +  af+*  +  fx^+*  +  ....;  required  a  series 
for  X  in  powers  of  y.    Let  it  be  assumed  that 


*■  o»  "'a*"*! 


■HO 


■-  *-. 


n  being  1 :  m.  .  Then  a  < 


1,  B  =  ii6  : 

3n  +  l 


+  r 


«S.+4- 


4"— noe 


4»  -^  1   4n  -h  2  „         4»+l„  . 
n — 3 «—  4'  — » — 5 — iaio  +  ne^ 


2  8 

5»-H  6ii+J6«  +  3 

2  8  4 

6n-l-l 


6<- 


6»-l-16i»-t-2„  „ 


+  •»- 


o'  (2  6«  -K!»)  -  n  «»/ 


Methods  of  obtaining  all  those  series  are  given  in  Tatlob's 
Theorek. 

REVERSIOK.  "  Reversion  of  land  is  a  certain  estate  remaining  in 
the  lessor  or  donor,  after  the  particular  estate  and  possession  conveyed 
to  another  by  lease  for  life,  for  years,  or  gift  in  toU.  And  it  is  called 
a  reversion  in  respect  of  the  possession  separated  from  it ;  so  that  he 
that  hath  the  one,  hath  not  the  other  at  the  same  time,  for-being  in 
one  body  together,  there  cannot  be  said  a  reversion,  because  by  tho 
uniting,  the  one  of  them  is  drowned  in  the  other.  And  so  tho 
reversion  of  land  is  the  land  itself  when  it  falleth."  ('  Termes  dc  la 
Ley.')  Thus  if  a  man  seised  in  fee  simple  conveys  lands  to  A  for  life, 
or  in  tail,  he  retains  the  reversion  in  fee  simple.  The  distinction 
between  a  remainder  and  a  reversion  has  been  explained  in  Remainder. 
In  all  cases  where  the  owner  of  land  or  the  person  who  has  an  estate 
in  land,  grante  part  only  of  hia  estate,  he  has  a  reversion  ;  and  as  the 
grantee  holds  of  him,  there  is  tenure  between  them,  and  the  grantor 
has  a  seignory  by  virtue  of  having  a  reversion.  When  a  man  grants 
all  his  estete  to  another,  or  grante  a  particular  estate  to  A,  and  various 
remainders  over,  remainder  to  F  in  fee,  be  has  no  reversion  left,  and 
therefore  he  has  no  seignory  since  the  passing  of  the  stetute  of  Quia 
Emptores.  The  remainder-men  also  who  precede  the  remainder-man 
in  fee,  do  not  hold  of  such  remainder-man,  but  of  the  lord  of  the  fee 
of  whom  the  original  owner  held.  The  word  reversion  is  often  used 
inaccurately,  and  it  is  sometimes  necessary  to  recur  to  ite  strict  legal 
signification. 

Before  the  passing  of  the  statute  De  Donis,  if  a  man  seised  in  fee 
simple  granted  his  lands  to  a  man  and  the  heirs  of  his  body,  he  had  no 
reversion,  for  the  grantee  was  considered  to  have  a  conditional  fee. 
But  since  this  statute,  an  estete  to  a  man  and  the  heirs  of  his  body  has 
always  been  considered  to  be  a  particular  estate. 

If  a  man  grants  a  lease  of  lands  in  possession,  at  common  law,  he 
has  no  reversion  until  the  lessee  enters  by  virtue  of  his  lease,  for  the 
lessee  has  no  estete  until  he  enters ;  but  if  the  term  of  years  U  created 
under  the  Stetute  of  Uses,  as  by  bargain  and  sale,  the  lessee  has  a 
rested  estete  by  virtue  of  the  stetute,  without  entering  on  the  Liud, 
and  consequently  the  lessor  has  a  reversion.  It  is  said  that  a  reversion 
cannot  be  fcreated  by  deed  or  other  assurance,  but  arises  from  con- 
struction of  law.  This  means  that  a  reversion  is  not  created  by  tho 
act  of  the  party  who  conveys  part  of  his  estete,  but  is  a  legul  conse- 
quence of  his  octe  If  a  man  seised  in  fee  simple  liiuiti  his  csUte  to 
another  for  life  or  in  tail,  remainder  to  himself  iu  Ive  or  to  his  own 
right  heirs,  he  has  not  a  remainder,  but  a  reversion.  Yet  by  3  an^  4 
Wm.  IV.  c.  106,  the  eSfect  of  such  a  limitetion  is  to  vest  such  a 
remainder  in  fee  in  the  settlor  by  purcliaae,  and  he  is  not  to  be  con- 
sidered to  be  entitled  to  it  as  his  former  estete  or  part  thereof. 

A  reversion  is  a  vested  estete,  which  may  be  granted  or  conveyed, 
and  charged  like  an  estete  in  possession;  and  in  s.^mo  coses  the 
reversioner  in  fee  may  bring  an  action,  as  well  as  the  tenant  in 
possession,  for  an  injury  to  his  inheritance. 
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Fealty  is  an  inocparable  incident  to  a  reversion.  There  may  or  may  ; 
not  be  a  rent  reserved,  but  fealty  is  always  due  from  the  owner  of  tiie 
particular  estate  to  the  reversioner,  and  it  cannot  be  separated  from  ' 
the  reversion,  though  the  rent,  if  there  be  one  reserved,  may  be 
leparated  from  it.  [Rest.]  Reveraions  which  are  expectaut  on  estates 
tor  years  are  subject  to  dower  and  courtesy ;  but  this  is  not  the  case 
•rith  reversions  expectant  on  a  freehold  estate. 

When  a  reversion  expectant  on  an  SBtate  tail  comes  into  possession, 
it  is  liable  to  the  leases  made  by  those  who  were  at  any  time  entitled 
to  the  reversion,  and  to  the  covenants  contained  in  such  leases.  All 
pai'ticular  estates,  except  an  estate  tail,  are  subject  to  merge  in  the 
reversion,  when  the  particular  estate  and  the  reversion  are  united  in 
the  same  person.  Formerly  when  an  estate  tail  was  converted  into  a 
bue  fee,  and  the  remainder  or  reversion  in  fee  in  the  same  lands 
became  united  in  the  same  person,  the  base  fee  was  subject  to  merger 
in  the  reversion  :  but  by  the  3  and  4  Wm.  IV.  c.  74,  when  such  union 
takes  place,  "  the  base  fee  shall  not  merge,  but  shall  be  ipto  facto 
enlarged  into  as  large  an  estate  as  the  tenant  in  tail,  with  the  consent 
of  the  protector,  if  any,  might  have  created  by  any  disposition  under 
this  Act,  if  such  remainder  or  reversion  had  been  vested  in  any  other 
person."  Before  this  statute,  when  a  base  fee  thus  merged  in  the 
reversion,  the  reversion  became  an  estate  in  possession,  and  liable  to 
oil  the  leases  and  charges  of  those  who  had  at^any  time  been  entitled 
to 

REVETMENT,  in  permanent  fortification,  is  a  wall  of  briok  or  stone 
retaining  the  moss  of  earth  which  constitutes  the  rampart,  generally 
on  the  exterior  side  only,  or  retaining  the  earth  which  forms  the 
opposite  side  of  the  ditch.  The  exterior  faces  of  these  walla  ate  con- 
sidered as  the  scarp  and  counterscarp  of  the  ditch. 

In  and  before  the  time  of  Vauban  the  scarp  revetments  were  raised 
from  the  bottom  of  the  ditch  to  the  top  of  the  parapet ;  but  the  part 
which  was  visible  above  the  glacis  bemg  destroyed  by  the  enemy's 
artillery,  and  the  parapet  in  consequence  partly  ruined  soon  after  Uie 
commencement  of  the  siege,  that  engineer  in  most  of  his  works  raised 
his  revetments  no  higher  than  the  level  of  the  crest  of  the  glacis,  or 
about  7  feet  above  the  natural  groimd ;  the  exterior  of  the  parapet 
was  then  left  at  such  an  inclination  to  the  horiaon  (45°  in  general)  that 
the  earth  would  support  itself.  The  ditch  of  a  fortress  being  about  18 
feet  deep,  the  height  of  the  scarp  revetment  was  censequently  25  feet, 
and  this  was  considered  sufficient  to  afford  security  against  the  danger 
of  having  the  rampart  escaladed.  At  present  it  is  recommended  that 
the  main  ditch  should  be  24  feet  deep,  and  in  this  case  the  scarp 
revetment  is  above  80  feet  high.  In  constructing  the  fortifications  of 
Neuf  Brisac,  Vauban  mxule  the  revetments  of  the  scarps  both  of  the 
enceinte  and  of  the  reduit  of  the  ravelin,  as  high  as  Uie  top  of  the 
parapet ;  but  these  works  being  covered  by  the  counterguard  or  the 
ravelin,'their  revetments  would  be  unseen  by  the  enemy  at  a  distance, 
and  therefore  not  liable  to  the  objection  above  mentioned. 

The  form  usually  given  in  profile  to  revetments  of  masonry  may  be 
seen  at  ic  and  k,  Pig.  2,  Bastion;  the  first  is  the  revetment  of  the 
counterscarp,  and  the  other  that  of  the  scarp.  The  rectangular  parts 
are  sections  through  the  counterforts  or  buttresses  which  are  built  up 
with  the  walls  in  order  to  strengthen  them,  at  intervals  of  about  15  feet 
from  each  other.  Scarp  revetments,  whose  tops  are  as  high  or  higher 
than  the  crest  of  the  glacis,  are  called  full  revetments ;  while  such 
as  are  no  higher  than  the  level  of  the  natural  ground  are  called  demi- 
revetments. 

In  order  that  the  revetment  might  most  effectually  resist  the 
pressure  of  the  earth  which  it  is  to  support,  Vauban  gave  to  the 
exterior  face  of  the  wall  a  slope,  whose  horizontal  breadth  was  equal  to 
one-fifth  of  the  height ;  this  was  subsequently  reduced  to  one-sixth, 
and  now  it  is  thought  to  be  most  advantageous  to  make  the  face 
Tertical.  By  giving  the  slope  to  the  rear  face  of  the  wall,  that  is,  by 
making  the  revetment  countersloping,  all  the  advantages  of  a  slope  are 
gained,  while  the  disadvantage  of  rapid  vegetation  on  ^the  &ce  is 
avoided. 

In  laying  the  foundations  of  revetments  in  defective  soils,  the  same 
methods  are  used  as  in  the  construction  of  civil  edifices;  and  in  all 
cases  the  courses  of  stones  or  bricks  are  laid  obliquely  to  the  horizon, 
inclining  down  towards  the  part  under  the  earth  which  is  to  be  aup- 
poi-ted,  in  order  that  the  pressure  of  the  lattor  may  be  more  directly 
resisted.  But  as  the  bed-joints  of  brickwork  when  so  disposed  allow 
the  rain  to  penetrate,  and  the  seeds  of  grass  to  lodge  in  them,  it  is 
thought  that  the  wall  is  more  speedily  degraded  when  so  built  than  when 
the  courses  are  laid  horizontally;  therefore  in  order  to  unite  the 
advantages  of  direct  resistance  and  durability,  it  &  customary  to  place 
the  courses  obliquely,  but  to  lay  one  row  of  bricks  in  each  course  at 
the  face  of  the  wall  in  a  horizontal  position. 

The  exterior  and  interior  faces  of  the  revetment,  or  retaining  wall  of 
a  dock,  have  in  a  vertical  section  the  form  of  concentric  arcs  of  circles, 
with  their  convexities  towards  the  land ;  and  this  form  is  given  them 
that  the  stones  may  be  able  to  resist  the  hydrostatical  pressure  of  any 
water  which,  when  the  dock  is  full,  may  get  behind  the  widl,  and  which 
may  be  prevented  from  escaping  when  the  dock  is  made  dry. 

Some  of  the  ramparts  of  Coehorn,  and  all  of  those  which  Camot 
proposed  for  his  fortresses,  are  formed  of  earth  unsupported  by  revet- 
ments ;  and  even  the  opposite  side  of  the  ditch,  inst«td  of  being  faced 
«ith  a  steep  wall,  is  by  the  lattor  engineer  cut  with  a  gentle  slope  from 


the  level  of  the  natural  ground  to  the  bottom  of  the  ditoh.  But  the 
fortifications  of  Coehorn  are  provided  with  wet  ditehes,  which  prevent 
the  besiegers  from  getting  to  the  foot  of  the  rampart  by  surprise ;  and 
in  those  of  Camot  a  high  detached  vrall  covered  by  a  counterguard  of 
earth  puts  it  out  of  the  power  of  the  enemy,  while  that  wall  stands,  to 
get  across  the  ditoh.  Without  such  obstacles  the  unreveted  rampart 
would  afTord  great  facilities  to  the  enemy  in  an  effort  to  cany  tha 
fortress  by  assault.  Its  extorior  slope  must  form  at  most  an  angle  of 
45*  with  the  horizon,  that  the  earth  may  support  itself,  and  con- 
sequently it  may  be  easily  ascended;  and  any  palisades  or  other 
impediments  which  the  defenders  might  place  on  it  would  soon  be 
displaced  or  destroyed  by  the  batteries  of  the  enemy.  Besides  these 
evils,  the  exterior  slope,  from  its  breadth,  occupies  a  great  portion  of 
ground ;  it  consequently  obliges  the  engineer  to  contract  the  space 
enclosed  within  the  works,  and  thus  to  sacrifice  in  some  measure  tha 
convenience  both  of  the  inhabitants  and  the  garrison. 

In  order  to  investigate  the  conditions  of  stabiUty  in  revetment  walls, 
let  IB  c  be  a  vertical  section  through  the  mass  of  earth  retained  by  the 
wall ;  B  0  being  the  slope  which  earth  is  supposed  to  assume  when 
unsupported,  and  let  A  ■  M  N  be  a  section  of  the  wall,  p  c  being  the 
level  of  the  bottom  of  the  ditch,  and  n  s  being  the  bottom  of  the 
foundation.  Imagine  a  to  be  the  centre  of  gravity  of  the  section  E  c  a ; 
draw  G  L  parallel  to  B  o  and  a  K  parallel  to  the  hotixaa  :  then,  by  the 
resolution  of  forces,  K  I.  and  o  k  will  have  to  one  another  the  same 
proportion  that  the  weight  of  the  unsupported  prism  of  earth  (of  any 
thickness)  bears  to  its  horizontal  pressure.  Let  w  be  that  weij;ht ;  then 
KQ  Ka 

^T  will  express  that  pressure,  and  —  .w .  K  N  will  be  the  momentum 

K  L  K  Ij 

or  power  by  which  the  earth  tends  to  oveiium  the  wall  about  K, 


Imagine  thevertical  line  A  Q  to  be  drawn ;  then  the  form  and  dimensions 
of  the  part  xxq  of  the  wall  are  known;  and  let  it  be  required  to  find 
the  breadth  qm  of  the  rectangular  part  AK,  so  that  the  resistanoe  of 
the  whole  shall  be  equal  to  the  momentum  of  the  supported  earth. 
Suppose  the  centre  of  gravity  of  auq  to  be  found,  and  let  it  be 
vertically  over  a.  The  centre  of  gravity  of  the  rectangular  part  is 
vertically  over  i,  the  middle  of  Q  N ;  and  let  Q  i  be  represented  by  x. 
Then  if  jf  be  the  specific  gravity  of  the  wall,  we  have  by  mechanics, 
Auq.ua.g+x^.nb.g ,x  for  the  resistance  of  the  wall;  conse- 
quently equating  this  expression  with  the  above  momentum  of  the 
earth,  the  value  of  x,  and  therefore  of  Q  s,  can  be  found.  But  great 
uncertainty  exists  respecting  the  position  of  the  line  of  rupture  B  c, 
from  our  ignorance  of  the  allowance  to  be  made  for  the  effect  of 
friction  on  the  tendency  of  the  esi'th  to  slide  downwards.  Experiments 
have  led  to  the  opinion  that  this  effect  is  equal  to  half  the  pressure  of 
the  earth  perpendicularly  upon  the  inclined  plane  which  it  would 
a£sume  if  unsupported ;  and  that  value  is  frequently  adopted.  Coulomb 
showed  that  the  angle  which  the  line  of  rupture  makes  with  the 
vertical  is  half  the  angle  which  the  line  of  natural  slope  makes  with 
the  vertical. 

In  order  to  find  the  magnitude  which  the  triangle  EDO  should  have 
when  the  supported  earth  exerts  the  greatest  pressure  against  the  wall, 
the  following  process  may  be  used ;  the  earth'above  a  d  being  at  present, 
for  simplicity,  supposed  to  be  removed.  Imagine  a  to  be  the  centre  of 
gravity  of  that  triangle,  and  the  vertical  line  o  H  to  be  drawn ;  then, 
o  B  may  represent  the  weight  of  the  unsupported  earth,  and  let  it  be 
resolved  into  the  pressures  represented  by  a  i  and  I B,  the  former  per- 
pendicular to  the  slope,  and  the  latter  coincident  with  it.  Imagine 
u  8  to  be  drawn  to  represent  the  reaction  of  the  wall  A  M  v,  and  let  ib 
be  resolved  into  the  forces  represented  by  s  B  and  R  H,  perpendicular 
to  and  coincident  with  the  slope,  respectively.  Then,  i  n  representing 
the  force  with  which  the  prism  of  earth  would  tend,  if  without  friction, 
to  slide  down  D  c,  R  H  represents  the  reaction  by  which  the  wall  resists 
that  force ;  while  a  i  and  s  B  represent  the  pressure  and  reoction  per- 
pendicular to  D  0.    Consequently,  the  friction  being  supposed  to  b» 


Digitized  by 


Google 


BEVIVOR. 


REVOLVERS. 


equal  to  half  the  presmre,  we  have  ^(oi+sb)  for  the  effect  of  friction; 
and  in  the  can  of  equilibrium,  I H = B  H -I- 4  (°  I + B  b). 

Let  I  o==A,  XD=2,  ae=p,  and  1st  j>  be  the  specific  giavity  of  the 

earth  ;    then  _£f  ezpremea  the  wdg^t  of  the  prism  Trhose  section  is 

BDO,  and  whose  thickness  is  unity,  and  which  was  represented  by  o  H ; 
and  the  triangles  o  i  H,  H  s  B  being  similBr  to  s  o  s,  we  get  by  propor- 
tions I  H=:i£5,  HB=£i,  01=.^,  and  8R>£^.    These  values 

20D  CD  2CD  OD 

being  substituted  in  the  above  equation,  the  value  of  the  pressure  B  B 

or  p  will  be  found  to  be  A  a  .        *      „    Kow  this  quantity  is  to  be 

■^  a"       2«+A 

a  nuudmum ;  therefore  mairing  its  differential  relatively  to  z  equal  to 
zero,  the  vidue  of  z  will  be  found  to  be'618A;  whence  p=*1908ff.*'. 
If  this  equation  be  differentiated  relatively  to  h,  the  result  will  express 
the  horizontal  pressure  against  an  elementary  portion  of  the  wall  at  a 
variable  hei^t  (which  represent  by  k)  above  o  :  therefore  multiplying 
by  A  and  integrating,  we  get  '1272 ,9  A'  for  the  whole  force  exerted  by 
the  earth  to  overturn  about  M  a  wall  whose  height  E  0  is  represented 
by  A,  when  that  force  is  a  maTimniri.  When  there  is  a  parapet  above 
A  D,  its  weight,  expressed  by  the  product  of  the  area  of  the  section 
multiplied  by  g,  must  be  added  to  Ihe  above  expression  for  the  weight 
of  the  prism  E  D  o  ui  the  preceding  investigation,  in  order  to  obtun 
the  value  of  the  expkssion  which  is  represented  l^  o  u. 

Instead  of  making  a  revetment  in  the  form  of  a  simple  wall,  it  is 
customaiy  to  build  buttresses  or  counterforts  at  intervals  from  each 
other  on  the  side  next  to  the  supported  earth ;  consequentiy  the 
thickness  of  the  wall  itself  may  be  rather  less  than  that  which  would 
result  from  the  above  equation.  In  order  to  determine  it,  if  we 
assume,  for  example,  that  the  distance  from  the  centre  of  one  counter- 
fort to  that  of  the  next  is  fifteen  feet,  the  area  of  a  horizontal  section 
fifteen  feet  long  and  taken  at  the  mean  hei(^t  of  the  wall,  if  the  face 
has  a  slope,  together  with  the  area  of  the  like  section  through  the  two 
half-^ountarforts,  may  be  equal  to  the  area  of  a  section  of  the  simple 
wall  (of  the  same  length)  as  determined  by  the  above  investigation; 
then  deducting  one-fifth  of  that  quantity  for  the  two  half -counterforts, 
the  remainder  divided  by  16  will  give  the  required  breadth  of  a 
horizontal  section  at  the  part  between  the  counterforts.  It  should  be 
observed,  however,  that  the  thickness  of  a  brick  revetment  which  is  to 
resist  the  fire  of  a  battering-train  should  not  be  less  than  seven  or 
eight  feet.  It  is  uaud  to  make  the  depth  of  a  counterfort  equal  to  the 
mean  breadth  of  tiie  wall ;  and  to  give  it  greater  thickness  at  the  part 
which  joins  the  wall  than  at  the  ouer  extremity. 

Counterforts  serve  in  part  as  prope  to  keep  th»wa]l  from  inclining 
in  consequence  of  partial  compressions  in  the  cement ;  but  chiefly  by 
extending  the  breadth  of  the  base  at  intervals  they  increase,  at  the 
places  where  they  are  formed,  the  length  of  the  arm  of  Uie  lever  by 
which  the  weight  of  the  wall  reaiBts  the  lateral  pressure  of  the  earth. 
The  usual  connection  of  the  bricks  or  stones  in  the  wall  with  those  of 
the  counterforts  allows  this  advantage  ttf  be  extended  in  nearly  an 
equal  degree  to  the  porta  which  are  situated  between  the  counterforts. 
Bnt  in  order  tiiat  the  connection  may  be  more  complete,  it  has  been 
recommended  to  connect  the  tails  of  every  two  counterforts  by  a  yall 
curved  on  the  plan,  and  having  the  convex  side  towards  the  earth 
which  is  to  be  retained.  Again,  the  nearest  sides  of  every  two  cotmter- 
forts  have  occasionally  heea  connected  by  two  or  more  arches,  one 
above  another ;  by  which  means  the  mass  of  retained  earth  ia  in  part 
supported,  and  the  lateral  pressure  of  the  whole  is  diminished. 

RBvetments  in  which  uie  counterforts  are  connected  in  either  of 
those  ways  are  said  to  be  counter-arebed ;  and  it  is  recommended  that 
arches  of  the  Utter  kind  should  be  formed  in  the  mass  of  the  parapet 
above  the  cordon  of  the  scarp.  It  is  also  recommended  that  the 
masonry  of  the  arches  in  the  rampart  should  be  but  slightly  connected 
with  that  of  the  revetment  wall ;  since  the  greater  part  of  the  rampart 
and  parapet  will  then  remain  supported  by  the  arches  even  after  the 
revetment  has  been  demolishea  by  the  artillery  of  the  besiegsis. 
When  the  escarp  revetment  is  carried  completely  up  to  the  superior  dope 
of  the  parapet,  leaving  no  exterior  slope,  it  lb  termed  a  full  revetmeStt. 
When  there  is  an  exterior  slope  left  it  is  termed  a  dani-revetment. 

REVIVOR.    rSciBE  rACiAS.] 

REVOLUTION.  This  well-lmown  term  is  applied  in  astronomy  to 
the  manner  in  which  a  detached  body  moves  round  another,  as  a 
planet  round  the  sun ;  but  the  motion  of  connected  particles  of  matter 
round  an  axis,  such  as  the  diurnal  revolution  of  a  planet,  is  more 
usually  called  Rotation. 

In  pure  mathematics  Uie  word  revolution  is  applied  to  the  angle  moved 
over  by  a  line  which  revolves  round  a  point  from  any  one  position  to 
that  position  again ;  it  is  therefora  a  synonyme  for  four  right  angles. 

REVOLVERS  are  fire-arms  in  which  the  barrels,  or  a  portion  of  the 
barrels,  being  made  to  turn  round  on  the  cocking  of  the  piece,  are 
brought  successively  under  the  hammer,  and  permit  of  a  rapid  succes- 
sion of  diachaiges  from  the  same  piece.  Revolven,  or  repeating  fire- 
arms, are  not  an  invention  of  modem  times ;  many  of  a  veiy  ancient 
date  ore  to  be  seen  in  museums  and  collections  of  old  arms.  These  are 
in  several  points  very  similar  to  the  most  recent  improvements,  but  it 
was  not  till  the  introduction  of  the  pereusaion  cap  removed  the 
difficulty  of  retaining  the  priming  of  each  charge  in  its  place  during 

A4T8  AKD  SOL  DIV.  vnii.  Til. 


the  rotation  of  the  chamber,  that  the  revolver' could  be  oomddered  a 
really  serviceable  weapon ;  while  at  the  same  time  it  w*a  not  till  tb« 


Flf.  1.— 1,  the  ehtmber ;  b,  the  barrel,  rifled ;  e,  the  lerer-ramrod. 

great  improvement  of  modem  times  in  cheap  accurate  machine  monu- 
ucture  that  it  became  practicable  to  make  such  instruments  in  large 
numbers.    For  many  years  revolvers  were  made  with  the  barrels  all  m 


rig.  1.— 1,  the  horrel ;  «,  ejrlinder  or  ohamber ;  0^  leverbtamied. 

one ;  five  or  six  barrelti  being  fixed  together  were  mode  to  revolve  round 
a  central  axis,  so  as  to  bring  their  nipples  successively  under  the  hammer. 
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This,  however,  even  when  the  bullet  iras  fthnast  unserViceablj  nnall, 
-was  4  heavy .  cltimEy  vespon.    The  adoption  of  lerolTing  chamben 

and  one  barrel  CTercame  this  difficulty.  Fig.  1  shows  the  outline 
of  Colonel  Colt's  revolver.  This  pistol  first  became  generally  known  in 
England  at  tho  Great  Exhibition  of  1851,  where  it  excited  a  good  deal 
of  attention.  It  had  been  for  some  years  much  used  in  America,  and 
found  of  great  service  in  bush-fighting  and  in  the  backwoods.  This 
undoubtedly  set  English  giinmakers  to  woi;k  in  the  same  direction,  for 
numerous  revolving  pistols  have  since  bepn  invented  in  England. 
There  are  three  sizes  of  Colt's  pistol,  the  smaller  containing  five 
chambers.  The  bullets  may  be  either  spherical  «r  conical,  and  are 
made  slightly  larger  than  the  chamber,  into  which  they  are  forced  by 
the  lever  ramrod,  and  fit  so  tightly  that  the  pistol  can  he  carried  in  the 
holster,  muzzle  downwards,  without  their  being  shaken  from  their 
places.  The  chamber  is  again  slightly  larger  than  the  barrel,  which, 
being  rifl^,  the  bullets  on  being  forced  through  them  take^e  rifling 
most  effectively. 

Fig  2  represents  Adams's  revolver,  which,  since  its  invention,  has 
received  numerous  improvements  (eapeciklly  the  lever-ramrod,  which 
the  earlier  pistols  were  not  provided  with),  and  may  now  be  considered 
the  most  efficient  arm  of  this  description.  In  OJt  a  pistol  it  ia  neces- 
sary to  cock  the  piece  with  the  thumb  before  each  discharge,  while 
Adams's  pistol  can  be  fired  with  only  s  coirtinuous  pull  of  the  trigger  ; 
this  gives  the  latter  a  great  advant^  in  rapidity,  an  Important  point 
with  a  pistol  which  is  not  so  mach  required  for  long  accurate  shots  as 
for  quick  shooting  in  a  mSl^a.  By  another  iXDproTement  in  Adams's 
pistol,  however,  we  are  enabled  to  cook  it  for  aocuste  shooting  with  the 
trigger  or  the  thumb,  when  a  further  slight  pull  flree  the  pistol.  Fig. 
3,  lock  of  Adams's  revolver,  aiid  Jtg.  4,  of  CSolt'a  revolyer,  which  are 


Fig.  3. — A,  is  tho  hammer ;  b,  the  swivel ;   o,  the  maJn-sprlnt ;   D,  the  short 
sear ;  b,  the  short  tear  spring ;  r,  the  trigger ;  o,  tlie  trigger  sprlsg ;  n, 
'  the  lifter  and  spring ;  i,  the  long  ear. — The  position  of  the  action  Is  th'at 
in  which  the  bammtr  is  dovn  on  the  nipple. 


Flf .  4. — k,  b  the  hammer ;  n,  the  hand  or  lifter,  which  gtras  motion  to  the 
chamber ;  c,  the  bolt,  which  secures  the  chamber  while  the  hammer  falls ; 
D,  the  trigger ;  z,  the  s«t  and  trigger  spring  j  r,  tho  nuln-sprlsg. 

thken  from  '  Straith's  Artillery,'  by  Cook  and  Hyde,  will  explain  the 
action  of  the  locks  in  the  two  pistols.  Bevolving  or  repeating  pi<tob 
will  undpubtedly  supersede  all  othsrs,  as  being  far  the  most  emdent 


I  arm ;  ^ocd  shooting  mky  be  VDtAi  with'  them  at  100  ac  200,  and  fait 

even  at  300  yards.    For  cavalry,  on  board  ahip,  or  at  doaa  qoarten 

,  geoerally,  tiiey  are  a  most  formidable  weapon.    Rifles  aad  laige  fire- 

'  arms  have  been  made  on  the  same  principle,  and  for  soma  purposes 

.  they  may  be  very  xisef ul ;  but  they  labour  under  the  disadvantage  of 

reduced  penetrative  {tower  and  range  from  the  escape  of  ga*  at  the 

junction  of  the  chamber  and  barrel,  whioh  has  never  yet  Men  com- 

pletdy  overcome, 

BHAMNIK.-'  A  yellow 'crystalline  substance  obtained  from  tbe 
buckthorn  {Rhavam*  catharticv*),  and  apparently  identical  witJi 
chri/torAammn, 

BHAMKOXANTHIN.  A  yellow  cryBtolllne  body  fennd  in  the 
seeds  and  bark  of  the  Fhamnta  frcmgvla,  and  of  the  Shamntu  cathar- 
tieu*.  It  is  volatile,  slightly  soluble  in  water,  and  Tery  soluble  in 
alcohol  and  ether. 

BHAPONTICIN.    Synonymous  with  CHBTSOFHAinc  Acn>. 

RHAjpSODY  (^at^{a)  was  a  poem  sung  by  a  rhapsodiat,  generally 
applied  to  detached  parts  of  the  Homeric  poems,  the  Iliad  and  the 
Odyssey.  But  the  word  rhapsodist  properly  signifies  one  who  sewa 
or  fastens  things  together ;  and  it  was  specially  applied  to  those  who 
arranged  or  are  supposed  to  have  arranged  the  parts  of  the  Homeric 
poems  and  of  other  old  poems,  so  as  to  make  one  entire  work  of  them, 
and  who  went  about  from'  place  to  place  to  sing  and  recite  these  poems. 
In  modem  use  the  word  has  an  entirely  dififerent'  signification.  A 
rhapsody  is  a  discourse  or  writing  in  which  the  parte  have  norneceaaaiy 
dependence  on  etich  other. 

BHE!A,  one  of  the  divinities  of  ancient  Greece  and  Borne.  Bhea 
wta  the  dau(^ter  of  Uranus  and  Gasa,  and  the  sister  and  wile  of 
Kronos,  by  whom  she  hod  several  children  who  were  sucoeasively 
■wallowed  by  Eronos,  tUl  she  succeeded  in  imposing  on  him  a  stone 
for  the  new-bom  Zeus.  [Eronos;  Z>us.]  Bhea  became  early 
identified  with  the  Fhijgian  mother-goddess  Oybele ;  and  also  by  some 
of  the  Greek  races,  witb.  her  daughter  Dixster.  Besidas  the  names 
Bhea,  Cybele,  &a,  she  was  called  "the  mother  of  the  gods,"  "the 
great  mother,"  to.  The  original  seat  of  her  worship  ^ipeara  to  have 
been  Crete,  but  it  sogn  spread  throi:igh  Qieece.  As  the  great  goddess 
of  the  eastern  nations,  her  warship  was  however  far  more  widely 
extended.  The  rites  of  Bhea  were  in  some  viafiet  mingled  witli  those  of 
Dionysoe ;  and  her  priests,  the  Coiybantes,leapt,  danced,  sung,  aqd  pet^ 
formed  various  frenzied  oi^gies  in  the  wilds  of  Phi^gia.  Aswe  mother 
'  of  Jupiter,  under  the  name  of  Ops,  she  was  worshipped  by  the  BooiaiM 
from  the  earliest  times.  Her  festival  at  Borne  was  called  the 
Megalesia ;  her^priests  were  eunuchs,  and  named  Gallt  Th«  oak 
•  and  the  .lion  were  sacred  to  her.  In  Qre^  art  Bhea  is  repnaeoted 
wearing  a  crown  with  towers,  aad  she  carries  in  her  hand  a  key  or  a 
branch.  She  is  us^ally  seated  on  a  throne  with  lions  beside  her;  or 
ina  car  drawn  by  Uons;  oometimea  she  is  riding  on  a  lion;  in  baasi- 
relievi,  iui.,  she  is  sometimes  seen  attended  by  it^nmnj  Coiybaate*  witib 
cymbaJs. 

BHEADIC  ACID.    [Papaviwo  Aon).] 

BBEIC  ACID.    [CBBXsoFHAjao  Aoid.J 

BHEIX.    [CHBTBOFHAiao  Aon).] 

BHEOME'TBB.  A  number  of  instruments,  &c.,  used  in  GAJ^runan 
are  named  by  French  physicists  rhtomtter,  rhaphose,  rheotrope,  rieattat, 
from  the  Greek  ^tt,  to  flow.  The  words  have  only  been  to  a  limited 
extent  adopted  in  this  country.    [GaJiYAHOIUtisJ 

BHETOBIC  (^i)T^uri))  is  a  Greek  word  of  similar  in^ort  to  the  Latin 
oratory ;  but  a  rhetorician  is  a  teacher  of  or  writer  on  oiatoiy,  and  aa 
orator  ia  one  who  practises  the  srt ;  Demosthenes  'was  an  ontor,  Aris- 
totle was  a  rhetorician,  and  Cicero  iras  both. 

English  writers,  in  treating  of  rhetorio,  appew  genenlly  to  ecmsidMr 
it  the  same  as  oa/tarj,  and  perhaps  it  is  difficult  to  make  a  distinc- 
tion between  them.  CScerO's  '  Orator,'  '  De  Orators,'  and  '  De  Claris 
OntoribuB,'  are  always  oiled  rhetori(»I  works.  Quinctilian  ('  Inst.,' 
u.  14)  specju  of  persons  who  translated  the  Greek  word  "rhetorioe" 
into  lAtin  by  "  oratoiia"  and  "  oratrix ;"  but  he  objeota  to  the  use  of 
both  these  words,  and  adopts  the  Grade  ward,'Which,  he  says,  Cicero 
himself  employed  to  designate  oertain  books  (probably  the  two  books 
'  De  Inveatione')  whioh  he  bad  written  on  thi«  art  Aft  acoount  of 
Quinctilian's  work  on  the  same  subjeot  will  be  found  under  QninCTi- 
vuirvB,  in  Bioo.  Drr.  In  the  article  Obatost  it  is  stated  that  the 
treatise  of  Aristotle  on  rhetoric  is  the  oldest  extant  treatise  on  this  art, 
and  one  of  the  most  valuable  books  preserved  from  ancient  times,  TIm 
present  article  seems  to  furnish  a  sidtable  ooctaion  for  giving  a  abort 
account  of  Aristotle's  work. 

Aristotle  begins  by  saying  that  rhetoric  is  the  eoonternait  (ianl- 
arpixpos)  at  logic,  and  he  defines  it  to  be  the  faculty  <l<><v<u)  <rf 
perceiving  on  any  given  subject  what  is  best  adapted  to  persuade.  He 
divides  rhetorio  into  three  {»rts  :  Persuasion  {ttttrra,  or  rather  irforeit), 
lAnguage  or  Expression  (J^iiis),  and  Arrangement  (r^it).  His  -watk. 
conaiats  of  three  books,  of  which  the  first  and  second  treat  of  persua- 
non,  and  the  third  treats  of  expresaon  and  arrangement. 

After  premising  some  general  remarks  on  rhetoric,  he  treats  of  per- 
suasion as  derived  fi-om  enthymemes  (Wu^^/jara).  Having  stated 
that  there  sre  three  kinds  uf  persuasion,  the  deliberative  {au/iffov- 
A(vru(«lr),  the  demonstrative  {iTiSttKTut6i>),  and  the  judicial  (SiKoyucSy), 
and  that,  in  reference  to  each  of  tiiese,  persuasion  is  both  special  {liiai) 
'and  general  (Koiyol),  o.  3,  he  discusses  the  subject  of  special  penraadon 
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in  eaeh  kind :  toucbing  the  deltbemtiTe  he  inquires  whether  it  be  use- 
ful, 0.  4  to  8 ;  touching  the  demonstr&tive,  whether  it  he  honourable, 
o,  9 ;  toacfaing  the  iudioial,  whether  it  be  just,  o.  10  to  16.  He  eon- 
oludee  the  first  book  by  stating  and  expliuning  the  modes  of  producing 
persuasion  without  the  art  of  rhetoric,  c.  16. 

In  the  second  lx>ok  he  proceeds  to  say  that,  in  reference  to  certain 
qaestioBs,  specia}  persuasion  must  be  considered  as  depending  on  the 
character  of  the  speaker,  e.  1 ;  and  «n  the  passions  of  we  hearers,  o.  2 
to]18 ;  as  also  on  the  general  character  of  the  hearets,  such  as  their 
possionB,  their  moisl  habits,  their  different  ages  and  conditions  in  life, 
e.  17  to  19.  He  closes  the  discussion  of  specif  persuasion  by  yiewing 
itin  coimeotion  vitix  qaestioDS  common  to  the  three  kinds  of  persua- 
■ion,  sudi  as  possibility^  &ct,  futurity,  and  magnitade,  o.  19.  He  then 
prooeeds  to  persuasion  considered  generally  and  indefinitely,  of  which 
he'mentioDa  two  kinds,  examrie  {itapttiiiyfia)  and  entliymeme  (tvSitaina), 
addiqg  gtUhne  {yrifni)  as  included  in  en&ymeme,  e.  20  to  26. 

He  commences  the  tiiird  book  with  tiie  second  part  of  ;:hetorie, 
namely,  expression.  He  states  what  is  necessary  to  constitute  expres- 
sion, cito  i;  and  describes  its  yorioos  forms,  a.  5  to  9.  He  treats 
of  deganoe  (r&  lortla),  c.  10,  II;  aad  represents  the  different  kinds 
<A  expresaicn,  e.  12. 

He  then  comes  to  the  fhfad  Mrt  of  rhetoric,  1^111011  is  ammgement. 
This,  he  says,  eondsis  necesssnly  of  two  parts,  VIxe  proposition  of  nny 
subject,  and  its  confbmation ;  bnt  there  may  be  four  parts,  introduc- 
tion ( itfooiiuor ),  proposition  ( *pMc<ri>),  confirmation  (mera),  and 
peroration  (JMKinos).  He  concludes  the  work  by  discnsaiiig  these  four 
nuts  of  arrangement :  introduction,  o.  14, 16 ;  propodtion,  e.  10 ;  con- 
flnnation,  c.  17 ;  peroration,  c.  19. 

Aristotle's  '  Bhetoric*  is  not  only  the  best  treatise  upon  this  subject, 
hot  a  model  of  profound  thinking  aad  reasoning  for  we  inTestigation 
of  various  other  subjects. 

BHEDM  (Jtfttiiaro),  Mtdiad  PrtperOa  of.  Jus  the  particular  spedies 
which  yields  the  ofBciiial  rhubarb,  and  even  the  precise  place  of  its 
growth,  are  not  known,  the  Tsrieties  met  with  in  commerce  are  here 
described,  without  attempting  to  assign  them  to  any  ascertained 
roecies.  There  are  mx  weU-marked  Tarieties,  namely,  Russian  or 
Turkey,  Dutch-trimmed,  Chinese,  Himalayan,  Englidi,  and  EVench. 
Of  the  first  sort  the  greater  portion  at  present  oomes  from  St.  Peters- 
buK,  and  is  denominated  Mnscorite,  Bokluujan,  or  Siberian  rhubarb, 
whua  a  "  part  has  always  formed  one  of  the  imports  from  China  into 
Bokhara,  wtiance  pasdng  to  Smyrna,  It  is  known  in  Europe  as  Tnikey 
riiubarb"  (Royle,' Flora  of  the  Himalaya'),  wliich  name  it  commonly 
bears  in  the  shops.  This  lund  varies  much  in  size  and  appearance,  the 
deces  being  oylmdrical,  spherical,  flat,  or  insular,  from  two  to  three 
mches  long,  one  to  three  Dioad,  and  one  to  three  tiiick.'  "  The  smaller 
pieces  are  picked  out,  being  p>«ferred,  wfaHe  the  huger  pieces  and  ihe 
dust  are  eniployed  for  powdering."  Holes  are  remarked  In  many  of  the 
pieces,  of  which  one  occasionairy  extends  entirely  through,  the  others 
ooly  partially ;  the  former  having  been  made  in  order  to  suspend  the 
jdece  in  drying,  the  others  in  examining  the  quality.  This  kind,  and 
probably  the  other  sorts,  is  frequently  worm-eaten,  owing  to  the  ravages 
of  a  sznall  beetle,  Smodmdnnm  puMian.  (Kirby  and  Bpence, '  Ento- 
jxmhgj,'  l-i  p.  252.) 

Externally  the  pieoes  are  covered  with  a  bright  yeHow-coIoured 
powder,  wluch  either  results  from  the  friction  of  the  pieces  during 
their  passage  to  this  country,  or  from  the  process  of  rouncing  (tliat  is, 
shaking  in  a  bag  witlL  powdered  rhubarb),  previous -to  its  exp<ntation. 
The  odour  is  strong,  Imth  of  the  root  and  fresh  powder,  peculiar, 
somewhat  but  not  pleasantly  aromatic  When  chewed,  it  feels  gritty, 
cwing  to  the  presence  of  numerous  raphides  (or  etystals  of  oxalate  of 
lime,  which  are  present  to  the  amount  of  between  80  and  40  per 
ocnt.) ;  it  communicates  a  bright  yellow  colour  to  the  saliva,  and  has  a 
bitter,  slightly  astringent  taste,  which  to  soibe  persona  ia  not  unplea- 
sant, as  they  are  in,  the  habit  of  chewing  rhurajrb  to  obtain  its  tonic 
eCTects  on  the  stomach;  but  this  practice  is  objectionable  from  the 
yellow  colour  it  imparts  to  the  teetii  and  gums, 

when  the  .dust  which  covers  the  surface  is  removed,  it  exhibits  a 
more  or  less  reddish-yellow  hue  with  white  lines  interspersed,  which 
form  lieautiful  reticulations,  best  seen  on  a  vertical  section,  while  a 
transverse  section  exhibits  small  star-like  spots  and  depressions  of  a 
darker  colour.  The  transverse  fracture  is  imeven,  the  longitudinal 
still  more  so.  "  The  powder  of  genuine  Bussian  rhubarb  is  of  a  bright 
ydlow  colour,  verging  to  red,  but  as  met  with  in  the  shops  it  is  almost 
invariably  mixed  with  tha  powder  of  English  rhubarb,"  which  gives  it 
a  mucl)  lighter  colour. 

The  analysis  of  this  sort  by  Homeniann  shows  it  to  oonost  of  ^ 

Bliabarberln  (or  bitter  principle  of  IltS)      %       ',       .    1< 
Tellev  eolimriiig  matior  (of  Heary)  •        •       •    <      9 

Bitter  extraettve .        .       .        .        .  -     ;       .       .14 
Osidiied  tanaia      .'...;;:.l 

JIaoilage «        ;        .     10 

Ajni]istnMe«xtraat«AftinitlM'«aodrtflM      •        .    .    S8 

Oudioaeid ;       .      1 

VlvoiyKm  ■.       .        .        ,       ,       ,       ^^^.14 
IColstorj,  kMS,  odarons  ptiaeiple  .        •    -    •       •       •      t 

Bhnharberin  is  also  called  chrysophanio  acid,  or  yellow  crystalline 
gnunihted  matter  of  rhuhwlh  AQOordwgtoSvUOssbergeraadPteppisg, 


'"hubarb  contains  tliree  resins :  Aporetine,  Pliaeorotine,  and  Erytlmre-' 
tine.  It  is  supposed  to  contain  some  volatile  oilj  to  which  the  peculiar  - 
odour  is  due. 

The  chief  chemical  distinction  between  this  and  English  rhubarb  is 
the  presence  in  the  latter  of  a  principle  termed  riutporUidn,  and  14  per  <■ 
cent,  of  standi,  with  a  smaller  portion  of  rhubarixrin,  of  ydlow  colour- 
ing matter  and  extractive :   iodine  furnishes  a  ready  distinguidiing  - 
test,  fotr  a  "  deoootion  of  Bnsaian,  Dntoh-trimmed,  or  Ciuaeta  rhubarb 
becomes,  with  a  solution  of  iodine,  greenish-blue  (iodide  of  staroh); ' 
after  a  few  minutes  the  colour  disappears,   and  no  iodhie  eon  M 
deteoted  in  the  liqtior  by  starch,  unless  nitrio  acid  he  previously 
added ;  a  deoootion  of  English  rhubarb  is  rendered  by  a  solntion  of 
iodine  intensely  blue  (iodide  of  starch),  the  eolonr  not  completely  dis- 
appearing by  standing."    (Pareira.)    Thisdiffarenoeistilaarlydapendent - 
on  the  much  greater  portion  of  stareh  existing  in  EngUsh  rhubarh. 
Inferior  rhuborti,  or  roots  out  to  resemble  rhubarb,  and  sprinkled  over 
with  powdered  turmeric,  or  dyed  with  it,  may  be  detected  by  means  of ' 
boracio  acid,  or  any  bor^ea  rendered  acid,  since  tlie  colour  of  genuine 
rhubarb,  or  paper  dyed  with  it,  is  not  infected  by  tlieee  re-agents, 
whereas  tormerio-paper  is  reddened  by  tiiem.    Tellow  ochre,  with 
which  black  and  worthless  pieoes  are  covered,  or  winch  is  used  to  fill 
the  holes  in  worm-eaten  pieoes,  may  be  detected  by  heat,  ss  it  bums 
with  a  brownish  red  i^peataaoe,  and  exliil»tB  the  choraoters  of  a 
ferruginous  earth. 

Portions  nnusually  white  ere  oocasionally  found  in  the  chests  of 
Bussian  rirabarb,  and  ire  masumed  to  be  speoimens  of  imperial 
rftuiari  /  nothing  oertaln  is  known  of  its  origin  or  relative  vshie,  but 
it  is  assigned  to  Skeum  leaearrftuKm,  PaDas,  R  naimm,  Sievers,  TiAewh 
Mortettnt,  Linn. 

3.  Dutoh-triraioed  rirabarb,  called  also  by  some  writers  Perrion 
riiubarb,  and  Bataviaa,  occurs  in  flat  or  round  pieces,  and  is  not  much 
different  in  appearanoe  from  the  preceding,  but  it  reaches  Europe 
through  Canton  and  Singapore.  It  is  said  to  l)e  very  liaUe  to  the  attaclm 
of  a  small  eoleopterous  inseot,  Anobium  boleti,  and  that  the  holes  so 
made  are  stopped  with  yellow  ochre. 

8.  Chinese  or  East  Indian  rhubarb,  termed  in  commerce  half  trtmmtd 
or  untrimmed  rhubarb,  rarely  presents  on  angular  eliaraeter,  but  occurs 
in  rounds  or  flats.  '  The  beet  pieces  are  hearier  and  more  compact 
than  those  of  the  Bussian  kind,  and  the  odour  is  much  lees  powerful 
and  less  aromatia" 

4.  Himalayan  rhubarb  is  not  Imown  as  a  commercial  article  in  tiiis 
conntty,  nor  is  it  even  an  article  of  large  consumption  in  India,  where 
it  BeOs  for  only  one-tenth  of  tlie  best  ^'hubarb,  resembling  in  quality 
the  Russian,  and  wliieh  is  found  in  India.  The  finest  Bussian  rhubarb 
might  be  introduced  and  cultivated  in  the  territories  of  the  East  India 
Co^any,  or,  as  Dr.  Boyle  observes,  "  a  trade  in  rhubarb  with  Tibet 
or  Western  Mongolia  might  he  established  by  means  of  tlie  Tartars 
who  resort  to  the  hill  fairs.  This  trade  might  easily  be  encouraged  by 
the  government  purchasing  all  the  rhubarb  it  requires,  which  might 
thus  be  emjdoyed  for  hospital  use  after  crossing  the  frontiers,  instead 
of,  as  now,  after  malring  a  journey  of  20,000  miles,  or  nearly  the 
circuit  of  the  globe."    ('  Flora  of  the  Himalaya.') 

6.  English  rhubarb  occurs  in  two  states,  "  dressed  or  trimmed,  so  as 
to  resemble  the  Russian  kind,  and  stick  rhubarb. .  The  first  is  grown  at 
Banbury  in  Oxfordshire,  an4  is  frequently  used  for  the  show-bottles  in 
druggists'  windows,  and  often  sold  In  the  streets  of  London  for  Turkey 
rkttSarb,  by  persons  dressed  up  as  Turks.  Stick  rfa'ibarb  is  sold  in  the 
herb  shops,  and  is  in  long  pieces." 

6.  French  rhubarb  is  not  l>rou|ht  into  this  cotmtry. 

What  is  termed  ManUs  rhiharb  is  not  the  produce  of  any  species  of 
rAmm,  but  of  the,  J7ut)i«a;  aZ/ra'ntM^  which  grows  in  Switzerland,  Ger- 
many, and  Mount  Taurus,  and  is  more  astringent  than  purgative  :  it  is 
mostly  used  by  the  monks  of  the  Alps,  or  to  adulterate  the  oilier 
sorts. 

Large  importations  of  rhubarb  are  made  into  this  countiy,  partiy 
from  Russia,  but  much  more  from  the  East  Indies ;  but  the  great^ 
part  is  for  re-exportation.  The  quantity  retained  for  home  consump- 
tion scarcely  constitutes  one-fourth  of  the  entire  amount. 

Rhubarb  presents  the  peculiarity  of  produciug  two  opposite  effects, 
according  to  the  dose  exhibited.  In  small  doses  it  is  tonic  oud 
astringent,  in  large  doses  purgative,  but  generally  followed  by  oon- 
stipabon.  It  ia  moreover  somewhat  heating,  and  therefore  unfit  for 
the  early  stage  of  inflammatory  diseases ;  on  the  other  luind,  its  tonic 
properties  render  it  enunently  proper  in  the  later  stages  of  these 
dismses.  In  debility  of  the  digestive  organs,  alone,  or  better  in  oon- 
junction  with  other  agents,  it  is  a  most  valuable  remedy ;  but  it  is  veiy 
Improper  in  the  form  of  powder  for  very  youiu;  children,  as  the 
insoluble  woody  fibre  irritates  their  delicate  atomachs,  and  contributes 
to  produce  that  state  of  irritation  under  which  so  many  young  children 
sink  who  are  overdosed  with  domestic '  medicines.  IJr.  Beid,  from 
large  experience  at  a  public  dispensary,  stated  it  as  his  deliberate 
opinion,  that  half  the  children  which  died  in  London  under  two  years 
of  age  were  killed  by  mothers  and  nurses  dosiug  them  with  rhubarb 
and  magnesia.  A  more  rational  proceeding  U  to  regulate  the  diet  of 
tender  in&nts,  especially  of  such  as  are  not  Buckled  by  the  mother  or 
a  wet  nurse ;  above  aU,  to  avoid  giving  them  stimulating  drinks  or  raw 
fruits.  Where  any  form  of  gentie  aperient  and  antacid  is  really 
necesmsf  for  chfldren  or  Is&nts,  an  ioEuaion  of  rhubarb  made  with 
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cold  water,  to  which  carbonate  of  »od»  is  added,  answers  well 
Compotmd  rhubarb  pill,  a  very  commonly-used  aperient,  is  hurtful  to 
persons  prone  to  sufi'er  from  piles.  But  an  unobjectionable  and  very 
mildly  acting  aperient  pill  con  be  made  with  equu  parts  of  extract  of 
rhubarb,  extract  of  jalap,  and  extract  of  taraxacom,  with  a  very  little 
jalapina,  and  some  drops  of  any  volatile  oil,  such  as  dill,  canaway,  or 
doves. 

Several  spedea  of  rheum,  and  garden  varieties  of  them, are  cultivated 
for  ihe  B^e  of  the  petioles  of  the  leaves,  which  are  much  used  to 
make  tarts  in  spring.  The  cooling  and  gently  aperient  properties  of 
these  render  them  grateful  and  beneficial  to  moat  persons ;  but  indi- 
viduals prone  to  calculous  complaints  should  carefully  avoid  them,  and 
all  v^etables  which  owe  their  acidity  to  oxalic  add,  as  the  formation 
of  the  oxalate  of  lime,  or  mulberry  caJcuIus,  may  be  the  consequence 
of  indulgence.  This  observation  applies  equiJly  to  the  species  of 
Rumex  which  are  used  as  sorrel.  [ClOXR  ABBTDlVli.]  (Fereira's 
'Mat.  Med.-) 

RHEUMATISM  (from  ^v/utTur/u^,"  a  de£uzio&').  It  to  probable 
Hat  this  term  was  originally  adopted  during  the  prevaleitce  of  the 
doctrines  of  the  humoral  pathology,  when  every  disease  attended  with 
swelling  was  attributed  to  the  flow  of  some  morbid  humour  to  the 
part  afiiected.  Before  the  year  1642,  rheumatism  and  gout  were 
usually  described  as  one  disease,  under  the  name  of  arthritis ;  the  dis- 
tinction between  the  two  is  said  to  have  been  first  accurately  mads  by 
Bellonius,  a  physician  who  suffered  much  from  rheumatism. 
I  Acute  rheumatism,  called  also  rheumatic  fever,  has  been  so  well 
described  by  Sydenham,  that  we  make  use  of  his  own  words :  "  This 
disease,"  he  observes,  "  happens  at  any  time,  but  especially  in  autumn, 
and  cluefly  affects  such  as  are  in  ike  prime  of  Ufe.  It  is  generally 
occasioned  by  exposing  the  body  to  the  cold  air  immediately  after 
having  heated  it  by  violent  exeitise  or  some  other  way.  It 
be^pns  with  chilliness  and  shivering,  which  ore  aoon  succeeded  by 
heat,  resUessness,  thirst,  and  the  other  concomitants  of  fever.  In  a 
jday  or  two,  and  sometimes  sooner,  there  arises  an  acute  pain  in  some 
jor  other  of  the  limbs,  especially  in  the  wrists,  shoulders,  knees ;  which 
shifting  between  whiles,  afieots  these  ports  alternately,  leaving  a  red- 
ness aod  BwelUng  in  the  part  last  affected.  In  the  beginning  6f  the 
illness  the  fever  and  the  above-mentioned  symptoms  do  sometimes 
come  together,  but  the  fever  goes  eff  graduijly,  while  the  pain  con- 
jidnuea  and  sometimesincreases.'  Acute  rheumatism  varies  considerably 
'in  intensity  and  dxiration;  the  patient  may  have  great  fever,  and 
severe  pain  in  nearly  every  joint,  so  as  to  render  him  perfectiy 
helpless;  or  the  fever  may  be  slight,  and  the  local  inflammation 
limited  to  one  or  two  joints.  There  is  not  always  a  relation  between 
the  severity  of  the  local  symptoms  and  the  constitutional  dirturbance. 
The  duration  of  this  disease  is  much  the  s^me  under  any  mode  of  treat- 
ment; it  may  be  terminated  in  a  few  days,  or  may  endure  as  many 
months ;  in  nearly  every  case  the  general  symptoms  cease  before  the 
local  inflammation  ia  stopped.  Acute  rheumatism  simply,  is  seldom  if 
ever  a  fatal  disease,  but  complicated  with  pericarditis,  endocarditis,  or 
pleurisy,  it  is  highly  dangerous.  It  behoves  us  therefore  in  every  case 
of  rheumatism  to  be  on  our  guard  against  these  complications ;  they 
are  so  frequent  and  come  on  so  insidiously,  that  a  recourse  to  the  aid 
of  the  stethesoope  should  never  be  neglected.  [Hxabt,  Diseases  or 
ThbJ 

mth  respect  to  what  is  called  chronic  rheumatism,  it  may  be  either 
a  continuance  of  acute  rheumatism  in  a  milder  form,  or  may  originate 
in  this  chronic,  or,  more  properly  speaking,  subacute  character.  In 
either  case  all  the  characters  of  acute  rheumatism  are  present,  but  in 
a  leas  violent  degree/j  thus,  there  is  a  quickened  pulse,  some  increased 
heat  of  skin,  a  fuired  tongue,  and  loss  of  appetite  and  sleep,  the  feb- 
rile action  undermines  the  general  health,  whUe  the  local  in&unmatiun, 
although  indolent,  disorganises  the  joints.  This  state  of  things  may 
endure  for  an  indefinite  period,  or  uie  febrile  symptoms  may  after  a 
time  disappear  and  the  morbid  action  in  the  joints  cease,  not  however 
without  leaving  behind  them  such  ravages  as  require  a  speoiid  local 
treatment.  Dr.  Elliotson  has  distinguished  chronic  rheumatism  into 
hot  and  cold :  in  the  former,  the  joints  affected  are  alxive  the  natural 
temperature  of  the  other  parts  of  the  body,  and  are  relieved  by  the 
application  of  cold;  in  the  latter,  the  oontnu^  is  the  case.  Whether 
the  pain  of  the  joints  is  relieved  most  by  hot  or  by  cold  applications, 
it  is  generally  aggravated  in  cold  moist  weather,  and  diminished  dur- 
ing an  opposite  condition  of  the  atmosphere.  The  only  diseases  vritii 
which  rheumatism  can  be  confounded  are  gout  and  penostitis ;  for  its 
distinction  from  the  former  of  which  see  QoDX. 

The  term  rheumatic,  whether  properly  or  not,  has  been  applied  to 
various  affections  which  have  very  little  resemblance  to  one  another, 
except  in  being  attended  with  pain.  Thus  a  class  of  cases  has  been 
called  rheumatic  gout.  This  is  a  disease  partaking  of  the  cboroctera 
both  of  gout  and  rheumatism.  It  may  be  rheumatism  attacking  the 
small  joints,  or  it  may  be  gout  extending  to  the  large ;  iu  either 
case  the  distinction  is  not  of  much  importance,  as  the  treatment  is  the 
same. 

When  rheumatism  is  seated  in  the  back,  it  is  called  lumbago, 
from  lumbiu,  the  loin ;  when  in  the  back  of  tiie  neck,  the  patient  is 
said  to  have  a  stiff  neck,  or  a  "  crick  in  the  neck ;  "  when  in  the  head, 
one  half  only  is  usually  attacked,  and  it  is  called  hemicrania.  When 
the  pain  occupies  the  mora  fleshy  ports  of  the  limbs,  as  the  muscles  or 


their  aponeuroses,  the  term  rheumatalgii  is  sometimes  made  use  of.  In 
this  last-named  affection  there  is  neither  redness  nor  swelling,  and  pain 
is  experienced  only  when  the  muscles  of  the  part  affected  are  called 
into  action.  Many  persona  believe  that  the  nerves  themselves  may  be 
affected  with  rheumatism,  and  refer  to  sciatica  and  hemicrania  as 
examples.  In  these  cases  the  pain  is  generally  of  an  intermittent 
character.  This  intermittence  of  pain  is  not  peculisr  to  nervous 
rheumatism,  but  is  met  with  also  when  the  aponeuroses  of  muscles  are 
the  seat  of  the  disease,  as  in  hemicrania.  "  It  usually  attacks  one  half 
of  the  organ  (the  head),  and  the  pain  generally  comes  on  in  the  evening 
about  six  o'clock,  and  continues  very  violentiy  for  a  few  hours.  Occa- 
sionally when  it  is  intermittent  in  this  way,  the  parts  are  hot,  swollen, 
and  throb,  and  the  eyes  water;  but  in  other  oases  this  is  not  felt" 
(Elliotson.)  Many  physicians  of  eminence  deny  that  the  above-named 
affections  are  rheumatic,  and  consider  them  to  be  of  nervous  origin ; 
hemicrania  and  lumbago  they  call  neuralgia,  and  rheumatalgia  they 
designate  by  the  term  myodtis.  From  this  contrariety  of  opinion  we 
may  conclude  that  litUe  is  known  respecting  the  structures  octuallv 
affected  in  these  varieties  of  rheumatism;  of  the  morbid  changes  whiw 
they  undergo  we  are  likewise  in  equal  ignorance.  In  the  true  or  articular 
rheumatism  it' is  the  synovial  membrane  lining  the  cavity  of  the  joints 
and  the  fibrous  tissues  external  to  them  that  prindpally  suffer.  The 
reepective  degree  in  which  each  of  these  structures  is  implicated  is  not 
the  same  in  every  case.  Thus,  in  one  case,  we  shall  find  the  joints  dis- 
tended with  fluid,  the  fluctuation  <rf  which  is  verv  perceptible  to  the 
hand ;  while  in  another  tiiere  shall  be  swelling,  but  it  will  be  more 
diffused  and  without  fluctuation,  showing  that  Uttle  or  no  efiiision  has 
taken  place  into  the  joint,  but  that  the  swelling  results  from  the 
inflammation  of  parts  external  to  it.  This  difference  has  led  some 
persons  to  speak  of  rheumatism  as  fibrous  and  synovial ;  but  inasmuch 
as  it  is  not  always  easy  to  determine  to  which  variety  the  case  under 
examination  may  belong,  and  is  besides  of  no  practical  importance,  the 
distinction  is  not  usuuly  regarded.  The  fluid  which  is  found  in  the 
joints  may  be  dther  gelatinous  or  purulent,  according  to  the  severity 
of  the  inflammation.  The  synovial  membranes  which  line  them  are 
red  and  thickened ;  the  ligaments  external  to  the  joints  are  thickened 
and  rigid,  the  limbs  frequenUy  contracted,  and  the  musdes  wasted. 
In  rheumatic  gout  there  is  often  found  a  deposit  of  lithate  of  soda  in 
the  joints  affected, — a  proof  that,  in  many  cases  at  least,  this  disease 
partakes  more  of  the  character  of  gout  than  of  rheumatism.  The 
appearances  preeented  in  the  heart  and  its  coverings,  where  this  organ 
has  been  attacked,  have  already  been  described  in  the  artide  Hfabt, 
Diseases  of  the. 

Catua  of  Sheamaliim. — Among  the  causes  which  predispose  to 
rheumatism  must  be  placed  an  hereditary  tendency  and  the  age  and 
temperament  of  the  individual.  The  period  of  life  most  subject  to 
acute  rheumatism  is  from  puberty  to  8S  years  of  age,  and  persons  of 
full  plethoric  habit  are  sold  to  be  more  liable  to  its  attacks  than 
those  of  an  oppodte  temperament.  It  is  supposed  by  many, 
among  whom  may  be  dted  the  names  of  M.  Andral(' Anatomic 
Pathdogique '),  M.  C.  Roche  ('  Diptionnaire  de  M^ddcine  et  de  Chimr- 
gie),  and  Dr.  Barlow  ('  C^dopscdia  of  Practical  Medidne),  that  an 
absolute  or  relative  ooivlition  of  plethora  is  essentisl  to  the  devdop- 
ment  of  rheumatism ;  and  the  blood,  according  to  these  authorities, 
may  be  either  excesdve  in  quantity  or  altered  in  quality.  "  There  are 
some  individuals,"  observes  M.  Andral,  "  who  natiually  make  a  greater 
quantity  of  blood  than  others.  When  the  bloodvessels  contain  a 
greater  proportion  of  the  nutritive  fluid  than  u  necessary  to  supply 
the  demands  of  the  different  organs,  the  superabundant  quantity 
becomes  a  permanent  source  of  exdtation  to  the  solids,  and  at  the 
same  time  the  blood  has  a  remarkable  tendency  to  accumulate  in 
different  organs ;  so  that  in  such  a  case  the  whole  system  ia  in  a  general 
state  of  excitation,  and  some  of  the  organs  may  become  the  seat  of 
locd  congestion  of  various  degrees  of  duration  and  intensity."  In 
applying  these  doctrines  to  the  disease  we  are  considering,  he  observes, 
"  If  we  mark  the  symptoms  and  progress  of  acute  rheumatism,  we 
find  tiiat  very  often  a  well-marked  febrile  action,  with  a  strong  reaction, 
but  without  any  symptom  whatever  of  local  affection,  precedes  the 
pain.  In  a  word,  there  is  first  an  inflammatory  fever,  and  then 
rheumatism.  Next  observe  the  extreme  mobility  of  the  rheumatic 
pains.  They  run  along,  in  a  manner,  wherever  the  blood  is  distributed ; 
the  application  of  leeches  often  removes  the  pain  from  one  part,  but  it 
soon  shifts  to  another,  and  not  unfrequentiy  it  quits  the  articulating 
tissues  and  fixes  on  different  internal  organs,  producing,  by  the 
derangement  of  their  functions,  symptoms  more  or  less  severe.  It 
often  happens  that  bleeding  from  a  large  orifice  puts  an  end  to  the 
disease,  as  if,  by  diminishing  the  mass  of  blood,  it  proportionally 
diminished  the  stimulus  that  promoted  all  these  shifting  irritations." 
It  is  then,  when  the  body  is  in  this  predisposed  condition,  from  any  of 
the  before-mentioned  causes,  that  exposure  to  a  continued  draught  of 
cold  air  or  a  shower  of  tain  becomes  the  immediate  exdting  cause  of 
an  attack  of  rheumatism. 

Whatever  may  be  the  general  condition  of  plethora,  which  has  been 
observed  in  certain  cases,  there  can  be  no  doubt  that  rheumatism  will 
only  come  on  in  certain  conditions  of  the  blood.  It  has  been  observed 
that  during  rheumatism  oondderable  quantities  of  lithic  add  and 
lithate  of  ammonia  occur  in  the  urine,  and  there  seems  to  be  little 
doubt  that  in  all  cases  of  rheumatism  there  is  an  accumulation  in  the 
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Uood  of  some  substanoe  trhich  acts  ai  a  matmet  morbi.  ThU  sub- 
■tanoe  is  not  identified,  liut  between  the  substanoes  of  the  food  on  the 
one  hand  and  the'excretions]of  the  skin  and  kidneys  on  the  other,  there 
is  a  wide  field  for  the  production  of  abnormal  products,  which  may  be 
the  oause  of  «1i««imM-  It  has  been  supposed  by  Dr.  Todd  and  others, 
that  the  real  nutteria  morbi  is  lactic  acid  in  the  blood.  This,  however, 
is  at  present  problematiaJ,  but  it  is  very  certain  that  an  abnormal 
ocmdition  of  th«  blood  is  the  moat  general  antecedent  of  rheumatio 
disease. 

Cold  has  been  often  supposed  to  be  on  absolute  cause  of  rheumatism. 
But  this  is  certainly  not  the  ease,  as  out  of  half  a  dozen  men  exposed 
to  the  same  degree  of  cold  only  one  may  faaye  rheumatism.  This 
disease  is  also  not  more  prevalent  in  hot  climates,  as  compared  with 
cold  ones,  than  could  be  accounted  for  on  the  supposition  of  other 
causes  than  cold  producing  the  disease.  That  cold  is  an  exciting  cause 
when  the  body  iis  already  predisposed  there  can  be  no  doubt. 

TnatmeM  of  rkeumatinn, — Dr.  Haygaith,  on  being  asked  what  was 
the  best  remedy  for  acute  rheumatism,  is  said  to  have  repUed, "  Six 
weeks."  The  sagacity  of  this  reply  can  be  be«t  estimated  when  the 
literature  of  acute  rheumatism  has  been  gone  through.  Blood-lettiiig, 
calomd,  opium,  bark,  allcalies,  iodide  of  potassium,  colchioum,  aconite 
digitalis,  tartoiised  antimony,  nitrate  of  potash,  brandy  and  water, 
inWnito«ti«nl  doses, — have  all  had  their  advocates,  and  in  every  set  of 
onred  cases  reported  Hxe  avenge  duiution  will  be  found  to  be  about  six 
weeks.  It  is  not,  l)owever,  to  be  supposed  tiiat  the  treatment  of  acute 
rtMumatism  is  one  of  indifference,  Aocording  to  the  severity  of  the 
symptoms  and  the  -  temperament  of  the  individual  the  judicious 
phyaiaian  will  apply  his  treatment.  The  symptoms  of  disease  of  the 
heart  should  be  watched  for  witli  anxiety,  and  where  detected  the 
treatment  must  be  modified  accordingly.  Blood-letting  is  now  seldom 
had  recourse  to.  Opium  to  aUeriate  great  pain  and  olkalieB  to  act  on 
the  kidneys  and  bowels,  and  modify  the  condition  of  the  blood,  are 
x«commended  by  all  rational  piacUtionenL  Dr,  Bennett,  of  Edin- 
boigb,  speaks  highly  of  nUiate  of  potass.^  Local  bleeding  is  occa- 
sionally of  service.  Li  ohronio  iheomatism  liniments  over  Qm  inflamed 
joints,  with  iodide  of  potassium,  and  bark,  and  guaiaoum,  with  other 
tcnioB  and  stimulants,  are  valuable  remedies.  Cold  bathing  and  mineral 
waters  are  adqtted  for  some  cases. 

Aoeording  to  Dr.  Elliotson,  whether  rheumatism  be  acute  or  chronic, 
tiie  treatment  should  be  exactly  th?  same :  "  You  have  only  tp  make 
two  distinctions,— to  ascertain  whether  it  is  the  inflammatory  form  of 
the  disease :  whether  the  parts  are  hotter  than  they  should  be,  and 
heat  does  harm ;  or  whether  the  parts  are  cooler  than  they  should  be, 
and  heat  does  good."  In  the  one  case  he  recommends  anti^hlogiqtio 
measures,  and  in  the  other  stimulants ;  under  the  antdphlogiBtio  mea, 
auies,  he  comprehends  bleeding  and  the  administration  of  colohicum, 
the  latter  to  bis  continued  till  it  purges  the  patient.  During  the  whole 
time  of  the  treatment  cold  lotions  are  appUisd  to  the  inflamed  joints. 
In  the  chronio  fonn  of  rheumatism  vxe  joints  are  kept  hot  with 
flannels  and  rubbed  with  stimulating  ointments  and  linimenfai,  while 
the  ammoniated  tincture  of  guaiacum,  beginning  with  half -dism  doses, 
is  given  three  times  a  day.  Dr.  Elliotson  also  considers  that  mercury 
b  occasioaally  useful  in  both  lunds  of  rheumatism.  Lumbago  and 
sdotioa  are  most  successfully  treated  by  cupping  the  loins  and  the 
parts  over  the  course  of  the  greit  sciatic  nerve,  followed  by  the  a^li- 
oatlon  of  blisters  to  the  same  regions,  and  a  general  antiphlogistio 
regimen.  In  hemicrania  great  r^ef  is  frequently  obtained  by 'the 
application  of  heat  to  the  port  afiiected,  as  in  wrapping  up  the  head  in 
nanneL  Should  tiie  pain  evince  a  tendency  to  return  ev^iy  evening,  a 
large  dose  of  a  narcotic  should  be  administered  just  previous  to  ^e 
paroxysm,'  and  if  not  rddeved  in  two  or  three  hours,  a  similar  dose 
must  be  repeated ;  we  are  informed  that  one  grain  of  stramonium  for 
an  adult  frequently  acts  like  a  charm  in  this  affection.  In  rheuma- 
talgia,  when  we  parts  are  not  hot,  and  the  pain  is  not  increased  by 
hsat,  acupuncture  and  shampooing  have  been  found  of  great  service. 

Where  the  joints  are  stiff  and  contracted,  from  long-oontinued  in- 
flammation, warm  bathing,  combined  with  frequent  and  persevering 
exercise  of  them,  have  been  attended  with  the  most  signal  success. 

(Sydenham,  Optra  Medica,  'Tractatus  de  Podagra  et  Hydrope;' 
AadraL  AntUomie  Paihologigue  :  C.  Roche,  Dtetimmmre  da  Midicine 
«t  <fe  Chrnargie;  Dr,  Barlow,  Cydopadia  of  Pradieai  MedidM;  Dr, 
Wi&<Aaaa,  Pradiet  of  Mtdicine  ;  Dr,  Bennett,  PrinapU*  and  Practiet 
tf  Mediant;  Dr,  Fuller,  Sheutnatim  and  Shevmalic  Gout.) 

RHEUMIN,    [Chbysophanic  Acid.] 

BHODALLINE.    [Thiosihavihs,] 

RH0DA17HYDRIC  ACID,  SynonymooB  with  firDBOSOiirBO-^ 
OTAjno  Aon>, 

SHODANOOEN,    Synonymous  with  SxTLeaooYASoasw, 

BHODEOBETIC  ACID.    [Contolvtjuo  Acid.] 

RHODEORETIN,    [Comtolvolik.] 

RHODEOBETINOL,    [Convolvuuhouo  Acid.] 

RHODEORETINOUC  ACID.    [Con  volvulinolio  Acid.] 

RHODIUM  (Bo),  a  metal  discovered  by  the  late  Dr,  WoUaston  in 
1808,  and  named  from  rhodon  {fiton,  a  i-oee),  on  account  of  the  colour 
of  one  of  its.  solutions.  This  metal  exists  in  combination  with  plati- 
num. According  to  the  analysis  of  Berzelius,  the  ore  of  Colombia 
ecntains  nearly  three  and  a  half  per  cent.,  and  that  of  Siberia  only  I'lS 
per  cent  of  rhodiva,    WIwb  the  greater  port  of  t^e  platinum  and 


palladium  have  been  separated  from  the  solution  of  the  native  grains, 
by  the  addition  of  chloride  of  ammonium  and  cyanide  of  mercury,  a 
pkte  of  iron  is  to  be  immersed  in  the  residual  solution,  and  by  this 
the  rhodium,  with  small  quantities  of  platinum,  copper,  and  lead,  is 
thrown  down  in  the  metallic  state.  In  order  to  render  the  rhodium 
pure,  it  is  first  digested  in  dilute  nitric  acid,  which  dissolves  th»  copper 
and  lead,  and  the  rhodium  and  platinum  ore  then  to  be  dissolved  in 
aqua  regia  mixed  with  some  common  salt,  and  the  solutioa  is  tu  bo 
evaporated  to  dryness.  By  tliis  operation  there  are  obtained  the 
double  chloride  of  platinum  and  sodium,  and  rhodium  and  sodium. 
The  former  is  to  be  dissolved  in  alcohol,  and  the  latter  afterwards  in 
water,  when  a  plate  of  zinc  immersed  in  the  solution  precipitates 
the  rhodium  in  the  metallic  state.  The  metal  thus  procured  is  in  the 
state  of  a  black  powder,  and  requires  the  strongest  heat  of  a  wind- 
fumace,  or  better  the  o^hydrogen  blowpipe,  for  fusion.  It  is  less 
fusible  than  platinum,      ^ 

Rhodium  is  white;  has  a  metallic  lustre ;  is  extremely  hard ;  specific 
gravity  12*1 ;  and  is  ductile  and  malleable.  It  is  not  dissolved  by  any 
acid  or  by  aqua  regia,  except  when  it  is  alloyed  by  other  metals ;  and  this 
circumstance  accounts  for  its  being  dissolved,  when  alloyed  with  pla- 
tinum, in  the  native  grains  of  tMs  metal.  It  suffers  no  change  by 
exposure  to  air,  either  dry  or  moist.  The  equivalent  of  rhodium  is  62'16, 

Oxygea  and  JOiodmm  form  two  compounds.  They  caimot  be  made 
to  combine  by  direct  action.  The  protoxide  has  not  yet  been  obtained 
in  a  state  of  purity.  When  finely-divided  rhodium,  mixed  with 
potash  and  a  little  nitre,  is  heated  to  redness  in  a  silver  crucible,  the 
metal  is  oxidized,  and  becomes  of  a  brown  colour,  and  is  mixed  with 
potash ;-  the  mass  is  to  be  waited  witii  water  and  then  treated  with 
hydrochloric  acid,  by  which  hydrated  peroxide  of  rhodinm  is  left,  of  a 
greenish  gray  colour.  It  contains  Bo,Op  When  this  peroxide  is 
heated,  it  becomes  black,  and  is  than  probably  converted  into  pro- 
toxidsL 

Chlorine  and  Shodium  probably  unite  in  three  proportions,  but  the 
perchloride  (Ko^Cl,)  only  has  been  hitherto  obtained  in  a  separate  state. 
It  was  procured  by  Beizelius  by  adding  siMeo-hydrofiuoric  acid  to  a 
solution  of  the  chloride  of  potassium  and  rhodium,  as  long  as  the 
double  fluoride  of  potassium  and  silicon  was  generated,  after  whick 
the  filtered  liquor  was  evaporated  to  dryness,  and  the  residue  r«di»> 
solved  in  water.  The  remaining  perchloride  tiius  obtained  has  a  dark 
brown  colour,  and  when  heated  to  redness,  chlorine  is  evolved  and 
meti^c  rhodium  obtuued.  The  aqueous  solution  of  this  salt  is  a 
fine  roee-red  colour,  whence  the  name  of  the  metal  which  it  contains. 

This  salt  forms  double  compounds,  called  rhodio-ohloridee,  with  tiio 
chloride  of  potassium  and  of  sodium. 

Su^hir  and  Shodium  may  be  made  to  combine  by  heating  tiiem 
together,  the  metal  being  in  a  state  of  minute  division.  The  prota- 
tiSphide  (Ro  S)  formed  fuses  at  a  white  heat  without  deoompoaition, 
has  a  bluish-gray  colonr,  a  metallic  lustre,  and  by  the  action  of  nitria 
acid  is  converted  into  sulphate  of  rhodium.  Setqui-niphide  of  rhodium 
(Bo,S,)  may  be  formed  by  heating  the  ammonio-chloride  of  the  metal 
with  sulphur,  or  by  heatiug  its  solution  with  sulphide  of  potassium. 

Salt*  of  Shodium. — The  salts  of  the  peroxide  only  have  been  formed. 
Their  general  properties  are  but  little  known. 

NOnUt  of  Shodium  is  obtained  by  dissolving  the  peroxide  in  the 
acid  :  it  is  of  a  deep  red  colour,  and  uncrystoUizable. 

Sulphate  of  Shodium  is  procured,  as  already  mentioned,  by  acting 
upon  the  sulphide  with  nitric  acid.  The  solution  is  of  a  deep  red 
colour,  and  does  not  yidd  crystals.  When  the  caustic  alkalies  are 
added  to  the  solution  of  this  or  the  other  soluble  salts  of  rhodium,  a 
precipitate  of  the  hydrated  sesqui-oxide  of  a  greenish-yellow  ooloui? 
is  obtained  after  some  time ;  the  alkaline  carbonates  produce  na 
effect,  nor  does  sulphurous  acid,  nor  the  ferro-cyanide  of  potosaium. 
Hydro-sulphuric  aoid  throws  down  sulphide  of  rhodium;  but  Vhs 
hydrosulphates  of  ammonia  and  potash  produce  no  immediate  fpre-> 
cipitate. 

AUoyi  of  Shodium. — When  combined. with  steel  to  the  amount  of 
only  two  per  cent.,  it  gives  the  steel  great  hardness  without  causing  it 
to  crack  under  the  hammer.  Dr.  WoUaston  examined  several  of  its 
alloys,  and,  on  account  of  its  hardness,  he  suggested  its  employment 
for  the  nibs  of  metallic  pens ;  to  which  pui-pose  it  has  been  applied 
successfully.    It  has  net  been  combined  with  mercury. 

BHODIZONIC  ACID  (8  HO,  C,0,  ?).  In  the  preparation  of  Potas- 
BITM,  a  combination  of  that  element  with  carbonic  oxide  is  formed  in 
considerable  quantities.  The  composition  of  this  compound  is  not  at 
present  very  well  understood.  In  the  presence  of  moisture,  however, 
it  assimilates  water,  and  is  converted  into  the  potash  salt  of  an  sold 
termed  rJtodiionic  {pHoy,  a  "  rose  "),  from  the  red  colour  of  its  salts. 
Rhodizonote  of  potssh  forms  obUque  rhomboidol  prisms  of  a  blui^- 
green  metallic  appearance.  It  is  insoluble  in  alcohol  or  ether,  but 
readily  soluble  in  water,  yielding  a  deep  red  solution ;  it  is  inodorous, 
tasteless,  and  tolerably  permanent  in  the  air.  On  the  addition  of 
sulphuric  scid  to  the  potash  salt,  rhodizonio  acid  is  set  free,  and  may 
be  obtained  in  bluish-block  crystals. 

Oroconic  acid  (2  HO,  C,„0,),  so  called  from  the  yellow  colour  of  ita 
salts,  is  a  product  of  the  action  of  a  temperature  of  212°  Fohr,  upon 
rhodizonate  of  potash.  From  tho  potash  salt  the  add  may  be  set  free 
by  sulphuric  acid,  or,  better,  hydt-ufiuotiUac  aad.  It  ctyatollizes  in 
transparent,  orange-yellow,  inodorous,  astKitigent,  and  yeiy  acid  crystals. 
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It  ia  oolable  in  water  or  aloohol,  and  fortua  neutial  or  add  nits  with 


RHODOTANNIC  ACID.    [Takbio  Aoidb.] 

BHOMB,  RHOMBUS,  RHOMBOID.  These  terma  have  been  used 
in  various  significatioiu  by  different  writers,  and  the  aeoond  and  third 
have  been  Bometimea  diatinguiabed  from  eacli  other  in  meaning.  It  is 
not  worth  while  to  do  more  than  state,  that  when  either  of  them  ia 
now  used,  it  signifiea  an  equilateral  oblique  parallelogram.  The  Latin 
dictionatiea  d^ne  rhomboidea  to  be  a  paiallelognun,  and  rhombua  an 
Equilateral  parallelogram. 

RHUBARB.    [Rheum.] 

BHUBARBABIC  ACID.     [Chbtbophahio  Acnx] 

RHUBARBARIN.    [Ghbysopbasio  Aran.] 

RHUMB.    [RtTMB.] 

RHYME.  Johnson  derires  this  word  from  iiie  Greek  rhylJtmm 
(Miths).  Others  derive  it  from  the  Swedish  and  Danish  rim,  the 
Dutch  rym,  and  the  German  reim.  All  the  principal  European  nations 
uae  the  aame  word  to  signify  the  same  thing.  Thus,  the  French  have 
rime,  the  Italiana  rima,  and  the  Bpaniarda  rima.  The  Greek  and 
Roman  poeta  did  not  uae  rhyme,  and  the  word  iTthuus  was  applied  by 
both,  in  its  poetiosl  meaning,  to  the  metrical  arrangement  of  syllables, 
and  not  to  the  oorreapondenoe  of  sound  in  their  terminations.  Rhyme 
w*8  not  uaed  either  by  the  Celtic  or  by  the  early  Scandinavian  nationa. 
Thua  the  Irish  aad  Erae  poema  on  which  Macpherson  founded  hia 
'  Poema  of  Oasian '  are  without  rhymes,  aa  ia  also  the  Scandinavian 
poem  of  the  '  LodbroVar  Quida '  (Lodbroc'a  Death-Song).  Rhyme,  aa 
an  accompaniment  of  verae,  cannot  be  traced  farther  back  among 
Enropean  nations  than  to  tRe  rymou/rt  of  Normandy,  the  inmiadoun 
of  Provenoe,  the  minnetiiujen  of  Germany,  and  the  monka,  who,  after 
the  fall  of  the  Roman  empire,  added  rhyming  terminationa  to  the 
Latin  metres  which  were  chanted  or  simg  in  the  church  service. 
Rhyme  was  early  employed  by  the  Italian  poeta.  The  '  Divina  Corn- 
media  '  of  Dante,  the  oldest  of  the  great  Italian  poema,  ia  in  alternate 
ihymea.  The  early  Spanish  ballads  sometimes  have  rhymes,  some- 
times only  assonances  [AsbonawoeJ,  and  sometimes,  as  in  the  old 
Spanish  romance  of  '  The  Cid,'  are  without  either  rhyme  or  aaaonance. 
The  early  Anglo-Saxon  poetiy  ia  without  rhyme,  but  it  is  sometimes 
uaed  in  the  later.  All  the  old  English  poetiy  has  rhymea,  which  are 
rude  and  imperfect,  like  the  versification,  but  they  are  obviously  an 
adjunct  to  the  verse  which  could  not  be  omitted. 
■  Perfect  rhymes  arise  from  the  identity  of  s^imd  with  which  different 
words  terminate— the  identity,  not  the  similarity.  In  monosyllables, 
or  words  which  have  the  accent  on  the  last  syllable,  to  constitute  a 
perfect  rhyme  it  is  necessary  that  the  sound  of  the  last  accented  vowel 
and  of  any  letters  which  may  follow  it  should  be  exactly  the  same  as 
those  of  the  word  with  which  it  rhymea.  The  sounds  which  precede 
the  last  accented  vowel  must  be  dilTerent  in  the  two  words.  The 
apelling  ia  of  no  conaequence ;  the  rhyme  ia  in  tiie  aounda,  not  in  the 
oouventional  eigns  by  which  the  sounds  are  expressed.  Thus  no 
rhymes  to  »o,  trnt  not  to  do,  which  rhymes  to  too  or  two  ;  great  rhymes 
to  hate,  but  not  to  heat,  which  rhymea  to  fleet ;  and  so  on.  If  the 
aounda  of  the  last  vowela,  or  of  any  of  the  following  consonants,  differ 
in  any  degree,  however  small,  the  rhyme  is  so  far  imperfect ;  thus, 
loae  and  tnoee  form  an  imperfect  rhyme,  the  soimd  of  the  0  in  love 
being  not  only  shorter  than  that  of  the  o  in  move,  but  to  a  certain 
extent  different.  These  monosyllable  or  laatayllable  rhymea  are  called 
male  rhymea. 

Another  claaa  of  rhymes  ia  formed  from  words  in  which  the  accent 
ia  on  the  last  ayllable  but  one.  In  this  class  it  is  requisite  that  the 
aounda  of  the  last  vowel  in  the  last  syllable  but  one  and  of  all  the 
following  letters  ahould  be  the  same  as  those  with  which  they  rhyme. 
Thus,  deuring  and  retpiring,  dacended  and  extended,  are  perfect  rhymes 
of  this  class.     These  are  called  female  rhymes. 

The  principle  of  rhyming,  once  understood,  the  application  ia  easy  in 
all  cases.  Thus,  if  the  accent  is  on  the  last  syllable  but  two,  the 
sound  of  the  last  vowel  of  the  hat  ayUable  but  two,  and  of  all  the 
following  lettora,  muat  be  the  same.  Thus,  undbU  and  extcnsibU  are 
perfect  rhymes  of  this  claaa,  but  dittolute  and  retolvte  arc  imperfect 
rhymes,  the  vowels  in  the  last  syllable  but  two  of  both  words  having 
different  sounds. 

The  same  principle  of  rhyming  applies  to  aB  the  modem  languages, 
aa  well  aa  to  the  English.  Imperfect  rhymea  are  more  or  less  freely 
^ed  in  aU  of  them,  according  to  circumstances.  The  Engliah  and 
German  languages,  which  abound  in  consonants,  and  have  for  the  most 
part  consonant  terminations,  are  more  deficient  in  rhymes  than  the 
Itahau  and  Spanish,  which  abound  in  vowels,  and  have  for  the  most 
part  vowel  terminations. 

.  RHYTHM  (;ru»^,,  meani.rt,pmporHon),  in  Musio,  ia  Time;  first, 
in  a  limited  aense,  aa  in  the  relative  proportiona  of  notea  in  a  single 
bar;  and,  aocondly,  in  a  more  general  sense,  aa  in  the  relative  propor- 
tion of  a  number  of  bars  in  any  given  portion  of  a  composition,  aa  m 
either  half  of  a  mmuet  or  of  a  mareh.  Rhythm  ia  the  moat  im- 
portant constituent  of  music;  without  it  inarticulate  sounds  are 
unproductive  of  any  muaical  effect.  [Mosio.]  In  melody,  that  ia  a 
Buccoaaion  of  measured  sounds,  notes  are  the  component  parts  of  a  bar, 
and  bars  are  the  component  parts  of  a  atrain,  or  musical  period,  or 
phrase.  The  due  reUtive  proportion  of  aU  these  ia  absolutely 
noceaaaiy  m  the  formation  of  a  gbod  muaical  composition;  without  it, 


Bays  one  who  seems  to  have  poaaeaaed  a  moat  diseriminating  and  refined 
taate  in  the  art/— 

*■  How  Bonr  nreet  mnala  ts 
'Whoi  tima  la  teoka,  and  na  propottion  kapti" 

mduH-aa, 

Xn^cal  Rhythm,  in  its  limited  aenae,  divides  a  bar  into  2,  4,  8,  te. 
or  8,  6, 18,  &C.  equal  parts;  the  former  ii  Unary  meaanrs,  the  latter 
teniary.  In'ita  more  geneial  aenae  it  divided  a  strain,  a  phrase,  or  bj 
whatever  name  the  subdiviaions  of  a  composition  may  be  designated, 
into  equal  portions  of  2  or  4,  &c  or  8,  6,  &a.  bars,  or  measorea ;  and 
some  writers  have  admitted  a  rfaythmua  of  five  banL  An  intimate 
aoqaaintance  with  the  nature  of  rhythm,  whether  oonaidared  in  its 
relation  to  muaio  or  poetry,  ia  esaential  to  the  accompliahed  composer  ; 
without  a  fuU  knowledge  of  this  he  ia  perplexed  1^  doubts,  sad  guilty 
of  errors  which  have  too  often  brought  reproaches  on  the  art,  whoa 
they  ought  to  have  fallen  on  the  pseodo-artist  Our  limita  however 
will  not  allow  ua  to  extend  this  article;  and  we  refer  the  reader, 
particularly  the  profeasional  one,'  to  a  learned  and  aUe  diaqnisition  on 
rhythm  in  Bumey's  'Hist.',  ToL  i,  p.  71 ;  to  Calloottfa  ■  Muaical 
Grammar,'  where  much  praotical  infoimation  from  Biepel  and  other 
German  writ«ti  ia  to  be  found;  to  Kollman  on  'Harmony;'  and 
more  especially  to  Reiohs'a  '  Traits  de  M^lodie.'    [Phbase  ;  TlMB.] 

RIBBON  MAKUFACTDRE.  Ribboi,  or  riband,  ajgnifias  a  kog 
narrow  web  of  silk  worn  for  ornament  or  nse.  Ribbons  of  lioen^ 
worsted,  gold,  or  silver  thread  were  formerly  included  in  the  teem,' 
but  the  designation  is  now  generally  oooflned  to  those  made  of  ailfc. 
Ribbon,  in  German,  ia  hand;  Danish,  baami  ;  Swedisii,  band  ;  Fieodi, 
nibtM;  Dutch,  Uiii;  Russian,  leiUa;  Spaniah,  diUas  Portagneae,  fila 
di  tela,  from  the  liatin  vittaj  Italian,  <iei  noitro, /stteeefo. 

Silk  waa  early  wrought  faito  ribbons.  They  formed  a  branch  of  the 
silk  manufacture  during  its  progress  from  Greeoe  to  Sicily,  aad  from 
thenee  to  Italy  and  Spain ;  but  the  ribbon  trade  seems  fint  to  ham  aa> 
aumed  distinot  importance  in  IVanoe.  Paria,Tours,  Lyon,  and  Avignon 
were  the  chief  seats  of  the  trade ;  tilie  two  laat  cities  were  rivals  ontil 
the  year  1738,  when,  partly  owing  to  the  regulationa  which  the  jeaknia 
Lyonneee  had  prevailed  upon  the  government  to  make  in  their  favour, 
and  partly  to  a  plague  of  two  years'  oontinDanoe,  the  trade  of  AvignoD 
waa  ruined,  and  in  great  meaaurs  transferred  to  Lyon.  Figured 
ribbons  wwe  made  chiefly  at  Paris.  About  the  year  1680,  there  was 
a  rage  for  ribbons  gaaffrft,  or  emboeaed,  on  aocount  of  their  novelty. 
The  stamping  waa  performed  by  hot  plates  of  steel,  on  which  •  pattam 
was  engraved,  being  applied  succeesively  along  the  {seoe.  A  maater- 
weaver  named  Chandelier,  tired  of  thia  alow  proesas,  contrived  a 
machine  which  would  save  hia  labour.  He  engraved  hia  figures  on 
two  cylinders  of  steel,  between  which,  when  heated,  the  ribbon  was 
compressed  and  drawn  rapidly  by  simple  machinery :  so  that  a  piese 
of  ribbon  waa  embossed  in  leas  time  than  hia  bnrthsr  workman  con. 
aumed  over  a  ainde  dl.  The  ribbons  called  doii&i;  lint  (doable  warp)^ 
which  were  considered  the  richest  and  best,  were  made  at  Toon: 
Before  the  revocation  of  the  Edict  of  Nantea,  the  ribbon-looms  of 
Toura  amounted  to  3000 ;  but  thia  measure,  whieh  banished  the 
Protestants,  banished  with  them  their  trade,  and  both  Tours  and  Lyon 
suffered  severely  from  its  effecta ;  the  trade  of  Lyon  afterwards  revivsd. 
Savary,  inspector-general  of  French  manu&cturea,  in  hia  '  DietioBaiy/ 
published  in  1 723,  says,  that  the  trade  in  ribbons  waa  much  diminiahed 
in  hia  time ;  but  it  became  very  large  in  the  next  generation.  Ia  the 
enumeration  of  the  different  kinds  of  ribbon,  a  <h>uble  aatin  ia  men- 
tioned, that  ia,  one  alike  on  both  aides  in  texture,  although  somettntes 
of  different  coloura. 

Coventry  ia  the  head-quarters  of  the  Engliah'  ribbon-trade.  1%e 
weaving  ia  done  on  aeveral  aystems.  The  widertaking  lyttem,  applies 
now  only  to  the  single-hand  trade  in  the  country  districta — Bedworth, 
Nuneaton,  Hartahill,  &c. :  it  ia  the  same  that  the  French  have  employed 
since  the  days  of  Colbert.  According  to  this  plan,  the  undertaker,  or 
master-wearer,  receives  the  silk  dyed  in  the  hank  from  the  manu- 
facturer, and  returns  it  in  finished  ribbons  to  his  order ;  all  the  inter. 
mediate  operations  being  included  in  the  price  of  weaving,  two-thirds 
of  which  are  paid  to  the  journey-hand  for  hia  labour.  Three-fourths  of 
the  single-hand  weavers  are  women,  and  neariy  one-half  of  the  remainder 
are  youths  under  20.  Boys  and  girla  are  considered  competent  weavers 
at  19  or  ]  7.  On  Vtie  jowmtyviorlc  tyUem,  by  which  the  great  proportion 
of  the  engine-looms  in  Coventry  and  itp  neighbourhood  are  worked,  the 
manufacturer  givea  the  ailk,  already  wound  and  warped,  to  the  first- 
hand journeyman,  who  is  also  the  owner  of  the  looma.  The  ahoot-silk 
i>  given  in  hank,  for  the  winding  of  which  the  manufttctorer  allowa  Xd, 
per  oz.,  besides  the  price  for  weaving,  in  which  is  included  the  filhng, 
or  the  winding  of  the  shoot  on  the  small  revolving  pina  within  the 
shuttlea.  About  one-fourth  of  the  handa  employed  on  thia  ayatem  are 
women.  On  the  hand-factory  lyitem  the  manufacturer  ia  the  owner 
of  the  looma.  The  journey-hands'  work  them  in  the  loom-eht>p  of 
the  proprietor,  who  gets  the  winding  and  warping  done  at  hia  own 
charge,  leaving  only  the  filling  to  the  weaver,  whieh  is  included  in  the 
price  of  his  work,  and  is  often  done  by  very  young  children.  This  plan 
is  adopted  by  many  manufacturers  of  small  capital,  who,  by  peraonally 
superintending  the  work,  and  becoming  in  fact  thkir  own  under- 
takers, are  enabled  to  economise  to  the  utmost  in  the  ooet  of  pro- 
duction ;  while  their  hands  are  all  reduced  to  the  lowest  condition  of 
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th*  wearer — iho  ]ovaiuij-hxad,  who  mippliea  Vke  labour,  and  baa  no 
properly  in  the  looms.  A  modem  innovation,  encoumged  by  the  lost 
eystem,  is  the  employment  of  two  hands  to  a  loom,  the  one  being 
oecupied  uninterruptedly  in  shooting  down,  or  passing  the  ihuttle, 
and  making  the  ribbon ;  the  other  in  picking  np,  or  fastening  broken 
threads,  picking  out  knots,  ftc.  On  the  tteamrfactory  tyttem,  the  manu- 
&otarer  gets  every  preparatory  process  done,  and  by  the  steam-power 
«n»-half  of  tiie  weaving  process  itself —the  i^ooting  down  :  all  that  is 
left  for  the  weaver  being  the  picking  up  and  superintendence.  The 
profitabla  application  of  steam-power  to  silk-weaving  was  long  con- 
sidered to  be  almost  Impossible,  so  large  a  portion  of  time  being 
consumed  in  the  handling  and  trimming  of  the  silk,  in  proportion  to 
the  time  tliat  the  loom  is  in  motion,  and  a  consequent  waste  of  power. 
A  small  factory  was  built  in  Coventry  in  ISSl,  for  the  purpose  of 
making  the  experiment  on  ribbons.  It  was  burnt,  however,  during  a 
disturbance  relating  to  prices;  but  withiq  a  few  years  there  were 
numerous  steam-factonea  at  work  at  Oongleton,  Leek,  Derby,  and 
other  places,  which  mode  lai^  quantities  of  plsin  ribbons,  chiefly 
black  sarsenets.  The  Coventiy  manu&ctnrers  had  more  difficulties  to 
contend  against,  but  ultimately  they  introduced  steam-power  under 
eertain  dreumstances.  In  these  power  ribbon-looms,  each  loom  is 
tended  by  one  pair  of  hands,  which  pick  up  and  keep  the  machinery  in 
ocAtit.  The  gun  consists,  not  in  a  more  rapid  motion  of  the  shuttles, 
tbe  delieaey  of  the  materials  not  allowing  of  this,  but  in  the  shooting 
down  being  seldom  interrujited  during  the  picking  up,  as  in  hand-loom 
weaving ;  in  the  greater  regularity  of  the  fabric,  the  same  number  of 
■hoots  to  tbe  inch  being  uniformly  ^naintained;  and  also  in  the 
addition  of  more  shuttles,  for  which  one  workman  suffices,  the  loom 
being  so  constructed  as  to  enable  him  to  reach  from  the  front  over  the 
twtten  to  (h»  warps  behind. 

Italian  orgamdne  silk,  eithw  thrown  in  Italy  or  in  En^nd  from 
'IbJian  raw  silk  (and  prindpally  the  last),  is  used  for  the  warp  of 
the  best  English  ribbons :  Bengal  and  China  organzine  for  inferior 
qualities.  Cmns,  Bengal,  and  Broussa  (a  Turkish  silk,  produced  at 
fiutsa  or  Broussa,  in  Asia  Minor)  singles,  all  English  thrown,  are  used 
largely  for  shoot.  Bengal  cannot  be  used  for  fine  colours.  -Uarabout 
is  used  for  gsuzes.  Much  of  the  silk-throwing  and  dyeing  is  done  at 
Coventry.  When  the  silk  is  dyed  lofl, — that  is,  when  the  gum  is  boiled 
off, — ^it  comes  back  from  the  dyer  -with  a  loss  of  four  ounces  out  of 
sixteen  in  weight;  when  dyed  nujle,  the  gum  being  partly  retained,  it 
lose*  only  one  ounce  and  a  half  in  sixteen.  Inferior  warp  silk  dyed 
black,  and  of  dark  colotn^,  is  sometimes  vidghttd  by  an  additional 
quantity  of  dye,  or  by  a  mixture  of  sugar  to  increase  its  apparent 
Bubstance. 

tlie  fineness  of  the  silk  Is  determined  by  the  number  of  warp 
lengths,  measuring  72  ynrds,  in  tiie  ounce ;  fine  watp  silk,  for 
instance,  runs  about  eight  score  threads  to  the  ounce  of  that  length. 
One  ounce  in  twenty  is  allowed  for  waste  in  the  manu&cture  of 
the  silk  into  ribbons;  for  all  over  that  quantity  the  undertaker,  or 
joumey-hand,  is  acoountable.  If  the  warp  and  shoot  are  delivered 
ready  wound,  a  quarter  of  an  ounce  in  twenty  is  allowed.  The  prcpa- 
Tation  of  the  silk  by  winding  it  from  the  hanks  on  bobbins,  and  then 
again  winding  it  off  from  a  sufficient  number  of  these  bobbins  at  once 
round  a  Luge  revolving  perpendicular  reel,  called  the  warping-frame, 
imtil  the  requisite  length  is  obtained  for  the  piece  of  silk  or  ribbon 
that  is  to  be  manufactured,  and  likewise  the  weaving  process  itself,  are 
the  same  for  the  making  of  ribbons  and  for  broad  siSc 

The  weaving  of  ribbons  is  conducted  in  many  different  ways.  The 
(tn^Aond  rUmm-loom  differs  in  no  essential  req>ect  from  that  used  for 
any  other  fabric,  except  tiiat  its  size  and  strength  are  proportional  to 
the  lighter  material. 

The  Dutch  eayine-loom  was  introduced  about  ninety  years  ago.  In 
this  loom,  instead  of  one  piece  of  ribbon  only,  several  are  woven  at 
once,  four  of  the  broadest  width,  or  as  many  as  twenty-four  of  the 
narrowest.  Each  warp  has  a  separate  shuttle.  The  batten  extends 
across  the  whole  width  of  the  loom ;  the  shuttles  slide  within  grooves 
made  in  the  batten ;  the  driver  is  worked  horizontally  backwards  and 
forwards  by  a  handle.  At  'each  motion,  the  shuttles  are  propelled 
by  the  cross-bars  of  the  driver  across  their  proper  warps  in  tne  corre- 
sponding direction.  The  loom  is  worked  by  the  hands,  and  with 
treadles  for  the  feet,  like  the  single-hand.  The  stroke  of  the  batten  is 
made  with  more  precision  than  u  the  single-hand  loom,  by  the  inter- 
poration  of  blocks  of  wood  fastened  to  tiie  framework  in  front,  which 
resist  the  batten  at  the  proper  point.  The  impulse  of  this  stroke 
pushes  back  the  finished  nbbon,  which  is  hung  with  a  v^eight  attached 
to  the  end  over  a  pulley  at  the  t^p  of  the  frame,  or  wound  on  a  roller, 
just  enough  to  draw  forwards  the  warp,  which  is  Bimikrly  hung  over  a 
puUey,  in  order  to  receive  the  shuttle  at  the  some  point.  Each  waip 
has  a  separate  reed  or  Heigh  attached  to  a  horizontal  roller,  over  which 
it  posses  on  descending  from  the  pulley.  The  sleigh  is  on  instrument 
like  a  comb,  for  keeping  the  threads  separate.  There  are  corresponding 
sledghs  in  the  batten. 

The  H-la-bar,  at  tour-loom,  yna  invented  and  introduced  into  St. 
Etienne  by  two  Swiss  brothers  about  eighty  years  ago.  It  lias  largely 
contributed  to  the  prosperity  of  the  place,  but  the  brothers  died  in 
poverty  and  neglect.  It  is  a  hand  power-loom  worked  by  means  of  a 
long  transverse  handle  or  bar,  which  extends  along  the  front  of  the 
loom,  and  is  connected  with  wheels  on  each  side,  wUoh  communicate 


tiie  motion.  The  shuttles  are  driven  by  means  of  a  rack  and  pinion 
across  the  warps.  The  advantage  of  the  bar-loom  consists  in  the  saving 
of  labour  by  the  intervention  of  mechanical  means,  instead  of  a^^lying 
manual  power  direct  to  the  usual  operations  of  weaving.  From  twenty- 
eight  to  thirty  of  the  narrowest  and  from  six  to  eight  pieces  of  the 
broadest  width  aro  made  at  once  :  about  eight  ells  of  the  former  per 
day,  tmd  from  three  to  four  of  the  latter. 

Several  hand  power-looms  for  ribbons  have  been  oontrived  and 
adopted,  in  all  of  which  the  requisite  movements  are  performed  by  a 
combination  of  levers,  springs,  cranks,  ond  wheels. 

Figures  on  ribbons,  as  in  other  fabrics,  are  chiefly  formed  by  omitting 
the  regular  crossing  of  the  warp  and  shoot  in  such  a  manner  that  a 
difference  of  texture  shall  occur  in  the  web  so  as  to  mark  out  any 
pattern.  This  is  effected  in  the  single-haod  loom  by  a  multiplication 
of  treadles  connected  with  the  liases  by  which  the  different  portions  of 
warp  are  alternately  raised.  Forty  treadles  have  been  sometimes 
required  to  form  an  intricate  pattern.  Small  figures  psoduced  in  tiiis 
manner  are  called  Uy».  To  execute  more  complicated  patterns,  tira 
or  dram  are  used.  Tires  are  cords  hung  over  the  top  of  the  loom,  and 
pulled  by  the  hand  as  the  figiu^  may  require ;  they  work  like  iha 
treadles,  by  raising  the  liases,  through  the  eyes  of  which  are  passed  the 
tlireada  to  form  the  pattern.  Small  patterns  are  still  largely  made  in 
the  single-hand  looms  by  means  of  treadles  and  tires.  The  French 
single-hand  loom  of  this  description  is  called  hautelime.  This  was  the 
name  of  the  loom  used  in  weaving  the  best  tapestry,  in  which  the  warp 
was  stretched  perpendicularly,  and  hence  it  came  to  be  applied  to  other 
looms  for  weaving  figures.  The  production  of  a  large  pattern  in  this 
manner  is  difficult  and  tedious.  Many  skilful  contrivances  have  been 
devised  by  weavers  and  others  for  facUitating  the  operation,  and  among 
others  the  draw-boy:  but  they  were  all  superseded  by  the  introduction 
of  the  Jacquard  machine.  [jAoquABD  Apparatus.] 
•  The  work  is  ordinarily  given  out  in  sett  of  grona,  consisting  of  two 
warps  for  each  shuttle,  each  warp  containing  two  pieces  of  86  yards. 
The  ribbons  are  cut  out  in  pieces  of  86  yards  if  they  are  of  satin,  and 
in  half-pieces  of  18  yards  if  they  are  sarsenets  or  gauzes  above  the 
narrower  widths.  A  set  of  pieces  cut  out  of  a  loom  is  called  a  lenglh 
and  a  set  of  half-pieces  a  half-length.  The  putting  in  of  a  fresh  set  of 
warps  is  a  tedious  operation,  which  requires  from  two  or  three  to  four- 
teen days,  and  proportionally  lessens  the  earnings  of  the  weaver.  A 
simple  change  of  pattern,  however,  is  often  effected  with  very  little 
loss  of  time.  Whenever  it  is  practicable,  the  ends  of  the  new  warp  are 
fastened  to  those  of  the  old  before  it  is  taken  out  of  the  loom,  whereby 
the  labour  of  passing  them  separately  through  the  eyes  or  mails  of  the 
lisses  is  saved :  this  is  called  twating  in. 

Ribbons  are  made  according  to  a  fixed  standard  of  widths  designated 
by  different  numbers  of  pence,  which  once  no  doubt  denoted  the  price 
of  the  article,  but  at  present  have  reference  only  to  its  breadth.  The 
French  distinguish  their  widths  by  simple  numbers.  Thus  the  English 
ribbons  from  a  quarter  of  an  inch  to  about  44  inches  wide  are  called 
from  penny  width  to  forty-penny  width ;  while  the  French  have  figures 
from  No.  1  to  No.  60.  All  dressed  ribbons,  as  satins,  gauzes,  &o.,  are 
made  in  the  loom  one-twelfth  of  an  inch  wider  than  sarsehets,  in  order 
to  allow  for  the  diminution  of  breadth  which  results  from  the  length- 
wise stretching  they  receive  in  the  operation  of  dressing.  Fine  gauzes 
require  an  allowance  of  two-twelfths.  The  French  ribbons  were, 
made,  formerly  in  pieces  of  18  ells ;  their  length  is  now  the  same 
as  that  of  the  English.  French  fancy  ribbons  are  generally,  made  and 
S0I4  in  garniture)  ;  that  is,  a  broad  and  narrow  piece  tiiken  together  of 
the  some  pattern. 

Sarxnet  and  hUatring  ribbons  are  made  by  the  simple  and  regular 
alternation  of  the  warp  and  shoot,  as  in  plain  cloth,  called  technically 
ground.  Lutestrings  are  sarsenets  above  the  width  of  12ii.,  and  in 
general  of  stouter  make.  By  grogram  (French  gros-graint)  is  meant  a 
variation  in  the  textur^,  caused  by  the  warp-threads  passing  over  two 
of  the  shoots  at  once,  taking  up  one  only :  this  often  finishes  the  edge 
of  a  ribbon.  In  latin  ribbons,  the  glossy  appearance  is  given  by  the 
threads  of  the  warp  being  laid  chiefly  on  the  surface,  each  thread  of 
the  warp  being  crossed  by  the  shoot  only  once  in  five  times,  as  in 
5-lisse  satin,  or  once  in  eight  times,  as  in  8-lisse  or  the  superior  satins. 
French  satins  were  formerly  made  from  6-lisse  to  10-lisse.  Satins 
are  woven  with  the  face  downwards^  The  French  satins  are  lighter 
in  make  than  the  English,  but  have  a  peculiar  richness  and  lustre, 
owing  to  their  superior  silk.  French  ribbons  in  general  have  less 
weight  of  silk  than  the  English.  The  transparency  of  gauze  ribbons 
is  produced  by  the  kind  of  silk  of  which  it  is  made — the  fine  hard- 
twisted  marabout,  which  leaves  the  interstices  clear.  One  warp  thread 
only  passes  between  each  dent  of  the  sleigh,  and  these  are  closer 
together  in  general  than  lutestrings  and  satins.  In  fine  gauzes,  there 
are  80  or  more  dents,  and  from  90  to  120  shoots  to  the  inch.  The  plain 
gauze  ribbons  made  at  Coventry  called  China  gauzes  are  chiefly  those 
used  for  mourning — white,  black,  and  lavender,  with  satin  or  ground 
stripes.  Florets,  taffcfia,  loves,  and  petershams,  are  other  kinds  of  gauze 
ribljona.  These  ribbons  all  belong  to  the  plain  trade.  The  fancy  trade 
comprises  the  manufacture  of  the  same  fabrics  figured,  imder  the  heads 
of  figured  sarsenets,  satins,  gauzes,  &c.  The  figures  are  frequently  pro- 
duced in  a  different  colour  from  the  ground  by  the  mixture  of  colours 
in  the  warp,  the  colours  being  warp^  separately.  In  the  intervals  of 
the  figures  the  coloured,  threads  are  carried  along  the  imder  side  of  the 
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ribbon ;  it  is  said  to  have  a  double  or  treble  fgure,  according  to  the 
aumbar  of  colours  passing  'through  each  dent.  In  some  ribbons — 
gauzes  in  particular — these  threads  are  cut  away  by  the  scissors  after 
the  ribbon  is  made.  This  is  called  clipping.  A  change  of  colour  in 
the  shoot  is  effected  by  the  use  of  different  shuttles ;  in  brocades  the 
figure  is  made  by  small  additional  shuttles,  thrown  in  partially  across 
the  ribbon  as  the  pattern  may  require,  the  connecting  threads  of  shoot 
being  clipped  off.  By  damasl:  is  meant  the  laying  of  the  warp  over 
the  shoot  to  form  the  figure,  in  the  manner  of  satin.  The  patterns  are 
sometimes  geometrical,  but  more  frequently  combinations  of  leaves, 
sprigs,  or  flowers.  In  the  superior  French  ribbons,  groups  and  wreaths 
of  flowers  are  executed  with  the  richness  and  variety  oi  hand-embroi- 
dery. The  Frencli  are  continually  introducing  novelties  in  colouring 
and  in  texture.  Some  fancy  ribbons  ore  of  a  plain  texture,  but  varied 
in  colouring ;  they  are  shot  or  woven  in  shades,  stripes,  bars,  or 
cheques,  called  in  the  trade  plaids ;  these  last,  which  require  the 
shuttle  to  be  changed  very  frequently,  are  still  made  in  the  single-hand 
loom.  In  thxit  ribbons  the  warp  and  Uie  shoot  are  of  different  colours. 
A  pearl-edge  is  frequently  given  to  all  kinds  of  ribbon  except  the 
narrower  widths  of  sarsenet.  This  is  formed  by  the  shoot  passing 
over  hoTse-hairs  placed  outside  the  warp  parallel  with  it,  and  raised 
in  like  manner  by  the  lisses ;  as  the  ha&s  are  drawn  out,  the  silk  is 

,left  in  loops  at  the  edge.  Many  varieties  of  ornamental  ed^,  as 
scollops,  fringes,  &e.,  are  produced  by  drawing  in.  ,The  shoot  in  this 
case  stops  short  of  the  edge  of  the  ribbon,  catching  in  on  additional 
thread  of  silk,  sometimes  of  a,  different  colour,  which  it  draws  in  in  its 
place,  and  which  is  delivered  from  a  bobbin  at  the  back  of  the  loom, 
and  is  in  a  manner  darned  into  the  ground  of  the  ribbon.  Clovding  is 
a  peculiar  management  in  the  dyeing,  by  which  a  change  of  hue  is  pro- 
duced in  the  same  thread  of  silk.  The  silk,  already  warped,  is  tied  up 
and  wound  closely  round  with  packthread  at  regular  intervals  of  more 
or  less  than  an  inch,  so  that  the  intermediate  spaces  only  are  pene- 
trated by  the  dye.  In  one  species  of  fancy  ribbon,  called  Chini,  the 
figures  are  printed  or  painted  on  the  warp  after  it  is  prepared  for  the 
loom,  and  afterwards  woven  in  by  the  shuttle;  others  are  embossed. 
Ribbons  are  watered  by  passing  two  pieces  together  between  two  cylin- 
ders, one  of  which  has  a  heater  withm  it ;  the  irregular  pressiu^  of  the 
inequalities  of  the  two  surfaces  of  silk  against  each  other  produces  a 
wavy  appearance.  To  smooth  and  stiffen  satin  ribbons,  they  are 
calendered,  or  pressed  between  heated  steel  cylinders,  and  afterwards 
dresaod,  or  passed  over  a  small  cylinder  covered  mth  flannel,  which  is 
moistened  with  a  size  mode  from  buffalo  hides,  and  then  over  a  large 
one  of  heated  steel.  Qauzes  also  are  dressed,  and  sometimes  even  lute- 
strings. The  French  goods  ore  in  general  better  dressed  than  the 
English.  The  blocking  of  the  finished  ribbons,  or  the  winding  them 
on  cylindrical  pieces  of  wood,  is  generally  done  at  the  warehouse  of  the 
manufacturer.  Galloons  and  doubles  are  strong  thick  ribbons,  princi- 
pally black,  used  for  bindings,  shoe-strings,  &c.  The  narrow  widtlis 
are  called  galloons ;  the  broader,  doubles.  Italian  silk  is  used  in 
making  the  best  qualities  only,  Bengal  for  the  commoner.  Ferrets  are 
coarse  narrow  ribbons  shot  with  cotton,  used  for  similar  purposes. 
RUbboti  velvets  are  manufactured  in  Spitalfields,  and  at  St.  Etienne : 
they  are  also  made  at  Crefeld,  in  Rhenish  Frussia,  which  has  long  been 
tf  principal  seat  of  the  velvet  manufacture.  In  gold  and  silver  Vibbons, 
a  silk  thread  of  similar  colour  is  wound  round  by  a  flattened  wire  of 

'  the  metal,  and  afterwards  woven,  Lyon  was  at  one  time  particulu'ly 
celebrated  for  its  fabrics  of  this  kind. 

lu  the  ribbon  manufacture  the  labour  is  nearly  the  same  for  the 
richer  as  for  the  inferior  goods,  the  difference  consisting  principally  in 
the  silk  of  which  they  are  made.  Cheap  ribbons  are  generally  made 
by  reducing  the  vrarp  silk,  which  is  the  most  expensive,  and  making 
up  the  bulk  of  the  ribbon  with  a  larger  proportion  of_  the  cheaper 
shoot. 

There  are  certain  small  wares  which  may  be  briefly  noticed  here, 
midtvay  in  character  between  cards  and  ribbons,  and  yet  more  complex 
than  either.  These  are  gimps,  twists,  fringes,  clieniUes,  &c. ;  in  which  the 
results  are  produced  in  some  few  cases  by  a  kind  of  weaving,  but  much 
more  frequently  by  a  twisting  or  looping  process.  Com^cated  ma- 
chines are  needed  for  the  production  of  such  goods ;  and  many  patents 
have  been  obtained  for  inventions  tending  to  this  end.  In  one  con- 
trivance, a  looping-machine  invented  by  Measra.  Keely  and  Wilkins, 
while  one  arrangement  is  suitable  for  the  making  of  stockings  and 
gloves,  another  is  intended  for  the  making  of  braids,  several  at  a  time, 
and  of  one,  or  of  several  patterns.  A  third  modification  of  the  same 
apparatus  enables  the  manufacturers  to  plate  OT  cover  any  cheap  kind  of 
thread  with  thread  of  a  better  sort.  A  machine  invented  by  Messrs. 
Hughes  and  Denham  is  iutcnded  equally  for  the  making  of  fancy 
ribbon,  fringe,  chenille,  trimmings,  and  gimpa  There  is  no  actual 
weaving  process  adopted,  but  the  appearance  of  the  goods  is  somewhat 
03  if  woven.  The  apparatus  is  very  complex,  consisting  of  many  parte 
spinning  round  each  other.  A  ground  thread  lb  sometimes  formed  of 
wire  covered  with  doth,  or  of  narrow  strips  of  stiff  paper;  and  the 
machine  will  cover  these  with  silken  thread.    Omamentel  trimmings 

■  may  be  made  by  feeding  the  machine  with  strips  of  tarlatan,  muslin, 
silk,  or  quilling  as  a  ground,  and  then  winding  silk  thread  roimd  them. 
Wire  groundwork  may  be  used  for  making  chenille;  and  minor 
adjustmente  will  furnish  the  means  for  m^ng  an  almost  endless 
variety  of  fancy  t^oods. 


RICE;  RICE-MILL.  In  the  article  Obtza,  in  Nat.  Hut.  Dir.,  an 
account  is  given  of  the  botanical  character,  and  under  Obtka  in  tlie 
present  division  the  mode  of  faultivation  is  described.  In  onler  to 
remove  the  husk,  which  adheres  very  closely,  without  breaking  the 
grain  iteelf,  several  ingenious  machines  have  been  recently  introduced, 
of  some  of  which  it  is  proposed  to  give  a  brief  notice. 

The  common  mode  of  performing  this  operation  in  India  and  China, 
is  by  beating  the  grain  in  a  kind  of  rude  mortar  of  stone  or  carthco. 
ware,  with  a  coniod  stone  attached  to  a  lever  worked  by  the  hand  or 
foot.  Sometimes  several  such  levers  are  moved  by  arms  projecting 
from  the  axis  of  a  water-wheel.  This  process  being  uncertain  utd 
tedious,  the  preference  has  been  given  of  late  to  a  kind  of  mill,  in 
which  the  stones  are  placed  at  such  a  distance  asunder  as  to  detach  the 
shell  without  crushing  the  grain;  the  stones  being  enclosed  in  »  caae 
which  prevente  the  dispersion  of  the  rice  by  the  rapid  rotetion  of  the 
machine.  The  rice  is  thrown  out  of  the  case  by  an  opening  in  ite  side, 
and  conducted  over  a  sieve  that  sepaiates  the  dust;  after  which  it  u 
made  to  fall  in  a  gentle  stream  exposed  to  a  ourrent  of  air,  produced  by 
revolving  fanners,  and  thereby  separated  from  the  husK.  Such  a 
sifting  and  winnowing  apparatus  is  attached  to  each  pair  of  stones,  and 
one  pair  of  stones  will  husk  from  eight  to  ten  bushels  an  hour.  After 
the  removal  of  the  husk,  the  grain  is  exposed  to  the  action  of  a 
whitening  machine,  which  removes  the  inner  cuticle,  or  red  akin, 
remaining  on  the  surface  of  the  grain.  This  process  is  aided  by  the 
heat  generated  by  the  rapid  motion  of  the  grains,  causing  them  to 
swell  and  split  the  red  skin,  which  flies  off  in  dust  through  per- 
forations in  the  revolving  case.  With  such  accuracy  are  these  pro- 
cesses performed,  that  it  is  said  not  more  than  five  per  cent,  of  iiM 
grain  is  broken  in  the  operation. 

The  method  of  cleansing  rice  just  described  has  been  practised  in 
Ceylon  with  British  machinery ;  but  other  plans  have  been  followed  in 
this  country,  where,  owing  to  the  difference  between  the  duties  o& 
cleaned  rice  and  paddy,  or  grain  in  the  roug^  stete,  and  the  better 
preservation  of  the  flavour  of  the  rice  when  brought  over  in  the  husk, 
several  large  rice-cleaning  estebUshments  have  been  gradually  brought 
into  operation.  The  process  of  Messrs.  Lucas  and  Ewbank  consista  in 
breaking  the  husk  by  millstones,  and  removing  the  red  cuticle  by 
beating  or  tritiitating  in  mortars ;  the  latter  operation  being  aided  bf 
mixing  a  quantity  of  the  husks,  well  dried,  with  the  grain,  wfaicn 
obviates  on  inconvenience  occasioned  by  the  glutinous  character  of  tlie 
red  coating.  The  refuse  matter  and  the  broken  grains  are  then  sepa- 
rated by  a  peculiar  kind  of  screen ;  and  the  rice  is  finally  cleaned  and 
polished  by  a  machine  with  two  concentric  cylinders,  the  outer  one 
remaining  stationary,  while  the  inner  one,  which  is  covered  with  sheep- 
skin with  the  wool  on,  is  made  to  revolve  with  great  velocity.  The 
rice,  being  placed  between  the  two  cylinders,  is  thoroughly  whitened 
by  the  friction  of  the  wool. 

In  the  apparatus  patented  by  Mr.  Shiel,  tiie  first  operation  is  per- 
formed between  one  millstone  and  a  piece  of  wood  of  precisely  nimilRr 
shape ;  and  the  subsequent  removal  of  the  dark  pellicb  is  effected  by 
rubbing  between  flat  wooden  surfaoes  covered  with  sheepskin.  Mr. 
Ewbank  places  the  wool  outwards,  Mr.  Shiel  has  it  next  the  wood ;  its 
elasticity  producing  an  effect  very  nearly  resembling  the  rubbing  of  ijie 
grain  between  the  palms  of  the  hands. 

Another  ingenious  contrivance,  first  used  in  the  United  States,  oon- 
siste  of  a  long  hollow  cylinder  of  wood,  with  several  bars  projecting 
from  ite  inner  surface,  and  enclosing  an  axis  on  which  are  several  ot^er 
bars  capable  of  revolving  between  those  attached  to  the  cylinder.  By 
suiteble  toothed  wheels  the  cylinder  is  made  to  revolve  slowly  in  one 
direction,  while  the  axis  is  turned  with  great  rapidity  in  the  contrary 
direction.  The  whole  being  placed  in  on  inclined  position,  the  paddy 
is  allowed  to  enter  tiie  upper  end  of  the  cylinder  by  a  hopper ;  and  the 
mutual  attrition  of  the  grains,  as  they  pass  between  thejevolring  bars, 
causes  the  separation  of  the  husks,  which  are  removed  by  a  current  of 
air  as  the  grain  falls  into  a  bin  under  the  lower  extremity  of  the 
cylinder.  The  rice  passes  out  of  the  cylinder  by  apertures  capable  of 
being  enlarged  or  reduced  at  pleasure  by  means  of  sliding  doors ;  and 
the  action  of  43ie  maehine  may  be  further  regulated  by  varying  the 
inclination  of  the  cylinder,  wluch  may  be  placed  vertically  or  hori- 
zontally, though  an  angle  of  about  45°  is  preferred. 

Rice  is,  as  is  well  known,  chiefly  used  as  food,  but  it  is  also  employed 
to  some  extent  in  the  arte.  A  cement  is  mode  from  it.  Siet-paper  is 
a  name  commonly,  but  erroneously,  applied  to  a  delicate  vegeteble 
film  brought  from  China  in  small  square  pieces,  tinged  with  various 
colours,  and  used  as  a  substitute  for  drawing  paper  in  the  representa- 
tion of  richly -coloured  insects  or  flowers,  and  also  in  the  manufacture 
of  artificial  flowers  and  other  fancy  articles.  This  substance,  a  mem- 
brane of  the  bread-fruit  tree,  tiiougb  much  resembling  an  artificial 
production,  is  evidently  of  nat;u^  growth;  for  ite  vegetable  organisation 
is  easily  seen  by  the  aid  of  a  microscope.  Sir  D.  Brewster,  in  the 
'  Edinburgh  Journal  of  Science,'  vol.  ii.,  has  shown  that  the  rice-paper 
consiste  of  long  hexagonal  cells,  whose  length  is  parallel  to  the  surface 
of  the  film ;  that  these  cells  are  filed  wilh  air  when  the  film  is  in  ite 
usual  stete  ;  and  that  from  this  circumstance  it  derives  that  peculiar 
softness  Mrhkh  renders  it  so  well  adapted  for  the  purpose  to  which  t  is 
applied.' 

The  quantity  of  rice  imported  into  this  country  varies  very  much, 
owing  to  the  fluctuations  of  the  ciopa.    During  the  last  fift^  yean 
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H  has  Tsried  from  269,314  owts.  (in  1815)  to  1,744,913  cwt&  (in  1858). 
Thla  wu  for  home  eoni»mpH<m  ;  there  hu  generally  been  a  still  larger 
quantity  imported  simply  for  re-exportation,  insomucli  that  the  total 
import  for  1858  was  more  than  ^,300,000  cwts.  This  is  rice,"  not  in 
4he  husk,"  to  lue  a  Customs'  phta«e.  Kice  in  the  husk,  or  poddy,  is 
«ntered  separately.  Before  the  year  1842,  oleaned  rice  paid  a  duty  of 
It.  per  owt.  if  from  our  own  poeaessiona,  and  15<.  if  foreign.  Since 
that  year  t£e  duty  on  colonial  and  Indian  rioe  has  been  lowei-ed  from 
It.  to  41d. ;  and  on  foreign  from  16(.  to  Hd.  The  lowering  of  the  duty 
lias  been  followed  by  a  rapid  increase  of  consumption.  Paddy  pays  a 
lower  duty  than  cleaned  rice. 

RICINELAJDIG  ACID  (C„H„0,),  Palmic  Acid.  When  ri«sine- 
iaidin  is  sa{)oni6ed  with  boiling  potash  lye,  the  soap  subsequently 
precipitated  with  salt,  and  then  decomposed  by  hydrochloric  acid, 
rieinelaidio  acid  separates  as  an  oily  body,  that  solidifies  on  cooling  to 
s  crystalline  mass,  which  may  be  puiified  by  repeated  crystallisation 
from  alcohol.  It  presents  the  appearance  of  silky  needles,  which 
redden  litmus  and  are  soluble  in  all  proportions  in  alcohol  and  ether. 

BICINELAIDIN  {C„H„0,.),  Palmin.  A  product  of  the  action  of 
hypoaitrio  acid  upon  castor  oiL  It  is  a  wax-like  body  with  an  odour 
of  hydride  of  oenanthyl.    It  is  yety  soluble  in  alcohol  and  ether. 

BICINOLAMIDE  {C„U„'SOJ.  4  colourless,  crystoUine,  fusible 
substaiioe,  produced  by  acting  upon  castor  oil  with  ammonia.  Mineral 
adds  decompose  it  in  the  cold,  setting  ricinoUc  acid  at  liberty, 

RICINOLIC  ACID  (CmH„0,1,  EUuodicAdd.  The  Uquid  fatty 
acid  obtuncd  by  saponifying  castor  oil.  It  is  soluble  in  all  proportions 
in  alcohol  and  ether,  reacts  acid,  and  decomposes  carbonates  with 

BI'CINUS  COMMU'KIS,  the  castor-oil  plant,  known  from  xerj 
ancient  times  both  to  the  E^ptians  and  also  to  the  Qreeka.  According 
to  Herodotus  (ii.  94),  the  Egyptians  called  the  oil  of  tiie  tiUicgprioH 
t/riMuciwpur)  by  the  name  KiH  (iciici).  The  Creeks  also  called  it  Oivton 
{Kfirmf),  a  name  bestowed  by  modem  botanists  on  a  closely  allied 
genus  of  euphorbiaceous  plants,  one  species  ol  which  yields  the 
puinative  oil  designated  Croton  oil,  or  Oleum  Tiglii.  The  native 
country  of  the  Kicinus  conlmunis  is  unknown,  though  it  is  conjectured 
to  be  originally  from  Borboiy.  Like  all  plants  which  have  been  long 
in  cultivation,  numerous  varieties  of  it  are  met  with,  differing  not  only 
in  ooknir  and  the  peculiar  pruinose  condition  of  the  stem,  but  ia 
stators  and  duration.  In  warm  countries  it  ia  ligneous  and  perennial ; 
in  ooId>  annual  and  herbaceous.  The  entire  plant  is  possessed  of  active 
TOt^xrties,  but  the  oil  extracted  from  the  seeds  is  only  employed  in 
Europe :  tlw  ancients  administered  the  seeds  entire,  but  their  variable 
•otion,  oocasionaUy  even  producing  fatal  effects,  led  to  their  disuse, 
and  the  oil  is  of  comparatively  recent  introduction.  The  seeds,  of 
which  three  are  found  in  each  capsule,  are  about  the  size  of  a  small 
beui,  obtuse  at  both  ends,  surface  smooth^  shining,  an4  beautifully 
marbled.  The  skin  consists  of  three  tunics — Ist,  an  outer  brittle 
pellicle;  2nd,  a  hard  testa  consisting  of  two  dissimilar  layers,  the 
external  thick,  dark  bntwn,,  formed  of  transverse  radiating  cells ;  the 
internal  tiiinner,  paler,  and  formed  of  vertical  cells ;  3rd,  a  membrane 
investing  the  nucleus  or  kernel.  "  The  nucleus  consists  of  oily 
albumen,  and  an  embryo,  the  cotyledons  of  which  are  membranous  or 
foliaoeous."  The  outer  shell  is  devoid  of  taste;  in  the  inner  coat  the 
acrimony,  or  active  principle  resides,  according  to  Dierbach ;  while 
others  assert  the  embryo  to  be  the  scat  of  the  purgative  principle ; 
•and  even  Humboldt  and  Bancroft  state  that  if  this  part  be  excised,  the 
seeds  may  be  eaten  with  impunity,  or  the  oil  thereafter  expressed  is 
as  mUd  as  olive-oil.  Various  procedures  have  been  adopted  to  extract 
the  oil,  and  these  have  much  influence  on  its  qualities  in  respect  of 
colour,  acridity,  and  freedom  from  rancidity :  there  are  also  effects 
which  result  from  the  greater  or  less  maturity  of  the  seeds,  the 
peculiar  variety  of  the  pluit  from  which  they  have  been  obtuned,  and 
the  occasionally  accidootol,  but  more  frequently  intentional  admixture 
of  other  seeds,  before  the  difTerent  processes  of  extraction  have  been 
begun.  Both  in  India  and  America,  whence  the  first  supplies  were 
brought,  much  heat  was  employed,  and  during  the  application  of  this 
agent  a  volatile  principle  was  either  liberated,  or  more  probably 
formed,  which  was  so  irritatii^  as  to  require  the  workmen  to  protect 
fliair  faces  by  mask&  Even  m  the  present  day  some  heat  is  used  to 
obtain  what  is  termed  the  coUl-draan  castor-oil,  but  it  is  quite 
iiiilllK  SMUiy.  and  should  always  be  avoided. 

Aoooiding  to  Sir  Whitelaw  Ainslie  ('  Materia  ladica,'  voL  i.  p.  256), 
the  following  is  the  plan  pursued  in  the  lutst  Indies  : — "  Tuce  Ave 
seers  of  the  small  costor-oU  nuts,  and  soak  thorn  for  ouc  night  in  cold 
water ;  next  morning  strain  this  water  off  and  throw  it  away,  and  put 
the  nuts  into  a  second  quantity  of  fresh  water,  and  boil  them  in  it  for 
two  hours ;  after  which  strain  the  water  off  and  throw  it  away,  as  in 
the  first  instance :  the  nuts  then  are  to  be  dried  in  the  sun  on  a  mat 
for  three  days ;  at  the  end  of  which  time  they  are  to  be  well  bruised 
in  a  mortar :  add  to  the  nuts  thus  bruised  ten  measures  of  water,  and 
set  the  whole  on  the  fire  to  boil,  taking  care  to  keep  continually  stirring 
the  contents  of  the  pot  until  all  the  oil  appears  at  the  top,  when  it  is 
to  be  carefully  strained  off  and  bottled  for  use.  The  quantity  of  nuts 
mentioned  fai  this  formula  ought  to  yield  about  one  quart  bottle  of 
oil."  The  processes  used  in.  the  United  States  and  the  West  Indies 
are  both  objectionable,  from  employing  not  only  heat  but  water,  which 
hat  promotes  the  rancidity  of  the  oil  Xhe  acrid  j^perty  and  the 
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rancidity  are  owing  to  different  causes,  the  former  being  always  in 
proportion  to  the  freshness  of  the  oil,  the  latter  to  the  im[>erfection  of 
the  means  used  in  extracting  it,  or  to  its  age.  The  plan  adopted  in 
France  is  the  best;  it  is  as  ftulowa : — The  fresh  seeds  are  bruised,  and 
then  put  into  a  cold  press  (some  persons  improperly  heat  the  plates  of 
the  press).  The  oil  expressed  is  allowed  tu  staad  some  time  to  permit 
the  albumen,  mucilage,  and  other  matters  to  subside,  or  it  ia  filtered  to 
separate  them  more  rapidly.  ('  Journal  de  Pharmacie,'  tom.  v.  pp. 
207,  506.)  The  produce  ia  equal  to  about  a  third  of  the  seeds 
employed,  and  the  oil  possesses  dl  its  natural  qualities.  The  American 
process  yields  only  25  per  cent,  of  oil.  In  tiie  French  West  Indian 
Islands,  a  peculiar  variety  of  Iticinus,  called  A  nier,  more  active,  is 
used,  which  yields  an  oil  called  earapal,  or  luirahal,  but  this  is  violent 
and  unpleasant,  and  must  not  be  confounded  with  or  substituted  for 
the  fine  oil  procured  in  France.  Both  the  French  and  Italian  oils  are 
much  weaker  than  oil  procured  from  tropical  countries.  Another 
mode  of  obtaining  the  oil  is  to  macerate  the  bniised  seeds  in  cold 
alcohol,  by  which  six  ounces  of  oil  are  procured  from  every  pound  of 
seeds.  (' Journal  de  Pharmacie/  viiL  475.)  The  expense  of  this 
process  is  the  objection  to  its  general  employment. 

Oil  of  good  quality  is  a  thickish  fluid,  of  a  very  pale  yellow  colour 
(the  best  now  almost  limpid),  witii  a  slightly  nauseous  odour,  and  an 
oily  taste,  mild  at  first,  but  causing  a  feding  in  the  back  of  the  throat 
wluch  is  more  or  less  intense  in  proportion  to  the  freshness  of  the 
specimen.  Old  or  badly  prepared  oil  is  rancid  and  disagreeable.  The 
specific  gravity  is,  at  55°  Fahr.,  0'969,  according  to  Saussure,  but 
according  to  Qeiger  it  is  ouly  0'954, 

It  can  be  solidified  only  by  a  very  low  temperature.  It  is  distin- 
guished among  fixed  oils  by  its  complete  or  nearly  complete  solubility 
in  pur^  sulphuric  rather  and  in  alcohol,  tiiereby  approaching  the 
essential  oils  in  its  habitudes,  and  its  easy  combination  with  alkaline 
leys,  and  consequently  its  ready  saponification,  two  properties  of  muob 
importance,  the  one  furnishing  a  convenient  test  of  its  purity,  the 
other  facilitating  its  administration  in  a  form  less  repulsive  than  its 
ordinary  state.  Its  purity  may  be  tested  by  mixing  it  with  an  equal 
quantity  of  absolute  alcohol,  in  which  it  should  be  entirely  dissolved ; 
the  adulterating  oil,  if  there  be  any,  will  remain  undissolved.  Its 
ultimate  composition  seems  to  he— 

SaoKore.  Uro. 
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It  thus  appears  to  bo  one  of  the  most  highly  oxygenated  oils  or  fats, 
notwithstanding  which,  on  expoevue  to  the  air,  it  very  readily  absorbs 
more  oxygen,  and  quickly  becomes  rancid;  it  Is  however  slow  of 
drying.  It  is  stated  to  consist  of  several  proximate  principles,  but 
whether  these  are  edncts  or  products  is  uncertain.  Bussy  and  Leconu, 
who  have  paid  great  attention  to  the  subject  ('  Journal  de  Pharmacie,' 
xiii.  67)  incline  to  the  latter  opinion,  which  is  the  most  probable. 
"This  oil,"  they  state,  "cannot  be  r^arded  as  a  simple  immediate 
principle,  but  as  a  compound  organic  prodael  resultmg  from  the 
mixture  of  at  least  two  different  subetanoes."  The  other  view  is  that 
it  is  a  compound  of  thrte  falty  aadt  tattatUed  bg  glycerin,  for  in  fhe 
process  of  saponification  100  porta  of  castor-oil  yidded — 

1.  Fatty  adds  (vis.,  rielnie,  elatodic,  tad  margariUe  asida) .        .    S4 
3.  Olyccria ..'8 

lOS 

Saalmuler  admits  only  two  fat  acids  and  a  little  acrid  resin.  These 
acids  are  formed  during  saponification  from  Ricin-oleine  and  Margari- 
tine. 

The.onlranalyms  of  the  seeds  is  that  of  Geiger  ('Handbuch  der 
Pharmacie,  iL  p.  1671). 

STaatclcst  resin  and  cxtraoUre    t        •  1*91  ) 

Brown  tfvm 1-tl  I  lt-8S 

Llgncoiu  fibre  .....  10-00  I 

/  Fatty  oil 40-19  \ 

t.  KoolMs  of  J  Oum         ......  »•<«  r  g j.„ 

the  seeds.  |  Caaeam  (alboman)        .        .        .    .  0-SO  i  '"'^''" 

\  Lipwoaa  Sbre,  with  atorob,  to.         .  SO'O  / 

lam  (moiatoie) f  HM 

lOO-OO 

For  further  details  respecting  the  dhen^siry  of  oastor-oH,  see 
Pereira's  '  Mat.  Med.,'  ii.  p.  1287,  edit,  of  1850. 

Castor-oil  ia  a  mild  aperient  or  laxative  when  pure,  operating 
without  griping  or  other  inconvenience,  and  commonly  very  soon  after 
its  administoabon.  It  is  tiie  most  proper  laxative  for  infants,  and  in 
many  inflammatory  states  of  the  abdomen  or  of  the  kidneys,  bladder, 
&c  It  is  also  one  of  the  best  purgatives  in  rheumatism,  especially  in 
lumbago,  and  one  of  the  best  means  of  relieving  habitual  constipation, 
as,  unlike  other  -piu-gatives,  the  dose  may  be  successively  reduosd 
witliottt  ito  power  being  impaiied.  It  is  alio  a  most  eligible  medioipe 
■   -  ■  a 
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in  piles  or  other  aSeddons  of  the  rsotuin.  AIoDe  or  with  tarpentiiie 
it  is  s  yeiy  effioaeioiu  meuu  of  expelling  worms.  The  ohief  obstacle 
to4ts  eztensiTe  use  is  the  lepulnve  taste  which  it  often  poaaenes. 
Hany  expedients  have  been  adopted  to  remore  or  lessen  tiiis ;  but  no 
artifice  can  make  bad  or  old  oil  good  or  palatable.  Bandd  oil  may  be 
purified  by  calcined  mognema;  out  the  careful  exclusion  of  the  air, 
which  prevents  the  isndditj  occurring,  is  preferable  to  any  process  for 
remoTing  it  when  it  has  affected  the  oil.  Mixing  the  oil,  Immediately 
before  swallowing  it,  with  hot,  milk,  coffee,  or  broth,  is  sometimes  a 

'  Buceeesfnl  means  of  escaping  the  unpleasantness.  Besides  this  the 
httitnot  only  renders  the  oil  thinner,  out  quickens  its  action,  so  that 
a  leas  quantity  is  needed.  Thui^  administered,  about  one-half  the 
quantity  will  suffice  which  is  needed  when  given  in  any  cold  vehicle. 
Bi-andy  and  gin  are  Improper  in  many  cases,  owing  to  their  heating 
properties.  Syrup  of  orange  and  lemon  are  beneficial  adjuncts, 
especially  if  a  portion  of  the  orange-peel  be  masticated  immediately 
after  swallowing  the  mixture.  An  emulsion  with  yolk  of  esg  is  some- 
times acceptable,  if  made  immediately  before  it  is  administered.  By 
far  the  best  plan  however  is  to  take  advantage  of  the  tendency  to 
combine  with  alkalies,  and  so  form  a  soapy  emulsion,  which  does  not 
destroy  the  purgative  power,  wliile  it  completely  alters  the  appearance, 
and  prevents  any  one  recognising  the  oily  object  of  Us  aversion.  To 
effect  this  however  requires  care  and  skill,  especially  as  a  variable 

'  cmsntity  of  alkaline  ley  is  needed,  itccoiding  to  we  age  of  the  oil,  very 
oid  oil  requiring  more  ley  than  fresh  oil.  In  gener^  from  fifteen  to 
twenty  drops  of  pure  liquor  potassee  vrill  aaponiiy  half  an  ounce  of  oil, 
to  which  one  ounce  of  distilled  water,  and  one  drachm  of  spirit  of 
'{Anento  or  of  nutm^  are  to  be  added. 

I  Castor-oil  is  extensively  used  in  the  Bastj  France,  Italy,  and  else- 
Miere,  for  burning,  and  lately  to  make  soap. 

I  BICKETS,  or  Rachitis  (from  ^x^'i  ^o  spine),  is  a  disease  in  which 
tlie  bones  being  of  unnatural  softness,  some  of  them  bend  under  the 
weight  of  the  superincumbent  parts  of  the  body.  Bones  i^ected  with 
rickets  present  such  a  softness  of  texture  that  they  may  be  cut  with  a 
knife;  their  walls  are  romarksbly  thin,  and  their  interior,  instead  of 
lieing  filled  With  marrow  deposited  in  their  bony  ceUs,  is  occupied  by 
S  semi-fiuid  jelly-like  substance  of  a  reddish  colour,  which  fiUa  a 
number  of  rounded  cavities  of  irregular  size.  The  quantity  of  earthy 
matter  in  such  bones  is  reduced  to  considerably  less  tlian  its  natural 
proportion,  and  they  lose  much  of  their  normal  weight.  All  the  bones 
may  be  thus  affectiBd,  but  it  is  only  those  which  have  to  bear  the 
weight  of  the  body  that^ve  evidence'  of  it  by  bending ;  the  arms,  for 
example,  never  change  their  form,  but  the  thighs  and  legs  become 
arched  forwards  under  the  weight  of  Uie  trunk ;  the  spine  assumes  a 
Tariet^  of  curves  from  the  pressure  of  the  head;  th«  bieast-bone 
becomee  prominent,  and  the  ril»  flattened;  tire  haundi-bones  grow 
outwards,  and  the  pelvis  is  sometimes  seriously  deformed    by  an 

.  approximatian  of  its  anterior  and  posterior  boundaries. 

Bickets,  as  far  a3  the  softness  of  the  bones  is  concerned,  cannot  be 
regarded  as  a  dangerous  disease ;  for  this  cmdition  is  generally  re- 
covered from,  though  not  without  deformity  of  the  trn^  and  lower 
limb&  But  the  disease  of  the  bones  is  oommonly  only  a  part  of  a 
general  state  of  disease  affecting  many  other  organs  of  ths  body.  The 
muscles  are  always  pale  and  weak,  and  there  are  all  the  signs  of  general 
debility ;  and  besides  these,  the  brain  and  ihe  organs  contained  in  l^e 
chest  and  abdomen  are  peculiarly  apt  to  suffer,  and  become  Ote  seat  of 
fatal  diseoses,  such  as  hydrocephalus,  phthisis,  obstruction  of  the 
meeentpric  glands,  &o. 

The  general  symptoms  present,  in  cases  of  rickets  are  so  much  like 
scrofula,  that  many  writeis  treat  rickets  but  as  one  of  the  many  forma 
in  which  scrofula  presents  itself.  [Scbofula.]  At  any  rate,  in  the 
treatment  of  rickets  the  same  general  plan  is  found  to  be  equally 
efficacious.  The  causes  of  rickets  are  to  be  sought  in  an  improper  diet, 
lad  exposure  to  those  conditions  of  life  which  prevent  a  due  oxidation 
of  the  blood,  and  an  imperfect  assimilation  of  the  food.  It  is  mors 
frequent  in  children  living  in  large  towns,  or  overcrowded  villages,  than 
amongst  those  who  obtain  healthy  food  and  pure  air.  One  of  the  most 
important  elements  of  treatment  is  the  removal  of  the  patient  from 
any  overcrowded  district  in  which  it  has  been  Uvii^  into  ths  country, 
where  it  can  have  pure  iir^  otid  if  possible  sea  air.  In  young  children, 
fresh  cow's  milki  witfi  baked,  whe^ten  ^our,  and  nuat  teas,  should  b« 
administered.  Qod-U,ver  pil  should  be  .^ven  as  mediciBe,  and  cream 
may  be  added  toi  the,  cow's  milk,  and  butter  may  be  frealy  taken  with 
the  food.  The  deficienoy  of  phosphate  of  lime  may  be  repaired  by  the 
adnriaistration  of  jallies  made  from  ivoiy  op  bona  dnat,  which  may  be 
made  piiatable  with  spices  and  sugar. 

When  rickets  affects  only  or  chiefly  the  bones,  an  attention  to  tht 
means  just  mentioned  will,  with  advancing  age,  usually  lead  to  a-  ter>- 
mination  of  the  disease.  The  bones  will  gradually  become  hard  by 
the  addition  of  their  natural  quantity  of  earthy  matter.  They  retain 
indeed  the  curves  which  they  acquired  in  their  condilioa  of  softness, 
but  the  want  of  strength  which  might  result  from  this  change  of  form 
is  compensated  by  the  remarkable  thickness  and  strength  which  they 
acquire  in  the  concavities  of  the  curves,  upon  whi(^  the  <^ef  stress 
from  the  weight  of  the  body  falls. 

Toimg  persons  are  exclusively  subject  to  rickets.  It  occurs  at  the 
age  of  two  or  three  years,  and  from  that  time  to  puberty,  and  as  the 
mm^urM  h«gia  to  f  oim  ae  soch  As  the  weight  of  the  body  it  thiaa» 


on  the  limbs  by  mmmiTig  the  ereot  posture,  it  is  oommonly  proposed 
to  support  the  upper  part  of  the  body  and  the  limbs  by  irons.  Suoh 
measures  however  are,  in  a  large  majority  of  eases,  full  of  misohief ;  if 
they  caii  ever  accomplish  their  intention  of  supporting  the  head  and 
trunk,  it  can  only  be  by  preventing  entirdy  that  aotive  use  of  the 
limbs  which  is  essential  to  the  attainment  of  the  proper  hardttaaa  of 
t^ie  bones.  It  is  oonstantiy  observed  that  the  strength  and  density  of 
bones  are  in  direct  proportion  to  the  haUtual  exertion  of  ths  muaciss 
attaded  to  them  ;  and  as  the  latter  are  made  inactive  by  irons,  the 
application  of  any  such  modes  of  restnUnt  cannot  but  bs  injozicus  to 
those  affected  with  rickets. 

When  children  first  begin  to  walk,  their  legs  not  imfraquently 
become  a  little  bent.  This  is  especially  the  case  with  tltose  that  no 
large,  and  have  heavy  bodies  to  bear ;  but  it  is  not  to  be  Mfuded  as  » 
sign  of  rickets,  and  when  the  musdee  of  the  limbs  bseome  stronger, 
and  the  bones  in  their  natural  process  of  development  grow  hardar, 
the  curvatures  will  gradually  disappear.  The  distinction  between  this 
kind  of  bending  of  the  lees  and  that  dependent  on  rickets  may  be 
made  by  the  condition  of  the  general  health  in  each ;  in  the  former  it 
is  una&cted,  or  may  even  be  more  than  usually  good,  in  the  latter  it 
is  always  weak  and  disordered. 

RICOCHET,  a  word  expressing  the  sot  Of  rebounding,  is  applied  to 
iJie  mode  of  firing  ordnance  in  wliich  (the  axis  of  the  piece  being 
parallel,  or  inclined  at  a  sznall  angle  to  the  horison)  t^e  shK>t  or  shdl, 
having  described  a  curve  in  the  air,  deaosods  to  the  ground,  and,  after 
striking  or  grszing  it,  rises  upwards;  when,  by  the  foroe  of  the 
impulsion,  and  the  power  of  g^vity,  it  deaeribes  a  second  earvs  of 
small  elevation ;  the  shot,  then  descending  as  before,  sgain  ig<*Bs*  ^s 
ground,  from  wheilee  it  experiences  a  second  reBection.  This  effect 
frequently  takes  place  levml  times  before  the  foroe  of  impolM  is 
destroyed. 

Ricochet  firing  is  most  generally  employed  in  the  attack  of  fatU'ussuu 
in  ord^  to  enfikde  or  rake  the  faces  of  worlu,  whoee  fire  might  be 
dfrected  upon  the  ground  on  ■wlueh  the  approaches  srs  to  be  made : 
for  that  purpose  a  batteiy  of  the  besiegers  is  placed  with  its  tront 
perpendicular  to  the  prolonged  direction  of  each  msrpazt  or  parapet, 
and  three  or  mote  euns  sre  laid  either  horizontally  <»  with  alight 
elevations  or  depressions,  according  to  the  position  of  the  battery,  so 
ttiat  their  shot  may  pass's  little  above  the  crest  of  ths  parapet  which 
covers  the  line  to  be  enfiladed.  The-  same  mode  irf  firing  is  also 
occasionally  employed  by  the  besieged  against  the  batteries  of  tha 
enemy.  In  either  cise  the  intention  is  to  dismount  the  artillegry  by 
causing  the  shot  or  riiells  to  strike  it  obliquely  behind  the  parapet  or 
eponlement,  or  to  destroy  the  traverses  which  cover  it.  It  is  also  need 
to  compel  the  troops  to  abandon  the  parapets,  or  to  destroy  the 
palisades  of  the  covered-way  or  ditches,  so  as  to  facilitate  the  entiance 
uto  a  work  when  an  assault  is  to  be  made  by  mun  force. 

The  pAjtice  of  firing  k-ricochet  was  first  tried  by  'Vauban  at  the 
sieges  of  Philipsburg  and  Mannheim,  in  the  war  of  1688;  and  in  a 
letter  which  tliat  engineer  wrote  to  Louvais,  he  states  tJiat  at  the 
former  place  it  hod  succeeded  so  far  as  to  dismount  six  or  seven 
pieces  of  cannon,  and  oblige  the  defenders  to  abandon  a  long  tmutoh  of 
a  homwork  and-a  face  of  one  of  the  bastions  in  front  of  the  groond  on 
which  the  chief  attack  took  pUce.  Tlie  success  of  rioochSt  ffaring 
appears  to  have  been  still  greater  at  the  aiege  of  A!th,  yMtii  was  eeti- 
raicted  by  'Vauban  during  the  same  war. 

It  is  a  remarkable  circumstance  that,  soon  after  the  inventiaii  of 
this  method  of  firing,  the  changes  which  were  made  in  the  trmee  -or 
plan  of  fortifications,  though  attended  with  many  and  great  advantages, 
were  such  as  to  render  the  works  more  liable  than  those  of  former 
times  to  the  destructive  action  of  the  ricochet.  The  great  salieney 
theUjgiven  to  the  ravelins,  and  the  consequent  aouteness  of  the  saBent 
angles,  allow  ~the  prolongation  of  the  faces  to  be  easily  observed  hy  the 
besiegers  while  at  a  distance  from  the  work ;  and  thus  the  gnas  in  the 
ricoohetting  batteries  are  enabled  to  enfilade  the  &oes  in  ttatr  whole 
length  wiui  great  accuracy.  The  faces  of  the  bastions  were  alsa 
lengthened  alMut  the  same  time ;  and  in  fortifications  eonsimeted  on 
the  inferior  polygons,  or  tiiose  of  few  sidee,  there  ia  a  like  fsdlitjr  of 
dismounting  the  artilleiy  on  those  faces.  The  latter  evil  oeaaee  to 
exist  when  uie  works  are  formed  on  the  superior  polygons,  becsiUae  the 
prolongations  of  the  faces  of  the  bastions  may  then  fsH  upea  the 
intermediate  ravelins,  and  thus  be  invisible  to  the  enemy ;  but,  far  the 
damage  to  which  the  long  faces  of  the  ravelins  are  expoiied,  no  ether 
remedy  can  be  found  than  in  the  construction  of  traverses  or  blindages 
on  the  terrepleins,  or  in  covering  the  general  direction  of  the  faces  by 
an  advanced  portion  of  the  latter,  about  twenty  yards  long,  on  each 
aide  of  the  safient  angle. 

The  fVench  engineers  divide  ricocjiet  firing  into  two  kinds,  of  wliich 
one  is  desi^ated  ricochet  mou,  and  the  other  tiAocKet  iendu  (short  and 
long-ricochet) ;  the  former  comprehending  all  elevations  of  tiie  piece, 
from  the  greatest  which  the  oha^e  and  the  gun-carriage  will  permit,  to 
that  whi(m  is  but  little  above  the  horizon ;  and  the  latter  term  being 
applied  to  all  other  cases,  down  to  that  in  which,  from  ^e  height  of 
the  battery,  tiie  gun  is  depressed  below  the  horizontal  plane.  When 
the  crest  of  the  parapet  wlilch  coven  the  rampart  or  the  ground  to  be 
ricochetted  is  above  the  level  of  tlie  battery,  Hxe  coincidenee  of  that 
crest  with  the  vertex  of  the  trajectory  forma  the  inferior  limit  to  the 
etevation  of  tite  piece;  ftr  UwealMt  vento  psM  elnwly  0rer4a( 
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orert  with  a  lower  elevation,  it  would  at  that  place  be  in  the  ascending 
bnuuih  at  the  curve,  and  then  the  ground  behind  the  covering  parapet 
would  not,  to  a  conaiderable  distance  £roiu  thenoe,  be  struck.  In  pro- 
portion as  the  elevation  of  the  piece  is  increased  above  the  same  limit, 
the  vertex  of  the  trajectory  is  nearer  to  the  battery,  and  thus  the 
shot  is  in  tl^  descending  biaoch  when  it  passes  over  tiie  crest  of  the 
woiii. 

When  the  parapet  over  which  the  shot  is  to  pass  has  little  elevation 
above-the  battary,  it  requires  oonoderable  chai^  to  allow  the  vertex 
of  the  tnjactoiy  to  coincide  with  the  crest;  but  the  charges  ^^imlnia^1 


r^fudly  as  the  height  of  the  parapet  increases,  or  as  the  distance  of  the 
battery  from  thenee  diminishes :  the  effect  bif  this  is  to  produce  the 
kind  o£  ricochet  first  mentioned  above,  for  the  sjigle  made  by  the 
descending  branch  with  the  horizontal  eround  being  greater,  the  re- 
bounds of  the  shot  are  more  numerous  witliin  a  given  extent  of  ground, 
and  between  the  successive  grazes  the  curves  are  higher  and  shorter. 
In  this  case,  and  when  the  descending  branch  passes  through  the  crest, 
the  shot  falls  almost  immediatehr  bemnd  the  parapet,  and  no  part  of 
the  ground  to  be  lioochetted  is  tree  from  its  action  :  this  is  not  always 
certain,  when  by  great  diargea  and  low  elevations  ilie  second  kind  of 
ricochet  is  used,  smoe  it  may  lumpen  that  the  shobwill  pass  above  the 
objects  which  it  should  strike  within  the  limits  of  the  ground.  In  the 
modem  system  of  fortification  the  greatest  length  of  the  faces  of  works 
which  are  liable  to  the  ricochet  is  about  100  yards ;  therefore  when 
there  aie  no  traversw  on  the  terreplein,  and  it  is  merely  required  to 
strike  an  object  somewhere  between  the  crest  of  the  covering  para- 
pet (supposed  to  be  about  8  feet  high)  and  the  further  extremity  of 
any  such  face,  the  descending  branch  of  tiie  trajectory  will  make  wiUi 
the  horizon  an  angle  of  about  one  degree,  and  the  charge  and  elevation 
of  the  gun  shotUd  be  determined  so  that  this  condition  may  be 
fulfilled.  From  shot  so  fired  a  traverse  near  the  covering  parapet 
would  entirely  protect  the  ground,  since  the  projectile  would  lodge  in 
itk  and  do  no  harm  to  the  detaadem ;  and  in  order  that  the  fire  of  shot 
nay  do  execution,  whether  made  in  that  manner  or  with  an  increased 
elevation  ^f  the  piece  so  as  to  produce  ricochets,  it  is  necessary 
previously  to  destroy  the  traverse  by  shells  fired  as  above  described. 
For  such  a  purpose  Qeneral  Millar's  8-inoh  howitsers  will  probably  be 
found  to  be  the  most  serviceable;  and  if  the  lai^ge  shot  subaequently 
fired  k-rieochet  to  dismount  the  artillery  should  not  suoceed  in  clearing 
an  enemy's  work  of  the  troops  who  defend  the  parapet,  spherical  case 
shot  fired  from  24-pounder  guns  might  be  sdvanta^oudy  employed^ 
One  gun  in  a  riooohet  battery  shouM  be  exactly  in  the  prolpngation 
of  the  crest  of  the  parapet  on  the  face  to  be  enfiladed,  in  order  that  its 
dtot  may  grace,  with  tlie  long  rioochet,  the  interior  slope  of  such 
iwnqpet. 

Bnerimente  in  rioochet  firing  were  carried  an  at  Woolwich,  in  the. 
monua  of  June  and  October,  1821,  when  a  work  100  yards  long,  and 
resembling  the  face  of  a  bastion  or  ravelin,  was  enfiladed  in  that 
manner  with  iron  and  brass  ordnanoeof  different  natures ;  the  covering 
face  was  eig^t  feet  high,  and  its  crest  was  nearly  on  a  level  with  the 
axes  of  the  guns  in  the  battery.  The  results  were,  that  with  a  range 
equal  to  400yarda,  and  a  charae  of  powder  equal  to  ^  of  the  weight  of 
the  shot,  about  two-thirds  of  toe  number  of  rounds  took  effect ;  at  600 
yards,  with  charges  varying  from  j^  to  ^  of  the  waij^t,  from  one-third 
to  one-half  took  effect;  and  at  800  yards,  with  charges  from  Jt  ^  /« 
between  one-third  and  two-thirds  took  effect.  It  was  ooncludea  thei«- 
fore  that  ricochet  batteries  ouj^t,  if  possible,  to  be  at  a  distance  vary- 
ing from  400  to  600  yards  from  the  nearest  part  of  the  line  of  rampart 
toTbe  enfiladed;  for  beyond  the  latter  distance  the  effect  of  the  fire  is 
uncertain.^  The  long  ricochet,  with  high  charges  and  small  elevations 
or  d^tressions  of  the  guns,  msy,  however,  be  advantageoasly  employed 
in  firing  from  the  lamparts  of  a  fortress  <hi  the  ground  in  front,  or 
agsiaat  axtensiTe  line*  ca  motka  whan  the  battaiy  is  at  a  much  grestar 
diatanoe. 

It  appaats  bom  the  exparimants  above^nsntioned  that  A*  best 
davatioDa  of  othiance  for  snfilading  a  work  h-riceohet  ifith  diot  or 
shsUa  is  that  in  which  the  axis  of  the  niece  is  directed  at  an  angle 
vanrinci  from  6*  to  8°  above  a  line  drawn  from  the  chamber  of  the  gun 
or  howitMr  to  the  orest  of  the  parapet  over  which  the  projeotils  is  to 
paiB.  It  is  stated  that  of  17p  shelia  filled  with  powder  which  were 
fixed,  (8  took  effect,  but  imly  S3  burst  in  the  work.  Before  the 
tmvenea  ware  constructed  several  guns  on  the  work  were  itrook  and 
rendered  nseleas;  but  afterwards,  though  the  tnverses  were  much 
iqjare^,  none  of  tjie  guns  protaoted  by  them  were  disabled. 

When  employed  against  tzoops  in  the  field,  ricochet  firing  is  found 
to  be  of  Bssontisl  service ;  for  tba  shot  making  on  the  grouDd  tifA,%  or 
tan  graces,  it  cannot  fail  at  some  of  theae  to  take  effeok  In  1767,  the 
Kia^  of  Frassla  bad  several  ais-inch  mortan  mounted  on  tnvelling 
carnages;  and  from  these  be  caused  shells  to  be  thrown  t^rioochet^  in 
an  oblique  direction,  against  the  enemy's  line,  which  it  immediately 
put  in  great  disorder. 

Biooehet  firing,  when  first  employed  in'  siegea,  fr«n  the  definden 
not  b«u^  prepared  with  means  to  diminish  its  destructive  effects,  pro- 
duced immndiatrfy  a  strong  improssinn  of  ita  power ;  and  the  opinion 
of  its  superiority  to  the  direct  mode  of  firing  has  continued  to  prevail 
from  the  time  of  Vauban  to  the  present  day,  though  the  swvice  of 
artillery  is  now  so  predae,  that  when  the  guns  in  an  enemy's  work  can 
be  seen,  th«y  can  ha  aa  nadily  diamowtad  tap  the  latter  mode  aa  b[f 


the  ricochet.  It  ought  also  to  be  remembered  that  before  the  latter 
can  be  usefolfy  employed,  the  parapets,  traverses,  or  blindages  whidh 
cover  the  artillery  of  a  fortress  must  be  ruined  by  other  means ;  and 
it  may  reasonably  be  concluded  that  the  rapid  reduction,  or  the  most 
protracted  defence  of  a  place,  will  always  be  owing  to  a  judicious  com- 
bination of  the  different  modes  in  which,  aooording  to  the  ciraum- 
stances,  artillery  can  be  used  during  the  siege.    [Sieob.] 

Though  it  has  been  stated  that  witii  Hr/Whitworth's  rifie  gun  some 
VBry  goMJ  ricochet  practice  has  been  made,  it  is  very  doubtful  whe^uor 
rifle  cannon  can  be  employed  for  this  purpose,  as  from  the  rotation  of 
the  shot  it  is  deflected  immensely  on  striking  the  gronad.  In  fs4st> 
this  is  one  of  the  disadvantages  of  nfle  guns. 

RIFLE,  or  RIFLBD,  a  term  applied  to  muskets  or  piece*  of  ord> 
nance  when  their  bores  are  furrowed  with  spiral  grooves.  It  is 
probably  derived  from  an  Anglo-Saxon  word  signifying  to  rive  or  Uari 
the  grooves  or  ntiAin>«l«  being  formed  by  a  machine  which  scrapes 
away  the  substance  of  the  barrel  interiorly  in  parallel  and  Spiral 
directions. 

It  is  not  precisely  known  at  what  time  rifled  barrels  were  first 
employed  in  warfare,  but  P.  Daniel  states  ('  Hist,  de  la  Milioe  Fran- 
false,'  liv.  vi.)  .that  the  carabiniers  of  the  French  cavalry  were 
furnished  with  such  arms;  he  also  observes  that  they  bad  been 
invented  long  before  the  time  at  which  he  wrote,  and  that  he  had  seen 
them  used  before  that  olass  of  troops  was  formed  into  a  i^^ent. 
This  circumstance  took  place  in  1692,  and.we  may  therefore  conclude 
that  rifled  arms  were  known  on  the  continent  about  the  middle  of  the 
17th  century.  The  historian  describes  the  ear<Ai»e$  raytet,  aa  he 
calls  them,  as  being  grooved  in  a  circular  manner  along  the  whole  of 
the  barrel ;  and  he  asserts  that  the  range  of  the  balls  fired  from  them 
was  very  considerable.  Rifled  arms  do  not  appear  to  have  been  intro- 
duced in  the  British  service  till  the  t^me  of  tiie  American  Revolu- 
tionary war. 

It  ia  sometimes  asserted  that  grooved  barrels  were  introduced  by. 
Gaspard  Zollner  of  Vienna,  in  1498,  but  these  grooves  were  parallel  to 
the  axis  of  the  piece,  and  were  only  intended  to  take  off  the  fouhiesB 
of  the  discharge  and  assist  in  loading.  It  may  accidentally  have  been 
discovered  that  by  making  the  grooves  spii^,  greater  acouracy  was 
obtained.  It  is  also  asserted  that  elongated  projectiles  were  fired  from 
rifles  many  years  sgo,  as,  for  instance,  it  is  stated  that  Hamilton  of 
Bothwell-haugh  shot  the  regent  Hurray  with  a  cylindro-conioal  bullet; 
But  it  is  difficult  to  determine  this  with  any  certain^.  Under  the 
head  of  GuKNERT  the  effect  of  the  rotation  of  a  projectile  has  been  in-, 
vestigated,  and  it  is  there  shown  that>  except  when  the  axis  of  rotation 
is  coincident  with  the  line  of  flight,  or  speaking  more  correctly  as  the 
trajectory  is  a  curve,  except  when  the  axis  ia  tangential  to  the  tiajeo- 
tory,  the  effeot  of  rotation  on  a  projectile  passing  through  the  air  is  to. 
deflect  it  more  or  less  from  the  direction  in  which  it  is  {projected.. 
This  effect  is  due  to  the  fact  of  the  surface  oLtiie  projectile  being  more 
or  lees  rough,  and  to  the  atmosphere  being  more  condensed  in  front 
than  behind  it  from  its  high  velocity.  But  it  is  not  the  dirtet  result, 
if  we  may  so  term  it,  of  the  greater  friction  in  front  tlian  behind  tha 
centre  of  pavity,  as  is  often,  erroneously  stated,  and  this  the  ex|)eri- 
ments  of  Professor  Magnus  of  Berlin  have  shown.  Indeed,  the  direct 
effect  of  tliis  friction  would  be  to  deflect  the  ball  in  exactiy  the 
opposite  direction  to  what  in  practice  ia  found  to  be  the  case.  A  boll, 
for  instance,  rotating  on  a  vertical  axis,  when  tha  anterior  anr&oe  is 
moving  from  right  to  left,  would,  the  air  being  more  condensed  before 
than  behind,  meet  with  a  great  resistance  to  rotation  from  tlie  friction 
of  the  air  in  front,  which  would  not  be  counter-balanced  by  an  equal 
resistance  in  the  opposite  direction  behind;  but  as  the  rotation  in 
front  is  from  right  to  left,  this  reBistonce  would  in  eSact  tend  to. 
deflect  the  centre  of  gravity  from  left  to  right.  Now  in  praotioe  it  is 
found  that  a  rotation  from  right  to  left  deflects  the  ball  to  the  left, 
so  that  it  is  evident  that  some  other  force  must  be  called  into  action 
which  overcomes  this  direct  effect  of  friction.  Now  one  half  of  the 
ball,  supposing  it  to  be  out  intn  two  hemispheres  by  the  plane,  of  tha 
trajectory,  is  rotating  with,  an.,  the  other  half  in  a  contrary  direction  to, 
its  motion  o£  translation,  and  the  surface  of  the  ball  not  being  perfeotly 
smooth,  the  air  is  assisted  in  rushing  past  the  former  hemisphere, 
while  it  is  retarded  in  passing  the  latter,  and  becomes  more  condensed. 
The  experiments  of  Professor  Magnus,  in  which  a  current  of  sir  was 
thrown  on  a  rotating  cylinder,  dearly  showed  by  an  arrangement  of 
vanes,  which  it  is  unnecessary  to  explain  here,  that  tlie  rotating 
cylinder  caused  a  current  in  the  air  in  contact  with  it,  in  the  direction 
of  the  rotation  which,  where  it  met  the  current  thrown  on  it  by  the 
blowing  laa,  produced  a  greater  pressure  of  the  air  on  that  ^rtion  of 
the  qrlinder :  that  is,  where  the  latter  current  was  moving  in  an 
opposite  direction  to  this  former.  Returning  again  to  the  ball  rotating 
from  light  to  left,  thia  will  account  for  a  greater  pressure  on  the  right 
side  than  on  the  left,  tending  to  deflect  tibie  ball  to  the  left,  and  tUa 
cause  of  d^eotion  is  found  to  overoome  the  tenden<7  before  spcdien  of 
to  deflect  it  to  the  right.  The  figi.  1  and  2  on  the  aooompanying 
diagram  may  make  this  dearer.  The  motion  of  rotation  is  in  both  cases 
indicated  by  the  arrow  on  the  circumference,  the  motion  of  translation 
by  the  arrow  in  the  circle.  Fig.  1  gives  the  resultant  direction  from 
frictico  only ;  fig.  2  shows  the  condensation  of  air  from  the  two  ouirenta 
meeting.  It  la  most  probable  that  the  velooity  of  rotation  is  not  so 
njpidly  destroysd  as  the  velooity  of  translation,  which  will  acooDnt  for 


Digitized  by 


Google 


sr 


BIFLG,  OR  RIFLED. 


RIFLE,  OR  RIFLED, 


the  lateral  deviation  of  a  rotating  projectile  being  found  in  practice  to 
increaae  in  a  much  greater  ratio  than  the  distance : — the  'trajectory 

ng.  I. 


Fig.  ». 


being  in  fact  a  carve  of  double  curvature.  This  was  veiy  well  shown 
by  Robins,  to  whom  the  first  investigation,  and  indeed  the  principal 
portion  of  our  present  knowledge  of  this  subject  is  due,  in  his  experi- 
ment before  the  Koyal  Society  in  1746,  in  the  gardens  of  the  Charter 
House  (see  page  166,  Boxer's '  Treatise  on  Artillery'),  where  he  fired  a 
bullet  from  a  bent  gim-barrel  through  two  paper  screens,  and  on  to  a 
*-alI.  The  bullet  followed  the  direction  of  the  bent  portion  of  the 
barrel  in  passing  through  the  first  screen  and  partially  through  the 
second,  but  the  place  where  it  struck  the  wall  was  on  the  other  side 
of  the  line  of  direction  of  the  straight  portion  of  the  barrel  The  end 
6i  the  barrel  being  bent  to  the  left,  the  bullet  in  rolling  against  it  in 
its  passage  out  had  received  a  rotatory  movement,  its  anterior  hemi- 
sphere moving  from  left  to  right,  which  for  the  reasons  before  stated 
caused  it  to  deflect  to  the  right,  and  the  velocity  of  translation 
diminishing  more  rapidly  than  the  velocity  of  rotation,  this  deflection 
was  in  a  curve.  This  curve  being  combined  with  the  curve  caused  by 
tile  action  of  gravity  gives  a  curve  of  double  ciurature. 

Let  us  now  apply  these  considerations  to  the  action  of  an  ordinary 
smooth  bore  gun,  whether  musket  or  piece  of  ordnance. 

In  order  that  the  shot  may  be  forced  down  the  bore  of  the  gun  it 
must  be  slightly  smaller  than  the  bore,  the  difference  in  diameter  of 
the  two  being  called  windage.  Windage,  besides  allowing  a  great 
escape  and  waste  of  gas,  causes  deflection  in  two  ways,  first  the  ball 
resting  on  the  bottom  of  the  bore  of  the  gun  is  forced  down  by  the  gas 
rushing  over  it  at  the  same  time  that  it  u  forced  along,  and  bounding 
tip  again  from  its  elasticity  it  is  carried  along  the  bore,  rebounding 
from  side  to  side,  and  eventually  leaves  it,  not  in  the  direction  of  the 
axis,  but  in  some  other  direction  depending  on  its  last  impact. 
Secondly,  from  this  last  impact  it  will  carry  away  a  certain  rotatory 
movement,  which  for  the  reasons  befbro  given  will  cause  it  to  deflect. 

The  eccentricity  of  the  projectile  is  another  cause  of  deflection  in 
smooth-bored  guns.  For  the  reasons  given  in  the  article  QcmfERT,  this 
eccentricity  will  In  the  bore  of  the  gun  cause  rotation,  and,  as  there 
stated,  the  effects  of  this  rotation  wUl  be  the  same  in  nature  as  those 
due  to  the  roughness  of  surface  before  considered,  while  they  will  be 
greatly  augmented.  Roughness  of  surface  and  imperfection  of  form 
are  the  last  causes  of  deflection,  and  they  are  the  means  by  which 
rotation  causes  deflection. 

Windage  may  be  lessened  by  increasing  the  size  of  the  shot  and 
various  other  means,  but  practically  it  cannot  be  destroyed,  except  in 
breech-loading  guns. 

Eccentricity,  arising  from  the  material  of  the  projectile  not  being 
homogeneous,  is  in  musket  bullets  wholly  overcome  by  making  the 
bullets  by  compression,  instead  of  casting  them,  as  in  cooling  a  void  is 
often  left  in  the  interior ;  and  may  to  a  great  extent  be  avoided  by  care 
in  the  projectiles  used  in  larger  ordnance. 

Bullets  can  never  bo  made  perfectly  smooth.  Rotation  can  never  be 
avoided  in  smooth-bored  gims.  It  can  to  a  certain  extent  be  taken 
under  control  by  making  the  shot  purposely  eccentric  [Gunkert],  but 
this  is  a  very  uncertain  process.  We  come  tien  to  the  rifle,  in  which  we 
have  the  power  of  impressing  a  certain  fixed  rotation  on  the  bullet ;  a 
rotation  always  bearing  in  velocity  a  fixed  relation  to  the  initial 
velocity  of  the  bullet.  And  in  direction,  a  rotation  which  being 
round  an  axis  that  during  the  first  portion  of  the  trajectory,  at  all 
events,  is  tangential  to  it,  causes  the  resistance  of  the  air  to  be  equally 
distributed  round  the  pole  of  rotation,  and  brings  any  imperfections  of 
surface  rapidly  round  froto  one  side  to  the  other  of  the  axis,  and 
corrects  any  deflection  arising  from  them  at  each  hidf  revolution  of  the 
bullet.    Thus  we  obtain  accuracy  in  its  flight. 

According  to  the  laws  of  rotatory  bodies,  the  tendency  is  for  the 
axis  of  rotation  always  to  remain  parallel  to  its  original  direction. 
Hence  we  have  the  power  of  using  elongated  bullets  from  rifles; 
bullets,  for  instance,  of  a  oylindro-conical  form,  termed  pidbett.  These 
being  made  to  rotate  on  their  longer  axis,  constantly  present  their 
points  to  th»  resistance  of  the  atmosphere,  and  at  the  same  time 


that  they  present  an  area  of  resistance  of  the  same  size  as  a  spherical 
bullet  of  t^e  same  diametor,  they  possess,  supposing  them  to  start; 
with  tiie  same  initial  velocity,  a  much  greater  momentum  to  overcome 
this  resistance.  Therefore,  the  retardation  being  less  [Ocnnebt],  wo- 
obtain  a  greatly  increased  range,  A  cylindro-conical  picket  cannot  be 
fired  from  an  ordinary  smooth-bored  gun,  because,  assuming  a  rotation 
almost  immediately  on  leaving  the  muzzle  round  some  of  the  shotter 
,axes,  all  advantage  is  lost. 

The  tendency  of  all  rotating  bodies  to  rotate  found  the  shortest 
axis  of  greatest  moments  is  an  important  consideration  in  the  con' 
struction  of  rifle  pickets.  If  the  cylinder  be  very  long  and  solid,  thv 
tendency  is  for  the  bullet  to  iipaet  during  its  flight.  The  hollow  at  the 
base  of  most  rifle  pickets  is  therefore  of  great  asdstance  in  retaining 
the  impressed  rotation.  There  are  two  other  points  connected  with 
the  rotation  of  the  picket,  which  it  may  be  as  well  to  notice  before 
proceeding  to  the  description  of  the  rifle  itself. 

The  tendency  of  the  axis  of  rotation  to  remain  parallel  to  its  original 
direction  is  the  cause  of  a  peculiar  deviation,  termed  by  the  French 
derivation.  It  was  pointed  out  by  Robms,  that  when  the  elevation  of  the 
piece  is  high,  and  the  trajectory  greatly  curved,  the  axis  of  the  baBet, 
or  of  rotation,  does  not  remain  t^igential  to  tiie  trajectory,  but  very  soon 
begins  to  make  an  angle  with  it,  which  angle  continues  to  increase  to 
the  end  of  the  range  {fig.  S)}  the  consequence  is,  that  there  is  as  ia- 

Fig.  a. 


equality  in  the  resistance  of  the  i^r  on  difierent  sides  of  t^e'axis ;  the 
bullet  or  picket  presents  an  increased  rotating  surface  to  the  condensed 
air,  that  is,  there  is  a  greater  resistance  fix>m  friction  on  one  eide  (below) 
the  axis  of  rotation  Uian  on  the  other ;  the  effect  of  this  resistance 
will,  for  the  reason  before  given,  cause  the  bullet  to  deflect  or  dertvate. 
But  this  resistance  is  almost  wholly  below,  and  of  the  same  nature  as 
that  shown,/)/.  1,  as  acting  on  the  anterior  hemisphere  of  the  spherical 
bullet,  whilst  little  or  none  of  the  opposing  resistance  of  condensation 
of  air  from  the  meeting  of  two  ciurents  can  be  called  into  play  (or  rather, 
it  will  be  in  a  position  where  it  can  have  little  effect)  consequently, 
the  ballet  or  picket,  supposing  it  to  have  a  right-handed  rotation 
from  above  downwards,  viewing  it  from  behind  the  piece,  will  have  a 
derivation  to  the  right.  The  path  of  the  centre  of  gravity  of  the  shot 
will  be  a  line  of  double  curvature,  bat  the  axis  of  rotation  will  remain 
constantly  parallel  to  its  original  direction.  Robins  proposed  that 
the  bullets  should  be  formed  like  eggs,  the  longer  axis  being  placed 
in  the  direction  of  the  axis  of  the  piece,  and  the  larger  end  to  the 
front,  in  order  that,'  the  centre  of  gravity  being  forward,  the  greater 
resistance  of  the  air  acting  behind  might  throw  tbe  point  down, 
and  constantly  keep  the  axis  tangential  to  the  trajectory.  More 
recently,  cantluret,  grooves  cut  round  the  base  of  a  cylindro>oonical 
bullet  (see  fig.  6),  have  been  proposed  by  M.  Tamissier,  and  employed 
with  the  same  object.  But  a  slight  consideration  wiU  show  that 
the  action  of  this  increased  resistance  behind  the  centre  of  gravity 
is  not  simply  a  force  tending  to  produce  angular  motion  in  the 
axis  of  the  bullet  in  the  plane  of  the  trajectory  round  an  axis  per- 
pendicular to  it,  but  is  of  the  nature  of  the  action  arising  from 
the  friction  of  tiie  rotating  bullet  or  picket,  when  its  axis  is  in- 
clined to  the  trajectory,  and  which  we  have  just  been  discussing. 
But  it  must  be  remembered,  that  we  were  then  assuming  either  that 
the  resistance  of  the  atmosphere  was  equal  on  both  sides  of  the  centra 
of  gravity,  or  that  any  slight  inequality  there  might  be  was  not  sufiS- 
cient  to  overcome  the  effect  of  rotation  in  keeping  the  axis  parallel  to 
its  original  direction ;  whereas  now,  from  the  objeet  of  the  canelnres, 
in  order  that  they  may  be  effective,  we  must  assume  that  the  increased 
resistance  behind  the  cmitre  of  gravity  is  sufficiently  great  to  give 
angular  motion  to  the  axis  of  rotation.  For  the  same  reason,  then,  that 
the  bullet  or  picket  would  in  the  former  case  deflect  to  the  right, 
supposing  it  to  have  a  right-handed  twist,  in  this  oase  the  portion 
behind  the  centre  of  gravity  would  deflect  more,  proportionately  to  the 
greater  resistance  on  it,  tiian  the  portion  in  front ;  that  is,  the  axis  or 
head  of  the  bullet  must  turn  to  the  l^,  makiug  an  angle  with  the 
plane  of  the  trajectory.  In  this  position  the  combined  forces  will  tend 
to  depress  the  head,  and  so  on,  if  we  consider  it  in  its  successive 
positions,  witii  the  forces  acting  on  it,  we  shall  see  that  the  effect  of 
the  incTMsed  resistance  beliind  the  centre  of  gravity  will  be  to  make 
the  bullet  assume  a  second  motion  of  rotation — one  motion  of  rotation, 
the  original  one,  being  rotmd  the  longer  axis,  while  the  second  will  be 
round  an  axis  making  an  angle  with  tiiis,  and  directed  to  the  left  of  the 
tangent  of  thO'  trajectory  at  every  moment ; — ^though  the  deflection 
from  this  oblique  surface  would  be  to  the  left,  and  counteracting 
the  deflection  it  was  intended  to  counteract,  yet  the  viaiUing  motion 
the  bullet  must  assume  would  be  very  destructive  to  accuracy  and 
penetration.  When  from  the  form  of  the  bullet  the  resistance  is 
greater  in  front  of  the  centre  of  gravity,  and  suflloient  to  give  angular 
motion  to  the  axis  of  roti^on,  the  second  azii  of  rotation  wul  be 
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directed  to  the  right  of  the  tangent  of  the  tnjeotoi7,  and  there  Trill 
be  inoreased  daSaction  to  the  rig^t. 

Theae  effects  may  be  proved  experimentally  with  the  gyroacope.  It 
ia,  therefore,  better,  aa  the  derivation  when  the  axis  of  rotation  remains 
parallel  to  its  original  direction  is  pretty  constant  for  the  same  dis- 
taaoea,  to  allow  for  it  when  laying  the  gun,  than  to  tiy  and  correct  it 
by  the  form  of  the  ahot. 

Another  curious  eSeot  arising  from  the  aetion  of  rotation,  tending  to 
keep  the  axia  of  rotation  parallel  to  ita  original  direction,  is,  that  at 
certain  low  elevations  the  range  of  the  elongated  projectile  is  absolutely 
greater  in  the  atmosphere  thim  it  would  be  in  vacuo.  This  is  evidenUy 
a  point  of  great  importance  practically.  It  ia  thiu  explained  by 
Sir  W.  Armstrong  :  "  In  a  vacuum,  the  trajectory  would  be  the  same, 
whether  the  projectile  were  elongated  or.  spherical,  so  long  as  the 
angle  of  elevation  and  the  initial  velocity  were  constant;  but  the 
presence  of  a  resisting  atmosphere  makes  this  remarkable  difference, 
that  while  it  greatly  shortens  the  range  of  the  round  shot,  it  actually 
prolongs  that  of  the  elongated  projectile,  provided  the  angle  of  elevation 
do  not  exceed  a  certain  limit,  which  in  my  experiments  I  have  found 
to  be  about  6*.  This  appears  at  first  very  paradoxical,  but  it  may  be 
eadly  explained.  The  elongated  shot,  if  properly  formed,  and  having 
a  sufScient  rotation,  retains  the  same  inclination  to  the  horizontal 
plane  throughout  its  flight,  and  consequently  acquiree.  a  continually 
increasing  obliquity  to  the  curve  of  its  flight.  Now  the  effect  of  this 
obliquity  is,  that  the  projectile  is  in  a  measure  sustained  upon  the  air, 
just  aa  a  kite  is  supported  by  the  current  of  air  meeting  the  inclined 
sur&ce,  and  the  result  is,  that  its  descent  is  retarded  so  that  it  baa  time 
to  reach  to  a  greater  distance." 

The  following  example,  to  prove  the  truth  of  this  statement,  ii 
taken  from  'Elementaiy  Lectures  on  Artilleiy,  K.  M.  Academy,' 
by  Major  Owen,  B.A.,  and  Captain  Dames,  RA.,  from  which  aiso  some 
of  the  figures  are  taken  :  "  The  initial  velocity  of  the  projectile  from 
Sir  W.  Armstrong's  12-pr.  gun  is  said  to  he  1080  feet  per  second ;  what 
would  be  ita  range  in  vacuo  when  fired  at  2*  of  elevation  ? 

T'x  dn2»      logoj*  X  sin  4*      1166400  x  •069 

■ "         9         "  82     ■       "  82 

■=  2515  a  or  838  yds. 

If  1100  be  taken  as,  the  velocity,  880  yards  .would  be  the  range. 
From  the  table  of  ranges  .given  in  the  'Uimual  of  Artillery  Ezeroises,' 
980  yards  ia  the  range  obtuned  with  this  gun  at  an  angle  of  2°  of  eleva- 
tion. The  tinge  of  the  projectile  in  the  air  exceeds  thereforo  that  in 
vacuo  by  about  140  yanls,  if  the  initial  velocity  is  1080  feet  a 
second,  and  by  100  yards  khould  the  velocity  be  1100  feet  a  second." 
A  82-nr.  shot  fired  at  aii  angle  of  2°  With  a  velocity  of  1600  feet  per 
second,  ranges  less  than  { 'of  the  distance  it  would  range  in  vacuo. 

The  interior  of  a  rifle  barrel  is  a  cylinder,  with  a  certain  number  of 
grooves  cut  in  it ;  these  grooves  are  parallel  to  one  another,  but  make 
an  angle  with  the  axis  of  the.cylinder  or  barrelT— that  is,  they  are  dis- 
posed spirally  round  it  The  bullet  fitting  these,  when  forced  through 
the  barrel  by  the  action  of  the  powder,  acquires  a  motion  of  rotation 
round  the  axis  of  the  piece  in  addition  to  the  motion  of  translation, 
and  this  motion  it  of  course  retains  after  leaving  the  piece.  The  riSe 
barrel  is  in  fact  a  female  screw,  and  the  Action  is  the  same  as  that  of 
a  nut  through  which  a  screw  is  driven  by  pressure. 

The  elements  of  a  rifle  may  be  considered  to  be  a  cylinder,  grooves, 
bullet,  and  method  of  TnaH»»g  the  bullet  fit  the  grooves  or  take  tiie 
rifling.  No  rules  for  these  various  points  have  at  present,  at  all  events, 
been  established ;  though  perhaps  Mr.  Whitworth  in  his  experiments 
hhs  done  more  than  anyone  else  to  establish  some  of  them  on  a  scientific 
basis.  But  at  preatot  the  diameter  of  the  cylinder,  that  is,  the  bore ; 
the  number,  and  depth,  and  inclination  of  the  grooves;  the  form  and 
weight  of  the  bullet,  and  the  method  of  making  it  take  the  rifling — vary 
with  every  nation,  and  indeed  with  almost  every  gunmaker.  We  can 
therefore  merely  attempt  to  give  some  description  of  one  or  two  of  the 
most  general  forms'  of  rifle.  Before  doing  so,  however,  it  may  be  as 
well  to  consider  what  are  the  points  to  be  borne  in  mind,  or  what  are 
the  conditions  of  the  problem  of  constructing  a  perfect  rifle.  This 
wiil  assist  us  in  coming  to  a  conclusion  as  to  what  rifle  combines  th^ 
before-mentioned  elements  in  the  best  proportions. 

1st.  The  action  of  a  rifle  being  the  same  as  that  of  a  nut  on  a  screw 
driven  through  it,  the  action  of  the  powder  on  a  bullet  in  a  rifle  barrel 
must  be  the  same  as  that  of  a  pressure  moving  a  body  up  an  inclined 
plane,  the  direction  of  the  pressure  being  parallel  to  the  base.  The 
greater  the  inclination  of  the  plane,  the  lees  the  velocity  in  the  direction 
of  the  pressure  generated  in  the  body  in  its  passage  over  a  given  space 
in  the  same  direction,  because  of  the  greater  inclination  of  the  plane, 
and  also  because  of  its  thereby  increased  friction, 
t    In  the  rifle,  therefore,  the  greater  the  inclination  *  of  the  grooves, 

*  The  ineUaattoD  of  the  gioores,  commoaly  called  the  twist.  Is  generally 
gtvea  a*  one  torn  In  so  miiny  feet.  Tbl>  of  oonm  gives  no  informiition  directly 
u  to  the  proportlomts  iBcUnation  o(  the  grooves  in  two  riflts  of  different  calibre. 
Tim  ccneet  e>tlintta  of  this,  ii  tha  angle  of  incUnatiou  of  the  line,  ahowlng 
the  graoTS  on  the  dtetloped  mrface  of  the  bore  of  the  piece,  that  ia,  by  com- 
paring Vhe  lengths  in  vhich  one  torn  is  effected  with  the  circumfercnccfl  of  the 
bores.  This  nay  easily  he  dose,  when  we  know  the  calibres  or  bores,  by 
laying-  oflT  on  a  line  the  length  .la  whieh  one  tun  at  twist  Is  eompleted,  then 


the  less  will  be  the  initial  velocity  due  to  a  given  charge.  Henoe  the 
inclination  of  the  grooves  shoiUd  be  the  least  that  will  effect  the 
purpose ;  that  is,  that  will  give  the  bullet  sufficient  rotation  round  its 
axis  to  retain  It  parallel  to  its  original  direction  during  its  flight.  This 
inclination,  as  given  iu  '  Straith's  Artillery,'  by  Cook  and  Hyde,  is— 


Enfield  . 
Jacob's      . 
Whitworth's . 


1°  19'  11." 
2°  80*  0" 
4'    8'    0" 


With  respect  to  the  form  to  be  given  to  the  grooves  in  section,  oatl 
their  number,  it  is  evident  that  the  main  consideration  on  which  they 
depend  ia  the  manner  in  which  the  projectile  takes  ita  rifling.  If  it  is 
by  the  expansion  produced  by  the  explosion,  it  is  evident  that  they 
should  be  wide  and  shallow,  rounded  and  not  angular,  while  the 
groove  or  furrow  on  one  side  is  opposite  the  projection  or  land  on  the 
other  side.  The  Enfield  rifle,  described  further  on,vrith  its  three  wide, 
shallow,  rounded  grooves,  fulfils  these  conditions.  If  on  the  other 
hand  the  projectile  takes  its  rifling  by  heing  forced  into  a  narrower 
bore,  as  in  the  breech-loaders,  it  is  evident  that  the  cutting  portions,  the 
lands,  should  be  narrow,  the  grooves  not  very  deep,  not  deeper  thaa 
will  just  suffice  to  give  a  sufficient  hold,  with  sharp  angles  and  square 
sides  at  least  on  one  side.  The  Armstrong  gun  [Rifled  ORDir^noE], 
with  its  numerous  narrow  lands  and  furrows,  is  made  in  tbia  way. 

If  the  projectile  is  formed  to  fit  the  grooves  for  convenience  in  load- 
ing, they  and  the  projections  on  the  projectile  to  fit  them  should  be 
made  prominent  and  well  marked,  as  in  the  two-grooved  rifled 
Jacob's  or  Whitworth's.  This  last  mentioned  form,  however,  is  also 
well  adapted  for  on  expanding  ball,  and  while  it  gives  a  perfect  hold  on 
the  projectile  reduces  friction  to  a  minimum. 

2nd.  The  picket  should  be  as  long  in  proportion  to  its  diameter  aa 
possible ;  for,  caterit  paribut,  the  longer  and  thinner  the  projeotile  is, 
the  greater  will  be  its  range  and  accuracy.  But  at  the  same  time  it 
must  be  remembered  that,  first,  especially  for  military  rifles,  there  sre 
great  objections  to  a  very  small  bore  and  attenuated  picket :  the  former 
being  difficult  to  clean,  the  latter  liable  to  injury,  and  requiring  a  long 
fragile  cartridge.  Secondly,  the  inclination  of  the  grooves  is  necessarily 
increased,  in  order  to  give  the  picket  sufficient  rotation ;  which,  besides 
being'  objectionable  for  the  reasons  before  given,  renders  the  bullet 
liable  to  strife,  especially  with  the  soft  metal  required  iu  expanding 
bullets.  Thirdly,  the  bora  may  be  so  diminished  as  to  prevent  ^e 
power  of  giving  the  picket  sufficient  initial  velocity ;  that  is  to  say, 
that,  given  the  calibre,  there  is  a  limit  beyond  which  it  is  detrimental 
to  increase  the  length  and  consequent  weight  of  the  projectile,  on 
account  of  the  mechanical  distribution  of  the  charge. 

3rd.  There  are  certain  mechanical  considerations  :  among  which  ore 
a  barrel  of  sufficient  weight,  perfectiy  true  bore,  with  accurately 
parallel  grooves  brought  to  a  high  state  of  smoothness ;  and,  when  the 
rifling  is  taken  by  an  expanding  bullet,  the  distribution  and  deptii  of 
the  grooves  such  as  will  allow  of  their  being  perfectly  filled.  Three 
wide  shallow  grooves  appear  the  best,  as  in  the  Enfield  rifle.  Bifles 
with  gaining  tmitt,  that  is,  a  spiral  increasing  in  inclination  from 
breech  to  muzzle,  have  been  tried.  In  fact  Vhe  Lancaster  rifles,  with 
which  the  Boyal  Engineers  are  armed,  are  of  this  description ;  theae 
have  made  good  practice,  but  it  may  be  only  from  superior  menu- 
faoture,  for  it  is  evident  that  there  is  nothing  gained,  but,  on  the  other 
hand,  when  the  projectile  is  long,  there  is  a  constant  alteration  of  form, 
causing  increased  resistance.  These  various  points  require  a  Itmg 
series  of  carefully  conducted  experiments  to  arrive  at  any  absolute  rules. 

Commencing  with  the  greatest  weight  of  bullet,  on  aocoimt  of  recoil, 
that  it  ia  possible  for  a  man  to  fire  from  liis  shoulder,  and  investigating 
how  far  the  greatest  advantage  in  eooh  direction  may  be  obtained 
compatibly  with  the  coufligting  considerations,  is  the  only  manner  in 
which  a  perfect  rifle  can  be  formed.  We  believe  that  this  is  the 
manner  in  which  Mr.  Whitworth  arrived  at  his  proportions,  and  his  is 
certainly  the  most  perfect  weapon  yet  produced. 

The  first  form  of  rifle  employed  in  the  British  service  was  a  sevfo- 
groove  rifle.  The  method  of  loading  was  this :  after  pouring  iu  the 
requisite  charge,  a  greased  patch  (a  cireulor  piece  of  cotton,  about  twice 
the  diameter  of  bore)  was  placed  on  the  muzzle ;  a  spherical  bullet, 
slightly  larger  than  the  bore  of  the  gun,  was  theti  placed  on  it  and- 
forced  down  with  an  iron  ramrod  and  wooden  mallet.  Thus  the  portion 
of  the  bullet  iu  contact  with  the  bore  became  indented,  and  received  its 
rifling ;  it  was,  however,  a  long  and  tedious  process,  not  well  adapted 
for  military  purposes.  It  waa  superseded  by  the  two-grooved  rifle  and 
belted  ball ;  the  grooves  were  wide  and  deep,  and  the  bullet,  which 
was  sewn  into  a  ti^n  piece  of  calico,  had  a  projecting  zone  fitting  them. 
This  form  was  easier  to  load,  and  gave  pretty  good  practice  up  to 
SOO  yards,  but  it  had  the  disadvjmtage  of  windage,  and  after  a  time 
fouled. 

Kobins  had  pointed  out  the  advantages  of  a  breech-loading  rifle,  in 
giHng  ease  in  loading : — "As  both  theae  methods  of  charging  at  the 
mouui  take  up  a  go^  doal  of  time,  the  rifled  barrela  which  have  been 
made  in  England  (for  I  remember  not  to  have  seen  it  in  any  foreign 

laying  off  at  right  angles  to  this  the  circnmfcTcnco  of  the  bore.  Completing  the 
rectani^e  gives  the  developed  snrfaee,  of  which  the  diagonal  ia  the  groove,  and 
the  angle  it  makes  with  the  side  o(  the  reetangle,  the  angle  of  incUaatioa. 
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piece)  &re  contrived  to  be  charged  at  the  breech,  where  the  {nece  ii  for 
this  purpose  mode  larger  than  in  any  other  part ;  and  the  powder  and 
buUet  are  put  in  through  the  side  of  the  barrel  hy  an  opening,  which, 
when  the  piece  is  loaded,  is  filled  up  by  a  screw.  By  this  means, 
when  the  piece  is  fired,  the  bullet  is  forced  through  the  rifles,  and 
acquires  the  same  spiral  motion  as  in  the  former  kind  of  pieces.  And 
perhaps  somewhat  of  this  kind,  though  not  in  the  manner  now 
practised,  would  be,  of  all  othen,  the  mart  perfect  method  for  the 
construction  of  these  barrels." 

This  process  has  been  carried  out  very  successfully  in  the  Prussian 
needle-gun,  and  various  other  breech-loading  muskets,  and  in  the 
Armstrong  gun.  [Ritled  ORDirAirOE.]  Though  space  will  not  permit 
of  cur  describing  the  needle-gun,  we  may  mention  tiiat  tiieire  is  no 
nipple  and  cap  used,  but  the  detonating  powder  being  oontained  in  m 
wooden  sabot  at  the  base  of  the  ballet,  a  needle  is  driven  forward  by 
the  look  on  the  trigger  being  pulled,  and  forcing  throujfh  the  powder 
in  the  cartridge,  ignites  the  detonating  powder  at  the  otiber  end.  The 
needle  being  very  liable  to  injury,  a  form  of  cartridge  witii  the  deto- 
nating composition  at  the  back  of  the  charge  has  been  adopted 
succMsfuIly.  Breech-loaders,  besides  increasing  the  rapidity  of  fire, 
enable  the  soldier  to  load  without  exposing  himself  whilst  doing  so, 
which  is  sometimes  a  great  object,  as,  for  instance,  in  a  square. 

To  return  to  muzzle-loaders.  In  1827,  H.  Delvigne,  a  Vnooh 
officer,  proposed  to  increase  the  facility  of  loading  by  giving  the  rifle  a 
chamber,  as  ^.  4 ;  the  bullet  being  smaller  than  the  hon  i»  easily 


Fig.  4. 


nt.i. 
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Fig.  6, 


loaded,  and  when  on  the  ohambor  a  few  smart  blows  with  the  tsmrod 
expands  it  into  the  grooves.  It  did  not,  however;  succeed  wdl  on 
service,  for  powder  lodged  on  the  (boulders  of  the  chamber  and  the 
rifle  fouled.  In  1842,  Colonel  Thouvenin,  also  a  French  officer,  invented 
tiie  "  oaiabine-a-tige,"  see  Jig.  5.  The  action  is  the  same  as  with  the 
Delvigne  chamber,  and  needs  no  explanation.  It  answered  better,  but 
tiiere  were  many  disadvantages.  The  bullet  in  both  cases  is  knocked 
out  of  shape.  The  tige,  or  steel  stem,  is  liable  to  injury,  and  from  its 
position  takes  up  mudi  space,  elongating  the  charge  and  placing  it  at  a 
mechabical  disadvantage  in  its  ignition.  If .  Delvigne  then  proposed 
tiie  elongated  bullet,  as  shown  in  Jig.  6,  which  was  a  great  improve- 
ment, and  it  was  introduced  into  the  French  service  with  the  cara- 
bine-»-tige.' 

M.  Mini^  then  proposed  an  expanding  bullet,  of  the  form  shown  in 
^.  6,  with  an  iron  cup  or  plug  a,  in  the  hollow  base  b.  This  remedied 
aU  tiie  disadvantages  of  the  carabins-a'tige.  The 
bullet  can  be  easily  rammed  down,  and  the  iron  cup 
having  a  leas  specific  gravity  than  the  lead  is  driven 
forward  by  the  explosion  and  assists  in  expanding  the 
bullet.  It  is  but  justice  to  Captain  Norton  to  state 
that  he  proposed  on  expanding  bullet  on  the  same 
principle  many  years  before.  It  is,  however,  not 
absolutely  necessary  to  have  a  hollow  base  and  plug 
in  order  to  make  the  bullet  expand.  A  hoUow  base 
alone,  or  iudeed  a  solid  cylinder,  if  long  enough,  will 
expand,  though  not  quite  so  much.  The  p«wder 
acting  iike  a  blow  drives  the  base  forward  before  the 
inertia  of  the  fore  part  is  overcome,  and  expands  it  at 
■     the  shoulder. 

A  rifle  on  the  KiniiS  principle  vras  adopted  into  the  Kngliah  service 
in  1851.  In  I8S2  Lord  Hardinge  appointed  a  committee  io  investi- 
gate the  question  of  rifled  arms,  and  they  in  1868  adopted  a  modifica- 
tion of  the  bullet  and  arm  proposed  by  Mr.-Pritchett.  Fig.  7  shows 
the  bullet  first  adopted,  without  a  plug.  This  bullet,  having  only  a 
slight  windage,  was  found  to  foul.  One  with  a  boxwood  plug  and 
greater  windage  was  then  adopted.  Flfft.  8  and  9  show  the  bullet ;  and 
4^.  10  the  c<u-tridge.  The  cartridges  may  be  made  with  two  different 
pieces  of  paper,  one  thicker  than  the  other ;  but  the  best  form  is  made 
of  two  ifiainlHiB  bigi.     Into  ^e  larger  the  bullet  is  forced  base  fore- 
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most  to  the  bottom,  the  ■nailer  ia  then  pndied  in  on  to  tibe  potait  of 
the  bullet,  and  filled  with  powder,  ths  eods  pMtsd  iip,.and  tha  bass 


tit,t. 


:««.•. 


Fig.  ». 
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Section. 

round  the  ballet  dipped  into  a  lubricator,  a  mixture  of  tallow  and  bees' 
wax.  In  loading,  we  end  of  the  cartridge  is  opened  and  the  powder 
poured  in,  the  bullet  is  then  reversed  into  the  muzzle ;  when  down 
to  the  shoulder,  the  upper  portion  of  the  cartridge  paper  to  where  tiie 
innra'  case  comes  down  to,  is  torn  off,  and  the  bullet  pushed  down 
with  the  ratnrod.  This  is  incomparably  Hie  best  arm  that  any  tit>opi 
ha,Y»ffet  been  armed  vUh,  though  it  may  not  be  tha  beet  weapon 
invented.  It  is  wholly  made  by  maddnerr,  at  least  all  those  nuura- 
fectured  at  the  Oovemment  octory  at  fiifleld  (whence  its  name). 
This  gives  it  the  great  advantage  for  a  military  weapon,  besides  ]>er- 
f ection  in  aoouradj,  of  having  ^  its  parta  inteFohasgeable  with  other 
arms  of  the  same  oonstruotion.  The  dimeasions,  Ao.,  of  tha  Enfield 
rifled  musket  i 


Weight,  with  tajonet 

BamI,  weight    .        •        •       t        •        «    c 

Length 

Bore^  ej'Undrlaal  diameter   .        •       •        •    . 

8  gmoTct,  oaUona  twM,  ene  torn  In       .       , 

Inelination,  therstore  .        .        *        .    . 

Width  of  grooves     ...•«. 

Depth  at  breeoh 

„     atmozzls     ...... 

Iioek  swlrel— 

Mahuprlag,  draws  at  half-eoek  .        •        •    . 

Bear  iprlag  dravi 

Pnlloflotk 

Trigger  draws         ••«••• 

Charge,  powder  9  J  dranu,  F,  O. 
Ballet,  upandlag,  vith  box-wood  ping— 

J>lameter,fornierl7 '(68  Is.,  now  reduced  to      . 

liCngth       ■ • 

Weight 

Weight  of  60  rounds  of  amnranltioii,  with  eaps 


The  Old  Mmket,  with  a  bore  of  •US,  weighed . 
And  the  unmanitlon 


Slhi.  Sos. 
4na.  lea. 
S  ft.  I  in. 
•t7;  ia. 

ert.6ia. 

1°  !»•  11" 
•l^Sin. 
•Oil  In. 
•OOSIn. 

Illhs.  toKlhs. 

7na.to   tUK. 
UIhs.li>141b«. 

;UM.ta   aihib 


1-OS  la. 
630  grains. 
5lbs.tos. 

11  Iha.  t  OS. 
SIhh  10  OS. 


Oood  praotiae  may  be  made  vrith  the  Bnfield  up  to  000  yard*,  to 
which  distaoce  it  ia  sighted.    The  above  an  tha  dmaiwioiH  «f  wlut 

Kg.  l». 


Ilf.  II.' 


ftci*. 

A 


/Cx 


is  called  the  Long  Enfield — there  ia  a  shorter  arm  for  tha  Rifles,  ioa., 
the  dimensions  of  which  it  is  not  necessary  to  particularise.  A  aword 
bayonet  is  used  instead  of  the  ordinary  bayonet,  but  for  many  reasons 
it  is  more  than  doubtful  whether  the  short  rifle,  with  the  accompany- 
ing awkward  sword,  is  a  more  appropriate  weapon.    The  oavaliy  are 
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irtaeA  with  a  Sluxp's  (bi'Moh-loading)  carbine,  and  also  some,  ve 
believe,  trith  WesUey  Biduu^'s. 

Ifr.  Joaeph  Whitworth,  the  emiamt  machine  masfacturer  of  Kan- 
dttater,  haa  invented  and  patented  an  admirable  rifle ;  a  section'  of  the 
barrel  u  represented  in  ^.  11 ;  and  the  baUet,  with  a  plan  of  base,  in 
fy,  12.  The  bore  is  a  hexagon  in  plan,  or  rather  in  croes  section,  with 
the  ancles  rounded  off,  the  diameter  of  inscribed  circle  being  only  '45 
inch.  Tlie  bore  is  described  by  this  hexagonal  section  moving  from  one 
end  to  the  other,  and  notaUng  uniformly  round  the  axis  of  the  piece, 
BO  as  to  complete  one  rotation  while  r«»"'"g  along  20  inches ;  that  is, 
that  the  groovss,  if  we  may  so  term  them,  make  one  turn  in  20  inches. 
The  pickets  are  either  of  the  form  shown  in  fig.  11,  or  as  shown  in 
jig.  18,  that  is,  cylindrical,  and  of  a  rather  less  duuneter  than  the 
inscribed  circle,  when  they  are  expanding.  The  former  have  the 
advantaca  of  aUowing  the  use  of  a  hard  metal  (9  parts  lead,  1  part 
tin),  and  consequent  great  penetration.  By  easing  off  the,  edga  that 
ieor  in  loading,  the  former  desoription  of  bullet  is  easily  rammed 
dows,  whilst,  a*  the  bearing  is  thrown  on  the  other  edges  as  it  is  being 
diivsn  out,  ahioost  all  windage  is  stopped. 

A  trial  took  piaoe  in  April,  1857,  between  these  tiflee  and  the 
SnfMd,  at  Hythe  Sohool  of  Mudcetar;  the  experiments  have  been 
objected  to  on  nrioua  grouida,  bat  «k  nagr  be  aq  well  to  give  the 
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The  figure  of  merit  is  the  mean  radial  distance  in  feet  from  their  centra 
of  10  shots  fired  from  a  rest-table.  A  'WUtworth  bullet,  with  the  service 
charge  of  24  drachms  of  powder,  penetrated  thirty -three  4-inch  planks 
of  elm,  and  was  only  stopped  by  a  solid  balk  of  timber  behind  them. 
Mr.  liinaaster's  riAe,  ymA  has  befora  beea  ssentioned,  has  a  gaining 
twist ;  the  section  of  the  bore  is  an  ellipse ;  the  bore  is  formed  by  this 
ellipse  moving  along  the  axis  of  the  piece  at  the  same  time  that  it 
rotates  round  it,  rotating,  not  uniformly,  but  more  rapidly  as  it  comes 
towards  the  muzzle.  The  rifles'  with  which  tbe  Boyal  Engineers  are 
armed,  on  this  principle,  take  the  same  ammnnition  «s  the  Enfield, 
and  make  good  {nactice  up  to  1000  yards. 

The  last  rifle  we  need  mention  is  that  invented 
by  Qeneral  Jacob.  The  form  of  bullet  is  seen  in 
^.  14.  The  grooves  are  of  considerable  depth,  four 
in  nnmber,  (md  are  as  wide  as  the  lands.  The 
diameter  <rf  the  bore  is  the  32  gauge.  The  picket  is 
solid,  and  has  four  projections  to  fit  the  grooves.  The 
grooves  make  one  turn  in  36  inches.  Qeneial  Jacob 
made  many  experiments  with  shells  from  his  rifles. 
These  shells  had  been  invented  many  years  ago  by 
Ci^ttain  Korton,  and  having  improved  upon  them, 
Oeneral  Jacob  made  a  most  formidable  weapon,  ex- 
ploding ammnnition  waggons  at  1600  and  1800  yards 
oiataDce.  The  picket  is  cast  with  a  cylindrical  cavity 
in  Its  Conical  end,  into  the  cavity  is  inserted  a  copper 
tube,  filled  with  fine-grain  powder,  and  primed  at  the 
poiat  with  a  detonating  oompoeitdon.  These  shells 
may  be  very  useful,  though  they  have  never  yet  been 
tried  on  service,  but  they  have  been  found  very  efEbctive  against 
huge  game  in  India  and  AfriciL 

RIFLED  ORDNAlfCE.  In  the  year  1774,  Captain  Blair  proposed 
the  formation  of  rifled  guns  of  iron,  to  be  used  as  field  artUlery. 
Agreeably  to  the  old  praotioe,  they  were  to  be  made  hollow  in  the  act 
of  being  oast,  and  in  ttie  same  operation  tiie  grooves  were  to  be  formed. 
The  baUs  were  to  be  of  lead,  with  knobs  on  them  to  fit  the  grooves, 
and  they  were  to  weigh  not  more  than  two  pounds.  About  the 
beginning  of  this  century,  the  French  attempted  to  introduce  into 
their  service  cannoa-ihot  of  a  cylindro-spherical  form,  the  cylindrical 
part  being  in  contact  with  the  charge  of  powder,  and  a  ring  of  lead 
suiToimdiiig  the  shot  near  its  middle,  so  as  to  render  this  part  rather 
greater  than  the  bore  of  the  gun.  The  circumference  of  the  ring  being 
aeraped  down  by  tbe  edge  of  the  muzzle  when  the  shot  was  forced 
into  the  gun,  became  in  dose  contact  with  the  surface  of  the  bore, 
and  thus  no  windMe  was  left.  By  this  contrivance  it  was  expected 
that  most  of  the  a^rantages  of  a  rifled  gun  would  be  obtained,  though 
BO  rotatoiy  motion  took"  place  in  the  shot.  The  result  of  the  trials 
was  thou^it  to  be  favourable  witii  respect  to  the  direction  and  range 
•f  4h*  ■hot;  but  the  Udioor  and  time  required  to  load  the  gun  were 
mt»*,taA  Hat  cfcowniitwioa  probably pwrmiled  the  iaveBtwn  frop 
Ming  adopted. 


In  1846,  Major  Oavalli,  of  tbe  Sardinian  Artillery,  invented  a  rifled 
gun ;  and  about  the  same  time  another  was  proposed  by  Baron 
'Wahrendorff,  a  Swede.  Both  were  two-grooved  breech-loading  pieces. 
In  1850  these  guns  .were  experimented  witii  at  Shoebuiynesragunst 
the  service  S2-pounder  of  66  cwt  The  wei^t  of  the  elongatel  pro- 
jectile for  both  guns  was  about  64  or  65  lbs.  Space  does  not  permit 
of  our  entering  into  a  desoription  of  them ;  but  some  remarks  of  Sir  H; 
Douglas  on  Qie  resiilt  of  the  eneriments  may  be  quoted : — "  At 
the  ^cient  service  elevation  of  6  ,  with  Charges  of  8  lbs.,  the  ranges, 
and  also  deflections,  of  the  different  projbctiles  were  nearly  equal  to 
one  another ;  and  the  like  is  true  with  charges  of  10  lbs.  At  elevation! 
of  10°,  the  ranges  of  the  foreign  guna  exceeded  those  of  the  English 
32-poundei3,  with  charges  of  8  lbs.,  by  380.  yards,  and  with  charges  of 
10  lbs.  by  690  yards;  and  at  elevations  of  16°  the  excess  Wiis,  with 
charges  of  8  lbs.,  about  790  yards,  and  with  charges  of  10  lbs.  about 
1100  yards."  The  deviations,  which  were  always  in  the  "direction  of 
the  rotation  of  the  projectile,  were  so  variable  that  no  allowance  could 
be  made  for  them.  The  WahieadoTS  gun  had  considerable  advantages 
in  lengA  of  range  over  the  82-pounder  at  hi^  elevations,  but  the 
practice  was  then  very  uncertain.  After  four  rounds,  the  Cavalli  gun 
became  unserviceable  by  the  copper  ring  embedded  in  the  metal  of  the 
gun  at  the  bottom  of  the  bore  being  damaged.  The  attempt  to  repair 
this  was  ujwuccessful,  for,  on  a  further  trial,  tbe  whole  breech  was 
blown  away.    The  'WahrendM^  gun,  however,  stood  well. 

The  next  rifle  gun  invented  was  that  by  Kr.  Lancaster.  It  was 
tried  at  Shoeburyneas  in  1851.  The  principle  was  sinulor  to  that 
<^  the  rifle  [Bifli] — an  elliptical  bore,  with  a  gaining  or  increasing 
twist.  In  fact  it  was  a  two-grooved  rifle,  with  the  angles  of  the  grooves 
chamfered  otL  The  friction  in  the  bore  was  so  great  that  it  tras 
aaosssaiy  to  make  the  projectile,  which  was  cylindro-conoidsl  with 
an  elliptioal  section,  of  wrought  iron.  This  was  we  first  rifled  cannon 
ever  iised  in  war,  and  was  employed  by  the  English  in  the  Crimea, 
both  on  board  the  gun-boats  and  in  the  batteries,  against  Sebostopol. 
Thou(^  good  results  had  been  obtained  in  1852  at  Shoeburyneas,  with 
spheroidal  projectiles  from  these  guns,  they  did  not  succeed  well  on 
service.  The  trial  was  certainly  hardly  a  &ir  one,  many  of  the  guns 
being  light  8-inch,  bored  up ;  and  these  burst.  Some  of  the  heavy 
8-indi  Lancaster  guns,  however,  also  bxirst  with  the  elongated  pro- 
jeotiie,  we  bdieve.  Those  who  worked  the  guns  had  in  many  cases 
not  beien  instructed  in  their  use ;  and  Mr.  Lancaster  has  accounted  for 
the  diells  constantly  bursting  in  the  bore  by  the  welding  of  the  two 
pieces  of  wrought  iron  vrUh  which  thqr  were  made  not  being  a  perfect 
joint,  and  the  explosion  of  the  gun  oommunioating  to  the  interior  of 
the  sheS.  Bnt  it  is  most  probable  that  the  shell  jammed  in  the  bore, 
which  it  was  very  likely  to  do  from  its  form  and  the  increasing  twist. 
Certain  it  is  that  the  practice  was  very  uncertain,  and  the  result  not 
satisfactory. 

Under  the  heads  of  QuiirNKBT  and  Bifls  we  have  oonsidared  the 
points  to  be  attended  to  in  the  formation  of  rifle  arms  and  projectiles. 
These  are  equally  applicable  to  ordnance;  But  when  we  come  to  the 
manufactiire  of  very  large  guns,  either  smooth  bore  or  rifled,  we  meet 
with  a  difBcuHy  in  making  them  sufficiently  strong  to  resist  the  effect 
of  the  explosion  of  the  charge.  This  difficulty  arises  as  we  increase 
the  diameter  of  the  bore  much  sooner  in  rifled  pieces  than  in  smooth 
bores,  because  in  the  former  there  is  a  greater  resistance  to  the  motion 
of  the  projectile  in  the  bore,  while  at  the  same  time  the  elongated  pro- 
jectile employed  is  of  greater  proportional  weight.  It  liss  been  how- 
ever found  very  difficult  to  make  solid  shot  guna — that  is,  when  heavy 
charges  are  employed — of  a  greater  diameter  of  bore  than  8  inches 
(the  68-pounder) ;  and  in  the  war  with  Russia  it  was  found  that  the 
18-inch  mortars,  even  the  immensely  heavy  sea  service  ones, constantly 
burst  after  heavy  firing,  as  at  Sweaboig. 

'  This  can  be  easily  understood  when  we  remember  that,  in  guns  of 
the  ordinary  construction,  it  is  useless  to  increase  the  thickness  of 
metal  beyond  a  certain  limit,  and  that  to  produce  equal  initial  velo- 
cities in  two  similar  projectiles  of  different  diameters — as,  for  instance, 
two  spherical  shot  of  2  and  4  inches  diameter — the  pressure  or  strain 
on  the  metal  of  the  gun  increases  in  a  ratio  much  h^her  than  the  ratio 
of  the  surfaces  of  the  bores.  To  make  the  first  point  clear,  if  we  take 
the  transverse  section  of  a  gun,  which  is  an  aunulus,  we  may  consider 
it  composed  of  a  series  of  Concentric  rings,  and  the  strain  of  the 
ei^losion  a  statical  force,  though  it  is  of  the  nature  of  impact.  That 
&e  metal  of  the  gun  is,  as  might  be  supposed,  extended  by  the  action 
of  the  powder  at  th^  moment  of  explosion  (some  portion  of  which 
extension,  from  want  of  elasticity,  is  permanent),  may  be  proved 
experimentally ;  that  is  to  say,  the  diameter  of  the  annuliis  or  trans- 
verse section  is  increased,  but  the  area  of  the  annulus  must  remain 
the  same,  and  therefore  the  width  of  the  annulus  must  diminish,  or, 
which  is  the  same  thing,  the  circumference  of  the  inner  <arcle  must 
increase  in  a  greater  ratio  than  the  outer.  Hence  the  greater  the 
distance  of  any  of  the  rir\gs  composing  the  annulus  from  the  centre 
or  axis  of  the  gun,  the  less  wUl  it  be  stretched,  and  the  less  will  be  the 
strain  on  it,  and  the  resistance  to  a  preesiuv  of  any  two  rings  will  be 
inversely  as  the  squares  of  their  distances  from  the  axis. 

Now  iron  extends  with  a  tensile  strain,  and  tbe  extension  ia  mone 
than  proportionate  to  tbe  strain ;  that  is,  the  lesistanca  to  extension  is 
only  at  first  nearly  proportionate  to  the  extensisn.  It  ia  found,  by 
ezpeiija«pt|  that  for  wood  and  wrought-iron  the  resistance  to  ezten* 
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sion  in  each  fibre  is  at  first  nearly  proportional  to  tlie  extension. 
Mr.  Hodgkinson  found  that  in  cast-iron  the  resistance  to  extension 
was  less  than  a  quantity  proportional  to  the  extension  by  a  quantity 
nearly  proportional  to  the  square  of  the  extension.  If  to  represent 
leeistaDoe  to  extension,  and  e  the  corresponding  extension,  v)=ae  —  he'. 

It  is  therefore  evident  that  at  a  certain  thickness  of  metal  the  cohesion 
or  tensile  strength  of  the  inner  ring  may  be  overcome,  and  the  ring 
burst  before  the  outer  ring  receives  any  stnin,  and  therefore  it  is  useless 
to  increase  the  thickness  of  metal  beyond  the  point  at  which  the  force 
exerted  ou  the  surface  of  the  bore  is  sufficient  to  rupture  it  before  the 
strain  aots  to  any  extent  on  the  exterior,  With  respect  to  the  second 
jioint,  taking  two  spherical  bullets  of  2  and  4  inches  diameter,  cceierit 
jparibus,  the  pressure  required  to  give  them  the  some  initial  velocities 
Trill  be  as  their  weights,  that  is^  as  the  cubes  of  their  diameters,  but  the 
surfaces  of  the  bores  will  only  mcrease  as  the  squares  of  the  diameters 
And  therefore  with  larger  Mlibres  the  strains  on  the  guns  will  be 
greatly  increased. 

In  order  to  obtain  the  requisite  strengtli  in  riSed  ordnance  (espe- 
cially in  those  of  a  lai^  calibre),  where  the  strain  is  again  increased  by 
the  resistance  to  motion  offered  by  the  rifling,  it  is  necessary  to  adopt 
some  means  of  equalising  ^he  stnins  through  the  metal.  Bifierent 
ways  of  effecting  this  have  been  suggested.  The  object  of  all  of  them 
is  to  give  a  certain  initiai  tension  to  the  outer  rings^the  exterior 
liaving  the  greatest,  and  the  tensions  decreasing  and  resulting  in  com- 
pression in  the  interior.  The  rings  can  be  shrunk  on  to  an  interior 
cylinder  or  fore,  that  is,  put  on  hot  wd  then  cooled,  or  they  may  be 
j)ut  on  by  hydraulic  pressure,  or  the  core  or  tube  may  be  boxmd  round 
■with  wire,  gradually  increasing  the  strain  of  eacli  layer.  Captain 
Bl^kely,  11. A.,  who  appears  to  have  investigated  the  subject  fully,  made 
n  gun.in  this  last  manner,  which  stood  some  most  severe  trials  at  Sboe- 
luryness,  in  1S56  and  1857.  The  aneient  built-up  guns,  such  as  Mons 
Meg,  were  often  made  with  longitudinal  bars,  kept  together  with  rings 
ishnmk  on.     This  process  was  evidently  adopted  on  account  of  the 


imperfect  state  of  manubcturing  power,  as  there  could  be  no  use  in ' 
not  having  the  interior  a  homogeneous  cylinder.     A  huge  mortar  of 
36  inches  diameter  was,  however,  made  in  this  way  a  few  years  ago  by 
Mr.  Mallet,  and  foiled. 

In  1354  Sir  W.  Anustrong  brought  forward  a  breech-loading  rifle- 
gun,  his  plan  was  accepted,  and  a  gun  of  small  calibre  having  been 
mode  according  to  it,  was  tried  at  Shoeburyncss.  With  some  modifi- 
cations this  description  of  gun  has  been  adopted  in  the  British  service, 
and  feund  very  efficient  in  the  late  China  war.  hi  fact  it  is  the  most 
perfect  gun  yet  adopted  in  any  artillery.  The  following  description  of 
the  ori^nal  gun  tried  at  Shoeburyncss,  and  at  Sir  W.  Armstrong's 
private  factory  at  Newcastle,  is  taken  from  the  minutesof '  I^eedings 
of  the  Boyal  Artillery  Institution,'  given  in  the  '  Elementary  Lectures 
on  Artillery  for  the  Boyal  Military  Academy,'  by  Major  Owen,  B.A., 
and  Captain  Dames,  B.A. ;  from  which  also,  and  a  paper  on  the '  Con- 
struction of  Artillery,'  printed  by  the  Institution  of  Civil  Engineers, 
the  description  and  drawings  of  gun,  shell,  &o.,  are  taken : — 

"  A  core  or  internal  lining  was  formed  of  cast-steel,  to  which  the 
requisite  strength  was  given  by  encircling  it  with  twisted  cylinders  of 
wrought-iron  made  in  a  similar  manner  to  gun  barrels,  and  tightly 
contracted  upon  the  steel  core  by  the  usual  process  of  cooUng  after 
previous  expansion  by  heat ;  the  parts  are  then  in  a  state  of  initial 
tension,  which  is  necessary  to  bring  their  entire  strength  into  operation. 
The  arrangement  for  loadmg  at  the  breech  consists  of  a  powerful  screw 
having  a  hole  through  the  centre  in  the  pndonged  axis  of  the  bora, 
through  which  hole  the  bullet  and  charge  are  delivered  into  tiie  gun. 
A  "  breech-pieee  "  with  a  mitred  face  fitting  a  similar  face  at  the  end 
of  the  bore,  is  dropped  into  a  recess,  and  by  the  action  of  the  screw 
pressed  tightly  into  its  seat,  so  as  to  effectually  close  the  bore.  The 
fitting  surfaces  which  close  the  bore  were  atfirsf  made  of  unhardened 
steel :  this  foiled ;  hardened  steel  was  next  ujed,  but  this  yielded  to 
the  action  of  the  powder  more  rapidly  than  before;  copper  was  then 
tried,  and  no  further  difficulty  was  experience^  '  The  breedi-piece 
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contains  the  Yent.  The  bore  of  the  gun  was  1}  Inches  in  diameter, 
and  contained  eight  spiral  grooves,  having  an  inclination  of  one  turn  in 
12  feet;  these  grooves  terminated  at  a  distance  of  16  inches  from  the 
breech,  and  the  bore  then  gradually  expands  in  a  length  of  3  inches 
from  IJ  mch  to  Ij  inch  in  diameter."  The  gun  weighed  about 
0  owt. 

The  projectile,  which  is  cylindro-conoidal  in  form,  was  64  inches 
long,  aud  weighed  6  lbs. ;  it  was  of  cast-iron  coated  with  lead,  and  was 
hollow,  so  as  to  be  used  either  as  shot  or  sheU.  It  was  slightly  larger 
in  diameter  than  the  bore  of  the  gun,  and  being  inserted  at  the  breech 
•took  Its  nfling  by  being  forced  through  the  grooved  bore. 

The  charge  was  one-eighth  weight  of  shot  The  following  results  of 
expenmenta  are  given  in  the  '  Lectures '  before  mentioned  —Fourteen 
■projectiles  were  fired  at  a  butt  of  wood  5  feet  wide  and  7i  high  from 
■  distance  of  1600  yards.  Sir  shots  were  fired  .is  trial  shots  to  obtain 
■the  correct  elevation.  The  remaining  eight  hit  the  butt  without 
graang,  the  elevation  of  the  gun  being  4°  26',  and  the  mean  deflection 
from  the  centre  Ime  on  Oxe  butt  was  only  Hi  inches.  The  experiments 
with  shells  fired  at  two  targets,  placed  30  feet  apart;,  covering  one 
another,  were  equally  remaritable— nearly  aU  the  shells  passing  throuRh 
Uie  first  target  and  bursting  before  reaching  the  second. 

This  being  a  nnall  gun  was  of  course  easy  of  manufacture,  but  Slir 
W.  Armatrong  has  been  equally  successful  in  makmg  12,  25,  32,  and 
■40  poundere;  and  experiments  are  now  being  mode  with  much  heavier 
guns,  70,  80,  and  100  pounders.  "oavier 

The  12  pounder  is  the  gun  adopted  for  the  field  batteries  and  horse 
V{C^'  A?'^  ^  ^?  ^J'°*  •"'«  weighed  6  cwt,  with  a  charge  of 
.1  ?J"i  "  probable  that  in  future  the  8  cwt.  gim,  with  a  charge 
of  1  lb.  8  OS,,  will  be  adopted.  The  guns  are  now  made  wholly  of 
-wrought  iron,  and  m  order  to  avoid  the  difficulty  of  forging  very  lanfe 
uusses  they  are  made  in  pieces,  tubes  from  2  feet  to  5  feet  long, 
T»hich  are  tiien  welded  together.  The  tubes  are  formed  by  winding 
loi^s  bars  of  heated  iron  round  a  roller,  the  coU  is  then  brought  to  a 
weldmg  heat  and  hammered  together;  the  edges  of  the  coils  or  tubes 
having  been  bevelled  off,  the  tubes  are  welded  togetiier.  The  manu- 
fecture  is  very  complicated.  The  finished  gun  is  shown  in  fig  1 
The  grooves  are  very  narrow  and  Shallow.    The  driving  sides,  that 


is  to  say,  the  sides  the  projectile  biarfi  oh  in  paaung  out  of  the  gun, 
are  cut  square,  or  at  least  radial,  the  other  edges  are  rounded  ofi. 


fis.  2. — Armstrong  Bhell,  scale  \, 

The  width  of  the  lands  and  grooves  being  the  same,  they  vary  in 
^lumber  oocording  to  the  c«]i£r«  of  the  piecfc— the  f^  nQt!^]nr  but 
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84,  the  lai^ger  euna  have  more, — they  make  about  half  a  turn  in 
the  length  of  the  piece,  and  the  charge  Beems  to  be  about  {th  the 
weight  of  the  projectile.  The  construction  of  the  projectile,  which  is 
shown  in  fig.  2,  has  been  thus  described  by  Sir  W,  Armstrong.  "  The 
projectile  consists  of  a  very  thin  cast-iron  shell,  the  interior  of  which 
IS  composed  of  forty-two  segment-shaped  pieces  of  cast  iron  built  up 
in  layers  around  a  cylindrical  cavity  in  the  centre,  which  contains 
the  bursting  charge  and  the  concussion  arrangement.  The  exterior  of 
the  shell  is  thinly  coated  with  lead,  which  is  applied  by  placing  the 
shell  in  a  mould  and  pouring  melted  lead  roimd  it.  The  lead  is 
allowed  to  percolate  among  the  segments,  so  as  to  fill  up  the  inter- 
stices, the  central  cavity  bemg  kept  open  by  the  insertion  of  a  steel 
corei  In  this  state  the  projectile  is  so  compact  that  it  might  be  ^red 
through  6  feet  of  hard  timber  without  injury,  while  its  resistance  to 
a  bursting  force  is  so  small  that  less  than  one  ounce  of  powder  is 
sufficient  to  break  it  in  pieces."  It  is  a  great  advantage  for  service 
to  have  a  projectile  of  this  description,  which  nan  be  used  as  shot, 
shell,  ahrtqnell,  or  case.  The  simplicity  of  ammunition  is  perfect 
when  one  form  serves  all  the  purposes  thiat  can  be  required,  for  it, is 
only  necessary  in  using  it  as  shot  not  to  put  in  a  fuze.  The  diell 
can,  as  will  be  seen,  be  made,  aooording  to  the  fuze,  either  a  time  shell 
or  a  concHxiotr  shell.  By  adjusting  the  fuse  so -as  to  burst  the  shell 
just  short  of  the  object,  we  have  a  shrapneli  of  the  most  perfect  de- 
scription, for  a  small  bursting  charge  will  liberate  the  munerous  seg- 
ments of  which  the  shell  is  formed ;  while,  by  adjusting  the  fuze  so 
as  to  burst  the  shell  at  the  muzzle,  we  may  use  it  as  case.  Sir  W. 
Armstrong  stated  in  a  speech  he  made  at  Newcastle,  that  the  shell 
burst  into  49  regular  pieces  and  about  100  irregular  pieces.  And  also 
that  for  breachmg  purposes,  firing  at  buildings  and  ships,  a  different 
construction  of  shell  was  adopted,  the  object  Doing  to  introduce  the 
largest  possible  charge  of  powder.  The  shell  of  the  Armstrong  82- 
pounder  contains  about  twice  as  much  powder  as  that  of  the  orduuuy 
82-pounder. 

The  two  desdiptions  of  fuzes,  figt.  8  and  4,  are  thus  described  by 
Sir  W.  ArmstroDg.    "  The  body  of  the  time  fuze,  fiij.  8,  is  made  of  a 


Fig.  3. — Time  F^ie,  ftill  size. 

so,  the  haniner;  t  i,  tbe  saqwnding  pin;   r,  tke  detonation compoBition ; 

4  i,  the  hoUow  collar ;  «  «,  the  fuzeeompositloii. 

mixture  of  lead  and  tin,  cast  to  the  required  form  in  a  mould.  The 
fuze  composition  is  stamped  into  a  channel  forming  nearly  an  entire 
circle  round  the  body  of  the  fuze,  and  is  afterwards  papered  and 
varnished  on  the  external  surface.  As  the  shell  fits  accurately  into 
the  gun,  there  is  no  passage  of  flame  by  which  the  fuze  could  be 

ignited.    The  effect  is  therefore  produced  in  the  following  manner  ; 

A  small  quantity  of  detonating  composition  is  deposited  at  the  bottom 
of  the  cylindrical  cavity  in  the  centre  of  the  fuze,  and  above  this  is 
placed  a  small  weight  or  striker  terminating  in  a  sharp  point  presented 
downwards.  This  striker  is  secured  in  its  place  by  a  pin,  which,  when 
the  gun  is  fired,  is  broken  by  reason  of  the  rit  inertia  ot  the  striker. 
The  detonator  is  then  instanUy  pierced  by  the  point  and  is  thus  firei 
The  flame  thus  produced  passes  into  an  annular  space  formed  within 
flie  revolving  cover,  which  rests  on  the  upper  surface  of  the  fuze  com- 
position, and  from  this  annular  space  it  is  directed  outwards  through 
an  opening,  so  as  to  impinge  on  and  to  ignite  the  fuze  composition  at 
any  required  part  of  the  circle.    The  fuze  thus  ignited  bums  iu  both 
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ditections,  but  only  takes  effect  at  one  extremity,  where  it  communi- 
cates with  a  small  quantity  of  powder  in  the  centre.  Tke  fuze  is 
surrounded  by  a  scale  paper  graduated  to  accord  with  the-  elevation  of 
the  gun,  so  that  when  the  range  of  a  distant  object  is  found  by  trial, 
it  is  only  necessary  to  turn  the  igniting  aperture  of  the  cover  to  the 
point  on  the  fuze  scale  corresponding  with  the  degrees  and  minutes  of 
elevation  on  the  tangent  scale. 
The  ooncossion  fuze  (Jig.  4.)  is  on  nearly  the  ^me  principle.    "  A 


Fig.  4. — Cononssion  Faze,  ftaU  >iza. 
a  a,  the  hammer ;  1 1,  the  sotpendlng  pin ;  e,  the  detonating  composition ; 
'  i  i,  priming  ohamber. 

striker  with  a  point  presented  upwards  is  secured  in  a  tube  by  a  wire 
fastening,  which  is  broken  on  the  firing  of  the  gun;  the  striker  being 
thus  liberated  recedes  through  a  small  space,  and  rests  on  the  bottom 
of  the  tube,  but  as  soon  as  the  shell  meets  with  any  check  in  its 
motion,  the  striker  runs  forward  and  presses  the  detonator  in  front, 
by  which  means  the  bursting  charge  is  ignited."  To  show  the  extreme 
accuracy  of  the  Armstrong  shell  and  fuzes,  we  may  mention  an  experi- 
ment which  took  place  before  the  Duke  of  Cambridge  aud  a  number 
of  distinguished  officers.  Two  targets,  each  of  9  feet  square,  were 
placed  at  a  distance  of  1600  yards  from  the  gun,  and  7  shells  were 
fired  at  them ;  the  effect  of  these  7  shells  was,  that  the  targets  were 
struck  in  £96  places.  Similar  effects  were  produced  at  8000  yards 
with  shdls,  and  a  target  9  feet  square  has  been  struck  with  shot  5 
times  out  of  10  shots.  At  600  yards  an  object  the  size  of  the  muzzle 
of  a  gun  can  be  struck  almost  every  time  with  the  shot  or  shell.  The 
tabuUr  statement  below  will  explain  the  advantages  of  rifled  ordnance 
at  long  ranges,  while  the  short  ranges  at  low  angles  of  elevation  will 
be  easily  understtood,  for  the  reasons  given  under  Gdnnebt  add 
BiPLK,  when  we  remember  that  the  initial  velocity  of  the  Armstrong 
12-pounder  shot  is  less  than  1100  feet  per  second,  while  that  of  the 
ordinary  12-pounder  is  about  1800  feet  per  second. 


1 2-poDnder  Armstrong, 
ireigbt  6  ewt.,  cliarge 
1  lb.  8  OS. 

12.ponndcr  aervice, 
weight   18   cwt., 
charge  4  lbs.        .    . 

Bangei  at  Elevations  of 

P.B. 

1° 

f 

»' 

4" 

»' 

6'     1 

300 
SOO 

600 
700 

900 
1000 

1200 
IStfO 

1500 
1400 

isoo 

1600 

2100 

1800 

The  first  form  of  carriage  employed  for  the  Armstrong  gun  was  the 
bracket  carriage  with  recoil  slide.  The  recoil  slide  is  however 
abolished  for  field  service  pieces,  though  we  believe  it  U  intended  to 
employ  it  still  for  garrison,  siege,  and  n&val  guns.  The  field  service 
carriage  is  now  in  form  very  similar  to  the  old  block  trail  carriage. 
The  trunnions  of  the  gun  however  rest  in  moveable  trunnion  holes. 
These  trunnion  holes  being  connected  together  by  a  band  of  iron,  a 
horizontal  motion  can  be  given  to  them  round  a  centre  or  pivot 
between  them  by  means  of  a  bar,  which,  passing  to  the  rear  almost  as 
far  as  the  elevating  screw,  has  motion  given  to  it  by  a  horizontal  screw 
passing  through  its  end.  By  this  means  the  gun  carriage  having  been 
brought  into  the  general  direction  of  line  of  fire,  the  gun  can  be  most 
accurately  laid  by  merely  turning  the  lumdle  attached"  to  this  screw 
without  further  diifting  of  the  carriage. 

The  following  extract  from  Sir  W.  Armstrong's  speech  at  Newcastle, 
will  show  the  great  labour  it  cost  him  to  bring  it  to  perfection,  and  its 
great  power  now  as  a  siege-gun  : — "  To  go  back  to  the  commencement 
of  my  experiments,  I  may  tell  you  that  they  began  upwards  of  four 
years  ago,  my  first  gun  having  been  commenced  in  December,  1854, 
and  completed  early  in  the  following  spring;  although  this  gun  was 
constructed  upon  the  same  principle  as  those  which  I  am  now  making, 
it  did  not  in  the  fiist  instance  i^ord  satisfactory  resalts.    Schemers, 
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whoM  inventionB  merely  fignre  upon  paper,  ha,ve  little  idea  of  the 
difiScultios  that  are  enooivitered  by  tfaiwe  who  carry  ioventiooB  into 
practice.  For  my  part,  I  had  my  full  share  of  mich  difflcultiee,  and  it 
took  me  nearly  three  years  of  continual  application  to  surmount  them. 
In  the  height  of  summer  my  experiments  were  for  the  most  part 
carried  on  at  the  sea-coest,  between  the  hours  of  S  o'clock  in  the 
morning  and  6  ;  for  after  that  time  people  began  to  move  about  and 
were  apt  to  get  in  the. way.  At  other  seasons  I  availed  myself  of  the 
wild  moors  belonging  to  my  friend  Mr.  Beaumont,  at  AUenheods,  and 
tiiere  I  had  a  hut  constructod  on  a  mountain  ridge,  2000  feet  above 
the  level  of  the  sea.  My  targets  were  placed  upon  the  opposite  side 
of  a  deep  valley,  ^yhcre  nothing  more  valuable  than  grouse  or  lean 
sheep  ran  the  risk  of  being  shot ;  and  well  it  was  that  such  was  the 
case,for  I  had  constructed  an  instrument  for  maintaining  afire  upon  an 
object  (a  breach,  for  example)  after  darkness  had  set  in,  and  I  used  to 
awaken  the  denizens  of  tb»  heath  by  firing  shells  at  my  distant  target 
in  the  middle  of  the  night ;  and  I  may  observe  in  passing  that,  when 
this  instrument  was  fuUy  perfected,  I  was  enabled  to  strike  a  distant 
object  in  a  pitch  dark  night  with  the  some  accuracy  as  in  broad  day- 
light. At  the  end  of  the  three  years  I  had  succeeded  in  bringing  to 
maturity  both  guns  and  projectiles.  Several  new  guns  had  been  made 
Kn  my  own  responsibility,  and  considerable  expense  incurred  on 
experiments ;  but  all  my  disbursements  were  refunded  by  the  Qovem- 
ment  as  soon  as  the  results  were  ascertained." 

We  have  entered  thus  fully  into  the  description  of  the  Armstrong 
gun  as  it  is  the  gun  adoptetl  in  the  service.  It  only  remain.i  briefly  to 
notice  the  Whitworth  gun  and  the  French  rifled  gun.  The  Whitworth 
'  gun  has,  like  the  riSe  [Rifi.k],  a  hexagonal  bore,  the  angles  of  the 
hexagon  being  rounded  off.  As  the  projectiles  are  very  long,  the 
inclination  of  the  grooves  is  very  great.  The  guns  with  which  the 
experiments  were  made  in  the  spring  of  1860,  near  Liverpool,  were 
breech  loaders.  The  following  description  and  table  of  dimensions  is 
taken  from  the  Lectures  on  Artillery  before  quoted.  "  The  breech  is 
closed  by  a  cap  which  screws  on  outside,  and  works  in  an  iron  hoop 
attached  by  a  hinge  to  the  side  of  the  breech ;  the  cap  is  opened  back 
for  loading,  after  which  it  is  shut-to,  like  a  door,  and  then  screwed  on 
to  the  breech  by  a  handle  for  th»  purpose ;  the  vent  is  in  the  centre  of 
the  cap,  and  therefore  in  line  with  the  axis  of  the  bore.  For  smaller 
sized  guns,  Mr.  Whitworth  uses  homogeneous  iron,  the  larger  guns 
are  made  of  the  some  material,  but  strengthened  with  wrought 
iron  hoops  fixed  on  by  hydraulic  pressure.  The  Whitworth  projectile 
is  hexagonal,  its  form  corresponding  to  that  of  the  bore,  and  it  is  made 
of  cast  iron  accurately  turned  by  machinery  {Jig.  5) ;  for  penetrating 
bard  substances,  as  wTought  iron  plates,  the  projectile  is  flat  headed 
and  made  of  homo^ncous  iron  {fig.  6).    The  chwge  is  Jth  the  weight 


Fig.  S. 


ng.  6. 


Mnj.  oxU,  S'l  in. 
Uinor,       2-8. 

of  the  projectile,  and  it  is  placed  in  the  bore  in  a  tin  cartridge  which 
remains  in  until  after  the  gun  is  fired,  when  it  is  removed  ;  a  wad  of 
lubricating  substance  closes  the  front  of  the  cartridge,  and  is  intended 
to  prevent  the  fouling  of  the  bore." 

VniTweaTH  Gtm. 


NatnnofGim. 

Bon. 

Length, 

Weight. 

Pitch  of 
Rifliag. 

Major 

Axis. 

Minor 
Axis. 

(.poonder    .    . 
1 l-poonder         , 
SO-poundcr    .    . 

1-6 
51 
S-3 

1« 

2-8 

5-0 

ft.  in. 
6    0 
7*9 
9  10 

cwt.  qra. 

8*    0 
80     0 

1  turn  ia 
»ft.  41a. 
S       0 
8       4 

With  the  S-potmdeta  the  extraordinary  range  of  0688  yards  (more  than 
5t  milts)  was  obtamed  at  35°  of  elevation.  The  Armstrong  32-poandra- 
with  the  same  elevation  ranged  9130  yards. 

Some  of  the  practice  with  the  Whitworth  guns  was  also  very 
accurate.  It  also  appears  to  have  an  advantage  over  the  Armstrong 
gun  in  range  with  e^ual  elevation,  and  can  be  used  either  as  a  breech 
loader  or  as  a  muzzle  loader,  while,  as  explained  imder  Riple,  ease  in 
loading  is  obtained  without  windage.  ■  But  until  careful  experiments 
have  been  conducted  with  both  under  the  same  conditions,  which  has 
not  been  the  case  hitherto,  no  decided  opinion  can  be  given  as  to  the 
relative  merits.  The  penetration  power  of  the  flat-headed  projectile 
against  iron  plates  is  very  great,  sad  in  fact  has  been  more  effective 


than  any  other  projectile.    Mr.  Whitworth  has  found  that  decreasing 
the  hinder  part  of  the  projectile  has  greatly  increased  its  range. 

The  French  9-pounder  field  piece  is  a  muzzle  loading  6'groovcd 
bronze  gun  weighing  about  6  cwt.    The  calibre  is  about  S'36  inches, 


ng.  7. 


\  ■  ■  ,'  i 


the  grooves  making  one  turn  in  60  inches.  The  projectile 
is  shown  in  fg.  7.  It  has  12  leaden  buttons  on  its  exterior, 
that  is,  2  for  each  groove.  Though  undoubtedly  not  nearly 
so  perfect  a  weapon  as  either  the  Armi^troDg  or  Whit- 
worth, it  appears  to  have  done  good  service  in  the  Iat« 
Italian  campaign.  It  is  also  very  simple  in  construction. 
The  French  have  also  a  bronze  rifled  siege  gun  of  about 
the  calibre  of  l'2-pounder8,  and  have  rifled  some  of  their 
heavy  iron  ship  guns.  The  success  of  the  latter  is  doubt- 
ful, for  in  all  the  experiments  in  this  country,  unless 
strengthened,  cast  iron  rifled  guns  have  burst  when  fired  except  with 
very  small  charges. 

RIFLEMEN  (called  by  the  French  tirailUtirt)  were  soldiers  whose 
duties  corresponded  nearly  to  Uiose  of  light  iufaotry  troops,  but  their 
muskets  being  rifled  or  grooved,  the  efi'ect  of  their  fire,  within  certain 
limits,  was  more  certain. 

In  the  preceding  article  we  have  stated  what  is  known  oonceming 
the  first  use  of  rifled  barrels  on  the  Continent ;  and  in  the  article 
Arms  it  has  been  shown  that  the  duty  of  riflemen  is  indicated  in  tbo 
'  Obsen'ations '  compiled  by  the  Earl  of  Albemarle  in  1646.  The 
Anglo-American  people  are,  however,  believed  to  have  been  the  first 
who  organised  corps  of  infantry  armed  with  rifle-muskets,  and  during 
their  struggle  for  independence  the  fire  from  those  jaeces  too  often 
took  efi'ect  with  fatal  precision  against  the  officers  and  in  the  nnks  of 
the  British  forces.  jtVom  that  time  the  incorporation  of  bodies  of 
riflemen  with  the  armies*  b^an  to  take  place  among  the  nations  of 
Europe,  and  it  is  now  become  a  general  praotioe.  in  the  British 
service,  the  60th,  formerly  called  the  Royal  American  regiment,  is  a 
rifle  corps ;  and  Monningham'a  rifle  corps  appears  in  the  '  Army  List ' 
for  1801,  but  this  became  in  1S03  the  SSth  regiment.  In  1816  it  was 
formed  into  the  present  Kifle  Brigade,  and  placed  imder  the  command 
of  Sir  David  Dundas,  who  had  before  been  colonel  of  the  60th  regiment. 
Subsequently  to  that  year  a  regiment  of  native  riflemen  hod  been 
raised  in  Ceylon,  and  a  rifle  corps  of  cavalry  at  the  Cape  of  Good  Hope. 

In  1853,  after  the  Minid  rifle  was  adopted  into  the  service,  it  was 
intended  to  arm  the  whole  of  the  infantry  with  it.  In  fact,  the  greater 
portion,  if  not  the  whole,  of  our  army,  were  armed  with  it  at  the  battle 
of  the  Alina;  but  the  Enfield  rifle  having  been  decided  on  in  1854  by 
the  committee  appointed  by  Lord  Hardinge,  the  whole  of  the  infantry 
are  now  armed  with  it.  Such  being  the  case,  the  titles  of  Bifle 
Brigade  and  60th  Rifles  become  meaningless,  though  still  retuned  on 
account  of  old  associations. 

The  GOth  and  Rifle  Brigade  are  however  armed  with  a  short  Enfield 
and  sword  bayonet. 

RIGEL.    [Orion.] 

RIGHT.  This  word  occurs  under  some  form  in  all  the  Teutonic 
lauguages ;  and  bears  a  double  meaning  equivalent  to  the  significations 
of  the  Latin  word  jus. 

In  its  strict  sense  it  means  a  legal  claim ;  in  other  words,  a  claim, 
which  can  be  enforced  by  legal  remedies,  or  a  claim  the  infringement 
of  which  can  be  pimished  by  a  legal  sanction.  It  follows  from  this 
definition  that  every  right  presupposes  the  existence  of  positive  law. 

The  causes  of  rights,  or  the  modes  of  acquiring  them,  are  various, 
and  can  only  be  expLuned  in  a  system  of  jurisprudence;  for  example, 
a  person  may  .icquire  a  right  by  contract,  by  gift,  by  succession,  by 
the  non-fulfilment  of  a  condition.  But  every  right  co-relates  with  a 
legal  duty.  Thus  a  right  arising  from  contract  (for  example,  a  con- 
tract to  perform  a  service,  or  to  pay  a  sum  of  money)  is  a  right  against 
a  determinate  person  or  persons;  a  right  of  property  in  a  field  or 
house  is  a  right  to  deal  with  the  field  or  house,  avaUing  against  the 
world  at  large.  On  the  other  hand,  every  legal  duty  does  not  co- 
relate  with  a  right ;  for  there  are  certain  absolute  duties  which  do  not 
co-relate  with  a  right  in  any  determinate  person.  Such  ore  the  duties 
which  ore  included  in  the  idea  of  poUoe ;  as  the  duties  of  cleanliness, 
ortler,  quiet  at  certain  times  and  places. 

The  word  right  la  sometimes  used,  improperly  and  secondarily,  to 
signify  not  legal  but  moral  claims ;  that  is  to  say,  claims  which  are 
enforced  merely  by  public  opinion,  and  not  by  the  legal  sanction. 

In  this  sense  the  right  of  a  slave  against  his  master,  or  of  a  subject 
against  his  sovereign,  may  be  spoken  of ;  although  a  slave  has  rarely 
any  legal  right  against  his  master,  and  a  subject  never  has  a  legal  right 
against  his  sovereign.  It  is  in  the  same  sense  that  a  sovereign  govern- 
ment is  sometimes  said  to  have  rights  against  its  subjects,  although  in 
strictness  a  sovereign  government  creates  rights,  and  does  not  possess 
them.  In  like  manner,  one  sovereign  government  is  said  to  have 
rights  against  another  sovereign  government;  that  is  to  say,  moral 
rights,  derived  from  the  positive  morality  prevailing  between  inde- 
pendent  nations,  which  is  called  iiila-nationai  law. 

We  likewise  sometimes  hear  of  certain  rights,  styled  natural  rights, 
which  are  supposed  to  be  anterior  to  civil  government,  and  to  bo  para- 
mount to  it.  Hence  these  supposed  natural  rights  sometimes  receive 
also  the  additional  epithets  of  indefea-sible,  indectructible,  innlicnaMe, 
and  the  like.  This  theory  of  n.atural  rights  is  closely  connecteil  with 
the  fiction  of  a  social  compact  made  between  persons  living  in  a  state 
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of  nature ;  which  theory,  though  rocommended  by  the  deservedly  high 
authority  of  Locke,  haa  now  been  abandoned  by  nearly  all  political 
BpeculatoiB. 

RIGHT.  (Mathematics)  This  term  is  applied  in  mathematical 
language  to  anything  which  is  imagined  to  be  the  most  simple  of  its 
kind,  to  distinguishlt  from  others.  Thus  a  right  line  is  a  btrawht 
lino  ;  a  right  angle  is  the  most  simple  and  well-known  of  the  angles 
used  by  Euclid  ;  a  right  cone  is  one  in  which  the  axis  is  at  right  angles 
to  the  base ;  and  so  on. 

RIGHT  ANGLE.'  When  two  lines,  at  first  coinddent,'are  made  to 
separate  so  that  one  of  them  revolves  about  their  common  extremity, 
the  revolving  line  will  in  time  becomethe  continuation  of  the  other. 
This  angle  or  opening,  mode  by  a  line  and  ite  continuation,  would,  we 
might  suppose,  be  one  of  the  principal  angles  considered  in  geometry, 
and  ahouldj  according  to  the  previously  deBned  meaning  of  Kioht,  be 
called  a  right  angle.  But  in  the  geometry  of  Enolid  the  word  angle 
seems  to' nave  been  essentially  connected  with  the  idea  of  a  pointed 
comer,  and  we  have  no  means  of  finding  out  that  he  considered  a  line 
and  its  continuation  as  making  any  angle  at  all.    Instead  of  this  angle. 


^ 


A'  ff  BT  - 

madefy  OA  and  OB,  or  the  angle  of  oppomte  direetions,  he  introduces 
ita  half,  and  oaUs  it  a  right  angle.  Let  a  o  o  and  o  o  B  be  eqa»l  angles, 
tbat  is,  let  00  biaeot  the  angle  aob,  and  each  half  is  called  a  rigbt 
■n^  When  the  angle  a  o  B  is  mentioned,  it  is  aa  two  right  angles. 
AU  that  is  necessary  as  to  the  magnitode  of  a  right  angle  baa  been 
gtren  under  Airca.(  :  we  propose  here  to  point  out  the  e&cts  of  the 
ntoed  manner  in  which  Euclid  avoids  the  angle  aob. 

It  is  suffloiently  svident  that  nothing  can  lose  its  right  to  b«  oon- 
lidered  as  a  magnitude  by  augmentation  :  so  that  the  opening  of  A  o 
and  d'b,  which  is  double  that  of  A  o  and  o  o,  must  really  be  a  magni- 
tnde of  tiw  same  kind  as  the  angle  AOa  Now  Uie  eonsequenoee  of 
ptvferring  aOO  to  aobj  as  a  fundamental  angle  of  reference,  are  as 
fellows : — 

1.  The  introduction  of  the  apparently  vary  arbitrary  axiom,  that 
"  idl  right  aat^es  are  equal,"  instead  of  the  more  simple  and  natural 
•ne  that "  two  straight  Imes  which  coincide  in  any  two  ppints  coincide 
beyond  those  points."  It  is  aa  evident  as  that  "  two  straight  lines  can- 
not inclose  a  space,"  or  "two  straight  lines  which  coincide  in  two 
pointa,  coincida  between  those  points,"  that  the  same  also  takes  place 
beyond  those  pojnts."  A  moment's  examination  will  show  that  this 
axiom  immediately  ^ves  as  a  consequence  that  the  angle  a  o  B  in  any 
one  straight  Une  ia  equal  to  the  angle  a'o'b'  in  any  other ;  or  as  Euclid 
would  express  it,  the  doubles  of  all  right  angles  ore  equal,  whence  all 
right  angles  ore  equal.  And  it  is  one  Qonsequence  of  leaving  the 
natural  route,  that  Euclid  himself  has  assumed  both  the  more  com- 
plicated axiom  which  he  has  expressed,  and  also  the  more  simple  one 
by  which  he  might  have  avoided  it :  for  he  nowhere  shows  that  if  o  A 
be  made  to  coincide  with  oV,  then  o  D  coincides  with  o's*.  Some  of 
his  editors  have  supplied  the  defect  by  making  it  a  consequence  of 
"  all  right  angles  are  equal,"  that  "  no  two  lines  can  have  a  common 
segment : "  that  is,  by  making  the  cart  draw  the  horse. 

2.  The  necessity  of  appearing  to  prove  a  particular  case  of  a  pro- 
position whioh  is  taken  as  self-evident  in  all  other  cases.  Thus  Euclid 
never  proves  that  o  o  D  and  dob  are  together  equal  to  o  OB ;  while  he 
haa  to  spend  a  prc^Kwition  in  proving  that  a  o  D  and  s  o  B  are  together 
•qualtoAOB. 

3.  The  necessity  of  ^ppearingto  provea  particular  case  after  the  general 
case  has  been  proved.  Thus  to  bisect  a  given  angle  is  the  general  propo- 
Btion,  of  which  to  draw  a  line  perpendicular  to  a  given  line  from  a  given 
point  within  it,  is  the  particular  case.  The  construction  of  the  latter 
w  precisely  that  of  the  fortner :  but  the  two  results  have  to  be 
obtained  in  two  distinct  propositions :  it  would  be  right  enough  to 
Bake  them  cases  of  one  proposition. 

4.  The  habituation  of  the  student  to  neglect  the  angles  greater  than 
two  right  angles,  by  his  never  meeting  with  one  at  grtaX.  Two  lines 
which  end  at  the  same  point  make  two  openings,  one  greater  and  the 
ether  less  than  two  right  angles ;  except  in  the  intermediate  case  when 
both  are  equal  to  two  right  angles.  Now  Euclid  does  not  positively 
reject  the  angle  greater  than  two  right  angles,  nor  does  he  say  that  of 
two  lines  whidt  meet,  the  angle  which  tiiey  make  shall  be  always  taken 
to  be  that  which  is  leas  thim  two  right  angles.  Hod  he  had  such 
intention,  one  of  his  propositions  would  have  been  positively  false,  to 
wit,  that  in  any  segment  of  a  circle,Tthe  angle  at  the  centre  is  double 
of  the  angle  of  the  circumference.  Had  such  been  his  intention,  he 
would  have  said,  "  in  every  segment  to&tdl  contains  an  rntgU  lea  than 
a  right  angle,  the  angle  at  the  centre  is  double  of  that  at  the  circum- 
ference." It  is  true  that  his  proposition  is, "  In  a  circle,  the  angle  at 
(he  centre  is  double  of  the  angle  at  the  circumference  vihm  ikey  ka/ce 


the  tame  drcumferettet  far  a  bate : "  and  some  may  think  that  the  words 
in  italics  exclude  (as  in  one  sense  they  certainly  do)  the  segment  which 
haa  an  angle  greater  than  a  right  angle;  smoe  this  angle,  and  its 
centRil  angle,  that,  namely,  which  is  less  than  two  right  angles,  do  not 
stand  on  the  same  circumference  as  a  base.  Let  this  be  so,  then  we 
throw  the  difficulty  on  another  proposition,  the  27th.  It  ia  there 
shown  that  "  in  equal  circles,  the  angles  which  stand  upon  equal 
circumferences  are  equal  whether  they  stand  at  the,  centre  or  «t  the 
cireumference."  If  no  mention  of  angles  greater  than  two  right  angles 
be  intended  in  the  previous  proposition,  then  the  one  before  us  is  not 
completely  proved,  but  only  when  the  angle  at  the  circumference  is 
less  than  a  right  angle.  At  the  same  time  there  seems  to  be,  in  some 
of  the  subsequent  propositions,  proof  of  a  desire  te  avoid  the  angle 
greater  than  two  right  angles,  and  to  subdivide  pioots  into  partioulv 
cases  in  order  to  avoid  the  difBoulty. 

Bat  are  we  not  in  fact  to  assume,  without  particular  inspeotioD, 
from  the  general  tone  of  the  first  six  books,  that  the  angle  equal  to  or 
greater  than  two  right  angles  was  never  really  meant,  and  that  all 
propositions  are  to  be  taken  with  such  limitations  as  the  above  restric- 
tion would  render  necessary !  Let  those  who  think  so,  look  at  the 
last  proposition  of  the  sixth  book,  in  whioh  it  is  shown  that  in  equal 
circles  angles  are  to  one  another  as  their  subtending  arcs.  Now  the 
criterion  of  PsorOKTloir,  as  given  by  Euclid,  requires  that,  in  this 
proposition,  any  multiple,  however  great,  of  the  angles  may  be  taken. 
Now  a  multiple  of  an  angle  may  not  only  be  greater  than  two  right 
angles,  but  greater  than  a  thousand  right  angles;  and  every  such 
multiple  moat  not  only  be  really  included  in  the  demonstration,  but 
considered  as  a  magnitude,  and  compared  with  other  magnitudes  of 
the  same  kind.  It  is  impossible  that  the  writer  of  the  fifth  book 
should  have  been  dmable  to  bear  in  mind  that  the  establishment  of 
proportion  demands  that  every  possible  multiple  of  the  quantities 
asserted  to  be  proportional  should  be  admitted  and  compared  with 
every  other  :'  and  th\is  it  is  certain  that  Euclid  must  have  meant  to 
consider  angles  not  only  greater  than  two  right  angles,  but  evoi  greater 
than  four,  or  any  other  number.  Some  commentators  have  supposed 
that  Euclid  meant  to  omit  all  pairs  of  right  angles  from  such  multiples, 
and  all  semicircumferences  from  the  multiples  of  the  arcs ;  but  this 
would  only  be  a  use  of  the  axiom,  that  if  equals  be  taken  from  un- 
equals,  ^e  remainders  tfe  unequal,  which  admits  the  greater  of  the 
quantities  moitioned  to  be  comparable  magnitudes  :  and  that  Euelid 
does  oonsidOT  them  as  such,  is  all  that  is  contended  for. 

RIGHT,  PETITION  OF.    [PETmoif  of  Riqht.] 

RIGHTS,  BILL  OF.    [Bill  of  Riobts.] 

RIGIUITT  OP  ROPES.  In  estimating  the  powers  of  machines,  it 
is  frequently  necessary  to  take  into  consideration  the  effects  arising 
from  the  rigidity  or  stifihess  of  the  ropes  which  pass  over  the  pulleys 
or  the  axles  of  the  wheels ;  and,  in  order  to  understand  how  this  con- 
dition  affects  the  relation  between  the  moving  power  and  the  resistance, 
let  it  be  observed  that  when  a  stiff  rope  is  bent  over  the  upper  part  of 
a  wheel  or  pulley  in  a  vertical  plane,  for  example,  the  weignts  or 
powers  applied  at  its  extremities  may  not  be  sufficient  to  draw  the 
descending  portions  into  the  positions  of  two  vortical  lines.  Now,  if 
one  of  the  parts  of  the  rope  should  take  such  a  direction  that  a  vertical 
line  drawn  through  the  wnght  attached  to  that  port,  cuts  the  hori- 
zontal diameter  of  the  wheel  or  pulley  at  a  point  between  the  ceiltre 
and  one  extremity  of  the  diameter,  and  if,  at  the  same  time,  the  other 
part  should  take  such  a  direction  that  a  vertical  line  drawn  through 
the  attached  weight  cuts  the  horizontal  diameter  at  a  point  beyond 
the  extremity  of  the  latter,  the  distances  of  these  vertical  lines  from 
the  extremities  of  the  diameter  being  represented  by  x  and  x'  respeo- 
tively,  the  correspondmg  weights  by  w  and  W,  and  the  radius  of  the 
wheel  by  B,  the  conditions  of  equilibrium,  instead  of  being  w  =  W", 
will  be 

■w(ti—x)  =  M'{n+x'). 

But,  if  w  be  the  weight  which  by  descending  raises  up  the  other,  the 
value  of  X  is  generally  so  small  that  it  may  be  disregarded ;  so  that  we 
have,  in  the  cose  of  equilibrium, 

WB  =  «*(» -J- a},  or  (w-wOb  -  W***, 

w'a/ 
I  .    or  again,  w—w  =:  ——; 

B 

titat  is,  in  order  to  put  the  system  in  a  state  of  equilibrium,  the  eieeM 
of  w  above  w'  should  be  equal  to  — ... 

B 

The  formula  given  by  Coulomli)  to  ezpresa  the  force  neceaaory  for 
overcoming  the  rigidity  of  a  rope,  or  th«  equivalent  ef  — — ,  ia 

r  being  the  semi-diameter  of  the  rope,  a  the  force  arising  from  the 
warj^ing  or  twisting  of  the  rope,  and  b  that  which  depends  on  the 
tension  arising  from  the  weight  w ;  the  values  of  m,  a,  and  b  may  be 
determined  by  experiments  made  with  cords  of  different  diameters ; 
and  thus  V  may  be  found.  31.  Coulomb  ascertained  that  for  lender 
string,  m=l,  and  that  for  stiff  cordage  the  value  of  m  varied  from  VS 
to  2 ;  also,  from  some  experiments  made  with  ropes  coosiating  of  80 


Digitized  by 


Google 


in 


RINO. 


BIVEB. 


IM 


ihretuU  and  2i  inches  in  circumference,  he  found  that  the  wdghta 
requisite  to  overcome  the  rigidity,  when  the  ropes  passed  over  a  pulley 
4  inches  diameter,  and  were  strained  by  weights  eqiul  to  25  lbs.,  126  lbs., 
and  426  lbs.,  were  5  lbs  ,  84  lbs.,  and  23  lbs.  respectively. 

Unfortunately  ropes  of  equal  dimensions  differ  much  in  rigidity,  so 
that  little  dependence  can  be  placed  on  the  results  of  general  formulsa 
in  estimating  its  value.  White  ropes  when  wet  are  more  stiff  than 
those  which  are  dry,  and  the  rigidity  of  ropes  is  greatly  increased  by 
tarring 'tliera.  In  geneitil,  the  weights  necessary  to  overcome  the 
resistance  of  tarred  ropes  is  proportional  to  the  number  of  the  threads 
of  which  tfaey  are  composed.  Qeneral  Morin  has  latterly  revised  the 
observations  of  Coulomb  and  of  Navier  on  the  subject  of  the  rigidity 
of  cordage,  and  has  published  the  results  of  his  inquiry  in  his  '  Aide 
H^oire  de  H^canique  Pratique,'  and  in  bis  '  Lefons  de  M^conique 
Pratique.'  These  essays  have  been  translated  and  printed  in  the 
'Engineer's,  Architect's,  and  Contractor's  Focket-Book,'  and  from 
them  it  appears  that  Coulomb's  rules,  tables,  and  formula  were  pre- 
pared on  a  rather  confined  view  of  the  case.  Moiin's  own  tables  and 
formula!  ore  given  in  the  translation  thus  quoted. 

BING.    [Annuhjb.] 

BINGWOSM  is  the  term  applied  to  many  cutaneous  eruplaons,  and 
more  particularly  to  those  on  the  head.  It  is  not  now  possible  to 
determine  to  which  of  these  the  name  was  first  applied;  but  it  is 
probable  that  the  species  of  Herptt  which  appear  in  Ae  form  of  rings 
were  thus  designated,  especially  that  which  noeologista  call  Herptt 
cireinnaiui.  This  disease  is  still  often  called  ringworm,  when  it 
appears  upon  the  forehead  or  scalp ;  but  the  same  name  is  still  more 
generally  applied  to  the  different  forms  of  Porrigo,  especially  P.  larvcilit 
and  P.  nutnlaia.  The  descriptions  of  the  diseases  thus  confounded 
under  this  n.-vme  will  be  found  in  the  articles  HiRPV  and  PoSBioo. 

BINGS,  COLOURED.    lUsDULiTWO  Theobt.I 

BINMAN'S  GREEN.    [Cobalt.] 

RIOT.  A  riot  is  a  misdemeanor  at  common  law ;  and  is  defined 
by  Hawkins  to  be  "  a  tumultuous  disturbance  of  the  peace  by  three 
persons  or  more,  assembling  together  of  their  own  authority,  with  an 
mtent  mutually  to  assist  one  another  against  any  one  who  slujl  oppose 
them  in  the  esecution  of  some  enterprise  of  a  private  nature,  and 
afterwards  executing  the  same  in  a  violent  and  turbulent  manner,  to 
the  terror  of  the  people,  whether  the  act  intended  were  of  itself  lawful 
or  unlawful."  The  assembling  together  therefore  in  a  case  where  the 
law  authorises  parties  to  meet  and  use  force  in  concert,  as  for  the 
purpose  of  suppressing  rebellion  or  opposing  the  king's  enemies,  or  as 
part  of  the  posse  comitatus,  will  not  constitute  a  riot  Neither  will  a 
sudden  quarrel  occurring  among  a  number  of  persons  who  have  met 
together  at  a  feur,  or  on  similar  occasions,  constitute  a  riot.  But  if  on 
the  occasion  of  a  meeting,  lawful  in  itself,  some  act  of  violence  in  dis- 
turbance of  the  peace  is  afterwards  proposed,  and  executed  in  concert 
by  those  who  are  assembled,  they  will  tw  guilty  of  a  riot.  The  enter- 
prise must  be  of  a  private  nature,  not  necessarily  relating  to  an 
individual,  but  still  having  in  view  some  minor  and  special,  and  not 
a  general  public  object.  The  object  may  be,  for  instance,  to  redress 
a  grievance  said  to  be  suffered  by  some  particular  person,  or  to  pull 
down  inclosurea  on  lands  where  the  inhabitants  claim  a  right  of 
common.  For  if  the  enterprise  be  for  the  purpose  of  redressing 
grievances  throughout  the  kingdom,  or  puUing  down  all  indosures,  the 
offence  is  not  riot,  but  amounts  to  a  levying  of  war  against  the  crown, 
and  becomes  high  treason. 

Violence,  if  not  of  actual  force,  yet  in  gestiu^  or  language,  and  of 
such  a  nature  as  to  cause  terror,  is  a  necessary  ingredient  in  the  offence 
of  riot.  The  lawfulness  of  the  enterprise  operates  no  further  than  as 
justifying  a  mitigation  of  the  punishment  It  does  not  in  any  way 
alter  the  legal  c^racter  of  the  offence. 

Two  minor  offences  of  rout  and  unlawful  assembly,  which  are  similar 
to  riot,  are  generally  treated  of  under  that  head. 

A  rout  is  where  parties  have  commenced  but  not  accomplished  an 
enterprise,  and  in  such  a  way  that  if  the  enterprise  had  been  executed, 
they  would  have  committed  a  riot. 

It  is  an  unlairfvl  cMemhly  when  great  numbers  of  people  meet 
together  with  such  circumstances  of  behaviour  as  to  raise  the  fears  of 
their  fellow-subjects,  and  endanger  the  public  peace.  An  assembly 
therefore  of  a  man's  friends  to  defend  his  person  sfainst  violence 
threatened  to  him  if  he  appear  in  a  public  place  is  unlawful,  as  such 
conduct  tends  to  produce  a  breach  of  the  peace.  But  an  assembly  in  a 
man's  own  house  to  protect  him  while  there,  or  to  defend  the  posses- 
sion of  it,  is  not  considered  an  unlawful  assembly.  At  common  law 
the  sheriff  and  all  peace  officers  are  bound  themselves  to  make  every 
effort  and  to  command  all  others  to  assist  them  to  suppress  a  riot.  It 
seems  also  that  where  the  emergency  is  great  and  immediate,  private 
persons  on  their  own  authority  may  act,  and  even  use  arms  for  the 
Fame  purpose.  On  such  occasions  it  has  not  been  usual  for  the 
militaiy  to  take  any  part  except  in  the  presence  and  under  the  direc- 
tion of  a  civil  authority.  They  are  not  however  by  hvw  disqualified 
for  any  duty  or  relieved  from  any  responsibility  which  under  the  same 
circumstances  attaches  to  other  classes  of  their  fellow-subjects. 

Various  acts  of  parliament  have  been  passed  for  the  purpose  of 
giving  atuhority  to  magistrates  and  others  in  suppressing  riots,  and 
restraining,  arreting,  and  punishing  rioters.  "The  most  important 
is  1  Geo.  I.,  St.  ii..  c.  6,  commonly  called  tl>e  Eiot  Act,  whish  provides 


that  "if  any  petsomt  to  the  number  tA  twelve  ot  more,  being  unlaw- 
fully, riotously,  and  tumultuously  assembled  together  to  the  dis- 
turbance of  the  public  peaoe,  shall  continue  so  assembled  for  the  space 
of  an  hour  after  the  magistrate  has  commanded  them  by  proclama- 
tion to  disperse,  they  shall  be  considered  felons." 

The  form  of  proclamation  is  given  in  the  Act,  and  ia  to  be  read  with 
a  loud  voice  and  as  near  as  possible  to  the  rioten.  Persons  who  do 
not  disperse  may  be  seized  and  apprehended  by  any  magistrate  or 
peace-officer  or  any  private  person  who  has  beoi  commanded  by  a 
ma^trate  or  an  ^cer  to  assist.  In  case  of  resistanoe,  those  who  are 
attempting  to  disperse  or  apprehend  the  rioters  will  be  justified  in 
wounding  or  killing  them.  It  is  felony  to  oppose  the  reading  of  the 
proclamation ;  and  if  the  reading  should  he  prevented,  those  who  do 
not  disperse  are  still  guilty  of  felony,  if  they  know  that  the  reading  of 
the  proclamation  has  been  prevented. 

A  prosecution  tmder  this  Act  must  be  commenced  within  a  year 
after  the  offence  has  been  committed.  By  7  &  8  Geo.  IV.,  a  30,  a.  8, 
rioters  who  demolish  or  begin  to  demoUui  a  diurch  or  a  ohapel,  a 
dwdling-house,  or  any  other  of  the  Tarioas  buildings  or  macmnery 
mentioned  in  that  Act,  are  to  be  oonaidered  felons,  and  by  7  &  8 
Geo.  IV.  c.  81,  provision  is  made  for  remedies  against  the  hundred  in 
audi  cases,  if  to  tiie  amount  of  SOI.;  but  if  the  damaga  dxMs  not 
amount  to  302.,  before  justices  at  a  petty  sessions. 

The  action  must  be  commenced  within  three  months  after  oommi>- 
sion  of  the, offence;  and  to  cmtitle  the  party  injured  to  bring  it,  he 
must,  within  seven  days  after  the  injury  done,  go  before  a  magistrttte 
and  give  on  oath  all  the  information  relative  to  tite  matter  which  he 
possesses,  and  also  be  bound  over  to  proseoute  the  offianders. 

With  respect  to  Vinlawful  assemblies  of  a  seditious  character,  see 
SEDrriOM;  Tbsabov. 

RISK.  In  the  theory  of  PBOBABZunES  the  risk  of  loss  or  gain 
means  such  a  fraction  of  the  sum  to  be  lost  or  guned  as  expresses  the 
chance  of  losing  or  gaining  it :  thus  an  even  clianoe  of  losing  40(.  is 
considered  as  a  positive  loss  of  one-half  of  402.,  or  of  202. ;  and  2  to  1 
for  gaining  602.  is  counted  as  two-thirds  of  602.,  or  402.  If  both  these 
risks  were  encountered  at  the  same  time,  the  whole  tranaaotion  would 
be  considered  as  a  gain  of  402.-202.,  or  201,,  since  tUa  is  the  aum 
which  would  be  netted  by  every  such  traosaotion  in  the  long  run,  Mid 
one  with  another. 

The  following  is  the  method  of  ascertaining  the  effect  of  the  division 
of  risks.  Let  there  be  an  adventure  in  wliich  the  chance  of  sucoeaa  is 
p,  and  that  of  &ilnre  1 — p.  Let  failure  produce  the  loss  of  j£ »  sod 
success  the  gain  £  m :  then  p  m— (1— -ji)  n  is  the  result  of  every  such 
transaction  one  with  another.  Let  this  last  be  called  M ;  it  is  required 
to  estimate  the  probability  that  in  t  transactions  the  average  effect 
(gain  or  loss,  according  as  H  is  positive  or  negative)  shall  lie  between 
M  -t-  2  and  u—l.  CalciUate  the  square  root  of  i  divided  by  2p  (1— j>) ; 
multiply  this  square  root  by  I,  and  divide  the  result  by  m-t-n,  TUce 
the  table  in  Meaj?  (using  it  as  in  ProbabilitT,  col.  774),  let  Uie  last 
result  be  a,  then  the  corresponding  B  is  the  probability  requii^ 
[Waqeb  ;  Wbiqht  of  Obssbtations.] 

RITUAL  (from  ritu*,  in  the  sense  of  coniuetudo),  the  book  which 
directs  the  rites  and  ceremonies  to  be  observed  in  celebrating  divine 
service  in  any  particular  church. 

'  BIVEB.  In  a  legal  sense  rivers  are  divisible  into  fresh  and  salt- 
water rivers.  Salt-water  rivers  are  those  rivers  or  parts  of  rivers  in 
which  the  tide  ebbs  and  flows.  Bivers  are  also  divisible  into  public  or 
navigable  rivers  and  private  rivers. 

The  property  in  fresh-water  rivers,  whether  public  or  private,  is 
presumed  to  belong  to  the  owners  of  the  adjacent  luid ;  the  owner  on 
each  side  being  entitled  to  the  soil  of  the  river  and  the  ri^t  of  fishing 
as  &r  as  the  middle  of  the  stream.  But  this  presumption  may  be 
rebutted  by  evidence  to  the  contrary.  If  a  fresh-water  river  between 
the  lands  of  two  owners  gains  on  one  side  by  insensibly  shifting  its 
course,  each  owner  continues  to  retain  half  the  river,  and  the  insensible 
addition  by  alluvium  belongs  to  the  land  to  which  it  attaches  itself ; 
unless  the  lands  of  the  proprietors  on  each  side  has  been  marked  out 
by  other  known  boundaries,  such  as  stakes,  &c.  in  the  river.  (Qractou 
'  De  acquirendo  rerum^dominio,' '  Dig.'  41,tit  1,  s.  7.)  But  if  the  course 
of  the  river  is  changed  suddenly  and  sensibly,  then  the  boundaries  of  the 
lands  will  be,  as  they  were  before,  in  the  midst  of  the  deserted  channd 
of  the  river.  Special  cnstom  may  also  alter  this  general  presumption 
of  law.  Though  fresh-water  rivers  are  presumed  to  be  the  property  of 
adjacent  landowners,  yet  no  such  owner  can  set  up  a  ferry  and  demand 
a  toll  unless  by  prescription  or  by  charter  from  the  king.  In  early 
times  also  the  Ung  by  ms  prerogative  mi^t  prevent  all  persons  from 
fishing  or  fowling  in  any  river  until  he  hod  first  taken  tus  pleastire 
there.  This  was  efibcted  by  directing  a  precept  to  the  shenff  com- 
manding liim  to  cause  all  persona  to  abstain  from  approaching  tho 
banks.  By  Magna  Charta  this  prerogative  was  restricted  to  such 
streams  as  it  had  been  exercised  upon  in  the  time  of  Henry  L 
Subsequently  the  custom  was  to  name  the  rivers  in  the  precept  to  tho 
sheriff;  among  these  was  the  Avon,  at  least  that  part  wUch  flows 
through  Worcestershire.  Eventually  the  prerogative  fell  into  disuse. 
In  those  rivers  which  are  navigable,  and  in  which  the  public  have  a 
common  right  to  passage,  the  king  is  said  to  have  "  an  interest  in 
jurisdiction,"  and  this  is  so  not  only  in  those  parts  of  them  which  are 
the  Ving**  property,  but  also  where  they  are  come  to  be  private 
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property ;  such  riven  are  called  "  fluvii  regales,"  "  haat  streames  le 
toy,"  "  royal  rivers  "  ;■  not  as  indicating  the  property  of  the  king  in  the 
river,  but  because  oi  their  being  dedicated  to  ^e  pubUo  use, 
and  aU  things  oi  public  safety  and  convenience  being  under  his 
ears  and  protection.  Thus  a  common  hig^\niy  on  land  is  called 
the  king's  highway,  and .  navigable  rivers  ore  in  like  manner  the 
king's  highway  by  vrater,  3Iany  of  the  incidents  belonging  to  a  high- 
way on  land  attach  to  such  rivers.  Accordingly  any  nuisances  or 
obatructioiu  upon  them  may  be  indicted  even  though  the  ntiisances 
be  in  the  private  soil  of  any  person ;  or  the  nuisances  and  obstructions 
may  be  abated  by  individuals  without  process  of  law.  It  must  not 
however  be  inferred  that  all  the  incidents  of  a  land  highway  attach  to 
such  rivem.  Thus,  if  the  highway  of  the  river  is  obstructed,  a 
passenger  ydll  not  be  justified,  as  he  would  be  in  the  case  of  a  land 
highway,  in  passing  over  the  adjacent  land.  And  though  a  river  is  a 
public  navigable  river,  there  is  not  therefore  any  right  at  oonunon  law 
lor  partiea  to  use  the  banks  of  it  as  a  towing-path. 

If  a  river  which  is  private  in  use  as  w^  as  in  property  be  made 
navigable  by  the  owner,  it  does  not  therefore  become  a  public  river 
unkM  tnm  some  act  it  may  be  presumed  that  he  has  dedicated  it  to 
the  publiOL  The  taking  of  toll  is  such  an  act  Callis  says  that  the 
soil  of  the  sea  and  of  royal  rivers  l^ongs  to  the  king.  But  the 
expression,  if  intended  to  apply  to  all  ports  of  the  rivers  where  the 
public  ^ve  a  right  of  passage,  appears  too  comprehensive. 

But  there  is  no  doubt  that  in  some  such  rivers  the  proper^  may  be 
in  the  orown ;  as  it  was  in  the  river  Thames,  the  property  m  which, 
both  as  to  the  water  and  the  soil,  was  conveyed  by  charter  to  the  lord 
mayor  and  citizens  of  London.  And  in  all  rivers  as  far  as  the  tide 
flows,  the  property  of  the  soil  is  in  the  king,  if  no  other  claims  it  by 
pnecription.  In  navigable  rivers  where  the  tide  flows,  the  liberty  of 
flahery  is  common  and  public  to  all  persons.  (Hale, '  De  Jure  Maris  et 
Brachiorum  ejusdem' ;  Callis, '  On  Sewers.') 

l%e  property  in  the  mere  running  water  is  in  no  one;  but  the 
proprietor  of  adjoining  land  is  entitled  to  the  reasonable  use  of  it  as  it 
runs  hj  his  luui  "  And  consequently  no  proprietor  can  have  the  right 
to  use  the  water  to  the  prejudice  of  any  other  proprietor.  Without 
the  consent  of  iho  other  proprietors  who  may  be  affected  by  his 
operations,  no  proprietor  can  either  diminish  the  quantity  of  water, 
imich  would  ouierwise  descend  to  the  proprietors  below,  or  throw  the 
water  back  upon  the  proprietors  above.  Every  proprietor  who  claims 
a  ii{^t  either  to  throw  the  water  bock  above,  or  to  diminish  the 
quantity  of  water  which  is  to  descend  below,  must,  in  order  to  main- 
tain his  daim,  either  prove  an  aotoal  grant  or  license  from  tha 
proprietors  affected  by  ms  operations,  or  must  prove  an  uninterrupted 
enicmnent  oftwenty  years." 

RIVEB  BNGINKERING.  The  laws  of  hydraulics  which  apply  to 
.the  flow  of  water  in  rivers  may  be  briefly  expressed  as  follows : — If  a 
uniform  velocity  be  onoe  established,  in  a  channel  of  whatsoever  section, 
the  same  quantity  of  water  must  pass  through  that  section  in  the  same 
periods  of  time ;  and  it  follows  from  this  that  the  velocity  of  the  current 
must  be  increased  proportionately  to  the  diminution  of  the  area,  if  the 
same  discharge  take  place.  As  the  rate  of  flow  in  open  channels  diepends 
entirely  upon  gravitation,  it  must  increase  with  the  inclination ;  and, 
in  order  to  maintain  an  equable  discharge,  the  other  conditions  of  cross 
section  must  be  made  to  agree  with  this  inclination.  In  channels, 
however,  of  uniform  inclination  and  section,  the' rate  of  flow  rapidly 
attains  uniformity ;  for  the  friction  of  the  water  upon  the  sides  and  the 
bottom  of  the  beds  soon  counteracts  the  accelemting  force  of  gravity. 
It  also  follows,  from  the  efiSects  of  the  friction  upon  the  wet  contour, 
that  the  velocities  of  the  different  films  Tif  the  tnmsveise  section  are 
never  uniform ;  because  those  which  are  in  contact  with  the  sides  are 
retarded  in  their  rate  of  flow,  and  they,  in  their  turn,  act  to  retard  the 
flow  of  the  films  immediately  aroimd  themselves ;  the  maximum 
velocity  being  on  the  surface  and  on  the  axis  of  the  deep  water — the 
mimmimn  vdodty  ou  the  bed.  Du  Buat  by  direct  experiment  found 
that  the  mean  velocity  of  a  stream,  in  an  open  channel,  might  be 
expressed  by  the  formula  v=ev,  in  which  v  sepresents  the  mean 
velocity ;  e,  a  coefficient  varying  between  0'76  and  0*891 ;  and  y  the 
surface  velocity.  In  practice  it  is  usual  to  consider  that,  for  surface 
velocities  of  from  8  inches  to  S  feet  per  second,  i>=:JT,  or  that 
▼sl'25v;  but  in  la^^  rivers  it  appears  that,  na  in  tiie  Seine, 
«=0'62v;  andin  theNevaitis,i>=0'75T;  the  horizontal  position  of 
the  line  of  the  mean  velocity  seems  to  range  between  0'88  and  0*92  of 
the  depth  considered  as  unity.  Du  Buat  also  found  that  the  bottom 
Tekeity  c^ed  tT= 2  rv,  in  which  v  and  T  retidned  thdr  previous  sig- 
.  niflcation;  and  from  thence  we  have,  whenT=l'26t>,  ti  =  0-76v;  or 
v=r88u.  It  is  the  bottom  velocity  which  acts  by  its  transporting 
powers  on  the  materials  of  the  bed  of  a  river,  and  haa  the  greatest 
effect  upon  the  stability  of  its  banks.  ' 

In  a  channel  of  uniform  velocity  and  section,  if  we  coll  the  discharge 
<),  and  the  sectiouil  area  B,  v  retain^g  its  signification  of  the  mean 

q 
Telodty,  we  have  4*  8  v,  and  from  this  «  "  7<    The  inclination  of  the 

p 
bed,  I,  will  be  found  by  De  Prony's  formula  i=  ~(a«4-iv*},  in  which 

7=  the  wet  contour,  or  the  developed  length  of  the  wetted  surface ; 
■■•the  sectional  area;  and  a  and  b,  coefllcients,  which  he  (adopting 


throughout  the  dimensions  in  metres  and  their  subdivisions)  made 
respectively  0-0000444  and  0-000309.  Eytelwain  made  these  co- 
efficients a  =  0-000024  and  b=  0-000S6fi,  but  it  appears  that  Do  Prony's 
values  /ue  the  most  correct  for  sniall  channels,  whilst  those  of 
Eytelwein  are  the  most  correct  for  large  rivers.  If  again  we 
ciJl  the  quotient  of  the  transverse  section  s  by  the  wet  contour 

p  the  iiMan  radiui,  and  represent  it  by  R,  we  have  It  =  r  >  and  the 
formula  of  De  Prony  gives  us  Rl=0-0000444g4-0'000809r*;  from 
thence  we  obtain  i>=  V9'O05163-h 8283-428  B  I— 0-07185  or  «=56-88 
Vjii —0-072.  Playfair  gives  this  formula,  in  English  feet  and  inches, 
«=  V0-0237fil  -4-  82806-6  » 1-0-1541181 ;  and  from  it  the  value  of  « 
can  io  easily  ascertained  if  i  and  B  be  known,  or  we  are  enabled  to  fix 
the  rate  of  inclination  i  requisite  to  secure  a  velocity  such  as  shall 

Q 

ensure  that  v  =  r.  when  the  other  terms  are  known. 

8 

De  Prony's  formuiss,  modified,  if  needs  be,  by  Eytelwein's  observa- 
tions, wiU  serve  not  only  to  calculate  the  discharge,  and  the  other  con- 
ditions of  the  flow  of  water  in  a  regular  uniform  channel,  but  also  to 
calculate  the  conditions  of. the  flow  of  water  in  rivers,  provided  a 
length  of  about  SCO  yards  can  be  found  upon  it,  where  the  channel  is 
of  a  tolerably  uniform  section,  and  the  velocity  is  regular.  A  cross 
section  of  the  stream  will  give  a  and  P,-  from  whence  B  will  be  derived; 
and  I  will  be  ascertakied  by  actual  levelling  '  When  the  cross  Becti<m 
is  not  constant  the  average  area  -of  a  number  of  cross  sections  will 
suffice  for  ordinary  calculations,  and  the  inclination  may  at  any  time 
be  ascertained  from  v  by  actual  observation,  when  it  is  not  possible  to 
level  the  line  of  the  mid-stream.  If  the  river  should  happen  to  be 
divided  into  two  branches,  with  marked  inequalities  of  bed  and  flow, 
it  would  be  preferable  to  consider  each  of  them  separately.  For  rough 
a{^>roximate  calculations  the  volume  of  a  river  may  be  likewise  asoer- 
tained  by  the  formula  q =8  (0-08  v)  in  which  s  signifies  as  before  the 
sectional  area,  and  y  the  surface  velocity ;  but  it  is  essential  that 
every  possible  precaution  should  be  taken  to  secure  a  correct  value 
fory. 

It  must  not  be  supposed  that  the  transverse  section  of  any  flowing 
body  of  water  is  perfectiy  horizontal  on  its  upper  surface,  beoause  it 
will  be  found  that  immediately  over  the  portion  of  the  section  v^ere 
the  greatest  velocity  prevails,  the  surface  will  be  slightly  raised  abov* 
the  level  of  the  shallower  portions  of  the  stream.  In  small  riven  it  is 
not  possible  to  distinguish  this  species  of  surelevation ;  but  in  larger 
ones  it  is  at  times  strongly  marked.  'A  phenomenon  of  more  import- 
ance to  the  stability  of  bonks  consists  in  the  existence  of  a  zone  of  still 
water,  comparatively  in  close  proximity  to  the  shore  in  consequence  of 
the  greater  resistance  to  the  flow  through  the  friction  of  the  banks ; 
and  in  this  part  of  the  stream  may  also  be  observed  a  series  ol  small 
eddies  produced  by  the  impulsion  of  the  current.  The  principal  direo- 
tion  of  these  eddies  appears  to  be  directly  opposed  to  that  of  the  main 
stream;  and  moreover  it  will  be  found  that  when  any  obstacle  la 
offered  to  the  onward  flow  of  the  water,  the  latter  will  in  the  first 
place  heap  up  against  this  object,  and  finally  give  rise  to  a  dis- 
tincUy  marked  counter  current,  technically  known  as  a  baek^uxUer.  If 
the  obstacle  should  extend  across  the  whole  stream,  the  upper  surface 
of  the  water  will  assume  a  sensibly  parabolic  longitudinal  section,  tite 
apej.  of  which  will  be  situated  at  a  considerable  distance  up  stream, 
and  the  axis  upon  the  deep  water-line.  If  the  obstacle,  however, 
should  only  be  upon  one  bonk,  the  back-water  will  not  extend  for  any 
great  distonce ;  but  it  may  frequenUy  lumpen  that  the  effect  of  the 
counter  current  would  be  so  great  as  seriously  to  endanger  the  stability 
of  the  bank  itself.  The  spun,  which  are  in  many  cases  introduced  for 
the  purpose  of  defending  the  shores  of  riven,  when  they  extend  far 
into  the  stream,  produce  this  particular  effect ;  and  they  may  often  be 
observed  to  give  rise  to  a  series  of  eddies,  currents,  and  back-water, 
which  wear  away  the  shore  at  the  points  where  they  are  joined  to  the 
hmd,  on  the  iipude  especially.  Another  effect  produced  by  a  projeo- 
tion  into  the  line  of  flow  of  a  stream  is  that  the  portion  of  the  current 
which  does  not  go  to  form  the  back-water,  is  deflected  from  its  course, 
and  may  perhaps  be  made  to  impinge  in  a  dangerous  manner  on  the 
opposite  bank.  At  any  rate  the  current  at  the  foot  of  a  spur  into  a 
main  stream  is  sure  to  deepen  the  bed  of  the  river  at  its  foot,  and  to 
carry  the  channel  towards  the  convex  aide  of  the  bank ;  indeed  this 
law  holds  universally,  and  in  riven  it  is  always  found  that  the  deep 
water  channel  follows  the  convex  side  of  the  meanderings,  and  that 
the  channel  thus  naturally  tends  to  straighten  itself  by  the  more  rapid 
abrasion  which  takes  place  against  the  projections.  From  these  re- 
marks it  would  follow  that  whenever  it  is  desired  to  regularise  the 
courses  of  riven  it  is  preferable  to  do  so  by  means  of  longitudinal 
parallel  walls,  rather  than  by  spun ;  and  that  the  direction  of  the  new 
channel  should  be  made  as  fiu-  as  possible  rectilineal,  or  at  least  with 
curves  of  very  large  radiL  M.  Defontaine  observed  on  the  Rhine  that 
elbows  of  8800  feet  radius  produced  but  small  effects  upon  the  bed,  or 
banks,  of  that  river,  notwithstanding  that  they  were  composed  of  easily 
transported  materials ;  and  it  may  be  inferred  from  this  that  a  bend 
whose  radius  should  be  not  less  than  twelve  times  the  width  of  the 
maximum  water  line  may  be  admitted  in  permanent  works  of  this 
description.  The  above  reasoning  of  course  applies  in  the  most  exclu- 
sive manner  to  riveiB  whose  flow  is  in  only  one  direction;  when  the 
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tidal  action  is  brought  to  bear  upon  them,  other  conditions  of  regimen 
are  developed  to  which  attention  will  be  called  hereafter. 

The  nature  of  the  materials  of  the  bed  a  river  may  flow  over  will 
affect  the  chemical  quality,  and  therefore  the  value,  of  its  waters  for 
such  purposes  as  irrigation  or  water  supply ;  and  this,  too,  whether 
the  materials  taken  up  be  so  taken  in  solution,  or  merely  in  mechanical 
suspousion.  In  Water  Supply,  attention  will  be  called  to  the  chemical 
portion  of  this  inquiry ;  but  at  present  it  is  advisable  to  dwell  upon 
the  merely  me<^banical  effects  produced,  for  the  outlines  of  the  beds 
of  liven  depend  mainly  upon  them.  Kow  the  longitudinal  profile  of 
a  river  almost  always  forms  a  species  of  parabolic  cui-ve,  whose  apex  is 
in  the  high  lands,  and  whose  base  is  at  the  embouchure  ;  so  that  the 
rate  of  flow  is  greater  near  the  source  than  M  is  near  the  embouchure, 
the  transporting  and  the  erosive  powers  being  also  diminished  in  the 
same  proportion.  By  the  experiments  of  Du  Buat  we  leam  that  the 
following  materials  will  be  carried  forward  by  waters  Sowing  with  the 
velocities  named  in  connection  with  them  in  the  table : — 
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lit  tiience  follows  that  when  the  velocity  of  the  river  attains  any  of 
the  above  rates,  it  will  be  able  to  attack  and  remove  by  erosion  the 
materials  of  its  banks,  which  would  remain  in  suspension  at  those 
velocities.  In  designing  a  system  of  river  defences,  however,  attention 
must  be  paid  exclusivwl^  to  the  maximum,  not  to  the  averae/e  velocity 
of  the  stream  ;  because  m  flood  time  not  only  is  the  volume,  but  also 
the  velooity,  greater  than  at  any  other  period,  and  the  materials  of 
which  the  banks  are  formed  must  be  able  to  resist  the  transporting 
power  of  the  floods.  However,  in  consequence  of  their  variable  trans- 
porting^ power,  rivers  in  their  normal  state  flow  over  materials  gradually 
decreasing  in  volume  as  they  leave  the  steeper  parts  of  their  courses 
and  approach  their  outfalls ;  and  as  those  materials  necessarily  became 
at  last  very  fine,  especially  in  long  flat  plains,  they  offer  little  resistance 
to  occasional  floods,  as  may  be  observed  in  the  deltas  of  such  rivers  as 
the  Nile,  Danube,  Ganges,  &c.,  which  are  composed  of  the  fine  mud 
brought  down  from  the  uplands,  and  in  which  the  course  of  the 
stream  continually  shifts. 

Some  curious  effects  may  be  observed  to  take  place  with  regard  to 
the  deposition  of  alluvial  matters  near  the  junction  of  streams  draining 
areas  of  country  situated  under  marked  differences  of  thermometries 
or  hydrographical  conditions;  because  the  floods  (or  as  they  are 
technically  called  the  freshett)  frequently  occur  at  distinctly  different 
epochs,  and  thus,  by  reason  of  the  freshet  of  one  affluent  ponding  bao^ 
the  other,  a  deposition  of  the  matters  in  suspension  in  the  retarded 
stream  will  be  produced.  It  often  happens  that,  under  such  circum- 
stances, the  accumulation  of  alluvial  mattei-s  takes  place  in  a  manner 
to  direct  the  local  current  against  the  banks  in  a  direction  essentially 
different  from  the  main  lino  of  flow,  the  effect  of  which  would  be  to 
divert  the  river  from  its  original  bed,  to  a  greater  or  lesser  extent, 
according  to  the  resistance  of  tho  banks.  There  is  another  law  with 
respect  to  the  mode  in  which  the  alluvial  matters  brought  down  by 
floods  or  freshets  takes  place,  namely,  that  when  tho  waters  overflow 
their  banks  they  throw  down  those  matters  in  the  order  of  their 
specific  gravities,  the  heavier  ones  being  thrown  down  on  the  edge  of 
the  deep  stream,  where  the  velocitj^  is  greater,  and  the  lighter  ones 
being  thrown  down  on  the  edge  of  tho  shallow  water  where  on  account 
of  the  friction  the  velocity  is  the  least.  The  transverse  section  of  a 
valley  subject  to  freshets  will  be  in  fact  something  like  the  sketch 
here  given.    The  banks  wiU  form  slightly  elevated  ndgeg  close  to  the 


water  s  edge,  and  the  surface  of  the  alluviil  depouts  will  fUI  away  mr 
duallv  on  either  side;  this  condition  may  remain  stable  for  some  time, 
but  there  IS  always  a  daM;er  from  the  tendency  of  the  stream  to  create 
for  itsdf  a  new  bed  in  the  lower  level.  On  the  Po,  where  the  banks 
tave  been  ^fiUly  mamtamod  for  centurie8,^e  accumulation  of  the 
alluvial  mattCTs  has  taken  place  in  the  manner  above  sketched,  but  to 
such  an  extent  as  to  create  a  real  source  of  danger;  for  tho  banks  of 
the  nver  have  been  gradually  so  raised  by  the  accumulation  of  alluvial 
matters,  as  to  be  m  some  cases  as  much  as  40  feet  above  the  estreme 
.depression.    [Alldviuh,  in  Nai.  Hist.  Div.]  «>*"«»^d 


■  A  few  final  general  renuirkB  Avith  respect  to  non-tidal  rivers  may 
here  be  inserted,  namely,  that  their  volumes,  ev6n  when  they  are  of  a 
comparatively  stable  character,  vary  within  very  wide  limits.  Thus 
the  Rhone  at  Lyon,  at  times,  flows  with  a  volume  of  7000  cubic  feet 
per  minute,  at  others  with  a  volume  of  208,000  cubic  feet ;  the  Rhine 
at  .Strasbourg  varies  between  tho  limits  of  9,500  and  164,000  cubic  feet 
per  minute;  tho  Thames  at  Teddiugton  between  6/iOO  and  1S,000 
cubic  feet  per  minute.  For  the  practical  purposes  of  navigation,  a 
current  is  considered  to  be  slow  when  it  does  not  exceed  1  foot  0  inches 
per  second ;  a  velocity  of  between  2  feet  and  3  feet  6  inches  per  second 
is  considered  to  be  an  average  one ;  beyond  the  latter  Umit  the  velocity 
of  the  current  is  considered  to  be  decidedly  unfavonrable  to  an  upward 
navigation,  and  if  the  stream  should  flow  at  the  rate  of  6  or  7  feet  per 
second,  no  boats  can  economically  be  made  to  work  against  it  When 
the  rate  of  inclination  of  the  bed  of  the  river  attains  between  5  and  6 
in  10,000,  the  velocity  of  the  current  becomes  too  great  to  allow  of  the 
navigation  being  carried  on  against  it  by  the  ordinary  modes  of  trac- 
tion ;  but  by  the  use  of  steam  tugs  worked  by  high-pressure  expansion 
engines,  the  Bhone  has  been  navigated  against  the  stream,  even  though 
its  inclination  has  been  on  the  average  of  its  course  from  7  to  8  in 
10,000.  Bivers  which  do  not  present  a  permanent  depth  of  1  foot  2 
inches,  with  an  avidlable  width  of  at  least  14  feet,  are  not  adapted  to 
receive  any  kind  of  navigation,  and  they  can  only  be  rendered  available 
for  commerce  by  being  canalized,  or  by  being  converted  into  what  the 
continental  engineers  call  floatable  rivers.  Streams  of  this  kind  occur 
in  mountainous  and  woody  districts,  and  are  much  used  for  the  pur- 
pose of  floating  down  rafts  of  timber,  or  such  natural  productions  as 
are  not  Hkely  to  be  injured  by  being  occasionally  submerged.  When 
the  width  and  depth  of  a  river  exceed  respectively  18  feet  and  18 
inches,  a  bai^ge  navigation  may  be  established,  provided  of  course  that 
the  rate  of  flow  be  not  unfavourable ;  and  when  the  width  and  depth 
of  the  stream  become  respectively  60  feet  and  8  feet,  the  river  becomes 
navigable  for  sea-going  vessels.  The  modes  of  propulsion  to  be  adiftei 
must  depend  upon  local  circumstances.  In  still  water  animal  power 
is  the  most  economic^ ;  steam  is  frequently  used  in  deep  water  canals 
and  river  navigation;  whilst  sails,  oars,  and  tides  are  frequently  re- 
sorted to  for  this  purpose  in  rivers  adapted  to  their  use. 

In  the  lower  ports  of  the  courses  of  rivers  discharging  their  waters 
into  the  ocean,  and  even  to  some  extent  in  those  discharging  into  tidal 
inland  seas,  a  very  marked  interference  takes  pLice  in  the  conditions  of 
the  currents,  in  consequence  of  the  periodictd  tidal  action.  The  tides 
themselves  are  produced  by  the  periodical  elevations  and  depressions  of 
the  level  of  the  sea,  caused  by  the  coinbined  action  of  the  sun  and 
moon,  and  under  such  ciroamstances  they  are  naturally  of  greater 
amjilitude  on  the  shores  of  the  larger  bodies  of  water ;  on  the  Pacific, 
for  instance,  they  are  greater  than  they  are  upon  the  Atlantic;  upon 
the  latter,  again,  the  tides  are  greater  than  upon  the  Baltie  or  the 
Mediterranean.  The  rising  tide  is  called  the  flood  ;  the  falling  tide, 
the  ebb ;  and  the  returns  of  the  tide  take  place  twice  in  each  con- 
secutive interval  comprised  between  the  returns  of  the  moon  to  the 
upper  meridian.  The  mean  length  of  this  interval  is  1'03505  day,  so 
that  the  mean  interval  b(>twecn  two  successive  high  waters  is  0-51 7525 
day,  and  the  mean  time  'f  low  water  divides  this  interval  again  into 
two  nearly  equal  portionii.  As  in  the  case  of  all  quantities  susceptible 
of  a  maximum  and  a  minimum,  the  increase  or  the  diminution  of  the 
tides  towards  their  limits  is  proportional  to  the  squares  of  the  time 
elapsed  between  the  high  and  low  tides.  The  height  of  the  full  tide 
on  the  sca-Bhoj-9  varits,  normally,  every  day  according  to  the  phases 
of  the  moon ;  ii  la  greatest  at  the  syzigies,  and  least  at  the  quadra- 
tures ;  but  it  is  to  be  observed  that  in  every  place  there  is  a  species  of 
retardation  in  the  period  of  the  high  tide,  aa  compared  with  the  exact 
astronomical  periods  of  the  moon's  changes,  which  is  technically  known 
By  the  name  of  the  vulgar  atablithment  of  the  place,  and  which 
depends  upon  laws  to  be  noticed  nnder  Tides.  The  rise  of  the  high 
tides  is  usually  proportional  to  the  fall  at  low  tides,  but  there  is  an 
irregularity  between  the  heights  of  the  two  tides  of  the  same  day;  the 
rise  and  fall  at  the  syzigiea  is  about  double  those  of  the  quadratures, 
the  former  being  called  the  tpring  tides,  tho  hiter  the  «eaps  ,•  but  it 
may  be  added,  that  the  former  are  much  increased  when  the  moon  is 
in  perigee.  -An  augmentation  in  the  rise  of  the  tide  also  takes  place 
when  the  sim's  declination  is  zero,  or  at  the  period  of  'the  equinoxes ; 
and  the  greatest  normal  tide  occurs  when  a  new  or  full  moon  happens 
to  occur  near  the  equinox,  when  the  moon  is  in  perigee ;  and  her 
action  would  be  still  further  increased  if  her  node  should  happen  to 
coincide  with  the  perigee.  The  other  causes  of  the  variations  in  the 
height  of  the  tides  may  be  neglected  for  the  present,  with  the  exception 
of  those  which  are  likely  to  affect  their  conditions  ill  and  upon  rivers. 

Thus,  in  cases  where  the  tidal  undulation  is  confined  within  a 
narrow  gulf  it  becomes  considerably  increased  in  amplitude ;  and  its 
reflection  from  the  opposite  shore  may  ako  increase  that  ampUtude, 
especially  in  the  recesses  of  such  coasts.  It  is  on  this  account  that 
whilst  at  St.  Helena  in  mid  Atlantic,  the  rise  is  only  3  feet,  and  in  the 
Northern  Atiantio  it  never  exceeds  10  or  12  feet,  it  is  in  the  Bay  of 
Mont  St.  Michel,  40  feet;  in  the  Bay  of  Fundy,  50  feet;  and  in  the 
Wye,  at  Chepstow,  60  feet.  High  winds,  and  especially  the  equinoc- 
tiu  gales,  when  they  coincide  with  the  spring  tides  may  also  give  rise 
to  great  irregularities  in  the  ampUtude  of  the  tidal  range,  and  instances 
bkve  even  been  recorded  in  which  the  tidet  of  tho  quadratures  have 
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been  raised  by  the  effect  of  stonns  to  a  greater  height  than  those  of 
the  gyrigieii.  The  diaturbing  effect  of  storma  ia,  howerer,  the  greatest 
in  seaa  with  a  Binall  tidal  range ;  as  upon  the  French  shores  of  the 
Mediterranean,  where  the  normal  rise  of  the  tides  is  only  from  6  to  12 
inches,  it  ia  thus  often  increased  to  8  feet.  The  most  remarkable  cause 
of  disturbance  in  the  range  of  the  tides  is,  however,  to  bo  met  with  in 
the  oceanic  currents,  and  the  manner  in  which  they  act  varies  in  almost 
•very  case,  producing  some  very  singular  interferences  with  the  dischai^o 
of  the  upland  waters,  and  with  the  deposition  of  the  alluvial  matters 
in  the  embouchures  of  rivers,  whether  the  alluvions  be  brought  from 
the  sea,  or  from  the  interior  of  the  country. 

For  instance,  upon  the  shores  of  England  we  find  that  in  consequence 
of  the  set  of  the  tidal  currents  in  the  oiling,  the  bars  at  the  mouths  of  the 
rivers  between  Land's  End  and  Portland,  point  from  N.W.  to  S.E.,  as 
s  rough  generfil  rule ;  between  Portland  and  Selsea  Bill ,  the  in-shore  tide 
runs  in  a  direction  opposite  to  that  of  the  tide  in  the  offing,  and  the 
bars  of  the  rivers  also  point,  from  N.E.  to  S.W.  On  the  Atlantic 
shores  of  Ireland,  the  bars  point  rather  S.E.  to  N.W. ;  they  have  the 
same  direction  on  the  western  coasts  of  Scotland ;  whilst  on  the  eastern 
coast  of  ScotLtnd  and  of  England,  the  bars  upon  the  open  coast  point 
nearly  from  N.W..  to  S.E.  In  the  mouth  of  the  Thames  two  tidal 
currents  meet,  which  have  an  origin  separated  by  12  hours'  interval ; 
■o  that  not  only  are  the  day  and  night  tides  of  that  river  equal  in 
their  am}^adea,  but  the  alluvial  matters  transported  by  the  tides  are 
thrown  dovm  at  the  point  where  the  velocities  of  the  currents  are 
destroyed,  in  banks  which  are  constantly  shifting.  On  the  west  coast 
of  li^nglond  again,  there  are  in  the  rivers  many  instances  of  the  double 
tide,  arising  from  the  reflection  of  the  great  tidal  wave  from  a  pro- 
jection situated  at  a  point  beyond  their  embouchures,  on  the  line  of 
advance  of  that  wave ;  and  the  conditions  of  the  deposition  of  alluvial 
natteia  in  those  rivera  are  thus  very  different  from  the  conditions  ordi- 
narily prevailing.  Nor  is  this  the  only  technical  peculiarity  connected 
with  these  rivers ;  because,  in  fact,  the  double  tide  is  not  so  powerful  as 
the  normal  tide  for  the  purpose  of  carrying  forward  a  barge  navigation ; 
but  in  another  sense  it  is  mors  favourable  for  the  operations  of  com- 
merce on  » Iarg%  scale,  by  reason  of  its  retaining  a  great  depth  of  water 
in  docks  and  harbours,  during  the  whole  of  the  (so  called)  dachlide. 
At  Southampton,  this  slack-tide  lasts  for  nearly  two  hours  ;  on  the 
French  coast  the  same  phenomenon  occurs  at  H&vre,  and  in  the  Ome, 
during  about  1  \  hour  in  each  tide.  Great  oceanic  currents,  wherever 
they  exist,  naturally  produce  analogous  effects  to  these  minor  inte> 
ferences  with  the  progression  of  the  tidal  waves ;  but  of  course  upon  a 
much  larger  scale.  A  study  of  the  history  of  the  deltas  of  such  rivers  - 
as  die  Nile,  Ganges,  Indus,  Irriwaddy,  Amazonas,  Mississippi,  &c,, 
would  be  necessary  for  any  one  who  desires  to  become  acquainted  with 
this  important  detail  connected  with  hydraulic  engineering.  The 
actual  .records  of  the  changes  in  the  delta  of  the  Khine  and  of  the 
Scheldt,  would  be  of  great  interest  and  value  also  to  the  student  ; 
because  they  have  been  more  closely  and  more  scientifically  observed 
than  the  chants  which  have  recently  taken  place  in  other  rivers  of 
similar  magnitude. 

In  the  rivers  ezpdied  to  the  action  of  a  complicated  series  of  tides 
and  currents,  it  is  far  more  difficult  to  maintain  a  clear  navigable 
channel  than  it  is  in  rivers  wherein  the  disturbing  causes  are  more 
simple ;  and  bar  rivers,  although  extremely  dangerous  during  stormy 
weather,  ore  sometimes  leea  inconvenient  for  the  ordinary  pur^ioses  of 
commerce  than  are  those  which,  like  the  Thames,  the  Scheldt,  or  the 
Seine,  arc  exposed  to  the  injurious  effects  of  the  shifting  sands  thrown 
down  at  their  embouchures.  It  is,  moreover,  to  be  observed  that  in 
the  majority  of  cases  the  oceanic  currents  bring  into  the  sheltered  b.'iys 
they  meet  with,  a  greater  quantity  of  altUvial  matters  with  the  fiood 
tides  than  the  ebb  tide  can  remove ;  and  thero  is  on  this  account  a 
tendency  in  all  such  bays  to  silt  up,  a  tendency  which  may  distinctly 
be  traced  in  the  three  rivers  just  mentioned.  The  maintenance  of  a 
navigable  channel  in  these  cases  becomes  a  matter  of  difficulty,  and  it 
can  only  be  effected  temporarily  by  natural  means,  by  scouring  the 
greatest  possible  scouring  action  of  the  tidal  wave.  The  efforts  of 
hydraulic  engineers  for  this  purpose  should  therefore  be  directed 
rather  to  concentrate  the  flow  of  the  water  in  one  weU  proportioned 
channel,  than  to  secure  merely  a  large  volume  of  tidal  water,  without 
reference  to  the  conditions  of  velocity  it  may  be  passible  to  impress 
upon  the  latter.  For  this  reason  it  is  preferable,  as  a  general  rule,  in 
designing  works  for  the  improvement  of  the  navigable  channels  of 
rivers  discharging  their  waters  in  tidal  seas,  to  limit  the  width  of  the 
water-way  in  the  lower  portion,  so  as  to  drive  the  tidal  wave  as  far 
inland  as  possible ;  and  for  the  same  reason  every  interference  with 
the  direct  transmission  of  the  tide  is  objectionable.  Many  illustra- 
.tions  of  the  truth  of  these  propositions  might  be  found  on  our  own 
shores ;  but  the  success  of  the  works  executed  for  the  improvement  of 
the  Clyde,  Tyne,  Seine,  &c.,  must  suffice  to  prove  that  the  most  im- 
portant condition  for  the  maintenance  of  a  clear  tidal  navigation  is, 
that  the  water  should  always  possess  a  imifonn  velocity  throughout 
its  longitudinal  and  its  transverse  sections.  In  cases  like  the  one 
which  occurs  at  the  mouth  of  the  Tyne,  where  the  passage  through 
which  the  flood  tide  enters  is  contracted  by  the  long  lar  extend- 
ing from  one  shore  nearly  the  whole  width  of  the  river ;  and  where 
the  flood,  once  admitted,  cnn  suddenly  expand  itself  over  a  wide 
hay,  it  will  be  almost  impossible  to  prevent  the  fonnation  of  allu-  j 


vial  deposits  both  from  the  sea  anJ  from  the  land;  and  if  a  second 
contraction  of  the  vrater-way  should  take  place  abruptly  above 
the  inner  bay,  the  peculiar  phenomenon  known  by  the  name  of  the 
eagre  or  bore  may  be  observed.  The  liore,  in  &ct,  is  caused  by  tho 
sudden  influx,  into  a  narrow  clumnel,  of  a  large  volume  of  water  flow- 
ing with  considerable  velocity,  which  rises  iii  the  form  of  a  sudden 
wave,  and  constitutes  a  serious  source  of  danger  to  the  small  craft 
navigating  the  rivers  where  it  exists.  On  the  Hoogley  and  on  the 
Amozuuas  the  bora  sometimes  rises  almost  literally  like  a  wall  of  12 
feet  in  height ;  on  the  Severn  and  the  Seine  it  is  often  S  feet  high,  and  ■ 
advances  inland  at  the  rate  of  about  6  miles  per  hour ;  on  the  Trent 
the  eagre  often  rises  oa  much  ns  S  feet,  at  Gainsborough,  and  there  a^ 
even  rudiments  of  the  bore  to  be  detected  in  the  Thames.  The  bore 
of  the  Seine  has  been  diminished  by  the  works  lately  executed  for  the 
regularisation  of  the  bed  of  the  river  above  its  emtxiuchuie,  in  the  bay 
of  Hftvre.    [Bore.] 

The  practical  rules  for  the  improvement  of  a  river  must  evidently, 
from  what  has  been  said  above,  be  susceptible  of  endless  varieties, 
according  to  the  naturo  of  the  stream,  and  the  purposes  to  which  it 
is  intended  to  be  applied.  Even  if  no  direct  commercial  benefit  ia 
anticipated  from  sucn  operations,  it  must  always  be  desirable  that  the 
flow  of  water  should  be  kept  as  regular  as  possible,  and  the  bed  of  the 
stream  should  be  made  to  render  the  greatest  amount  of  servioe  as  an 
outfall  for  the  surface  drainage.  There  are,  however,  few  rivulets 
which  might  not  be  made  to  render  service  for  irrigation  purposes,  and 
directly  the  flow  of  water  becomes  sufficient  to  allow  the  establishment 
'of  water-wheels,  working  occasionally  or  continuously,  the  streams 
become  of  great  economioil  value.  It  is  difficult  to  discover  how  the 
right  of  property  in  nmning  waters  -has  been  established;  and  it  is  a 
matter  of  serious  doubt  even  whether  the  existence  of  such  rights  be 
not  in  itself  frequently  a  source  of  public  inconvenience ;  but  as  this 
state  of  things  has  existed  from  time  immemorial  it  must  be  dealt  with 
in  its  actual  form,  if  it  were  desired  to  improve  any  particular  stream. 
The  precise  objects  aimed  at  in  such  operations  are  mainly  to  retain 
the  waters  in  their  bods,  snd  to  regularise  the  conditions  of  the  flow 
of  water  in.the  channels;  to  prevent  inundations,  in  fact,  and  to  keep 
the  stream  constantly  in  a  state  which  should  enable  it  to  perform  the 
services  it  is  applied  to. 

As  to  the  prevention  of  inundations,  that  object  may  at  times  be 
effected  by  establishing,  artificially,  a  system  of  reservoirs  in  the  upper 
parts  of  a  river's  course,  which  should  perform  the  same  function 
which  the  Swiss  lakes  perform  for  the  rivers  coming  from  the  Alps, 
that  is  to  say,  should  store  the  storm  waters  during  Ine  winter  months 
for  the  puipoee  of  distribution  in  the  dry  season.  Works  of  this 
description  have  been  executed  in  the  East,  and  they  have  been 
recommended  for  France ;  they  might  be  vety  advantageously  intro- 
duced in  our  own  colonies,  and  especially  in  South  Africa  and  Australia. 
In  Resebvoirs  the  modes  of  executing  this  particular  class  of  woika 
has  been  alluded  to ;  and  the  reader  may  be  referred,  for  further 
infoimation  on  the  subject  of  their  influence  upon  inundations,  to 
Frisi's  work  upon '  Torrents,"  to  VaUes,  Savigny,  Suzell,  Hun,  Ribbe, 
Babinet,  &c.,  who  have  written  at  length  on  the  inundations  of  France. 
For  the  present  it  may  suffice  to  add,  that  when  the  rivers  become  of 
sufficient  volume  to  cause  dangertius  inundations,  there  seems  to  be 
less  danger  when  the  banks  of  the  river  are  dressed  off  at  the  height 
of  the  ordinary  winter  flood  lines  (so  as  to  allow  the  waters  when  they 
exceed  that  level  at.  once  to  flow  over  the  country),  than  when  the 
waters  are  confined  within  narrow  banks  raised  tQ  a  considerable  height 
above  the  surrounding  lands.  In  some  places  on  the  banks  of  tho 
Po,  a  river  subject  to  violent  floods,  the  bonks  are  made  of  two 
descriptions :  "  in  froldi,"  when  they  are  raised  to  the  necessary 
extreme  height  at  once,  and  on  the  margins  of  the  stream  ;  and  "  ia 
golene  "  when  they  are  raised  at  a  great  distance  from  the  mai^gina^ 
so  as  to  interfere  as  little  as  may  be  with  the  spread  of  the  waters. 
The  former  course  is  adopted  when  the  valley  of  the  river  is  narrow 
and  the  foundations  are  good ;  the  latter,  when  the  valley  widens  out, 
and  there  is  any  danger  of  the  undermining  of  the  bonks.  A  double 
system  of  dykes,  such  as  tho  one  adopted  in  Piedmont,  inight  perhaps 
save  the  dwellings  upon  the  banks  of  the  Rhine  and  of  the  Maas,  fnnn 
the  periodical  returns  of  their  disastrous  inundations ;  at  any  rate  it 
would  materially  increase  the  security  of  the  banks  themselves  when 
ice  floats  down  in  large  quantities,  as  the  piling  up  of  the  hummock 
ice  is  more  injurious  to  the  light  earthen  or  fascined  embankments  of 
thoee  rivers  than  even  the  floods  themsdves. 

The  embankments  thrown  up  for  the  purpose  of  protecting  the 
Bubmersable  districts  on  the  side  of  a  river  must  be  made  of  a  j^reat 
thickness,  and  with  every  imaginable  precaution  to  ensure  their 
stability  and  their  Water  tightness.  The  surface  exposed  to  the  wash 
of  the  current  must  be  protected  if  the  embankment  should  be  com- 
posed of  easily  transportable  materials,  by  stone  pitching,  planking, 
concrete,  wattling,  cribwork,  or  by -fascines,  tunnages,  or  clayounoges, 
in  the  manner  practised  by  the  'German,  French,  and  Dutch  engineois. 
As  a  general  nile  the  tops  of  these  banks  are  made  wide  enough  co 
carry  a  road ;  and  it  is  essential  to  make  provision  for  removing  from 
the  landward  side  the  drainage  waters  which  may  there  accumulate ; 
it  would  be  better  to  effect  tliis  operation  by  lifting  the  drainage 
watere  over  the  bank  instead  of  passing  them  under  it.  Local  con- 
sideisUons  must,  however,  reguhtte  the  cboice  of  a(l  these  det^,  aa 
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well  as  those  connected  with  tho  materials  to  be  used  in  the  termation 
of  the  bank  itself. 

For  nayigation  parpoaes  the  improvement  of  small  streams  in  thinly 
peopled,  mountainous,  and  woody  districts,  is  almost  forcedly  limited 
to  converting  them  into  floatable  riveni ;  and  this  is  often  efifected  by 
throwing  a  set  of  dams  across  the  rivers,  so  as  to  form  as  it  were  looks 
of  still  water,  in  which  the  timber  can  be  made  into  floats,  and  moved 
towards  the  sluices  formed  in  the  dams,  which  are  opened  whenever 
there  is  -a  sufScient  accumulation  of  water  to  float  the  timber  to 
the  next  pond.  The  width  of  these  sluices  is  usually  made  about  20 
feet,  and  the  fall  varies  between  3  and  4  feet ;  but  as  the  sluice-gates 
are  opened  suddenly  and  the  waters  escape  as  it  were  with  a  flash,  it  is 
not  desirable  to  make  the  fall  great.  There  are  some  very  good  works 
of  this  description  on  the  Yonne,  above  Auxerre ;  and  the  dimensions 
of  the  one  at  lUgil^ert  may  perhaps  be  added,  as  a  model  for  ouir  own 
colonial  engineers.  The  passage  and  sluice  are  formed  by  carrying  out 
wbUb  from  both  bonks,  in  a  species  of  funnel  sliape,  with  its  wider 
mouth  towards  the  upstream,  of  238  feet  in  width,  and  a  length  of 
about  210  feet  from  its  commencement  to  the  passage,  which  is  20 
ieet  in  width  and  33  feet  in  length  to  the  sluice.  Beyond  the  sluice 
the  wing  walls  open  out  for  a  distance  of  20  feet,  and  at  the  end  to 
the  down  stream  they  have  an  opening  of  24  feet;  a  floor,  for  the 
purpose  of  obviating  the  inconvenience  of  the  cataract  produced  by 
the  flash  of  water,  is  continued  beyond  the  wing  walls ;  the  water  is 
ponded  up  to  a  height  of  4  feet,  and  the  sluice  is  opened,  and  in  a  fit 
state  to  pass  a  raft,  within  about  eight  minutes.  Occasionally  it  is 
desirable  to  combine  sluices  of  this  description  with  locks,  or,  in  fact, 
ito  combine  a  navigable  and  a  floatable  system.  In  these  cases  the  lock 
should  be  placed  in  the  still  water,  on  ihe  opposite  side  to  the  flashing 
sluice ;  the  latter  being  itself  near  the  head  of  the  lock  chamber,  and 
ihe  tail  of  the  -lock  being  placed  at  a  sufficient  distance  from  the  end 
iof  the  dam  to  obviate  any  danger  from  the , back-water,  or  cataract  of 
■the  slviice. 

.  Tho  most  generally  successful  mode  of  improving  rivers  of  small  and 
irregular  volume  is,  however,  their  conversion  into  still  woter,  or  canal 
navigations,  by  the  construction  of  locks,  waste  weirs,  and  moveable 
dams.  The  positions  which  are  the  best  fitted  for  the  construction  of 
the  locks  are  upon  the  subsidiary  channels  formed  by  the  islands  in 
the  mid  stream  of  the  river ;  and,  unless  some  pecuhar  local  circum- 
stances should  intervene;  it  is  customary  to  form  the  dam  and  waste 
weir  near  the  head  of  the  smaller  branch,  and  to  place  the  lock  at  the 
lower  end  of  the  island ;  so  as,  in  taci,  to  convert  the  smaller  branch 
into  the  navigable  channel,  and  to  leave  the  wider  branch  as  tho  storm 
or  waste  water  passage,  or  goit,  as  it  is  technically  called.  The  prin- 
ciples of  construction  of  locks,  &o.,  are  of  course  the  same  in  these  cases 
as  in  canals  [Canal]  ;  and  perh:^  this  portion  of  the  subject  may  be 
dismissed,  by  saying  that  the  only  special  works  required  for  river 
navigations  are  those  by  means  of  which  sudden  floods  are  allowed  to 
pass ;  for  especial  care  must  be  taken  to  guard  against  the  formation 
of  cataracts  on  the  down  side  of  the  lock  gates.  The  style  of  move- 
able dam  used  upon  the  upper  Seine  appears  to  be  one  of  the  most 
satisfactory  of  any  yet  tried,  and  it  might  advantageously  be  adopted 
on  many  of  our  colonial  torrential  rivers.  Theur  mode  of  construction 
has  been  described  in  a  special  treatise,  by  their  author,  M.  Poir^e, 
but  a  brief  account  of  them  will  be  found  in  the  '  Aide-M^moire  of 
Military  Soienoes,'  article,  River  Navigation. 

The  position  of  the  towing-path  is,  after  all,  one  of  the  most  important 
parts  of  the  operations  connected  with  the  improvement  of  the  navigation 
of  an  inland  and  non-tidal  river ;  and  it  maybe  stated  that  this  path  should 
be  placed,  wherever  it  is  possible  so.  to  do,  by  the  side  of  the  deepest 
.  water,  and  immediately  upon  the  banks  of  the  river.  The  theoretical 
conditions  req\ured  for  such  paths  are,  that  they  should  bo  expo8e<i  to 
as  few  impediments  to  the  passage  of  the  tow-ropes  as  may  be,  and 
that  the  direction  of  the  haulage  should  not  be  too  obUque.  It  is 
desirable  to  keep  the  paths  under  the  wind,  in  order  to  avoid  the 
action  of  the  latter  upon  the  boats;  and  when  bridges  are  erected,  to 
carry  the  paths  under  the  land  arches,  in  order  to  avoid  the  necessity 
for  casting  ofTthe  ropes.  The  width  of  the  principal  path  should  be 
about  12  or  13  feet;  and  if,  in, consequence  of  the  existence  of  any 
rapid  or  current,  it  should  be  necessary  to  form  a  second  path,  so  as 
to  allow  another  rope  to  be  thrown  out  to  keep  the  boat's  head  well  in 
the  centre  of  the  stream,  tho  second  path  may  be  made  only  6  feet 
6  inches  wide.  The  height  of  the  towing-paths  should  be  made  such  as 
to  allow  of  their  being  overflowed  direetly  the  river  rises  to  such  a 
height,  during  floods,  as  to  render  the  navigation  dangerous ;  or  per- 
haps a  safe  general  rule  would  be,  to  keep  the  top  of  the  path  only 
2  feet  above  the  ordinary  winter  flood  line.  Great  srttention  is  required 
in  ihe  maintenance  of  tho  banks  and  of  the  roadway  of  the  towing- 
path,  especially  if  a  rapid  navigation  be  maintained ;  the  banks  in  this 
case  should  be  pitched,  and  the  surface  of  the  roadway  macadamised. 
Secondary  streams  or  small  afiluents  should  be  bridged  over,  so  as 
to  avoid  the  necessity,  for  casting  off  the  tow-ropes  on  approaching 
them. 

In  rivers  with  light  and  cosily  moved  beds,  and  which  are  subject  to 
violent  floods,  the  navigable  channel  >vill  be  found  to  run  between 
numerous  islands,  and  occasionally  to  shift  from  one  to  the  other  bank 
■of  the  stream.  In  such  cases  it  frequently  becomes  necessary  to 
reetify  the  bod  by  fonniDg  a  new  cfaoimd,  or  to  fix  the  current  in  its 


original  direction  by  works  which  should  confine  it  in  one  of  its 
previous  channels.  This  class  of  operations  is  one  which  requires  con- 
summate skill,  for  the  nature  of  the  foundations  is  such  as  to  render  it 
more  than  usually  difficult  to  contend  with  the  undermining  action  of 
the  stream  itself,  and  any  injudicious  divermon  of  the  current  will  in 
all  probability  endanger  the  banks  of  the  river  for  a  great  distance. 
The  most  simple  rules  of  a  general  nature  hitherto  applied  in  settling 
the  dimensions  and  directions  of  new  channels  may  be  stated  as 
follows :  it  being  always  observed  that  local  circumstances  may  modify 
their  application  in  a  very  serious  manner.  Firstly,  with  regard  to 
the  conditions  of  flow  in  the  chimnels,  it  is  known  that  the  velocities 
vary  in  the  inverse  ratio  of  the  cube  roots  of  the  widths ;  and  secondly, 
that  the  cubes  of  the  depths  are  in  the  inverse  ratio  of  the  widths ;  in 
practice  the  capacity  of  the  new  channel  should  be  made  equal  to  that 
of  the  ancient  one,  but  the  capacity  in  question  should  be  obtained, 
wherever  it  is  possible,  by  increasing  the  depth  at  the  expense  of  the 
width.  All  obstacles  to  the  navigation,  in  the  shape  of  trees,  rocks, 
shallows,  &c.,  should  be  removed ;  and  the  new  channel  should  be  con- 
nected with  the  old  one  by  curves  of  conaideroble  radius.  The  banks 
of  the  new  channel  on  the  side  opposite  to  the  towing-path  should  be 
mode  in  such  a  manner  as  to  allow  the  water  to  flow  into  the  bye- 
wash  as  soon  as  the  floods  bring  down  an  abnormal  quantity  of  water ; 
and  it  is  very  seldom,  in  ordinary  riv^r-barge  navigations,  that  the 
crowns  of  the  dams  forming  the  bye- washes  are  raised  more  than  two 
feet  above  the  full  summer  level  of  the  stream.  Excellent  examples 
of  the  mode  of  constructing  these  lateral  banks  are  to  be  found  in 
Smeaton's  works  on  the  Carron,  Telford's  on  the  Weaver,  and 
D.  Stevenson's  on  the  Kibble,  though  in  some  of  these  cases  the  tidal 
action  intervened ;  perhaps  the  best  treatises  to  be  consulted  pn  this 
subject  ore,  however,  a  '  M^moire  on  the  Kectification  of  the  Bed  of  the 
Midouze,'  m  the  '  Annales  des  Fonts  et  CniauBa(Ses,'  1831 ;  a  '  M^moire 
on  the  Defence  and  Improvement  of  the  Navigable  Channel  of  the 
Rhine,'  by  M.  Defontaine,  in  the  same  publication  for  1883;  in 
Sganzin's  '  Cours  de  Construction ; '  and  in  Brook's,  Calver's  and 
D.  Stevenson's  treatises  on  River  and  Canal  Engineering. 

The  treatises  last  mentioned  are,  it  is  to  be  observed,  more  particu- 
larly composed  with  reference  to  the  engineering  works  required  for 
the  improvement  of  the  tidal  or  of  the  salt-water  portions  of  rivers ; 
but  it  may  be  added  that,  in  all  cases,  the  results  of  experience  show 
that  the  most  certain  mode  of  regularising  and  deepening  the  bed  of  a 
river  is  by  the  establishment  of  continuous  longitudinal  embankments. 
With  respect  to  the  tidal  or  marine  parts  of  the  streams,  the  only 
remarks  to  be  made  in  addition  to  those  previously  appUed  in  the 
course  of  this  notice  are,  that  so  long  as  the  rivers  discharge  into  seas 
wherein  the  tidal  action  takes  place  without  interference,  the  navi- 
gation may  be  improved,  and  the  depth  of  the  channel  maintained  in 
an  efficient  state  simply  by  the  construction  of  lateral  embankments, 
diminishing  gradually  in  width  according  to  the  quantity  of  water 
flowing  inland.  Any  sudden  widening  or  contraction  of  the  channel  is 
injurious;  but  natvuv  will  eventually  remedy  the  former  disadvantage, 
for  alluvial  matters  will  be  thrown  down  in  the  spedes  of  ba^  thus 
formed,  and  all  that  will  then  be  required  will  be  to  keep  the  main 
channel  open,  in  the  precise  direction  required,  by  works  of  compara- 
tively easy  execution.  In  rivers  like  the  Thames  and  Medway,  the 
Seine,  Rhme,  &c.,  where  the  flood  tide  is  enabled,  by  the  pacxiliar  laws 
of  the  deep  sea  currents,  to  carry  in  more  alluvial  matters  than  the  ebb 
can  remove  (and  in  discussing  this  question  of  the  movement  of 
alluvions  in  rivers,  the  diSercuco  in  the  specific  gravities  of  salt  and  of 
fresh  water  must  not  be  lost  sight  of),  in  such  rivers  there  must  always 
be  a  danger  of  the  channels  becoming  gradually  silted  up.  The  proper 
course  to  be  adopted  in  such  cases  is  to  combine  an  efficient  system  of 
dredging  with  a  regularisation  of  the  upper  portions  of  the  channel,  so 
OS  to  develope  and  to  concentrate  the  scouring  action  of  the  tide  and 
of  the  current  to  the  utmost  extent ;  but  it  must  always  be  understood 
that  rivers  placed  under  the  action  of  this  peculiar  set  of  laws  can  on^ 
be  kept  open  by  the  exertion  of  gceat  skill,  energy,  and  enterprise.  It 
is  true  that  hitherto  little  inconvenience  has  been  felt  in  the  Thames ; 
in  the  Medway,  however,  a  gradual  shoaUng  up  of  the  tidal  portion  of 
the  river  has  been  observed ;  the  mouths  of  {he  Rhine  are  successively 
being  choked ;  the  mouth  of  the  Scheldt  is  becoming  less  and  less 
adapted  for  lai-ge  vessels ;  and  the  Seine  has  been  shown  to  present 
this  peculiar  characteristic,  namely,  that  even  at  Rouen  the  alluvial 
mud  consists  rather  of  materials  brought  in  by  the  flood  tides  from 
the  sea,  than  of  materials  brought  down  from  the  interior  by  the  fresh 
water.  It  may  also  be  added,  that,  as  the  height  and  volume  of  water 
in  a  tidal  river  depend  far  more  on  the  quantity  of  the  tidal  stream 
than  upon  any  supply  from  the  interior,  i^  is  comparatively  easy  to 
calculate  the  height  to  which  the  water  may  under  any  circumstances 
rise ;  and,  when  this  has  been  ascertained,  the'  banks  on  either  side 
should  be  carried  above  the  highest  water-lino ;  where  towing-paths 
are  used  in  rivers  of  this  description,  they  should,  if  possible,  be  formed 
on  both  sides.  A  tidal  current  of  about  two  to  three  miles  per  hour  is 
usually  considered  to  be  advantageous  for  the  tiaie  of  a  river;  and  it 
is  to  the  extraordinary  facilities  offered  by  the  tides  of  the  Thames 
that  we  may  attribute  the  singular  form  of  bar^  used  upon  it.  These 
barges  are  in  fact  little  better  than  logs  which  float  on  the  top  of  ths 
tide,  and  they  contrast  strangely  with  the  barges  used  on  the  Seine, 
Rhine,  RhOne,  &c,  trhich  ara  buUt  in  such  a  way  as  to  offer  the  least) 
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possible  resistBnce  to  the  current  they  are  obliged  t  eneounter  beyond 
the  limits  of  the  tidal  action. 

Much  information  on  the  subjects  alluded  to  in  this  article  is  to  be 
found  (in  addition  to  the  works  ^eady  named)  in  BoVison's  Mechanical 
PhUoKgtky  ;  in  Ellet's  ifimmippi  and,  Ohio  Rivers ;  in  the  Raccolta  dd 
Avtori  ItcUiani  chi  trationo  del  moto  del  acqne  ;  Weibeking's  Theorititehe 
Praetitche  Wasierbaukunst :  De  Prony's  Nouvelle  Architecture  Hydrati- 
lique  ;  D'AubisBon's  JTydraulique  ;  Qeneral  Baird  Smith's  Seportt,  and 
iaa  works  on  Irrigation,  &c.,  &c. 

RIVER  IMPROVEMENTS.     [Rivkb  Enqineemno.] 

RIVERS  are  the  flowing  waters  which  bring  to  the  sea,  and  some- 
times to  a  lake,  the  waters  which  are  collected  within  a  certain  portion 
of  the  earth's  surface.  The  country  which  is  thus  drained  by  a  river 
ia  called  its  baiin,  as  the  river  runs  in  the  lowest  part  of  it,  and  the 
'country  rises  on  all  sides  with  greater  or  less  steepness,  in  the  fashion 
of  the  sides  of  a  basin.  The  margin  of  such  a  basin  generally  lies 
contiguous  to  the  basin  of  another  river,  and  thus  constitutes  the 
boundary-line  of  the  two  baains.  From  these  margins  the  waters 
descend  on  both.,  rides  towards  their  respective  basins,  which  are 
sepanted  by  th^  and  hence  the  whole  line  of  these  margins  is  called 
a  watershed,  properly  the  vxUer-parting.     [Watershed.] 

The  basins  of  rivers  vary  greatly  in  size.  A  irooh  is  tho  name  com- 
monly given  to  rivers  of  the  smallest  description.  When  such  a  river 
rises  near  the  sea  or  near  a  large  river,  into  one  of  which  it  flows  after 
a  short  course,  it  consequently  drains  a  very  small  surface.  If  the 
'waters  should  be  increased  by  those  of  another  brook,  the  name  of 
brook  is  changed  for  that  of  rivulet.  The  basin  of  a  rivulet  is  therefore 
more  complicated  than  that  of  a  brook.  One  or  more  brooks  descend 
from  the  margin  of  the  basin,  and  by  uniting  their  waters  with  those 
of  the  rivulet,  increase  its  volume.  When  several  rivulets  unite  an4 
so  produce  a  considerable  volume'  of  running  water,  this  watercourse 
takes  the  name  of  river.  But  all  such  rivers  do  not  reach  the  sea,  or 
even  a  li^e ;  most  of  them  join  other  rivers,  and  thus  a  large  river  is 
produced.  This  last-mentioned  large  river  is  called  the  principal  river, 
and  those  which  increase  its  waters  are.  called,  with  respect  to  it, 
afflumt*  or  tributaries,  and  sometimes  feeders  or  branches.  In  Syria 
and  Arabia  and  north-eastern  Africa,  the  mnter-broohs,  or  small  streams 
which  flow  only  in  the  winter  or  the  lalny  season,  are  called  vadiet, 
a  term  frequently  met  with  in  the  works  of  travellers  in  those 
countries. 

The  first  waters  of  a  river  are  generally  derived  from  a  spring,  which 
breaks  out  at  the  foot  of  a  declivity,  or  on  the  side  of  some  hill  or 
mountain ;  and  sometimes  from  a  swamp  or  a  lake.  This  is  called  the 
source  of  a  river.  From  this  source  the  river  descends  through  the 
lowest  part  of  its  ba'sin  until  it  terminates  its  course  iu  the  sea,  a  lake, 
or  another  river,  and  this  termination  is  called  the  mouth  of  the  river. 
The  cavity  in  which  the  running  water  flows  is  called  the  bed  of  the 
river,  and  the  solid  land  which  bounds  this  bed  is  caUed-  its  hanks. 
The  head-stream  of  a  great  river  are  those,  proceeding  from  their 
sourcesj  which  by  their  u:tfion  or  confluence  produce  the  first  principal 
stream,  with  which  another  principal  stream  may  be  afterwards 
eonfiueni,  or  which  may  receive" tributaries.        s 

Most  large  rivers  have  their  origin  in  very  elevated  mountains,  or  on 
high  table-lands,  in  descending  from  which  a  great  difference  with 
respect  to  the  rapidity  of  their  course,  and  the  nature  of  the  country 
through  which  they  flow,  is  observed.  Accordingly  geographers  divide 
the  whole  of  tho  course  of  such  rivers  into  three  divisions,  the  Vfpper, 
midcUe,  and  lower  course. 

The  upper  course  of  such  a  river  lies  within  a  mountain  region,  and 
its  source  is  consequently  at  a  great  elevation  above  the  sea.  The 
waters  run  with  greater  or  less  velocity,  according  to  the  greater  or 
less  extent  of  the  mountain-region,  and  the  greater  or  leas  rapidity 
with  which  the  whole  region  declines  towards  the  country  to  which 
the  whole  course  of  tho  river  is  directed.  When  the  elevation  of  the 
mountaid-regiou  decreases  with  great  rapidity,  the  current  of  the  river 
is  extremely  rapid,  and  presents  a  quick  succession  of  cataracts  and 
rapids.  The  force  of  the  current  is  so  great  that  pieces  of  rock  of  qpn- 
siderable  size,  which  are  frequently  detached  from  the  overhanging 
masses,  cannot  resist  it,  and  are  carried  down  by  the  current,  uutU 
they  reach  a  point  where  the  rapidity  of  the  descent  begins  to  diminish. 
The  mountains  which  constitute  the  banks  of  tho  river  often  rise 
several  thousand  feet  above  it,  and  their  bases  are  united  by  slopes 
forming  an  angle,  over  which  the  water  runs  on  bare  rocks,  without 
the  least  covering  of  earth.  Thtu  tho  ri*cr  does  not  flow  in  a  valley, 
'  but  in  a  cleft  or  ravine,  which  cuts  deep  into  the  mountain  masses. 
Sometimes  there  is  space  enough  fcr  a  path  between  the  river  and  the 
mountains,  but  in  many  places  this  space  iti  only  obtained  by  artificial 
means,  as  by  cutting  away  a  projecting  portion  of  the  rock,  or  by 
making  a  tunnel  through  it.  Where  either  of  these  means  cannot  be 
applied,  the  path  is  continued  over  -th^  bed  of  the  river  by  a  wooden 
bridge  of  greater  or  less  extent,  until  a  place  is  reached  which  offers 
sufficient  space  for  a.  path  on  the  sides  of  the  rocks.  The  course  of 
iho  river  is  generally  in  a  straight  line,  but  sometimes  it  makes  short 
and  abrupt  bends  which  form  acute  angles.  In  the  last-mentioned 
case  it  is,  almost  without  exception,  observed  tiiat  the  mountains 
which  inclose  the  river  have  on  one  side  a  projection,  and  on  the  other 
a  recession,  which  correspond  so  exactly  that  if  it  were  possible  to  unite 
tba  two  mountains,  the  projectisf;  would  exactly  fit  into  the  receding 
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part.  This  peculiarity  in  the  formition  of  the  ravines  of  mountain 
streams  was  observed  by  the  Spaniards  in  the  Andes  of  South  America, 
who  called  them  qitebradas,  or  broken ;  by  this  term  tacitly  assuming 
that  the  phen<>menon  had  been  caused  by  a  violent  disruption  of  the 
mountains.  This  description  of  mountain-streams  and  tiieir  ravines 
appUes  particularly  to  those  of  the  western  Alps  along  then-  southern 
declivity,  to  those  rivers  which  constitute  the  upper  branches  of  the 
rivers  Dona  and  Sesia,  to  the  valleys  of  Anzasca  and  Vedro  on  the 
southern  side  of  the  great  road  of  the  Simplon,  and  to  the  still  larger 
valley  of  Aosta,  through  which  the  road  leads'  from  Switzbrland  to 
Italy  over  the  mountain-pass  of  the  St.  Bernard.  The  miUtarr  road 
of  the  Romans  was  made  through  the  Val  d'Aostaj  but  in  these  jMirts 
it  was  only  practicable  for  beasts  of  burden.  Such  deep  ravines  not 
only  occur  between  the  gigantic  elevations  of  a  high  range,  but  like- 
wise in  the  elevated  table-lands.  According  to  Dr.  Beko,  the  rivera  ,of 
Abyssinia,  nearly  all  affluents  of  the  Nile,  or  of  its  great  tributaries,  in 
the  early  part  of  their  course,  flow  over  the  level  surface  of  the  table- 
hind,  being  little  more  than  mudd^  brooks,  nearly  without  water  in 
the  dry  season,  but  overflowing  tneu-  banks  so  as  almost  entirely  to 
inundate  the  plain  country  during  the  rains.  They  escape  from  the 
plateau  by  precipitous  falls  of  80  or  100  feet  or  more,  into  fissures  in 
the  rocky  surface,  at  first  only  a  few  yards  in  breadth,  but  gradually 
opening  to  the  extent  of  several  miles,  down  which  the  stream  hurries 
in  a  succession  of  falls  and  rapids,  so  as  to  descend  several  thousand 
feet  in  the  course  of  a  few  miles.  In  these  deep-cut  valleys,  the  rivers 
thus  soon  reach  a  depression  of  8000  or  4000  feet  below  the  general 
level  of  the  table-land.  The  larger  valleys  are  of  considerable  ^vidth  j 
that  of  the  Abai,  or  Nile  of  Bruce,  the  upper  course  of  the  Bahr-cl- 
Azrek,  or  Blue  River  [Nile,  in  Geoo.  Dry.],  for  example,  is  Tit  least 
twenty-five  miles  between  the  extreme  points  where  it  breaks  away 
from  the  table-land  on  either  side.  "  And  as  the  countiy  is  wild  and 
irregular,"  remarks  Dr.  Beke,  "it  is  easy  for  a  traveller,  who  has  not 
taken  a  comprehensive  view  of  the  entire  region,  snd  who  finds  himself 
shut  up  in  such  a  valley  with  a  mass  of  broken  country  sutrounding 
him,  to  believe  that  in  ascending  from  the  river  he  is  crossing  a  ■ 
mountain  chain ;  whereas,  in  reality,  he  has  merely  reached  the  con- 
tinuation of  the  t.ible-land  which  he  had  loft  on  the  opposite  side  of 
the  river."  The  great  rivers  of  India  present  corresponding  pheno- 
mena to  those  of  the  East  African  table-land,  but  on  a  more  immense 
scale.  [Plains.]  Humboldt  observes  that  the  plain  of  Quito,  which 
is  nearly  10,000  feet  above  the  sea,  is  intersected  by  ravines,  which 
in  some  places  sink  so  deep  that  their  bottoms  are  hardly  more  than 
2000  feet  above  the  sea-level;  and  he  adds  that  some  of  them  are  so 
narrow  as  not  to  contain  the  smallest  cultivable  space.  Similar  ravines 
intersect  the  table-lands  of  Qdatemala  and  Aiii^uac,  where  they  are 
called  caAadas,  a  term,  however,  which  does  not  imply  the  existence 
of  rivers  in  them  or  relate  to  that  circumstance,  but  merely  to  the 
abrupt  descent  of  land. 

When  the  mountain-region  though  which  the  upper  course  of  a 
river  lies  descends  with  less  rapidity,  and  consequently  occupies  a 
much  greater  extent  of  country,  the  hioimtain-streams,  as  well  as  their 
banks,  present  very  different  features.  Both  the  streams  and  the 
banks  show  that  the  descent  of  the  whole  mass  is  not  by  a  regular 
slope,  but  is  formsd  by  au  alternation  of  plains  and  declivities ;  in 
ascending  such  a  mountain  stream,  it  is  found  that  in  certain  places 
the  rocky  masses  approach  so  near  to  the  banks,  aa  to  leave  hardly 
room  chough  for  the  river,  and  in  these  narrows  the  current  ia 
extremely  swift,  and  generally  a  continual  rapid,  interrupted  by  falls 
of  moderate  height.  These  narrows  however  rarely  extend  more  than 
a  few  miles.  Above  them  the  mountains  recede  to  some  distance  from 
both  sides  of  the  river ;  and  thus  a  basin  is  formed,  in  the  middle  of 
which  the  river  flows  with  a  comparatively  slow  Current,  not  over  bare 
rocks,  but  over  a  gravelly  bed,  aud  between  low  bonks  of  earth.  The 
bottom  of  the  basin  is  level,  or  descends  with  a  gentle  slope,  and  may 
be  cultivated  or  used  as  pasture-ground.  In  some  of  the  rivers  which 
descend  from  the  central  aud  eastern  Alps,  this  alternation  of  narrow 
passes  and  basins  occurs  several  times.  Thus  the  Reuss,  along  which 
the  great  road  runs  which  leads  overthe  mountain-pass  of  St.  Gothard, 
rushes  with  incredible  velocity  through  the  ravine  of  the  Hospendal, 
and  falls  1800  feet  before  it  reaches  the  basin  of  the  valley  of  Ursern, 
which  is  nearly  eigl^t  miles  lon'g  and  more  than  half  a  mile  wide,  and 
in  which  it  runs  with  a  gentle  course.  At  the  northern  extremity  of 
tho  valley  of  Ursern  the  river  enters  the  second  narrow  at  the 
Umerloch.  This  narrow,  which  extends  about  three  miles  to  Gesliinen, 
is  extremely  contracted,  and  within  these  Umits  the  river  descends 
1074  feet,  farming  a  succession  of  small  cataracts.  Below  this  is  tho 
basin  of  the  Krachenthal,  which  is  not  so  wide  as  that  of  Ursem,  and 
about  six  miles  long.  The  course  of  the  river  within  this  basin  is 
rapid,  but  there  are  no  cataracts.  From  this  valley  the  river  escapes 
by  the  third  narrow,  which  is  about  four  miles  long,  and  also  very 
contracted ;  it  terminates  at  the  village  of  Am-Stag,  where  the  Reuss 
enters  the  valley  of  Uri,  in  which  it  flows  until  'it  mingles  its  waters 
with  those  of  the  lake  of  Uri  (Urner-see),  as  the  southern  part  of  the 
Vierwaldstiidter-Bee  is  named.  The  same  conformation  ie  observed  in 
the  southern  declivity  of  the  Alps,  where  the  river  Ticino  descends 
from'the  mountain-pass  of  St.  Oqthiird.  This  river  runs  in  a  ravine 
from  the  Hospendal  to  Airolo,  in  which  it  descends  about  2880  feet. 
It  then  enters  the  upper  valley  of  Leventina,  which  is  about  seven 
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miles  long  and  half  a  mile  ■wide,  and  in  which  the  river  is  rapid, 
hut  has  no  cataraota.  It  issues  from  this  valley  hy  a  narrow  about  two 
miles  long,  between  II  Dazio  and  Faido,  where  a  series  of  beautiful 
waterfalls  occur,  and  the  ravine  is  so  narrow  that  au  artificial  road  has 
been  cut  on  the  adjacent  mountain  called  the  Flatifer,  At  Fa^do  the 
Ticino  enters  the  middle  valley  of  Leventina,  in  which  it  flows  with 
great  rapidity  to  Qiornico,  a  distance  of  about  fifteen  miles,  but 
without  forming  any  falls.  The  valley  is  less  than  half  a  mile  wide, 
and  often  interrupted  by  rocks.  Above  Giomico  the  river  enters  a 
short  narrow,  at  the  outlet  from  which  it  forms  cataracts,  and  then 
reaches  the  wide' valley  called  the  Lower  Valley  of  Leventina,  in  which 
it  flows  with  a  comparatively  gentle  course  to  Lago  Maggiore.  The 
greater  number  of  the  rivers  which  originate  in  the  Alps  and  Pyrenees 
are  of  this  latter  description.  The  bauns  which  occur  in  these  rirer- 
valleys  may  at  some  remote  period  have  been  filled  with  water,  and 
this  may  have  been  drained  off  by  the  rivers  forming  an  outlet  for 
the  waters  by  the  narrows  which  now  connect  their  ^basins  with  one 
another. 

A  remarkable  peculiarity  of  most  of  the  rivers  joining  the  Nile, 
dependant  of  course  on  the  structure  of  the  country  through  which 
^they  flow,  is  that  they  have  a  circular,  or  rather  a  spiral  course,  so  that 
after  having  described  a  curve  of  greater  or  less  extent,  round  the 
isolated  mountain  masses  which  break  tlie  uniformity  of  the  table- 
land of  Abyssinia,  they  return  upon  themselves  at  a  comparatively 
short  distance  from  their  sources.  As  instances  of  this  may  be 
mentioned  the  ilareb,  or  Khor-el-Qash,  the  Bellegas,  the  Abai,  the 
Oibbe,  the  Godjeb.     , 

In  some  places  the  elevated  mountain-ridges  border  immediately  on 
low  plains.  In  such  cases  the  rivers  cannot  be  said  to  Iiave  a  middle 
course ;  for  as  soon  as  they  reach  the  plain  their  character  is  changed,- 
and  the  rapid  torrent  is  converted  mto  a  gentle  stream.  Thus  the 
Maraiion,  after  issuing  from  the  Pongo  de  Manseriche,  and  entering  the 
great  plain,  flows  slowly  through  the  alluvial  level ;  and  the  Qanges; 
after  leaving  the  Himalaya  Mountains,  at  Hurdwar,  flows  with 
great  bends  through  the  immense  plains  of  India.  [Hindustan,  in 
Geoo.  Dir.]  All  tho  rivers  which  descend  from  the  southern 
declivity  of  the  Alps  to  the  plain  which  the  river  Po  traverses 
are  of  the  same  description.  In  most  cases,  however,  the 
mountain-regions  are  not  in  inunediate  contact  with  the  plains, 
but  are  separated  from  them  by  hilly  tracts,  and  that  portion  of 
the  course  of  a  river  -v^ch  lies  throujo^  such  a  hilly  region  is  called 
the  middle  course.  The  rocky  masses  rarely  approach  the  bed  of  a 
river  which  has  a  middle  course,  but  retire  to  some  distance  from 
them,  80  as  to  form  between  the  higher  grounds  a  wide  valley,  which 
the  inundations  of  the  river  have  covered  with  a  thick  layer  of  alluvial 
BoiL  It  is  remarkable  that  the  highest  ground  of  these  valleys  occurs, 
without .  exception,  on  tUo  very  banks  of  the  rivera,  and  that  the 
land  slopes  from  them  towards  the  base  of  the  higher  grounds. 
Accordingly  the  inundations  gen^^Iy  cover  the  lower  tracts,  which 
are  at  some  distance  from  the  river,  to  tjie  depth  of  several  feet,  wliile 
the  banks  are  still  above  the  surface  of  the  water.  The  slopes  of  the 
higher  grounds,  which  may  be  considered  as  the  outer  banks  of  tJie 
river;  because  they  fix  a  limit  to  its  inundations,  are  generally  gradusd, 
and  covered  with  vegetation.  The  current  of  the  river  itself  is  gentle. 
This  change,  when  compared  with  that  of  the  mountain-stream,  is 
partly  due  to  the  more  gentle  descent  of  the  hilly  region,  and  partly  to 
the  form  of  .its  course.  The  bed  of  the  river  rarely  lies  in  a  straight 
line,  I«it  continually  fl)rms  bends,  which  are  not  acute  angles,  as  in  the 
case  of  the  mountain-streams,  but  have  only  a  small  curvature,  so  that 
the  river  runs  through  the  valley  in  a  serpentine  course.  This  circum- 
stance renders  the  course  of  the  river  much  longer  than  it  would  be  if 
it  flowed  in  a  straight  line,  and  consequently  diminishes  the  fall  and 
the  rapidity  of  the  current. 

It  is  observed  that  rivers  form  numerous  small  islands  and  sand- 
banks a  short  distance  below  the  place  where  they  issue  from  the 
mountain-region.  Thus  the  Rhine,  between  Basel  and  Kehl,  opposite 
Strasburg,  and  the  Amazonas,  below  the  Pongo  de  Manseriche  as  far 
east  OS  the  mouth  of  the  Yapyra,  and  the  Mississippi,  between  the 
mouth  of  the  St.  Peter  river  and  that-of  the  Missouri,  form  islands 
and  sand-banks.  This  is  easily  to  be  accounted  for,  by  obsra-ving  that 
the  river,  on  issuing  from  the  mountains,  retains  a  large  quantity  of 
earthy  matter  in  suspension,  which  subsides  when  the  current  decreases 
in  rapidity.  This  sediment  forms  islets  and  sand-lnnks.  Though  it 
rarely  happens,  as  already  observed,  that  the  rocky  masses  approach 
dose  to  the  banks  in  the  middle  course  of  a  river,  yet  this  generally 
occurs  several  times,  and  at  such  places  the  river  usually  forms  rapids 
and  whirlpools.  A  ledge  of  rocks  traverses  the  bed  of  the  river  in 
some  places.  Such  ledges  occur  in  the  Danube  at  Passau,  near 
Neuburg  above  Vienna,  near  Presburg  in  Hungary  above  Pesth,  and  at 
Orshova,  or  Orsova,  on  the  boundary-line  between  Austria  and  Turkey. 
On  the  Rhine  they  oocur  only  between  Mainz  and  Bonn,  where  the 
river  is  traversed  by  three  ledges,  at  Bingen,  at  St.  Gear,  and'  near 
Andemach  respectively.  Such  ledges  are  found  in  nearly  all  the  large 
rivers  of  Europe.  The  elevations  by  which  they  are  produced  are 
sometimes  connected  with  ranges  of  lulls. 

Ledges  of  this  description  occur  in  many  of  the  Atlontio  rivera  of 
the  United  States,  as  the  Potomac,  the  James  River,  and  others ;  tnA 
they  mark  with  precision  the  passage  of  the  riven  from  the  undulating 


or  hilly  region  to  the  low  plains  along  the  coast.  There  ore  of  oouiae 
rapids  where  these  ledges  oocur. 

The  lower  course  of  rivers  usually  lies  through  a  plain.  In  general 
there  are  no  hills  which  constitute  the  outer  margin  of  its  course,  and 
consequently  there  is  no  bottom  or  valley  through  which  it  runs. 
The  banks  are  very  little  raised  above  the  surface  of  the  watera,  and 
the  level  ground  extends  to  a  greater  distance.  The  current  is  b1ow> 
the  fall  being  very  smaU.  Thus  it  was  observed  by  La  Condamine, 
that  the  Amazonas  from  the  narrow  at  Obydos  to  its  mouth,  a 
distance  of  700  miles,  dbes  not  fall  quite  12  feet,  or  little  more  than 
0 '2  of  an  inch  per  mile.  It  can  hardly  be  conceived  that  a  river  with 
BO  snaall  a  fall  could  propel  its  waters,  and  as  the  current  of  the 
Amazonas  is  considerable,  it  can  only  be  accounted  for  by  suppo- 
sing that  the  enormous  volume  of  water  which  the  river  brings 
down,  drives  on  by  its  pressure  that  which  is  before  it  until  it 
reaches  the  sea.  [Amazonas,  in  Geoo.  Dxv.]  The  surface  of  the 
Elbe  at  Hamburg,  about  70  miles  from  thp  North  Sea,  is  not 
more  than  6  feet  above  the  sea,  and  the  fall  per  mile  very  little 
exceeds  an  inch.  The  surface  of  the  plain  through  which  a  river  runs 
generally  consists  of  an  alluvium,  which  the  river  hag  deposited  during 
the  inundittions.  -The  matter  of  which  this  alluvium  conSista  is  soft 
and  loosely  bound  together,  and  consequently  the  current,  slow  aa  it 
is,  baa  power  enough  to  remove  a  portion  of  the  banks  from  one  sid^, 
and  to  deposit  the  detached  matter  on  the  other.  Thus  great  changes 
are  produced  in  the  courses  of  rivers  in  the  lapse  of  time.  Major 
Rennell  surveyed  a  large  portion  of  the  lower  course  of  the  Qanges, 
and  his  maps  were  very  exact  at  the  time.  He  also  observed  the 
-ohimges  which  the  river  had  produced  in  its  bed.  About  fift^  yean 
afterwards  the  course  of  the  Ganges  was  again  surveyed,  tor  the 
purpose  of  establishing  a  steam  navigation,  and  it  was  found  that  the 
course  of  the  river  hardly  in  any  place  agreed  with  the  maps  of 
Rennell.  The  most  remarkable  circumstance  however  is,  that  a  river 
frequently  divides  into  a  number  of  arms,  each  of  which  runs  to  the 
sea,  though  some  branches  re-upite  and  again  detach  themselves  from 
one  another.  Thus  the  Danube  reaches  the  sea  by  seven  arms,  as  the 
Nile  formerly  did,  according  to  the  ancient  accounts,  though  there  are 
now  only  five  arms  in  the  Nile.  Our  best  maps  represent  the  number 
of  the  mouths  of  the  Ganges  as  amounting  to  ten  at  leasL  This 
division  of  a  river  into  Iseveral  arms  is  easily  understood  when  the  soft 
nature  of  the  alluvium  is  considered  :  and  if  we  suppose  that  the  river 
in  its  operation  of  changing  its  bed,  finds  in  its  way  a  piece  of  rock  or 
other  matter  harder  than  the  alluvial  soil,  by  setting  against  such  an 
obstacle  the  ciurent  is  divided,  and  flows  on  both  sides  of  it :  the 
following  inundation  removes  still  more  of  the  alluvium,  and  thus,  in 
course  of  time,  a  new  arm  is  formed. 

The  country  which  is  enclosed  by  the  arms  of  a  river  is  called  its 
delta,  from  the  form  of  the  Greek  letter  A,  wbioh  the  delta  of  the  Nile, 
that  which  was  best  known  to  the  ancients,  greatly  resembles :  but  the 
term  is  generally  appropriate,  aa  most  river  deltas  have  that  form.  To 
the  base  of  the  triangle,  however,  the  deposit  of  matter  brought  down 
by  the  river  adds  a  curved  projection  seaward,  rendering  the  entire 
form  of  what  is  called  the  delta  that  of  the  sector  of  a  circle.  It 
is  a  common  conjecture  that  the  space  which  is  now  occupied  by  the 
delta  of  a  river  was  once  a  part  of  the  sea,  which  was  filled  up  by  tbe 
d^liris  and  earthy  matter  brought  down  by  the  river  from  the 
mountainous  and  hilly  country  tbrojigh  which  its  upper  and  middle 
course  lie.  This  supposition  is  strongly  supported  by  the  nature  of 
the  soil,  which  evidently  consists  of  matter  brought  down  by  rivers, 
and  not  of  such  as  the  sea  leaves  behind  when,  from  any  cause,  it 
retires.  (On  this  subject  see  Captain  Spratt's  '  Investigation  of  the 
Delta  of  the  Nile,'  as  referred  to  in  the  article  Quicksands.)  It  may 
be  added,  that  this  operation  of  rivers  goes  on  during  the  intmdations, 
for  after  the  waters  have  subsided  the  sur&ce  of  a  delta  is  found  to  be 
covered  with  a  very  thin  layer  of  mud,  which  soon  becomes  dry  earth. 
Tbe  deltas  of  rivers  which  are  annually  swollen  by  rains,  which  is  the 
case  between  the  tropics,  are  generally  much  more  extensive  than  those 
which  are -formed  by  rivers  whose  inundations  are  only -produced  by 
the  melting  of  snow. 

There  is  a  river  of  first-rate  magnitude  which  has  no  delta,  though 
it  seems  to  possess  all  those  quahties  which  are  supposed  to  bo 
requisite  to  the  formation  of  such  an  alluvial  tract :  the  St.  Lawrence 
in  North  America  reaches  the  sea  by  a  kind  of  bay,  which  extends 
upward  of  800  miles,  and  gradually  increases  in  width  from  three  to 
above  one  hundred  miles.  One  would  suppose  that  the  form  of  this 
bay  would  render  it  subject  to  be  easily  filled  up  by  the  earthy  matter 
brought  down  by  a  river  whose  course  exceeds  1800  miles ;  and  yet 
we  do  not  find  that  on  alluvium  of  any  extent  has  been  formed  along 
the  banks  of  this  wide  Kstuary,  except  on  the  right  bank  below 
Quebec.  This  single  instance  might  throw  some  doubt  on  the  opinion 
^t  deltas  are  formed  by  rivers  in  the  way  above  mentioned,  if  the 
peculiar  nature  of  the  St.  Lawrence  did  not  suggest  an  explanation  of 
this  deviation  from  the  common  course  of  things,  whioh  rather  ooa- 
firms  iban  refutes  the  established  principle.  The  St.  Lawrence  is  tbe 
only  large  river  which  traverses  a  great  number  of  lakes.  Even  after 
having  left  the  five  great  Canadian  lakes,  it  passes  through  those  of 
St.  IVanciSf  St.  Louis,  and  St.  Peter.  In  each  of  these  lakes  the 
current  ceases,  and  it  is  only  perceptible  where  the  river  again  issues 
from  tbe  lake.    AU  the  earthy  qisfetw  thervfore  whioh  tbe  riv«r. 
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coUeeta  and  keeps  nupended  in  its  course  from  one  lake  to  the  other 
is  deposited  in  these  lakes.  Thus  this  Urge  river  brings  no  d^ris 
and  asrthy  ■  matter,  or  very  little,  to  its  wide  ooatuary,  which  can- 
not therefore  be  changed  into  a  delta  by  the  accumulation  of  such 
matter. 

Most  large  rivers,  as  already  observed,  admit  of  this  division  of 
their  course  into  three  parts,  an  upper,  middle,  and  lower  course; 
but  the  exceptions  ore  for  from  being  rare.  It  sometunes  happens 
that  the  characteristic  features  by  which  the  middle  course  is  distin- 
guished, occur  in  the  upper  com-se.  This  takes  place  when  a  river 
origiuates  on  an  elevated  table-land,  and  travcrstcs  a  conniderablo  part 
of  it.  Thus  the  Indus,  the  Sutlcj  (an  affluent  of  the  Indus),  and  the 
Sampuo,  rise  on  the  elevated  table-land  of  Tibet,  and  drain  a  portion  of 
H:  in  this  port  of  their  course  they  resemble  the  middle  course 
of  the  Rhine  or  Danube.  But  where  they  leave  the  plain  and  enter 
the  mountain-region  of  the  Himalaya,  they  resemble  the  moun- 
tain-streams of  the  Alps,  except  as  to  trhe  volume  of  water.  When  the 
Indus  and  the  Sutlej  Lave  descended  into,  the  plains  of  the  Punjab, 
they  assume  the  character  of  the  lower  Rhine  and  lower  Danube.  The 
Sampoo,  after  leaving  the  mountain-region,  traverses'  a  hilly  tract  of 
gneat  extent,  the  valley  of  Asam,  before  it  enters  the  alluvjol  plain  of 
BengaL  There  are  other  rivers,  in  which  only  the  characteristic 
features  of  the  middle  and  lower  course  can  be  recognised :  the  number 
of  auch  is  considerable,  and  some  of  them  are  of  the  fint  magnitude. 
Thus  the  Volga  and  Mississippi,  neither  of  which  rises  in  a  moimtain- 
region,  but  in  a  hilly  tract,  in  the  greater  part  of  their  course  present 
the  ehkiaoteriatics  of  the  middle  course  of  the  Rhine  and  Danube, 
but  towards  their  mouths  they  traverse  a  large  plain.  The  number 
of  rivers  whose  whole  course  lies  through  a  hilly  or  undulating  country 
is  still  greater,  as  is  the  case  with  nearly  all  the  rivers  of.  England  and 
Southern  Scotland.  There  are  also  rivers  which  in  their  whole  course 
trtiverse  a  mountain  region,  but  they  are  all  small ;  such  are  some  of 
the  rivers  in  If  orth  Scotland  and  in  Sweden,  and  nearly  all  the  rivers 
of  Norway,  and  those  on  the  west  coast  of  South  America, 

The  number  of  rivers  which  do  not  reach  the  ocean  is  not  great,  if 
we  except  those  which  fall  into  the  Caspian  Sea  and  into  the  lake  of 
AniL  -The  other  rivers  without  an  outlet  always  terminate  their 
course  in  a  lakei  It  was  formerly  supposed  that  the  water  of  some  of 
them  was  absorbed  by  a  dry  soil,  and  that  they  were  lost  in  the  sand ; 
ond  this  opinion  still  previuls  as  to  some  rivers  which  descend  from 
Movmt  Atlas  southward  to  the  Sahara.  But  the  point  remains  doubtful. 
Among  other  rivets  which  have  no  communication  with  the  sea,  some 
few  traverse  elevated  table-lands,  consisting  of  plains  surrounded  by 
continuous  mountain-ranges,  through  which  the  waters  cannot  find  an 
outlet,  and  consequently  collect  in  the  lower  pui;  of  the  plains,  and 
form  lakes  large  enough  to  part  with  all  their  surplus  water  by  evapo- 
ration. Such  rivers  occur  in  the  valley  of  Tenochtitlan  in  Mexico. 
The  most  remarkable  is  the  Desoguadero,  in  the  valley  of  Titicoca  in 
Bolivia,  which  runs  about  300  miles,  and  is  lost  in  a  lake  or  in  swamps. 
The  Hyatkan  or  Yerkan,  in  Chinese  Turkiston,  is  still  larger,  but  its 
character  is  imperfectly  known.  Another  kind  of  such  lakes  occurs  in 
the  plains  of  Mexico  and  of  South  America,  and  almost  exclxisively  in 
those  ports  which  have  no  rain  or  veiy  little.  On  the  table-land  of 
Mexico  the  greater  number  of  rivers  between  24°  and  80°  N.  lat. 
terminate  in  lakes ;  and  in  the  states  which  compose  the  Argentine 
Republic,  rivers  of  this  kind  are  numerous  between  28°  and  84°  S.  lat., 
west  of  64°  W.  longi  As  very  little  rain  falls  in  some  of  these  coun- 
tries, and  in  others  none  at  all,  the  rivers  are  supplied  with  water  by 
the  rains  which  fall  at  certain  seasons  on  the  mountains  in  which  they 
originate,  and  by  the  springs  which  exist  there.  But  as  the  supply  of 
water  is  very  moderate,  it  does  not  give  force  sufficient  to  the  currents 
to  carry  them  through  those  extensive  tracts  which  separate  them 
from  the  se&  It  is  remarkable  that  some  of  these  rivers  and  all  the 
lakes  in  which  they  terminate,  are  salt  in  South  America ;  and  it  is 
probable  that  thlaia  also  the  case  with  most  of  those  on  the  Mexican 
isthmus. 

Most  rivers  overflow  the  low  countries  which  are  adjacent  to  their 
hanks,  either  at  regular  seasons  of  the  year  or  occasionally.  This  takes 
place  when  the  supply  of  water  is  greater  than  the  bed  of  the  river  can 
contain.  In  this  respect  rivers  may  be  divided  into  three  classes  :  the 
first  comprehends  the  rivers  whose  inundations  are  produced  by  the 
meltine  of  snow  and  ice ;  the  second  comprehends  those  which  are 
tanuaUy  swollen  by  regtilar  rains;  and  the  third  those  which  only 
occasionally  cause  inundations. 

All  large  rivers  that  drain  coimtries  of  which  ihe  mean  winter 
teupeistiu«  is  below  SO*,  are  annually  subject  to  great  risings  when 
tlie  snow  abd  ioe  melt.  In  such  countries  snow  faUs  for  several 
months,  and  as  only  a  small  part  of  it  is  dissolved,  it  aocnmulates  to  a 
ftreat  amount.  As  seon  as  the  frost  ceases,  the  snow  begins  to  melt, 
and  runs  off  by  the  smaller  rivers,  which  suddenly  swell  and  carry  an 
unusual  supply  of  water  to  the  principal  river,  whose  volume  being 
thtis  increased  to  three  or  four  times  its  ordinary  magnitude,  overflows 
the  adjacent  low  country.  These  inundations,  though  they  generally 
improve  the  soil,  are  very  injurious  to  agriculture,  by  destroying  the 
growiiig  com,  and  Covering  extensive  tracts  with  sand,  gravel,  and 
other  coarse  earthy  matto-.  In  some  rivers  these  inimdations  lust 
only  from  two  to  four  weeks;  in  others  two  or  three  months;  and  in 
some  even  five  or  six  months.    Where  the  inundations  are  long,  they 


are  less  violent,  and  cause  less  dama^  than  when  they  are  short;  in 
the  latter  case  the  whole  mass  of  water  suddenly  delude*  the  country, 
while  in  the  former  the  water  rises  slowly.  This  difference  in  the 
inundations  of  rivers  is  mainly  to  be  attributed  to  the  direction  in" 
which  they  flow.  Let  us  take  a  river  like  the  Mississippi,  which  flows 
from  norUi  to  south  through  17'  or  18°  of  latitude.  In  winter  the 
basin  is  covered  with  snow,  and  if  the  whole  were  melted  la  a  few 
days,  itlvould  produce  such  a  volume  of  water  as  would  probably  cover 
neariy  half  the  basin.  But  the  molting  of  the  snow  is  gradual.  Whilst 
the  temperature  in  the  northern  districts ,  is  below  the  freezing-point, 
the  spring  has  already  made  considerable  progress  in  the  southern 
districts,  the  snow  which  has  there  fallen  boa  been  dissolved,  and  the 
water  thus  produced  has  had  the  requisite  time  to  run  off  ond  rrach 
the  sea.  Thus  with  the  progress  of  the  sun  towards  the'  northern 
tropic,  the  line  of  the  melting  snow  proceeds  northward,  and  thus  the 
supply  of  water  rtms  off  gradually,  until  the  snow  of  the  most  northern 
region  is  dissolve<l.  More  than  two  months  elapse  between  the  melt- 
ing of  the  snow  in  the  northern  region  and  the  commencement  of  Uie 
melting  in  the  lower  part  of  the  river.  The  inundations  of  the  MieaiB- 
sippi  therefore  are  not  extensive,  if  the  great  length  of  that  river  and 
of  its  affluents  be  considered,  but  they  last  from  three  to  four  months. 
A  considerable  part  of  the  delta  of  that  river  is  indeed  under  water  for 
six  months,  but  this  must  be  ascribed  to  the  tract  of  elevated  ground 
which  extends  not  far  from  the  sea  between  the  Atchafalaya  and  the 
La  Fourche,  and  prevents  the  enormous  mass  of  water  which  coUeots 
iu  the  lowlands  near  the  flra^mentioned  branch  from  running  off 
sooner.  When  a  river  situated  in  the  northern  hemisphere  flows  from 
south  to  north,  the  melting  of  the  snow  of  course  commences  near  the 
upper  branches  of  the  river,  and  proceeds  northward.  ■  In  this  case  the 
volume  of  water  which  collects  at  a  certain  period  in  the  lower  course, 
where  the  lowlands  are  generally  most  extensive,  is  much  greater,  and 
the  inundations  are  much  more  extensive  ond  attended  with  more 
mischief.  But  still  they  cannot  be  compared  with  inundations  of 
those  rivers  which  run  from  east  to  west  or  from  west  to  east.  In 
countries  which  are  drained  by  'such  rivers,  the  whole  mass  of  snow  is 
dissolved  in  a  few  days,  especially  when  a  thaw  is  sccompanied  by 
min,  and  all  the  waters  thus  produced  pass  through  the  princilxil 
channel  in  the  course  of  a  week  or  two.  In  such  rivers  the  volume  of 
water  during  the  inundations  is  three  or  four  times  larger  than  it  is  in 
the  middle  of  the  summer  or  the  beginning  of  autumn,  and  the  inun- 
dations spread  to  a  great  distance,  and  frequently  cause  great  loss  of 
property,  and  sometimes  also  of  life,  esijecially  when  the  winter  has 
been  unusually  long  and  the  falls  of  snow  very  heavy.  [Niemeit,  in 
Qeoo.  Diy.]  But  the  river  St.  Lawrence  forms  an  exception  here  ' 
also.  As  its  general  course  is  from  west  to  east,  one  would  suppose 
that  a  large  extent  of  country  within  its  basin  would  bo  annually 
subject  to  inundation,  but  this  does  not  appear  to  be  the  case  in  any 
pai-t  of  its  course.  If  any  portion  of  it  b  swollen  by  the  melting  of 
the  snow  within  the  basin,  the  river  soon  enters  one  of  the  lakes 
through  which  its  course  lies,  and  thus  the  addition  of  a  compa- 
ratively small  volume  is  not  sufficient  to  raise  the  Surface  of  the 
lake  to  any  large  amount.  Thus  the  same  cause  which  prevents  its 
filling  up  the  wide  testuaiy,  prevents  the  river  from  *  overflowing 
the  adjacent  country.  A  diurnal  rise  and  fall  characterises  the 
rivers  of  Switzerland  and  those  of  the  western  Himalaya,  where  a 

Eowerful  sun  melts  the  glaciers  by  day,  and  the  head-streams  ore 
■ozen  by  night. 

Rivers  whose  inundations  are  produced  by  regular  rains  have  the 
greater  part  of  their  course  either  -within  the  tropics  or  at  least  between 
30°  N.  lat.  and  80°  S.  lat.  If  is  a  known  fact,  that  in  those  regions 
heavy  rain  falls  daily  from  three  to  six  months  in  the  year.  These 
heavy  rains  commence  when  the  sun  in  its  progress  from  one  tropic  to 
the  other  approaches  the  zenith  of  a  country,  and  they  continue  till 
it  has  passed  a  certain  distance  from  it.  In  the  beginning  of  the 
wet  season,  as  this  part  of  the  year  is  called  in  those  countries,  the 
rains  are  sometimes  so  heavy  that  in  the  course  of  a  day  the  level 
country  la  covered  vrith  water  a  foot  deep.  The  rivers  of  cour(>e  soon 
begin  to  increase  in  their  volume  of  water,  and  after  some  time  they 
rise  to  the  level  of  the  banks,  and  begin  to  run  over.  These  inunda- 
tions' generally  last  from  two  to  four  months.  They  are  more  regular 
than  tiiose  which  are  produced  by  the  melting  of  the  snow,  and  in 
general  do  not  exceed  a  certain  height.  The  rural  economy  of  those 
countries  in  which  they  take  place  is  founded  on  the  knowledge  of 
this  periodical  event,  and  on  toe  certainty  that  the  inundations  will 
fertilise  the  fields  by  depositing  on  them  a  fine  mud,  which  enriches 
the  soil  ^uore  than  tiie  best  manure  artificially  collected  and  applied. 
The  supply  of  fertilising  matter  may  not  be  due  in  an  equal  ratio  to  all 
the  head-streams  or  all  the  tributaries  of  a  river.  In  the  importaut  case 
of  the  Nile,  according  to  M.  Linant,  an  eminent  scientific  traveller  and 
geographer,  it  is  by  the  Atbara,  its  first  great  ti'ibutary,  that  most  of  the 
black-earth  and  slime  is  brought  down  which  manures  the  lauds  inKgy  pt ; 
from  which  it  has  received  also  the  designation  of  Bahr-el-Aswad,  or  the 
Block  River.  Whenever  the  inundations  do  not  rise  to  the  usual  height, 
which  is  sometimes  the  case,  a  great  part  of  the  country  which  is  not 
covered  with  water  yields  litUe  or  nothing,  and  the  consequence  is 
dearth  and  famine.  When,  on  the  other  hand,  the  inundations  rise 
higher  than  usual,  they  are  also  injurious  to  rural  economy,  by 
reaching  tiiose  tracts  which  ar?  set  apart  for  the  cultivation  of  plants. 
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which  cannot  bear  bo  much  moisture  as  the  districte  that  are  regularly 
flooded.  Thus,  in  1831,  the  riiier  Menam  in  Siam  rose  to  an 
extraordinary  height:  the  inundations  reached  the  large  orchards 
■which  for  many  miles  in  extent  cover  the  more  elevated  tracts  along 
the  banks,  and  afford  subsistence  to  a  numerous  population.  Several 
kinds  of  fruit-trees  w^re  almost  destroyed,  and  tor  some  years  the 
mangusteens  and  durians  ivere  scarce. 

The  Indus  [Hinqustan,  in  Geoq.  Div.]  belongs  to  both  of  these 
dassea  of  rivers,  or  rather  to  all  three.  The  elevation  of  its  traters  is 
owing  to  the  periodical  melting  of  the  snow  and  the  subsequent  rains, 
and  it  is  subject  also  to  enormous  occasional  inundations.  In  the 
year  1841,  according  to  Major  Cimningham,  in  his  work  on  Ladak,  the 
mass  of  water'accumulated,  and  which  caused  the  inundation  of  the 
lands  bordering  the  lower  part  of  its  course,  was  estimated  at 
20,000,000,000  cubic  feet,  equal  to  a  volume  100  feet  deep,  380  feet 
wide,  and  100  mila  long.  A  similar  inundation,  though  prob&bly  of 
inferior  magnitude,  took  place  in  August,  1858,  when,  at  Attock,  the 
water  rose  SO  feet  in  seven  hours  and  a  half,  and  attained  90  feet 
during  the  day.  Its  affluent,  the  Cabul  river,  fiowpd  upvxtrdi  for  ten 
hours.  Valuable  investigations  of  the  mechanical  philosophy  of  these 
phenomena,  and  of  the  relations  between  the  velocity  of  a  river-stream 
and  that  of  the  tide — or  other  waves  to  which  it  maybe  subject,  by 
Mr.  J.  Obbard  and  Archdeacon  J.  H.  Pratt,  will  be  found  in  the 
'Journal  of  the  Asiatic  Society  of  Bengal,'  N.  S.,  vol.  zzix.  (1860, 
No.  iii.,),  p.  263-282.  The  latter  subject  has  important  relations  with 
that  of  the  ascent  of  the  tide  up  a  river,  noticed  below. 

All  the  rivers  between  the  tropics  which  are  swollen  by  periodical 
rains  lie  only  in  one  hemisphere,  the  northern  or  the  southern.  In 
the  countries  through  which  they  flow  the  waters  are  low  and  the 
ground  dry  during,  part  of  the  year,  so  as  to  aflmit  of  easy  cultivation, 
and  at  another  season  the  fields  are  fertilised  by  the  Inundations.  The 
'I«ile  and  the  Amazonas  ore  alone  exceptions.  Though  the  course  of 
the  latter  river  is  in  the  southern  hemisphere,  its  affluents  extend  far 
to  the  north  and  south,  into  both  henuspheres,  and  probably  three- 
fourths  of  the  tropical  nuns  which  descend  upon  South  America  find 
their  way  to  that  large  river.  To  this  circumstance  are  owing  its 
immense  volume  of  water  and  its  great  depth.  The  Amazonas, 
properly  speaking,  is  never  at  its  lowest  level,  in  the  sense  in  which 
that  term  is  applied  to  other  rivers.  When  the  northern  rivers  cease 
to  bring  down  Uie  supply  which  is  owing  to  the  periodical  rains,  the 
southern  begin  to  bnng  their  contributions.  This  fact  seems  su£5- 
ciently  to  explain  the  immense  tracts  of  alluvial  soil  which  extend 
along  the  river  to  a  great  distance,  but  the  same  circumstance  also 
keeps  the  soil  in  a  state  of  continual  moisture,  and  mokes  it  a  per- 
petual swamp.  Accordingly  we  find  tiiat  the  banks  of  that  river, 
which  admits  of  a  more  extensive  navigation  than  any  other  river  in 
the  world,  remain  nearly  destitute  of  agricultural  settlements,  and  are 
still  in  the  possession  of  savage  tribes.  In  the  northern  portion  of  the 
upper  course  of  the  Nile,  that  river  appears  to  be  almost  stagnEint 
except  during  the  rains,  and  to  consist  in  the  dry  season  of  a  series  of 
swamps  and  lakes,  rather  than  to  form  a  continuous  stream. 

The  rivers  which  drain  the  countries  between  80"  N.  latitude  and 
those  in  which  the  mean  temperature  of  the  winter  season  does  not 
rise  above  30°,  are  subject  to  occasional  inundations.  But  these  over- 
flowings occur  only  in  those  rivers  whose  upper  course  lies  within 
mountain-ranges  which  arc  covered  with  snow  for  a  considerable  part 
of  the  year.  In  such  cases,  while  the  snow  covers  the  more  elevated 
portion  of  the  mountain-ranges,  a  sudden  change  in  the  weather,  which 
produces  a  warm  wind,  brings  great  volumes  of  vapours,  which,  falling 
in  abundant  rain,  soon  dissolve  the  snow,  and  the  mountain-streams 
pour  down  their  waters  with  increased  volume  and  velocity.  As  soon 
as  the  waters  reach  alevel  tract,  it  is  inimdatcd.  As  these  inundations 
often  take  jjlace  unexpectedly,  they  cause  great  damage.  Thus  we  find 
that  some  valleys  in  the  Ozark  Mountains,  in  the  United  Stotes  of  North 
America,  are  almost  uninhabitable,  owing  to  the  sudden  inundations 
to  which  the  rivers  of  that  mountain-region  are  subject.  Many  rivers 
however  never  inundate  the  adjacent  conntiy,  unless  a  heavy  gaje  of 
wind  should  blow  directly  up  the  river,  and  drive  the  sea  into  it  with 
great  force.  Such  inundations  are  very  sudden,  and  sometimes  also 
extensive,  but  they  are  of  short  duration.  [Climate  :  Eadi.] 

An  important  subject  in  the  history  of  rivers,  relating  to  the  dis- 
tribution of  temperature  within  certain  areas  of  the  eai-th's  surface 
and  the  immediately  incumbent  atmosphere,  and  their  equalisation  in 
others,  and  which  bears  also'  on  the  connection  of  rivers  with  the 
welfare  of  organic  nature  and  the  hiunan  race,  is  the  variation  of  their 
temperature  in  different  parts  of  their  course,  both  at  the  same  and  at 
different  seasons.  This  depends,  proximately,  on  the  temperature  of 
their  affluents,  and  moy  even  give  information  of  the  physical  state  of 
the  countries  in  which  they  rise,  when  these  are  otherwise  unknown. 
Dr.  Joseph  D.  Hooker,  in  his  '  HimaLtyan  Jounials '  (vol.  ii.,  p.  60), 
has  given  some  interesting  facts  on  this  point,  as  presented  by  the 
rivei-8  which  rise  iu  the  Sikkim  Himalaya.  Tha  Teesta,  a  tributary  of 
the  Megna,  or  Brahmaputra,  is  always  cool  in  summer  (where  its  bed 
is  below  2000  feet  in  absolute  elevation),  its  temperature  being  20° 
below  that  of  the  air ;  whereas,  in  mid-winter,  when  there  is  less  cloud 
and  the  snows  ai-e  not  melting,  it  is  only  a  few  degrees  colder  than  tho 
air.  At  Bhoomsong,  of  which  the  elevation  is  1500  feet,  the  mean 
temperature  of  the  Teesta,  in  that  season,  was  51°,  and  that  of  the  air 


52°'3 ;  at  that  elevation  the  temperature  of  the  water  rarely  exceed^ 
60°  at  midsummer.  Between  the  altitudes  of  4000  feet  and  300  (tho 
plains  of  India)  its  mean  temperature  varies  about  10°  between.  January 
and  July;  at  6000  feet  it  varies  from  55°  to  43°  during  the  same 
period ;  and  at  10,000  feet  it  freezes  at  the  edges  in  winter,  and  rises 
to  50°  in  July.  In  June,  in  descending  from  12,000  to  1000  feet,  Dr, 
Hooker  found  that  its  temperature  dicf  not  rise  10°,  while  that  of  the 
air  rose  80°  or  40°.  The  temperature  of  the  northern  feeders  of  this 
river,  in  some  parts  of  their  course,  actually  rises  with  the  increasing 
elevation.  Thus,  the  Zemu,  during  the  traveller's  stay  at  its  junction 
witli  the  Thlonok  (which  has  its  source  in  the  north-east  snowy  flank 
of  Kinchinjunga,  one  of  the  three  or  four  highest  mountains  in  tha 
world),  was  at  46°,  or  6°  warmer  than  the  latter ;  at  1100  feet  higher 
it  was  48°,  and  at  1100  feet  higher  still  it  was  49°.  "  These  observa- 
tions," Dr.  Hooker  adds,  "  were  repeated  in  different  weeks,  and  several 
times  on  the  same  day,  both  in  ascending  and  descending,  and  always 
with  the  same  result :  they  told,  as  certainly,  as  if  I  had  followed  the 
river  to  its  source,  that  it  rose  in  a  drier  and  comparatively  sunny 
climate,  and  flowed  among  little  snowed  mountains."  Another  explorer 
of  nature,  Mr.  Alfred  R.  Wallace,  has  recorded  ('  Travels  on  the  Amazon 
and  lUo  Negro,'  p.  431)  some  facts  apparently  of  the  same  description, 
not,  Ijowever,  observed  by  himself,  and  which  he  professes  his  inability 
to  account  for.  In  the  month  of  May  some  very  cold  days  ore  said  to 
occur  annually  on  the  Upper  Amazon  and  Eio  Negro,  sometimes  so 
severe  that  the  inhabitants  suffer  much,  and  the  fishes  in  the  rivers 
even  die-of  the  cold ;  though  five  or  ten  degreea  of  diminution  of  tem- 
perature, Mr.  Widlace  remarks,  is  as  much  as  ever  takes  place.  We 
conceive  the  depression  of  temperature  of  the  local  atmosphere  affecting 
the  inhabitants  to  be  occa.sioned  by  the  lur  brought  down  in  contact 
with  the  cooled  water  of  the  rivers,  the  temperature  of  which  must 
be  still  lower,  and  t^at  the  cause  is  the  annual  melting  of  the  snows 
about  the  sources  of  some  of  their  head-streams. 

In  advei-ting  to  the  advantages  which  a  country  derives  from  its 
rivers,  we  must  first  observe  that  the  water  is  extensively  used  for  the 
purposes  of  domestic  economy.  It  is  much  purer  than  that  of  wells  ; 
for  river  water  in  general  contains  much  less  saline  matter  than  spring- 
water  ;  it  has  also  earthy  particles  in  suspension,  which  may  easily  be 
separated  by  filtration,  and  which  are  deposited  as  a  sediment  when 
the  water  is  left  to  stand  for  a  short  time.  The  vrater  of  wells 
generally  contains  a  small  quantity  of  some  mineral  salts  in  solution. 
The  water  of  rivers  is  used,  and  is  nearly  equal  to  rain  water,  for  all 
domestic  purposes.  The  upper  courses  of  rivers  ore  generally  inhabited 
by  a  smiul  number  of  species  of  fish,  and  the  whole  amount  is  not 
great.  But  towards  their  mouths  the  number  both  of  species  and 
individuals  increases.  The  importance  of  a  river  fishery  may  be  esti- 
mated when  we  consider  the  quantity  of  salmon  which  is  token  in  the 
rivers  of  Britain,  or  of  the  beluga  and  sturgeon  which  is  caught  in  the 
neighbourhood  of  Astrakhan.  Many  rivers,  which  are  not  adapted  to 
the  purposes  of  navigation,  arc  converted  into  powerful  instruments 
for  assisting  /the  industry  of  a  country  by  the  moving-power  which 
they  supply  for  mills  and  other  heavy  machinery.  The  advantage  of 
such  a  natural  moving-power  primarUy  determines  the  seat  of  manu- 
factures, as  was  the  cose  in  South  Lancashire,  where  this  advantage  is 
combined  with  abundance' of  coal.  The  Atlantic  States  of  North 
America  are  generally  provided  with  abundance  of  streams,  a  circum- 
stance which  favours  the  establishment  of  manufactures. 

The  greatest  advantages  however  which  a  country  derives  from  its 
rivers  ore  the  facilities  which  they  supply  for  conveying  the  produce 
of  agriculture  and  of  manufacturing  industry  to  distant  parts  at  a 
moderate  expense.  In  this  respect  the  rivers  may  be  compared  to 
the  arteries  and  veins  of  the  human  body,  which  diffuse  life  and 
strength  through  all  parts.  Navigable  rivers  vivify,  majntoin,  and 
excite  the  efforts  of  human  industry.  In  many  couutries,  where  roads 
are  neglected,  it  is  estimated  that  the  transport  of  goods  by  land  is  four 
times  OS  expensive  as  that  by  means  of  navigable  rivers,  and  thus 
many  heavy  and  bulky  commodities  could  not  be  brought  to  market 
but  for  the  cheap  conveyance  of  rivers.  In  considering  the  capocity  of 
a  river  for  navigation,  two  circumstances  mainly  requiro  notice — ^now 
far  seafaring  vessels  may  ascend,  and  how  far  the  river  is  navigable  for 
river  boats. 

Seafaring  vessels  can  ascend  many  rivers  as  far  aa  the  tides  extend. 
Indeed  some  rivers,  as  tho  Amazonas,  may  be  navigated  by  large  vessels 
to  a  much  greater  distance  than  the  tide  ascends,  but  in'others  the 
waters  become  shallow  long  before  the  limit  of  tide-water  is  reached. 
Still  high  tides  facilitate  the  navigation  of  rivers  by  large  vessels,  not 
only  by  producing  a  current  contrary  to  that  of  the  river,  but  also  by 
temporarily  increasing  the  depth  of  water  so  that  vessels  can  jxias  over 
shallows  and  sandbanks,  which  at  luw  tides  are  nearly  or  quite  dry. 
This  is  frequently  the  case  in  rivers  where  the  tides  rise  more  than  12 
feet.  The  tides  in  rivers  are  not  of  equal  duration,  as  is  the  case  in 
most  parts  of  the  sea ;  but  the  ebb  tides  frequently  last  twice  as  long 
08  the  flowing  tides.  At  Rotterdam  the  tides  flow  for  about  4  hours 
and  5  minutes,  but  the  ebb  lasts  7  hours  and  65  minutes.  The  Meer- 
wede  at  Dordrecht  flows  against  the  current  of  the  river  for  3  hours 
and  51  minutes,  and  with  it  8  hours  and -9  minutes.  This  difference  is 
easily  explained,  when  the  force  of  the  river  current  is  taken  into 
account.  The  same  oiroumstance  explains  the  difference  in  the 
velocity  of  the  ebbing  and  flowing  tide.    Between  the  North  Sea  and 
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Hamburg,  ihe  flowmg  tide  takes  S  minutes  to  run-  up  a  mile,  but  the 
ebb  tide  performs  the  some  distance  in  less  than  4  minutes.  But  It  is 
difficult  to  explain  the  well-established  fact  that  the  tides  advance 
much  farther  into  a  river  than  might  be  expected.  When  the  tide  at 
the  mouth  of  a  river  rises  i  feet,  we  might  suppose  that  it  would 
advance  only  to  such  a  point  in  the  river,  where  the  surface  is  4  feet 
above  the  sea,  but  it  has  been  ascertained  that  it  advances  further. 
It  seems  that  the  volume  of  water  which  is  carried  up  by  the  tide  is 
pushed  onwards  by  the  mass  behind  it,  and  carried  to  a  greater 
distance  than  the  inclination  of  the  river  bed  would'  seem  to  allow. 
It  has '  also  been  observed,  that  during  the  flowing  of  the  tide  the 
surface  of  the  water  in  the  river  presents  a  somewhat  convex  form,  the 
water  along  the  banks  being  a  little  lower  than  in  the  middle  of  the 
river,  and  that  during  the  ebb  the  contrary  takes  place.  The  flowing 
tide  raises  the  water  from  below,  and  thus  sooner  affects  the  main 
body  of  the  river,  where  it  has  more  room  to  operate,  than  the  water 
near  the  margin.  In  accordance  with  this  explanation  it  is  observed 
that  the  flowing  tide  is  perceptible  in  the  middle,  while  it  is  still 
ebbing  along  the  banks,  and  that  vessels  which  are  at  anchor  near  the 
banks  are  turned  round  before  the  w^ter  on  the  surface  of  the  river 
near  the  ba]iks  begins  to  flow  upward. 

Hi  a  few  rivers  the  tide  ascends  to  »  great  distance  from  the  sea. 
In  the  Amozonas  it  is  perceptible  in  the  Narrow  of  Pauxis  near 
Obydos,  a  distance  of  nearly  500  miles  from  the  mouth  of  the  river, 
measured  along  its  course.  If  we  suppose  that  the  tide  in  this  river 
advances  at  the  rate  at  whi^h  it  'runs  in  the  Elbe  between  the  North 
Sea  and  Hamburg, — ^namely,  nearly  a  mile  in  five  minutes, — the  tide 
can  only  reach  tlie  Narrow  of  Pauxis  in  42  hours,  or  in  a  space  of  time 
dviring  which  the  direction  of  the  tides  has  changed  seven  times  at 
its  mouth.  It  is  therefore  evident  that  the  current  of  the  Amozonas 
between  the  Sea  and  the  Narrow  of  Pauxis  must,  at  the  same  time, 
in  three  or  four  different  parts  of  its  course,  follow  the  impulse  given 
to  it  by  the  tide,  and  run  against  the  stream.  We  are  of  opinion, 
however,  that  the  tide  in  the  Amazonas  advances  more  slowly  than  in 
the  Elbe,  owing  to  the  stronger  current  of  the  Amazonas,  and  that  the 
number  of  high  tides  in  tiie  Amazonas,  between  the  two  above- 
mentioned  points,  will  probably  bo  found  to  bo  five  or  six.  The  tide 
rushes  into  some  rivers  with  great  in^petuosity,  and  produces  what  is 
called  a  bore.     [Bobe  ;  Wave.  J 

Human  ingenuity,  even  in  the  lowest  state  of  civilisation,  has 
perceived  the  use  of  rivers  as  means  of  conveyance.  Perhaps  all  rivers 
which  have  water  enough  to  cany  the  smallest  boats  of  any  shape  or 
form  are  navigated,  except  where  the  nature  of  the  current  opposes 
insuperable  obstacles.  These  obstacles  consist  of  cataracts  or  of  rapids. 
Vfhea  the  river  descends  from  a  rock  which  rises  several  feet  per- 
pendicularly, it  rushes  down  in  a  broken  sheet  of  water,  and  is  said  to 
form  a  cataract.  When  the  water  descends  with  great  velocity  over  an 
inclined  plane  of  rock,  it  is  sold  to  form  a  rapid.  A  cataract  may  bo 
descended  when  ifi  is  only  a  few  feet  high.  Bapids  may  be  ascended 
and  descended  in  most  cases  with  great- labour  and  some  danger,  when 
they  ore  not  very  long,  and  the  bed  of  the  river  is  free  from  projecting 
rooks,  which  however  is  rarely  the  case.  The  ascent  of  rapids  is 
effected  either  by  poling  or  by  dragging  the  boats  over  the  dangerous 
place  by  means  of  long  ropes.  Sometimes  ropaa  are  also  used  in  the 
descent,  as  in  the  Bhine  at  Laufenburg  in  Switzerland.  But  generally 
either  IJie  whole  cargo  or  a  part  of  it  must  bo  taken  out  of  the  boat, 
and  carried  a  curtain  distance  by  land.  Such  a  tract,  over  which  the 
goods  must  be  carried,  is  called  a  portage.  At  long  and  dangerous 
rapids  the  boats  themselves  must  bo  carried  or  dragged  over  the 
portages. 

Rjver  boats  differ  greatly  in  shape  and  construction,  being  always 
adapted  to  the  nature  of  each  river.  Most  rivers  contain  numerous 
shoals,  on  which  the  water  is  very  shallow,  and  accordingly  flat  bottomed 
boats  are  used,  like  the  coal-barges  in  London.  Keel-boata  can  only  be 
used  where  the  river  has  a  depth  of  a  few  feet,  and  is  free  from  shoals 
and  sand-banks.  AVhen  a  river  is.  shallow  .ind  rapid,  but  of  considerable 
width,  rafts  are  substituted  for  boats.  Rafts  geueraHy  consist  of  trees 
fastened  together  with  ropes  or  the  flexible  branches  of  trees,  or,  in 
worm  countries,  by  creeping  plants ;  goods  arc  placed  upon  the  raft. 
When  these  rafts,  with  their  cargoes,  have  arrived  at  their  place  of 
destination,  the  raft  itself  is  sold,  either  as  timber  or  as  firewood, 
according  to  its  dimensibns  and  quality,  and  the  crews  return  by  land. 
When  a  river  is  too  fidl  of  cataracts  and  rapids  to  allow  either  boats 
or  rafts  to  descend,  it  may  still  bo  »ised  for  floating  down  timber  or 
firewood.  The  trunks  of  trees,  after  being  deprived  of  their  branches, 
are  thrown  singly  into  the  current,  and  towards  the  mouth  chains  aro 
laid  aeross  the  river,  above  which  the  trunks  collect,  and  whence  they 
are  carried  to  their  destination.  This  is  frequently  done  in  the  risers 
of  the  southern  districts  of  Norway. 

Kivers  which  traverse  a  mountain-region  in  some  parte  of  their 
course' are  either  not  navigable  in  this  part  or  only  in  some  places. 
Thus  the  Amazonas  and  Ganges,  where  they  resfwctivcly  fiow  within 
the  ranges  of  the  Andes  and  Himalaya  Mountains,  ore  not  navigable ; 
but  the  Bhine  and  the  Danube  are  navigable  even  within  the  moun- 
tains, in  some  parts  for  a  considerable  distance.  The  most  extensive 
system  of  internal  navigation  is  presented  by  those  rivers  which  have 
a  long  course,  and  whose  sources  are  situated  at  a  compoi-atively  small 
elevation  above  the  sea.    The  Volga  is  navigable  in  the  whole  length 


of  ite  course,  and  the  Mississippi  up  to  the  Falls  of  St.  Anthony,  a 
distance  of  about  1800  miles,  measured  along  the  river.  Both  these 
rivers,  as  already  observed,  have  the  greater  part  of  their  couise 
between  iiilis  of  small  elevation,  and  they  do  not  traverse  a  mountain- 
region. 

The  rivers  of  England  supply  the  means  of  an  extensive  system  of' 
inland  navigation — a  circumstance  partly  due  to  their  small  fall,  their 
sources  being  only  a  few  hundred  feet  higher  than  their  mouths,  and 
partly  to  the  abundant  supply  of  water  from  rain,  miste,  and  springs. 
Accordingly,  if  two  rivulets  unite,  they  generally  form  a  small  navi- 
gable river,  and  such  as  are  not  navigable  become  useful  as  feeders  to 
canak.  The  navigation  of  most  of  the  rivers  of  England  has  been 
much  improved  by  artificial  means. 

The  Thames  is  navigable  for  large  sea-vessels  to  London  Bridge,  a 
distance  of  45  miles  from  the  Nore,  though  the  whole  coiuse  of  the 
river,  measured  along  its  windings,  hardly  exceeds  200  miles.  No 
river  in  the  world,  perhaps  the  Amazonas  excepted,  is  navigable  for 
vessels  of  such  dimensions  for  one-fourth  of  its  course.  This  circum- 
stance is  not  due  solely  to  the  height  of  the  tides,  which  is  about 
19  feet  at  London  Bridge,  but  mainly  to  the  fact  that  there  are  no 
sand-banks  at  ite  mouth  which  prevent  the  access  of  large  vessels.  The 
river  probably  brings  down  sufficient  earthy  matter  to  form  a  bar 
but  owing  to  the  direction  of  the  tide,  which  is  kept  off  from  the 
mouth  of  the  river  by  the  projecting  coast  of  Kent  between  the  two 
Forelands,  and  there  being  consequently  nothing  to  oppose  the  current 
of  the  river  at  its  mouth,  the  earthy  matter  is  carried  farther  from 
the  coast,  and  deposited  in  deep  water. 

The  advantages  hitherto  enumerated  are  common  to  rivers  in  aB 
parte  of  the  globe ;  but  there  are  some  countries  in  which  the  value  of 
rivers  is  inuch  increased  by  the  use  which  is  made  of  the  water  for 
irrigation.  This  occurs  in  those  countries  in  which  it  either  does  not 
rain  at  all,  or  in  which  rain  occurs  only  at  a  certain  period  of  the  year, 
and  even  then  only  for  two  or  three  months.  The  first  class  of  sucJi 
countries — for  instance,  the  western  coast  of  South  America,  between 
5°  and  28°  S,  lat.,  would  be  uniuhabitable  but  for  the  rivers  which 
descend  from  the  western  declivity  of  the  Andes,  and  in  their  coarse 
to  the  sea  have  furrowed  the  surface  with  deep  depressions  or  valleys, 
in  which  agriculture  is  'carried  on'  with  success  as  for  as  the  water  of 
the  river  can  be  dispersed  over  the  level  p.irt  of  the  valleys  by  small 
canals.  In  those  warm  climates  where  the  rains  occur  periodically, 
though  only  in  two  or  three  months  of  the  year,  the  fields  would 
certamly  produce  a  crop,  even  without  irrigation ;  but  for  |nore  than 
half  the  year  the  soil  would  produce  nothmg  for  want  of  water.  By 
using  the  water  of  the  rivers  for  irrigating  their  lands,  the  inhabitante 
of  ^ose  countries  ore  enabled  to  get  two,  and  in  many  cases  three, 
crops  annually.  Even  in  the  southern  countries  of  Europe,  where 
rain  is  very  scarce  In  summer,  and  not  sufficient  to  maintain  v^e- 
tation,  whilst  the  heat  is  excessive,  irrigation  is  practised,  and  two 
crops  of  Indian  com  are  thus  annually  obtained,  or  one  crop  of  wheat 
and  a  green  crop.  ... 

In  those  countries  in  which  the  .temperature  for  three  or  four 
months  is  under  the  freezing-point,  the  rivers  during  that  time  are 
covered  with  ice,  and  in  this  state  they  afford  to  the  inhabitante,  in 
some  degree,  the  advantages  which  other  coimtries  derive  from  rail- 
ways. Travelling  and  the  transport  of  goods  on  the  smooth  ice  of  tiie 
rivers  are  much  less  expensive,  and  are  performed  in  a  shorter  time 
than  in  sutnmer  in  the  ordino^  way.  This  is  the  case  on  some  of  the 
rivers  of  New  Brunswick  and  Lower  Canada. 

It  has  been  observed,  that  the  outer  borders  of  river-basins  are 
the  most  elevated  parte  which  occur  in  some  given  places  between 
their  respective  beds,  though  it  is  not  always  the  case  that  the  water- 
pirting  is  formed  by  moimtain-ridges.  Qwing  to  such  a  disposition  of 
the  surface,  the  waters  which  are  collected  on  or  near  the  borders  run 
to  one  or  the  other  of  the  two  rivers.  Up  to  the  commencement  of 
this  century  it  was  thought  improbable,  if  not  impossible,  that  two 
diflcrent  river  systems  or  basins  could  be  united  by  a  natural  water 
communication ;  but  it  is  now  ascertained  that  a  low,  tract  of  country 
or  a  deep  depression  of  the  sur&ce  may  occur,  by  which  a  portion  of 
the  water  of  a  river,  after  being  diverted  from  ite  own  channel,  may 
join  a  river  which  otherwise  is  not  connected  with  that  river  from 
which  the  w.itcr  branches  off.  The  instances  in  which  this  occurs  are 
very  few,  and  we  shall  therefore  enumerate  those  whose  existence  is 
beyond  all  doubt.  The  river  Arno,  in  Tuscany,  in  that  part  where  it 
runs  between  the  high  ridges  of  the  Apennines  and  approaches  the 
town  of  Arezzo,  sends  an  arm  southwards  through  a  narrow  valley, 
under  the  name  of  Chiaiia,  which  falls  into  the  Chiare,  an  affluent  of 
the  Tiber.  The  Chiana  hod  been  filled  with  sand,  but  ite  course  has 
been  re-established  by  artificial  means.  Another  case  occurs  in  the 
kingdom  of  Hanover,  a  few  miles  east  of  the  town  of  Osnabriick,  where 
the  river  H.'uise  divides  into  two  branches,  of  which  one,  running  west 
!  to  Osnabruck,  preserves  ite  name,  and,  after  a  course  of  many  miles, 
joins  the  Ems ;  the  other,  running  east  under  tiie  name  of  Ek,  falls, 
after  a  short  course,  into  the  Werre,  an  affluent  of  tho'Weser.  In 
Sweden,  two  large  rivers  fall  into  the  northern  extremity  of  the  Gulf 
of  Bothnia — the  Tomea  Elf  and  the  Calix  Elf.  About  100  miles  from 
the  sea,  the  last-mentioned  river  sends  off  an  arm  to  the  south-east, 
which,  after  a  coune  of  about  twelve  or  fifteen  miles,  falls  into  the 
Tomea  Elf  :  this  arm  is  called  Tarenda  Elf.    In  these  oases  the  riven 
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thus  united  by  a  UatuTal  water  communication  flow  in  the  BBme 
direction,  or  nearly  no.  But  in  South  America,  two  Urge  rivers,  the 
Orinoco  and  the  Amazoose,  are  united  in  this  way  is  a  part  of  their 
•xtenaiTe  courses,  where  the  Orinoco  runs  west  and  the  Amazonas 
east.  The  branch  of  the  Orinoco  by  which  this  natural  water 
communioation  is  effected  is  called  the  Cassiquiare.  [Onmoco,  in 
Oboo.  Div,]  This  phenomenon  is  otherwise  described  as  the  Ufw- 
cation  of  a  river  high  up  its  course,  of  which  the  Mareb,  oue  of  the 
tributaries  of  the  Nile,  already  mentioned,  affords  another  example. 

It  is  a  kind  of  established  rule,  that  the  whole  course  of  a  river 
should  bear  the  same  name,  and  that  this  name  should  be  continued  to 
that  branch  or  he^-stream  whose  sources  are  fflrthest  from  the  moUth. 
But  piactice  is  frequently  at  variance  with  this  rule,  and  in  a  manner 
estaUishes  another.  The  inhabitants  of  a  country  preserve  the  name  of 
that  river  which  does  not  undergo  any  deflection  of  its  course.  At  the 
confluence  of  the  Mississippi  and  the  Missouri,  the  latter  is  the  larger 
river,  and  has  bad  a  course  of  above  1000  miles  more  than  the  former, 
but  it  does  nut  deflect  the  course  of  the  Mississippi  by  ite  junction,  and 
the  name  of  the  last-mentioned  river  is  preserved.  The  same  occurs  in 
South  America  as  to  the  Amazonas  and  Madeira,  where  we  find  that 
the  last-mentioned  river  changes  the  direction  of  its  course  to  meet  the 
Amazonas,  whose  name  is  preserved.  In  Eur6pe,  the  Rhine  is  joined 
by  the  Aar  in  Switzerland,  above  Laufenburg.  The  Aar  is  the  lai^ger 
river,  and  brings  down  a  greater  volume  of  water ;  but  the  Rhine,  where 
it  is  joined  by  it,  continues  its  westerly  course,  and  its  name  ia  preserved. 
There  are  also  two  rules  for  determining  which  of  the  various  head- 
streams  of  a  river  is  entitled  to  be  regarded  as  its  upper  course,  ancT 
consequently  to  bear  the  datne  borne  by  the  united  stream  lower 
down :  the  one  rule  is  at  the  same  time  theoretical  and  natural ;  the 
other  is  practical  or  conventional.  By  the  former,  the  greater  length 
and  size,  and  the  general  direction  of  the  valley  or  basin  of  the  river, 
are  the  main  considerations.  By  the  latter,  it  is  the  first  acquaintance 
which  the  inhabitants  or  discoverers  of  the  valley  of  the  main  stream 
may  make  with  one  of  its  bisnches  (or  the  converse)  that  causes  the 
some  of  the  former  to  be  extended  to  the  latter. 

The  extent  of  a  few  river  basins  is  here  given  in  round  numbers, 
but  they  must  only  be  considered  as  rough  approximations : — 

RiTcn.  Square  Miles. 

Ibamea e,S0O 

Atbara,  the  feriUlting  tribuUrjr  of  the  Mile  .    «  60,000 

Ublue 80,000 

Eupbnitcs,  including  the  Tigris    .        ,        .    .  108,000 

Brahmnputra '170,900 

Dantibo'       ..<,,.,,  S19,S0O 

Indus 410,000 

Ganges •        .    .  443,000 

Volga 693,000 

Nile 707,900 

Tan-tae-Ua'ng 74!,00O 

Misaissippi 1,100,000 

Plata °  .        .        .  1,200,000 

Oby 1,000,000 

AmazoBas i       ,  1,330,000 

According  to  Bumboldt  the  area  of  drainage  of  the  Amazonas 
measures  8,000,000  of  square  miles ;  but  in  this  be^  in  all  probability, 
includes  that  of  the  Tocantins  [Brazil,  in  Geoo.  Div.]  which  Mr. 
Wallace,  correctly  in  our  opinion,  regards  as  a  distinct  river. 

RIVETIKQ,  considered  in  its  simplest  form,  is  nothing  more  than 
the  hammering  of  on  iron  bolt  through  a  hole  punched  in  two  iron 
plates ;  but  in  the  vast  engineering  operations  of  the  present  day,  where 
rivets  are  used,  not  merely  by  the  thousand,  but  by  the  million,  the 
rapid  ond  exact  management  of  the  operation  become  important 
matters.  The  Britannia  tubular  bridge  over  the  Menai  was  the  first  of 
these  great  examples  of  rivet-fastened  plates ;  the  Gi-eat  JSatlenv  steam- 
ship was  a  second ;  and  the  Victoria  railway  bridge  over  the  St. 
Lawrence,  at  Montreal,  is  a  third.  The  rivets  themselves  may  be 
oimply  pieces  cut  off  from  iron  rods,  and  heated  in  a  forge  to  a  state  fit 
for  hammering ;  but  under  Nail  Manufactcre  will  be  found  a  notice 
of  certain  machines  which  are  equally  suited  for  makbg  noils,  rivets, 
nuts,  and  spikes. 

At  a  meeting  of  the  Institute  of  Mechanical  Engineers,  in  1857, 
Mr.  Harvey  made  the  following  observations  on  rivets  and  riveting  : — 
"  In  the  manufacture  of  steam-boilers,  the  opention  of  riveting  is 
mostly  effected  by  hand-labour ;  agd  in  order  to  bring  the  heads  of  the 
rivets  to  a  proper  form  and  finish,  much  of  the  bammermg  takes  place 
when  the  nvet  has  approached  to  a  nearly  cold  state,  lie  tendency 
of  this  is,  to  destroy,  to  a  certain  extent,  the  fibrous  character  of  the 
rivetj  The  case  of  a  rivet-head,  starting  off  under  the  operation  of 
proving  the  boiler,  iilthough  seldom  occurring,  has  revealed  the  fact 
that  a  crystalline  character  must  be  more  or  less  assumed  by  the  iron 
in  all  rivets  worked  in  the  usual  manner;  and  hence,  besides  ariving  at 
economy  hf  the  use  of  steam  for  riveting,  it  is  very  desirable  that  the 
rivets  should  be  finished  in  as  short  a  time  as  possible,  and  without 
that  succession  of  blows  by  which  tiie  fibrous  character  of  iron  is 
always  more  or  less  injured. '  In  hand-riveting,  it  may  be  added,  the 
head  is  mode  conical  by  the  shape  and  action  of  the  riveting  hammer; 
whereas  in  ateam-rivetmg  the  head  becomes  convex,  which  is  better. 
"  Nevertheless,    st^am-riveting   machines,    though    many   have    been 


invented,  have  not  hithetto  come  much  into  use.  Some  are  found  to 
be  too  complek,  and  likely  tt>  get  out  of  order.  Some  require  a  pres- 
sure of  steam  o{  SO  lbs.  on  the  square  inch,  with  either  a  separate  bwiler 
or  a  large  steam-cylinder,  which  renders  them  too  costly.  Some  have 
a  defect  arising  from  the  peculiar  mode  in  wl^ch  they  act ;  a  com, 
moving  throng  a  fixed  distance,  and  acting  through  a  combination  of 
levers,  with  a  fixed  distance  for  the  travel  of  the  riveting  die,  is  unable 
to  adapt  itself  to  irregularities  in  the  lengHis  of  rivets  which  may 
occur  in  general  work,  and  whidi  mutt  occur  When  rivets  go  sometimes 
through  two,  and  at  other  times  through  three  thicknesses  of  plates. 
Messrs.  Whitelaw  and  Ilarvey  have  endeavoured  to  surmount  some  of 
these  difbcultles  in  a  riveting-machine  of  recent  introduction.  The 
steam-cylinder  is  IS  inches  in  diameter  by  21  inches  stroke.  A 
system  of  levers  and  eccentrics  carry  a  shearer,  a  punch,  and  a  die ; 
for  the  machine  is  intended  to  perform  all  three  opei^tious  of  cutting 
iron  plates,  punching  holes  in  them,  and  then  driving  rivets  into 
the  holes.  The  machine  is  not  wholly  self-acting ;  it  is  momentaiily 
stopped  by  hand  after  every  stroke.  The  eflcotive  action  of  steam  is 
upwards;  the  downward,  movement  is  the  effect  of  the  weight  of 
the  moveable  parts  of  the  apparatus.  Between  the  piston  and  the 
bottom  of  the  cylinder  a  portion  of  the  exhausted  steam  is  retnined 
as  a  cushion,  to  bring  the  piston  softly  to  rest.  Steam  of  201b.  to 
the  inch  has  pressure  enough  for  this  machine.  It  has  power  to 
pimch  a  hole  three-quarters  of  an  inch  diameter  through  a  cold  iron 
plate  three-quarters  of  On  inch  thick,  and  to  effect  the  cutting  and  the 
riveting  for  the  same  pjate.  In  riveting,  the  action  upon  the  rivet-head 
is  a  presiure,  not  a  blow ;  this  pressure  becomes  more  and  more  intense 
as  the  process  advabces,  until  just  before  the  head  of  the  rivet  is  finally 
shaped,  it  amounts  to  something  like  30  tons. 

In  riveting,  whether  by  hand  or  bv  maohlile,  it  is  necessuy  to 
furnish  a  pressure  agdust  bne  end  of  ilie  rivet  to  assist  the  action.at 
the  other.  In  the  hand  method,  one  man  holds  a  hammer  forcibly 
against  one  end  of  the  rivet  in  the  hole,  while  another  strikes  the 
other  end.  In  the  machine  method,  the  action  is  like  the  {u-essure  of 
a  die  and  counterdie. 

KIVULIN.  A  mucilaginous  matter  found  in  a  speciea  of  fresh- 
water plant,  the  Rivvla  luimlota. 

ROAD.  Under  this  head  it  is  proposed  to  embrace  food-making, 
with  a  brief  sketch  of  the  history  of  roads,  referring  for  more  detailed 
statistical  information  to  the  Qeoobapbioal  DtvistON  of  this  work, 
and  to  Wat  and  TTRSPtKE  Trusts  for  on  explanation  of  the  lan-s , 
respecting  the  formation  and  maintenance  of  the  highways  in  this 
country. 

The  importance  ottaohecl  to  roads  by  the  great  nations  of  antiquity 
Is  abundantly  testified  by  historians,  though,  except  in  the  case  of  tlie 
Roman  roads,  there  are  few  remains  existing.  The  Carthaginians  are 
said  to  have  been  the  inventors  of  paved  roads,  which  were  much  Used 
by  the  Romans,  Who  were  distingiushed  by  the  vast  extent  and  solid 
construction  of  their  highways,  of  which  several  thousand  miles  were 
made  in  Italy  alone,  while  every  countiy  which  was  brought  under 
their  sway  Was  more  or  lees  intersected  by  these  channels  of  com- 
munication. Though  formed  mainly  to  facilitate  military  movements, 
the  Roman  roods  were  productive  of  the  greatest  civil  benefits.  Being 
made  by  a  power  whose  resources  were  almost  unlimited,  these  military 
roods  were  usually  laid  out  in  straight  lines  from  one  station  to 
another,  with  little  regard  to  natural  obstacles,  which  were  frequently 
passed  by  means  of  very  extensive  works,  as  excavations,  bridges,  and 
in  some  instances,  tunnels  of  considerable  length.  The  solidity  of 
their  construction  was  fully  equal  to  the  boldness  of  their  design ;  a 
&ct  proved  by  the  existence  of  many  that  hove  borne  the  traffic  of 
neor  two  thousand  years  without  material  injury,  llie  "Roman 
engineers  were  very  particular  in  securing  a  firm  bottom,  which  was 
done  when  necessary  by  ramming  the  ground  with  small  stones, 
fragments  of  brick,  &c.  On  this  carefully  prepared  foundation  a 
pavement  .of  large  stones  was  firmly  set  in  oement,  the  stones  being 
occasionally  squared,  but  more  commonly  of  irregular  shapes,  though 
always  accurately  fitted  to  each  other.  For  this  purpose  many 
varieties  of  stone  were  used,  but  the  preference  seems  to  have  been 

SVen  to  basalt,  where  it  could  be  bad,  it  being  used  in  many  situa- 
onsin  which  other  suitable  materials  might  have  been  procured  with 
less  labour  and  expense.  Where  large  blocks  could  not  be  con- 
veniently obtained,  small  stones  of  hard  qiudity  were  sometimes 
cemented  together  with  lim%  forming  a  kind  of  concrete,  of  which 
masses  extending  to  a  depth  of  several  feet  are  slill  in  existence.  The 
Roman  roods  were  generally  raised  above  the  ordinary  surface  of  the 
grotmd,  and  frequently  had  two  carriage  tracks  separated  by  a  raised 
footpath  in  the  centre. 

In  some  parts  of  the  continent  of  Europe,  especially  in  Italy,  the 
Roman  system  of  road-making  bos  bten  imitated,  particularly  in  city 
pavements ;  but  in  Britain  the  attempts  to  follow  the  Roman  model 
appear  to  have  been  veiy  limited,  and  road-moking  has  been  very  imper- 
fectly practised  till  within  the  last  half  century.  Many  of  the  existing 
highways  were  originally  mere  paths  or  tracks  from  place  to  place,  their 
course  having  been  determined  more  by  accidental  circumstances  than 
by  0  due  attention  to  the  properties  of  a  good  road.  Thus  deviotiona 
were  made  from  the  direct  course  in  order  to  cross  rivers  at  fordable 
points,  and  the  rood  was  conducted  over  a  hill  in  preference  to  a  more 
level  course  round  its  base,  to  take  advance  of  natural  drainage.    Aa 
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improTements  have  been  introduced  in  the  systems  of  constniction 
and  repair,  the  direction  and  levels  have  been  frequently  left  unaltered, 
to  avoid  the  temporary  inconvenienoe  and  expense  attending  a  devia- 
tion from  the  established  course.  The  scanty  information  we  possess 
as  to  the  state  of  the  roads  in  early  times  Indicates  that  it  viaa  very 
bad ;  and  after  the  introduction  of  turnpikes,  and  even  down  to  the 
commencement  of  the  present  century,  the  greater  port  of  the  roads 
were,  owing  to  injodioious  modes  of  constniction  and  repair,  in  a  state 
very  unfit  for  tnffio. 

The  inef^ciency  of  the  system  of  maintenance  by  parish  and  statute 
labour  was  proved  before  the  passing  of  the  first  Turnpike  Act  in 
I6S3 ;  yet  the  necessity  of  improvement,  and  the  obvious  justice 
of  maintaining  roads  by  the  produce  of  tolls,  did  not  lead  to  the 
extensive  adoption  of  tba  turnpike  system  for  about  a  century  after 
that  time. 

During  the  last  sixty  years  the  attention  of  govemment  has  been 
repeatedly  directed  to  the  impwianca  of  this  doss  of  public  works,  and 
the  Highland  and  Hcdyhead  roads,  formed  b^  Telford  and  others, 
did  miwh  in  improving  and  extending  the  science  of  rood-making. 
The  Highland  roads  alluded  to  ware  made  under  the  commission  of 
1808,  and  originated  in  the  military  roads  formed  in  oonsequenoe  of 
the  rebdlions  of  1716  and  1716,  which  had  been  found  very  beneficiid 
to  the  diatriots  to  which  they  afforded  the  means  of  access.  The  roads 
made  and  improved  under  the  management  of  tiie  Highland  road 
Commissioners  extend  to  more  than  900  mlles^  the  whole  being  in  a 
mountainous  district,  but  so  well  laid  out  that  their  indinationa  are 
always  moderate.  The  works  executed  in  the  formation  of  these  roads 
are  very  extensive,  and  comprise  upwards  of  1100  bridges.  The  Holy- 
bead  road  improvements  were  commenced  in  181S,  and  in  these 
Telford  and  hu  able  asustanta  bid  the  opportunity  of  carrying  into 
effect,  under  a  govemment  commission,  a  plan  of  road-making  suitable 
to  a  great  traffic,  on  principles  generally  considered  to  be  nearly 
perfect.  The  principles  on  wUch  these  important  works  were  executed 
are  yery  fully  detailed  by  the  late  Lord  Congleton,  then  Sir  Henry 
Kunell,  in  his  valuable  '  Trtatise  on  Boads,'  to  which  work  the  writer 
of  this  article  is  indebted  for  much  of  the  following  information.  The 
name  of  UcAdam  must  not  be  passed  over  without  notioe  in  this 
place,  as  his  exertions  have  done  much  towards  attracting  public 
attention  to  the  improvement  of  roodl^  even  where  his  peculiar  prin- 
ciples have  not  been  acted  upon. 

Though  much  remains  to  be  accomplished,  and  the  philoaophy  of 
road-making  ia  yet  very  hnperfeotly  understood  by  a  large  proportion 
of  those  to  whom  the  care  of  the  highways  is  committed,  it  is  im- 
possible to  compare  the  past  and  present  state  of  roads  without  feeling 
grateful  for  their  improvement,  and  observing  in  how  great  a  degree 
that  improvement  has  benefited  the  agricultural,  commercial,  and 
moral  intereste  of  the  community. 

Dcngmng  a  Lint  of  Road;  Eartk-vmii,  Jke. — Though  formerly 
little  attended  to,  the  design  of  the  plan  of  a  line  of  rood  is  a  subject 
which  requires  extensive  knowledge  and  mature  deliberation.  It  is 
often  advisable  to  survey  several  dilTerent  lines,  in  order  to  the  selection 
of  the  one  which,  on  careful  comparison,  api^cars  to  have  the  prepon- 
derance of  desirable  qualities.  To  be  theoretically  perfect,  a  road  should 
combine  the  quolitiw  of  atraightness  and  level,  and  its  surface  should 
be  smooth  and  hard ;  and  the  best  road,  practically,  will  be  that  which 
makes  the  best  compromise  between  unavoidable  deviations  from  this 
theoretical  perfection.  It  may  Be  observed,  however,  that  although 
some  writers  speak  of  the  absolute  perfection  of  each  of  these  qualities 
as  essential  to  the  idea  of  a  good  road,  it  may  be  questioned  whether 
it  be  desirable  of  any,  excepting  of  the  first.  Of  these  qualifications 
the  first  two  belong  to  the  design  or  laying  out  of  the  line,  and 
the  last  two  to  the  execution  of  the  road  and  the  materials  made 
use  oL 

The  qtialitiee  of  straightnesa  and  level,  or  the  line  of  dir^etion  and 
line  of  draught,  should  be  veiy  carefully  adjusted  to  each  other. 
Some  remarks  on  this  subject  wdl  be  found  in  the  article  Railwat, 
which  apply  equally  to  the  laying  out  of  common  roadsr  though  the 
proportionate  retardation  due  to  a  given  ascent  is  very  different,  owing 
to  tne  great  comparative  resistance  of  a  common  road.  Aniong  the 
circumstances  that  may  authorise  a  deviation  from  the  straight  line, 
are  the  power  of  obtaining  suitable  materials  for  the  road,  avoiding 
valuable  property  or  difilcult  ground,  and  including  towns  or  villages 
in  the  route. 

It  teecaa  to  be  a  prevailing  opinion  with  modem  engineers,  tiiat  the 
line  of  direction  has  not  generally  been  made  as  subordinate  as  it 
should  be  to  the  line  of  drauf^t;  and  it  will  be  well  to  remember,  in 
layins  out  a  new  road,  that  while  the  effect  of  gravity  must  ever 
remaia  the  same,  the  resistance  occasioned  by  imperfections  in  the 
road  and  carriages  will  be  reduced  by  every  prospective  improvement 
in  their  construction;  thereby  increasing  the  proportionate  effect  of 
gravity,  and  making  the  line  of  direction  still  more  subordinate  to  that 
of  draught,  or,  in  other  words,  increasing  the  length  of  level  rood  that 
may  be  traversed  with  the  same  expenditure  of  power  as  would  raise 
the  load  up  a  given  elevation.  Curves  increase  the  resistance  to  the 
motion  of  carriages,  and  add  to  the  risk  of  accident ;  but  if  slight,  they 
increase  the  length  of  the  road  much  less  than  ;night  be  supposed. 
Edgeworth,  in  Us  '  Essay  on  the  Construction  of  Ro:^  and  Carriagea,' 
•ays,  "A road  tea  mileg  long,  and  perfectly  straight,  can  scucely  be 


found  anywhere ;  but  if  such  a  road  could  bo  found,  and  if  it  were 
curved,  so  as  to  prevent  the  eye  from  seeing  farther  ihaa  a  quarter  of 
a  mile  of  it,  iA  any  one  place,  the  whole  road  would  not  be  lengthened 
more  than  one  hundred  and  fifty  yards.'' 

The  principle  explained  in  the  article  Railway,  of  so  arranging  the 
inclinations  on  each  side  of  the  summit,  or  highest  point  unavoidably 
paasedover,  that  there  may  be  no  unneeessary  rise  and  &U,  is  equally 
deserving  of  attention  in  the  design  of  a  common  road,  although  it  has 
been  much  neglected.  The  following  statement  respecting  hn  old 
road  in  the  Isle  of  Anglesey,  which  was  altered  by  Telfoid,  shows  how 
very  much  a  road  may  be  iinproved  by  judicious  alterations ;  not  only 
by  shortening  the  line  and  lowering  the  summite,  but  also  by  dimiuisIuDg 
the  minor  undulations : — 
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However  desirable  a  perfect  level  may  be  in  theory,  a  road  with, 
moderate  inclinations,  as  of  1  in  100,  ia  found  to  be  preferable  in 
practice,  because  without  such  a  slope  it  is  difficult  to  get  rid  of  water 
tast  enough,  unless  the  road  be  raised  a  few  feet  above  the  surrounding 
land,  and  thereby  exposed  to  the  free  action  of  sun  and  wind.  Sli^t 
undulationaare  also  considered,  by  most  authors,  to  be  desirablfe  in  all 
cases  where  animal  power  is  employed ;  frequent  changes  in  the  nature 
of  _  exertion  being  considered  favourable  to  the  horses.  On  this 
principle  it  is  recommended  thatwhere  an  imdnlating  road  ie  reduced 
to  a  uniform  gradient,  occasional  levels  diould  be  introduced  to  ease 
the  draught.  Any  Inclination  exceeding  the  angle  of  repose,  or  that 
beyond  which  a  carriage  would  roll  down  by  its  own  gravity,  occasions 
a  loss  of  power;  but  M  below  it  are  attended  with  a  compensating 
effect  when  the  tnffio  in  both  direciions  is  taken  into  account ;  the 
advantage  ^uned  by  descending  carriAges  being  equal  to  the  additional 
labour  required  in  the  ascent.  This  angle  l^s  beat  stated  by  Ludner 
to  be  about  1  in  40,  with  a  good  carriage  on  a  broken  stone  road  of  the 
best  quality;  but  the  inclination  allowed  on  the  Holyhead  road  ia 
1  in  86,  a  slope  which  may  be  ascended  at  a  good  rate  of  speed,  and 
descended  at  twelve  miles  an  hour  without  tI&.  A  greater  slope  not 
only  occasions  much  additional  resistance  in  the  ascent,  but,  by  ren- 
dering it  unsafe  to  drive  down  at  full  speed,  causes  a  loss  of  time  in 
the  descent  aUo.  Modem  engineers  consider  it  unadvisable  in  any 
case  to  exceed  an  inclination  of  1  in  21,  though  there  are  hills  at  least 
twice  as  steep  on  some  turnpike  roads.  The  following  table  shows  tho 
effect  of  various  inclinations  in  increasing  the  draught  of  a  etage-coocli 
at  different  velocitiee  on  the  same  description  of  road,  as  indicated  by 
a  dynamometer  contrived  by  Mr.  Macueill  for  experiments  on  the 
draught  of  carriages ; — * 
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It  should  always  bo  home  in  mind  that  the  ocourronce  of  one  steep 
hill  on  a  line  of  rt>ad  affects  the  working  of  the  whole  stage,  as  the 
number  of  horses  required  for  ascending  it  must  be  used,  although  a 
portion  of  their  power  may  be  unemployed,  on  the  greater  part  of  the 
road.  The  inconvenience  of  a  steep  indination  may  be  diminished  by 
laying  a  stone  tramway  for  the  use  of  ascending  veliicles ;  a  measure 
adopted  with  success  on  the  Holyhead  rood,  where,  on  a  slope  of  about 
1  in  20,  the  power  required  to  draw  a  ton  was  reduced  by  this  means 
from  294  lbs.  to  132  lbs. 

In  arranging  the  works  neceasaiy  for  obtaining  the  required  level, 
the  preference  should  be  given  to  embankments ;  and,  wherever  it  is 
practicable,  the  bed  of  the  road  should  be  elevated  two  feet  above  the 
natural  level,  for  the  sake  of  efficient  drainage.  Tunnels  u e  very 
rarely  introduced  on  common  roads,  being  very  costly,  and,  when  of 
considerable  length,  inconvenient  from  their  darkness.  When  the 
road  is  in  an  excavation,  the  side-slopes  should  never  be  steeper  than 
two  horizontal  to  one  vertical,  and  it  ia  desirable  to  have  those  on  the 
south  side  three  to  one; 'because,  though  many  materiids  will  stand  at 
steeper  inclinations,  it  is  essential  to  the  preservation  of  the  road,  and 
the  comfort  of  horses  travelling  upon  it,  that  the  sun  and  air  should 
have  free  access  to  its  surface.  Where  stone  can  be  readily  procured, 
tiie  erection  of  walls  at  the  bottom  of  the  elopes  gives  a  neat  and 
finished  ^jpearanoe  to  the  road,  and  prevent*  earth,  which  may  be 
loosened  from  the  sides,  from  &11ing  into  the  side  channels  or  drains. 
The  Highgate  Archwky  road  affords  an  example  of  the  great  difficultiea 

*  This  UicM  Idstrammt,  which  Its  ingeniaos  InveBtar  denominttea  a  Ibmi 
InHeator,  la  moostcd  on  a  light  phaeton,  and  besides  marking  the  dranght  at 
ererj  ten  or  twenty  jards,  points  oat  the  dlitoace  mn,  ud  the  rates  of 
accllTlty  or  deellTity  on  every  part  of  the  road.  A  tuU  dtscrlpUon  of  It  is  fim 
In  Farsell's 'Treatise  on  Beads.' 
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that  occasionally  attend  a  deep  excavation,  owing  to  the  accnmnlation 
of  water ;  the  remedy  for  which  is  described  hereafter.  Where  em- 
bankments are  required,  strong  fencing  is  especially  necessary  to 
gnard  agunst  the  occurrence  of  accidents.  Some  ot  the  roads  formed 
by  Telford  are  conducted  across  deep  valleys  by  bridges  or  viaducts  of 
great  magnitude,  in  order  to  maintain  the  desired  level  without  the 
inconvenienoe  and  expense  of  large  earth  embankments. 

In  old  roods  the  bridges  erected  for  the  passage  of  rivers  are 
frequently  made  much  smaller  than  is  advisable,  so  that  the  level  of 
the  road  is  made  too  low,  and  the  water  is  impeded  by  the  contracted 
arches  to  such  a  degree  as  to  occasion  much  damage  during  floods. 
Modem  engineers,  by  adopting  bolder  dimensiona  for  the  bridges,  and 
forming  raised  approaches,  avoid  these  inconveniences,  and  secure  their 
roads  from  the  risk  of  obstructiqn  by  floods.  The  raising  of  the  rood 
wherever  it  passes  through  mai-shy  or  low  land  is  a  very  necessary 
measure.  Many  old  roads  still  in  use  are  sunk  several  feet  below  the 
sui&ce  of  the  ground,  because  they  have  originally  been  exposed  to 
the  destructive  action  of  water,  and  the  materials  thus  softened  have 
been  ground  into  mud  and  cleared  away,  until,  by  the  repetition  of 
these  operations,  the  roads  have  been  converted  into  deep  trenches, 
which  are  frequently  flooded  in  winter.  Of  the  extent  to  which  this 
process  has  been  occasionally  Buffered  to  go  on,  an  idea  may  be  formed 
Irom  the  statement  of  Edgeworth,  that "  the  stag,  tho  hounds,  and  the 
liorsemen  have  been  known  to  leap  over  a  loaded  waggon,  in  a  hollow 
■way,  without  any  obstruction  from  the  vehicle." 

In  conducting  a  road  tiirough  a  mountainous  district,  in  addition  to 
numerous  bridges  for  the  purpose  of  crossing  ravines  (for  which 
purpose  suspension  bridges  have  been  occasionally  applied,  a^  in  the 
fiassage  of  the  Menai  strait),  embankments  between  retaining  walls  of 
stone,  and  walls  to  support  the  road  along  the  face  of  a  precipice,  are 
frequently  necessary.  Some  works  of  the  latter  character  have  excited 
much  admiration.  If  ^e  slope  of  a  precipice  be  only  six  inches 
horizontal  to  a  foot  vertical,  such  a  rood  may  be  formed  by  building  a 
mix  thirty  -feet  high,  based  on  steps  out  into  the  rock,  and  cutting  into 
the  rock  to  the  depth  of  ten  feet  on  a  level  with  the  top  of  the  wall, 
the  space  between  which  and  the  face  of  the  precipice  is  filled  in  with 
earth  or  stone.  By  this  means  a  platform  twenty-five  feet  wide  is 
obtained.  Many  works  of  this  character  have  been  executed  by 
Telford  and  other  engineers,  in  various  parts  of  Scotland,  in  the  High- 
land roads,  and  those  forming  the  communication  between  Edinburgh 
and  London  :  and  others,  the  boldness  of  which  commands  universal 
admiration,  occur  in  the  great  mountain-passes  of  the  Simplon  and 
Mont  Cehis,  which  form  imperishable  monuments  of  the  talent  and 
energy  of  the  engineers  of  Napoleon,  by  whom  they  were  executed. 

When  the  works  are  completed  to  the  proper  level  for  receiving  the 
hard  materials  that  form  the  surface  of  t^e  road,  the  earth  should  be 
formed  into  the  intended  width  and  a  yearly  level  si^rface,  the  foot- 
path or  paths  being  elevated  a  few  inches  above  the  bed  of  the 
carriage-way.  Thirty  feet  is  the  ordinary  width  of  the  carriage-way, 
exclusive  of  footpaths,  of  the  Holyhead  road ;  but  the  propriely  of 
reducing  the  width,  in  most  places  to  twenty-four  or  twenty-five  feet, 
has  been  suggested.  This  width  may  be  more  or  less  exceeded  in 
the  vicinity  of  large  towns,  according  to  the  amount  of  traffic,  but 
should  be  exactly  adhered  to  in  other  situations,  as  uniformity  in 
this  particular  greatly  improves  the  appearance  of  a  road,  and  also 
contributes  to  economy,  both  as  to  tho  land  and  materials,  and 
ihe  cost  of  maintenance.  Some  engineers  recommend'  that  the  bed 
should  be  made  convex,  in  the  same  degree  as  the  finished  surface  of 
the  road ;  but  it  is  quite  flat  in  the  Holyhead  road,  by  which  means 
a  greater  depth  of  materials  is  allowed  in  the  centre  than  at  the  sides 
of  the  road.  Much  has  been  said  on  tho  subject  of  the  best  form 
for  the  transverse  section  of  a  road.  Formerly  it  was  common  to 
make  it  very  convex,  often  to  a  degree  that  was  highly  dangerous,  with 
the  idea_  of  throwing  off  water;  but  this  notion  ia  very  fallacious, 
because  if  a  road  be  allowed  to  wear  into  ruts,  no  degree  of  convexity 
that  can  be  given  is  sufiioient  to  keep  it  dry ;  while,  if  the  surface  be 
good,  a  very  moderate  slope  is  sufiioient  to  carry  oft'  water,  and  a  steep 
inclination  will  cause  it  to  run  with  such  velocity  as  to  wear  away  the 
road  materials.  Another  disadvantage  of  too  great  an  inclination  is, 
that,  by  throwing  the  weight  of  a  carriage  on  one  side,  the  vehicle 
itself  is  injured,  and  the  overloaded  wheeh  cut  up  the  road  more  than 
necessary.  Some  have  gone  so  far  in  opposition  to  this  practice  as  to 
advocate  perfectly  flat  or  even  concave  i-oads,  in  favour  of  both  of 
which  much  may  be  said ;  but  the  general  practice  of  modem  road- 
makers  is  to  make  the  surface  slightly  convex.  In  Telford's  roads  the 
convexity  is  elliptical,  the  fall  being  half  an  mch  at  four  feet  from  the 
centre,  two  inches  at  nine  feet,  and  six  inches  at  fifteen  feet.  It  has 
)Men°  recommended  to  form  the  cross  section  into  three  fiat  planes, 
that  in  the  centre  being  horizontal,  and  the  others  slightly  inclined 
from  it.  Very  narrow  roads  are  often  sloped  in  one  direction  only, 
like  one-half  of  a  convex  road ;  and  roads  on  the  face  of  a  steep  hill 
are  occasionally  treated  in  this  manner,  the  surface  water  being  oon- 
duoted  towards  the  hill,  and  earned  off  by  drains  under  the  road. 
This  plan  has  the  advantage  of  checking  any  tendency  in  carriages  to 
roll  or  turn  over  towards  the  least  protected  side  of  the  road. 

Wherever  the  substratum  of  a  road  ia  wet  and  soft,  great  care  is 
necessary  to  make  the  bed  solid.  If  the  ground  be  boggy  or  maa-shy, 
it  is  desirable  to  form  an  embankment  of  sufficient  th/ckness  to  com- 


press Hie  elastic  foundation ;  such  embankment  being  sometimes 
supported  by  faggots.  Telford  and  most  engineers  recommend  that 
ramming  with  stone-cBpa  should  be  resorted  to  where  the  bed  is  wet 
and  spongy ;  and  that  where  soft  clay  occurs,  a  stratum  of  earth  or  of 
sand  should  bo  laid  between  it  and  the  road  materials,  a  precaution 
which  tends  to  diminish  the  injurious  efiect  of  frost  on  a  rood  with  a 
clay  bottom.  Though  great  core  is  usually  considered  necessary  iu 
order  to  obtiin  a  firm  foundation,  McAdam  and  some  others  have  not 
only  contended  against  its  importance,  but  actually  preferred,  in  cer- 
tain cases,  a  yielding  substratum  to  one  of  rock,  on  the  Supposition 
that  the  wear  of  the  road  is  diminished  by  elasticity.  Careful  observa- 
tions on  the  repairs  of  a  rood  in  Somersetshire,  of  which  about  seven 
miles  ore  supported  by  a  morass,  and  five  or  six  by  limestone  rock, 
indicated  a  difference  of  expense  in  repair  of  about  five  to  seven  in 
favour  of  the  morass,  though  it  was  so  soft  that  the  vibration  caused 
by  a  carriage  passing  was  sufficient,  to  break  the  young  ice  in  the  side 
ditches ;  but  extended  experience  scqms  to  confirm  the  more  general 
ojnnion  in  favour  of  a  hard  unyielding  foundation. 

Deep  ditches  should  be  cut  for  the  efficient  drainage  of  the  road, 
which  is  of  paramount  importance ;  and  these  should  be  on  the  field 
side  of  the  fences.  They  should  extend  to  a  depth  of  from  2  feet  6 
inches  to  4  feet  below  the  bed  of  the  road,  according  to  the  nature  of 
the  ground.  The  earth  thrown  out  from  them  is  commonly  used  in 
forming  banks  for  the  hedges ;  but  in  wet  soils,  where  the  ditches  are 
made  larger  and  deeper  than  \isual,  the  additional  earth  excavated  is 
applied  to  raising  the  bed  of  the  road.  Where  brick  or  stone-covered 
drains  are  substituted  for  open  channels,  it  is  usual  to  build  them  with 
open  joints,  to  allow  the  passage  of  water  through  the  sidoiS.  Cross- 
drains  of  masonry  are  introduced'  at  intervals  to  connect  the  slJo 
channels,  and  numerous  minor  drains  filled  with  rubble  stones  or  dcau 
gravel  ai-o  formed  in  the  bed  of  the  ro.id.  The  latter  are  frequently  of 
the  kind  called  mitre-drains,  which  are  made  V  shaped  in  plan,  diverg- 
ing from  the  centre  of  the  bed,  and  extending  diagonally  to  the  sides, 
their  angle  being  regulated  by  the  longitudinal  slope  of  the  road,  so 
that  their  inclination  may  not  exceed  1  in  100.  These  may  be  placed 
about  sixty  yards  apart,  or  closer  in  wet  soils,  and  they  receive  the 
water  thaf  filters  through  the  surface  materials.  In  cuttings  or  exca- 
vations it  is  advisable  to  make  drains  to  catch  the  water  descending 
from  the  sides,  and  prevent  its  reaching  the  surface  of  the  road. 

In  treating  of  the  choice  and  application  of  the  hard  materials 
which  compose  the  surface  of  the  road,  the  iormation  of  mUalUd 
roads,  or  those  made  of  broken  stone  and  similar  materials,  will  be 
first  considered;  and  afterwards  that  of  the  principal  varieties  of 
pavement. 

Metalled  or  Srokm-Stone  Jloada. — In  the  formation  Of  metalled  roads 
the  system,  adopted  in  the  great  works  of  Telford  and  his  followers,  is 
the  one  most  generally  adopted  by  English  engineers.  The  disUn- 
guiahiug  characteristic  of  this  system  is  the  use  of  a  rough  pavement 
of  hand-laid  stones  on  the  bed  of  tho  road,  to  support  the  small  broken 
stone  of  which  the  surface  is  composed.  In  the  very  imperfect  mode 
of  road-making  formerly  practised  (which  scarcely  deserves  the  name 
of  a  system),  it  was  very  common  to  cover  a  bad  road  with  a  large 
qu.intity  of  stones,  often  unbroken,  and  generally  of  very  in-ogular 
dimensions.  These  stones,  owing  to  their  rounded  form  and  the  soft- 
ness of  the  substratum,  never  consolidated  into  a  hard  surface,  and  in 
course  of  time  sunk  into  the  soft  oarth  beneath,  which  worked  up 
among  the  stones  in  the  form  of  mud.  Thus  enormous  quantities  of 
stone  were  used  without  producing  a  goc><l  rood,  the  stone  sinking  into 
the  earth  to  a  surprising  extent.  This  evil  is  greatly  diminished  bj 
good  drain.igo,  and  by  the  use  of  stones  of  uniform  size  broken  into 
angular  pieces,  which  have  a  tendency  to  lock  together  into  a  hard  and 
compact  mass, — a  fact  of  the  highest  importance  in  the  science  of 
road-makiug,  and  which  appears  to  have  been  first  prominently  brought 
forward  by  the  late  Mr.  McAdam.  A  great  extent  of  excellent  road 
has  been  made  on  the  plan  advocated  by  McAdam,  who  considered 
paving  unnecessary,  and  laid  tho  broken  stone  immediately  on  the 
surface  of  tho  earth,  depending  on  its  forming  a  hard  crust  impervious 
to  water,  so  that  the  earth,  being  always  kept  dry,  may  have  no  ten- 
dency to  work  up  among  tho  metal  or  broken  stone.  McAdam  used 
no  stones  exceeding  six  ounces  in  weight,  and  gave  tlie  preference  to 
those  of  about  ono  ounce,  or  an  inch  diameter,  which  ho  spread  over 
the  road  iu  thin  layers,  each  being  worked  over  by  carriages  till  in 
some  degree  consolidated ;  and  he  objected  to  the  use  of  chalk  or  earth 
mixed  with  the  stone  for  the  purpose  of  binding  it  together.  Ha 
considered  a  thickness  of  ten  inches  of  broken  stone,  well  consolidated, 
to  be  sufficient  for  bearing  any  load,  oven  where  the  foundation  is« 
morass.  In  which  case  he  considered  no  intermediate  substance  neces- 
sary. Near  Bristol,  a  road  in  which  the  metalling  hod  worn  down  to  a 
thickness  of  only  four  inches,  was  found  to  have  kept  the  substratum 
of  earth  perfectly  dry.  But,  satisfactory  as  this  plan  of  road-making 
has  proved  in  some  cases,  there  are  others  in  which  it  has  failed,  and 
some  in  which  a  very  large  quantity  of  stone  has  been  applied  before  a 
firm  rood  could  be  obtained.  A  rood  from  Lewes  to  Eastbourne,  mode 
on  Mr.  McAdam's  principle,  is  -said  to  have  required  three  feet  of 
raatm-ials  in  many  parts  before  it  was  consolidatod,  though  it  waa 
ultimately  brought  into  a  good  state. 

The  system  of  pitching  or  paving  the  bottom  of  a  road  has  the 
advantage  of  preventing  the  subsoil  from  irorking  up  among  the  road 
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miiterinls,  and,  when  well  executed,  of  distributing  the  preesnre  of 
carriages  over  a  lu-ger  base ;  while  the  size  of  the  paving-etones  them- 
selves prevents  their  sinking  into  the  earth,  as  small  stones  are  liable 
to  do.  The  pavement  also  aots  as  a  drun  to  the  surface  materials. 
In  addition  to  these,  the  plan  has,  in  many  situations,  the  advantage  of 
economy,  as  the  cost  of  a  pavement  is  considerably  less  than  that 
of  an  equal  depth  of  well-broken  stone.  In  most,  if  not  all,  of  the 
cases  in  which  the  paving  system  has.failed,  the  want  of  success  may 
be  attributed  to  very  imperfect  execution ;  as,  if  the  stones  are  very 
irregular  in  size  or  badly  set,  or  the  thickness  of  metal  is  insufficient 
to  protect  the  pavement  from  the  shake  of  passing  carriages,  the  stones 
became  deranged,  and  the  subsoil,  working  up  among  them,  quickly 
spoils  the  road. 

The  case  of  the  Highgate  Archway  road,  which  has  been  before 
alluded  to,  is  a  remarkable  illustration  of  the  absolute  necessity  of  a 
firm  bottoming  under  some  circumstances.    This  road  is  over  a  subsoil 
of  sand,  clay,  and  gravel,  and,  being  partly  in  a  deep  cutting  (originally 
intended  fur  a  tunnel),  is  much  exposed  to  the  influx  of  water.    The 
road,  which  is  rather  more  than  a  mile  and  a  half  long,  was  originally 
made  of  a  quantity  of  gravel  and  sand  laid  on  the  natural  soil,  and 
covered  with  broken  flints  and  gravel ;  but  this  plan  not  succeeding, 
the  road  was  taken  up,  and  piecee  of  waste  tin  were  laid  on  the  sub- 
soil, over  which  were  spread  gravel,  flints,  and  broken  stone.    This 
expedient  did  not  produce  the  desired  effect,  and  at  length,  in  1829, 
the  rood  was  placed  under  the  management  of  the  Holyhead-road 
Commissioners,  its  proprietors  having  failed,  notwithstanding  an  enor- 
mous outlay,  and  tiie  application  of  1200  cubic  yards  of  gravel  annually, 
to  bring  it  into  a  satisfactory  state.    A  thick  coot  of  broken  granite 
was  spread  on  a  portion  of  the  road ;  but,  owing  to  the  unsoundness  of 
the  foiindation,  it  never  consolidated,  the  stones  wearing  into  smooth 
pebbles  by  their  attrition  against  one  another,  even  down  to  the  bottom 
of  the  mass,    l^e  commissioners  therefore  determined,  as  paving-stones 
•     could  not  be  procured  without  great  expense,  to  lay  a  coating  of  Roman 
cement  arid  gravel  as  a  bed  for  the  road-metal,  an  experiment  which 
was  attended  with  complete  success.     The  work  was  exe<xited  by 
Hacneill,  and  consists  of  a  composition  of  Roman  cement  with  eight 
times  its  quantity  of  washed  gravel  and  sand,  which,  after  being  mixed 
in  a  box,  was  laid  on  the  bed  of  the  road  to  a  thickness,  of  six  inches 
and  a  width  of  about  eighteen  ^eet.    A  few  minutes  after  being  laid, 
the  upper  surface  was  indented,  by  means  of  a  triangular  piece  of  wood 
sheeted  with  iron,  with  numerous  channels  or  grooves,  sloping  about 
three  inches  from  tlie  centre  to  the  ades,  these  channels  serving  for 
tlie  stones  to  lie  and  iastea  in,  and  for  conducting  any  water  that 
might  percolate  through  them  into  the  side  drains.    This  measure, 
combined  with  an  extraordinary  ext^t  of  drainage,  amounting  in  the 
whole  to  a  length  of  12,303  yards,  proved  so  complete  a  remedy  that, 
in  ihe  first  winter  after  the  cement  was  laid,  coaches  were  able  to  go 
up  with  four  hones  at  a  trot  with  the  heaviest  loads,  though  before 
the  improvement  six  horses  had  mounted  with  difficulty  at  a  walking 
pace.     The  efiect  of  the  alteration  on  the  wear  of  the  road  was  equally 
satis&ctory,  four  inches  of  quartz  being  worn  away  on  the  old  bottom 
while  only  half  on  inch  of  the  same  stone  was  worn  where  laid  on  the 
cement  foundation.    The  expenses  of  laying  the  cement  composition, 
including  the  formation  of  the  bed  of  the  road,  was  about  ten  shillings 
per  lineal  yard,  part  of  the  gravel  used  being  old.    Macneill  estimated 
the  cost  at  from  twelve  to  fifteen  shillings  per  yard  if  new  gravel  were 
purchased. 

The  effect  of  a  paved  or  concrete  foundation  in  diminishing  the 
draught  appears,  from  the  subjoined  statement,  founded  on  experi- 
menta  with  Hr.  Uacneill's  rood  indicator,  to  be  very  great;  but  a  more 
extensive  series  of  trials  is  desirable  for  a  comparison  of  different  sys- 
tems under  various  circumstances.  The  draught  of  a  waggon  weighmg 
21  cwt.  was  found  to  be  as  follows : — 

On  a  vell-msde  pavement 9S  lb*. 

On  a  road  with  six  inches  of  hard  ttrokcn  stone  ea  a  rough 

pATement 46   „ 

On    n   Bimilar  road,  with  a  foundation  of  Itoman  cement  and 

gnrei  in  lieirof  pavement 40  i> 

On  a  road  with  a  thick  coating  of  broken  stone  on  earth   •        .64,, 

On  •  road  with  a  thick  ooatiog  of  gravel  on  earth         .        .    .  147   „ 

For  the  formation  of  the  pavement  of  a  metalled  road,  almost  any 
hard  stone  that  may  be  easily  dressed  with  the  hammer  may  be  used. 
The  stones  should  be  tolerably  regular  in  size,  and  laid  in  rows  with 
tltcir  broadest  face  downwards,  the  interatices  being  carefully  filled  lip 
with  stone-chipjHngs,  so  as  to  pin  the  whole  pavement  together,  and 
eflectually  prevent  the  earth  from  working  up  through  the  joints.  In 
one  of  Telford's  spedficationB  for  the  Holyhead  road,  the  dimensions 
of  the  stones  for  a  pavement  80  feet  wide  are  given  as  7  inches  deep 
in  the  middle  of  the  road,  6  inchee  at  9  feet  from  the  centre,  4  inches  at 
12  feet,  and  8  inches  at  15  fifteen  feet,  the  stones  to  be  laid  lengthwise 
across  the  road,  and  the  upper  edge  in  no  case  to  exceed  i  inches  wide. 
AU  irregularities  are  to  be  broken  ofT  by  the  hammer,  and  the  stone- 
chips  used  in  packing  the  joints  are  directed  to  be  wedged  in  by  hand 
or  iv-Mh  light  hammers.  No  ramming  is  necessary,  and  it  is  desirable 
to  i>re  vent  carts  which  are  used  in  the  conveyance  of  the  road  materials 
from  being  drawn  upon  the  pavement  before  it  is  covered  with  broken 
st  'ncr. 
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Some  road-makera  use  a  pavement  even  on  a  substratum  of  rock> 
where  it  is  uneven,  but  in  maiw  cases  it  is  jinneceaary ;  although,  if 
the  surface  be  smooth,  it  should  be  picked  to  a  degree  of  roughness 
similar  to  that  of  a  pavement,  in  order  that  the  road  materials  may  not 
slide  upon  it.  'Where  paving  the  whole  width  of  a  road  might  be  too 
expensive,  the  pavement  is  sometimes  limited  to  a  width  of  16  or  18 
feet  in  the  centre.  In  situations  where  coarse  stone  of  suitable 
quf^ty  can  be  easily  procured,  it  is  found  to  be  cheaper  to  make  a 
road  with  6  inches  of  broken  stone  and  a  pavement,  than  with  10  inches 
depth  of  broken  stone  without  paving.  Mr.  Wingrove,  surveyor  of 
the  Bath  roads,  mentions  the  use  of  freestone  brash,  chalk,  ju:.,  for 
forming  the  foundation  pavemeqji  of  metalled  roads.  Of  late  years 
burnt  clay  ballast  has  been  substituted  for  rough  stone  pavements  in 
the  brick  earth  or  blue  clay  districts  around  London,  with  considerable 
success. 

The  quality  and  right  application  of  the  road-metal,  or  broken  stone, 
which  forma  the  surface  of  the  road,  is  of  great  importance.  As  a 
general  rule,  the  hardest  stone  is  to  be  preferred ;  but  this  rule  admits 
of  some  qualification,  some  very  hard  stones  being  found  to  wear  much 
more  rapidly  than  othera  of  a  softer  but  tougher  quality.  According  to 
Pomell,  whose  experience  rendered  him  a  good  authority,  the  best 
descriptions  of  r<»d  materials  "  consist  of  basalt,  granite,  quartz, 
syenite,  and  porphyry  rocks."  The  whinstones  found  in  different  parts 
of  the  United  Kingdom,  Ouemsey  granite,  Mountsorrel  and  Hartahill 
stone  of  Leicestershire,  and  the  pebbles  of  Shropeiiire,  Staffordshire, 
and  Warwickshire,  are  tunong  the  best  of  the  stones  now  commonly  in 
use.  The  sohistus  stones  will  make  smooth  roads,  being  of  a  slaty  and 
argillaceous  structure,  but  they  are  rapidly  destroyed  by  wet,  by  the 
pressure  of  wheels,  snd  they  occasion  great  expense  in  scraping  and 
constantly  laying  on  new  coatings.  Limestone  is  defective  in  the  same 
respect.  It  wean  away  rapidly  when  wet,  and  therefore,  when  the  traffic 
is  very  great,  it  is  an  expensive  material.  Sandstone  is  much  too  weak 
for  the  surface  of  a  road ;  it  will  never  make  a  hard  one,  but  it  is  very 
well  adapted  to  tlie  purpose  of  a  foundation  pavement.  Flints  vary 
very  much  in  quality  as  a  road  material.  The  hardest  of  them  are 
nearly  as  good  as  the  best  limestone,  but  the  softer  kinds  are  quickly 
crushed  by  the  wheels  of  carriages,  and  make  heavy  and  dirty  roads. 
Qravel,  when  it  consists  of  the  pebbles  of  the  haixl  sorts  of  stones,  is  a 
good  material,  particularly  when  the  pebbles  are  «o  large  as  to  'admit 
of  their  being  broken ;  but  when  it  consists  of  limestone,  or  sandstone, 
it  is  often  a  very  bad  one  ;  for  it  wean  so  rapidly  that  the  crust  of  a 
road  made  with  it  always  consists  of  a  large  portion  of  the  earthy 
matter  to  whieh  it  is  reduced.  This  prevents  the  gravel  from  be- 
coming consolidated,  and  renden  a  road  made  with  it  extremely 
defective  with  respect  to  that  perfect  h vdneas  which  it  ought  to  have. 
Mr.  Stevenson,  in  the  article  '  Road,'  in  the  '  Edinburgh  Encyclopeedia,' 
states  the  distribution  of  road  materials  in  th6  British  islands  to  be 
partial  and  irregular.  "  Throughout  Scotland,  and  even  as  far  souA 
as  the  approaching  sources  of  the  rivers  Tees  and  Ribble,  good  road- 
metal  is  generally  to  be  met  with,  containing  the  numerous  varieties 
of  granite,  greenstone,  basalt,  porphyry,  and  limestone.  South  of  this 
boundary,  ajB  far  as  the  Trent  and  the  Dee  in  Cheshire,  the  formation 
is  chiefly  carboniferous  sandstone,  and  the  softer  varieties  of  limestone. 
In  the  southern  counties  chalk  and  gravel  soils  chiefly  occur,  affording 
flint  and  gravel,  both  of  which,  imder  proper  management,  make  ex- 
cellent roads.  In  North  and  South  Wales  we  have  all  the  varieties  of 
road-metal  which  are  common  to  Scotland.  In  Ireland  they  have 
excellent  road  materials,  as  granite  and  Umestoue  are  pretty  generally 
distributed." 

An  interesting  experiment  has  been  tried  on  a  part  of  the  Holyhead 
road  between  London  and  Birmingham,  as  to  the  effect  of  iron  amongst 
the  road-metal  in  diminishing  the  wear  of  the  road.  The  iron  is  cast 
in  the  form  of  cubes,  about  an  inch  square,  and  when  the  road  was 
consolidated,  holes  large  enough  to  receive  them  were  picked  in  its 
surface.  A  single  cube  was  then  placed  in  each  hole,  so  as  to  be  level 
with  the  road,  and  the  small  stone-chips  were  beat  down  about  the 
iron  with  a  mallet.  One  of  these  iron  cubes  is  placed  in  every  four  ' 
inches  of  surface.  They  very  soon  become  firmly  imbedded,  so  as  not 
to  be  disturbed  by  the  rolling  of  carriages  or  the  feet  ot  the  hones ; 
and  to  assist  their  consolidation,  it  is  recommended  to  water  the  road 
freely,  if  the  cubes  should  be  inserted  m  dry  weather.  The  iron  wa« 
applied  in  March,  1836,  since  which  time  the  portion  of  road  in 
which  they  are  used  has '  continued  in  excellent  repair,  and  the 
wear  %  materially  diminished.  Mr.  Macneill,  the  patentee  of  this 
method  of  road-making,  considered  it  particularly  applicable  to  streets, 
on  account  of  its  durability,  and  believed  that  the  expense  would  be 
trifling,  as  iron  of  the  worst  quality  might  be  used.  It  may  be 
observed  that  the  draught  on  the  piece  of  road  on  which  the  ex- 
periment is  made  is  very  easy,  and  tiiat  hones  do  not  show  any 
tendency  to  slip  upon  it.  . 

In  the  choice  of  materials,  the  expense  of  conveying  them  to  the 
road  must  be  taken  into  consideration,  but  it  is  often  better  economy 
to  fetch  good  stone  from  a  great  distance  than  to  use  that  which  is  less 
durable,  though  readily  procured ;  as,  in  addition  to  the  expense  of 
frequent  repaira  to  a  road  formed  with  weak  materials,  great  additional 
labour  is  imposed  upon  the  horses,  which  have  to  wear  down  repeated 
coats  of  fresh  stones.  This  is  one  of  the  points  in  which  the  inex- 
perience and  ignorance  of  road  surveyors  have  often  been  displayed, 
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cases  hsTine  occurred  in  T\'hicb  an  inferior  material  lias  been  procured 
from  a  dibkiiice  at  great  cost,  while  Btone  of  excellent  quality  existed 
in  abundance  on  the  Bpot. 

With  regard  to  the  best  size  of  the  broken  stone  for  the  surface  of 
a  road,  both  Telford  and  HoAdam  direct  that  no  piece  should  exceed 
six  or  eight  ounces  in  weight.  In  some  districts  the  Burveyors  have 
been  instructed  to  test  the  metal  by  a  {wir  of  scales  and  a  six-ounce 
weight ;  but  a  more  usual  test  is  an  iron  ring  2^  inches  in  diameter, 
attached  to  a  handle,  through  which  every,  stone  should  be  small 
enough  to  pass.  Bome  ^vriters  have  recommended  that  one  inch  should 
be  the  maximum  diaiueter,  but  it  is  only  the  hardest  and  toughest 
materials  that  will  bear  breaking  so  small  without  much  waste.  The 
pieces  should  be  as  nearly  cubical  as  may  be,  and  should  on  no 
account  be  broken  on  the  surface  of  the  road ;  nor  is  it  well  to  do  it 
on  the  heap,  the  beat  method  being  to  break  one  or  two  pieces  at  once 
on  a  large  block  of  hard  stone,  the  pieces  being  held  steady  by  the  iron 
ring  that  serves  as  a  gauge.  A  sitting  posture  is  considered  beat  for 
those  engaged  in  breaking  roodmetal,  an  operation  which,  under  the 
modem  system  of  rood-making,  gives  employment  to  a  great  number 
of  hands.  Attempts  have  been  mode  to  perform  this  operation  by 
machinery,  but  mechanical  contrivances  havo  not  been  found  equal  to 
manual  labour.  Pronged  shovels  are  made  tiite  of  in  lifting  the  broken 
stone  into  btirrows  and  carts,  as  they  fave  labour  by  eiitoriiig  the  heap 
with  less  resistance  than  ordinary  shovels,  and  al^o  prevent  the 
admixture  of  earth  with  the  metal. 

The  depth  of  metal  on  a  paved  foundation  should  be  not  less  than 
6  inches,  and  it  should  be  laid  on  in  two  or  throe  distinct  layers,  carefully 
spread  with  broad  shovels,  and  carriages  should  work  on  each  till  it  is 
in  some  degree  consolidated  before  another  is  laid  over  it.  While  the 
metalling  is  fresh,  men  shotdd  attend  to  rake  it  in  the  ruts  as  fast  as 
they  ore  formed,  and  to  pick  off  any  large  stones  that  may  havo  pre- 
viously escaped  notice,  as  they  are  sure  to  work  up  to  the  surface. 
The  sides  of  the  road  may  be  covered  with  the  smaller  portion  of  the 
metal,  separated  by  a  sieve,  with  meshes  of  an  inch  square;  and  a 
layer  of  about  an  inch  and  a  halt  of  clean  gravel  is  occa.«ionally  added 
over  the  whole  surface  in  order  to  ease  the  draught  while  the  road  is 
new,  thouph  its  effect  on  the  road  is  rather  injurious  than  otherwise, 
nothing  being  needed  to  bind  the  metal  together.  Kolliug  a  road  on 
which  fresh  materials  havo  been  laid  is  a  mcisure  of  doubtful  utiUty, 
the  most  effectual  consolidation  being  produced  by  the  working  of 
carHages  which  are  compelled  to  vary  their  tracks,  and  to  run  on  the 
new  metal,  by  placing  wooden  treaties  ocross  tho  road,  and  altering  their 
position  when  necessary ;  the  road  i.?  frequently  raked  as  long  as  any 
loose  stones  remain. 

Where  the  traffic  is  not  suflBcient  to  justify  m  expensive  a  mode  of 
formation  as  that  which  has  been  dcTcril.c.l.  sood  roatls  may  be  formed 
Vfith  broken  stone  only,  increasing  in  thickiiei.i  from  6  inches  at  the 
sides  to  12  inches  in  the  centre.  If  nothing  better  than  ,vr:vvcl  can  be 
procured,  Pumell  rodomuieuds  that  a  co.-it  of  i  inches  be  laid  on  tho 
prepared  bed,  and  works  d  over  till  pretty  firm ;  then  a  layer  3  inches 
thick,  once  screened,  anil  finally  three  <li-:Linct  hiyers  of  the  gr.ivel  well 
riddled,  and  free  from  cr.rlh.  cl;iy,  or  stums  cxceedin-.;  au  inch  and  a 
half  in  diaraiiter ;  the  rua  1.  when  ciii:ipl'tc.l,  to  be  10  iuehcs  thick  at 
the  sides,  and  16  in  the  centre,  where  tlio  nt"":i^-<st  and  best  pjirt  of 
the  grovel  should  bo  LiiiL  The  (lralnn,'.;o  must  l,o  particularly  attended 
to  in  a  gravel  roatl.  Anmn;^  the  inferior  ni.iterials  occasionally  iised 
is  limestone  burnt  to  a  vitreous  state ;  but  tluiiij/h  formerly  ofUn  u.-ied 
in  districts  where  ooal  is  abuudanl,  it  ia  nul.  approved  for  c-in-iage- 
■ways  by  modem  road-makers. 

In  completing  a  road  it  i.f  necessary  to  form  the  side  clmunels  with 
care,  and  to  pi-ovide  againut  their  being  int- rfeud  with  by  branch  or 
field  roads.  Tho  foothiath,  which  is  usually  about  6  feet  wide,  may 
be  matlc  of  gravel  or  broken  sandstone,  and  is  required  in  the  Holy- 
head road  specifications  to  be  level  with  the  centre  of  the  rood,  which 
is  6  mches  above  the  sides.  For  fencing,  walls  are  preferred  where 
stone  is  plentiful,  as  they  occupy  less  sj-aco  than  hedges,  and  have  a 
neat  appearance.  If  the  stone  should  lie  of  favourable  shape,  such  walls 
may  be  built  without  mortar,  except  in  the  oojiing ;  but  if  on  the  ?ide 
of  an  embankment,  the  waUs  should  be  always  strongly  built  with 
mortar.  A  hedge-bank  and  ditch  occuiiy  a  width  of  about  8  feet  in 
ordinary  cases,  and  the  young  quicks  are  protected  by  post  and  rail- 
fencing;  but  where  timber  is  scarce,  it  is  sometimes  well  to  make  the 
ditch  and  bank  rather  larger,  so  tluat  tho  woo.lon  railing  may  be  dis- 
pensed with.  In  cuttings  and  some  other  situations  a  monnd  or  bank 
without  a  hedge  forms  a  convenient  fence,  and  these,  as  well  as  hedge- 
banks,  may  be  improved  in  apptvimuee  and  durabilitv  by  being  swarded. 
AU  fences  sliould  be  ke].t  low,  that  they  may  not  exclude  sun  and 
wind ;  and  for  the  same  ren-ion  trees  or  buildings  thsit  overehadow  the 
rood  should  be  removed  when  j>ractieablo.  Tlie  situation  of  toll-gates 
must  be  regulated  by  cii-cnmst.auce,'",  but  it  is  very  desirable  to  ovoid 
phuang  them  either  on,  or  at  the  bottom  of,  a  hill,  Iwaause  such  an 
arrangement  is  very  liable  to  oauso  accidents.  The  giites,  which, 
wjien  single,  maybe  15  feet,  or,  when  double,  without  a  centre-post, 
M  to  30  feet  wide,  are  luually  painted  white,  tlrnt  they  m.ay  be  readily 
seen  at  night  They  should  be  weU  lighted,  and  Bupplie<l  with  com- 
tortable  toU-ho-jses,  which,  on  some  of  tlie  modern  road.-,  are  erected 
"»,»"  ™?»ra8ntal  style.  PamcU  advises  the  nse  of  milestones  of  light- 
coloured  (tone,  and  of  larger  dimensions  than  usual ;  but  cast-iron  posts 


have  been  extensively  used,  and  on  some  roads  cast-iron  tablet! 
mounted  on  stone.  A  convenient  arrangement  is  a  stone  or  post  with 
two  tablets  inclined  towards  the  road,  so  that  persons  travelling  in 
either  direction  may  see  the  distance  of  tiie  towtt  whloh  they  arti 
approaching. 

However  wdl  a  metalled  road  may  be  made  in  the  first  instanes,  its 
preservation  in  a  good  state  depends  greatly  on  prompt  and  judicions 
repair.  The  mud  that  forms  on  the  surface  in  wet  weather  should  be 
scraped  off  and  formed  into  heaps  at  the  sid^  (avoiding  the  side 
chani^els),  until  it  is  sufficiently  dry  for  carting  away ;  became,  if  left 
on  the  surface,  It  wotUd,  wliile  moist,  soften  the  road  and  cause  it  to 
break  up,  and  after  drying  impede  the  rvmning  off  of  water  from  a 
subsequent  shower.  This  operation  has  been  usually  performed  by 
.  hondj  but  scraping-machiliee,  patented  by  Messni.  Bourne  and  Harris, 
have  been  introduced  with  partial  success,  and  have  been  said  to 
diminish  the  labour  fully  one-half.  The  winter  season,  from  October 
to  April,  is  oonsidered  the  best  time  for  the  addition  of  fresh  nmte- 
ri.al8,  which  are  laid  on  in  thin  coats,  and  should  always  be  apipUed  as 
soon  as  any  hollow  capable  of  retaining  water  is  observed.  For  the 
purpose  of  keeping  a  supply  of  broken  stone  always  at  hand,  depOts  for 
holding  about  twenty-four  cubic  yards  of  metad  ore  formed  by  the 
road-side,  at  intervals  of  a  quarter  of  a  mile  at  leas,  from  which  the 
stone  is  taken  to  the  Vequired  spot  in  barrows.  When  laid  aa  the  road, 
according  to  Famell,  it  is  not  necessary  to  pick  up  the  old  surface,  as 
the  new  metal  keeps  Hxe  part  under  it  wet  and  soft,  and  soon  works  in. 
McAdam,  however,  recommended  brsaking  up  the  surface  of  the  rood 
in  every  cose  where  fresh  stone  is  added. 

Slottt  and  Trim  Tramway t. — Though  an  improvement  on  ordinaty 
pavement,  this  description  of  road  may  be  considered  U  a  link  be- 
tween metalled  and  paved  roads,  stone  tracks  having  been  occasionally 
applied  to  common  roads,  and  with  great  benefit.  Stone  bamwoya 
consist  of  wheel-tracks  formed  of  large  blocks  of  stone,  usually  granite, 
the  surface  of  which  Is  made  so  smooth  as  to  offer  very  little  resist- 
ance to  the  rolling  of  the  wheeht,  while  the  space  between  thte  tracks, 
being  composed  of  broken  stone,  gravel,  or  rou^  pavement,  affords 
secure  footing  for  the  horses.  Iron  tramways,  in  which  cast  or  wrought 
iron  plates  are  used  instead  of  blocks  of  stone,  have  hitherto  been 
very  little  used  on  ordinary  roads,  though  their  superior  smoothness 
gives  them  a  decided  advantage,  while  their  expense  does  not,  ss  stated 
by  Macneill,  at  all  exceed  that  of  granite.  Iron  tracks  ore  sometimes 
mode  with  a  flat  surface,  but  a  sli^t  concavity,  as  in  Woodhouse's  rail, 
which  tends  to  keep  the  carriages  more  accurately  in  tho  right  course, 
and  is  therefore  an  advantage  when  the  vehicles  used  on  the  tramway 
are  nearly  uniform  in  width.  The  granite  blocks  used  for  etobe  tram- 
ways are  generally  from  3  to  6  feet  long,  IS  to  18  inches  wide,  and  8  to 
12  inches  deep.  Qreat  care  is  necessary  in  bedding  such  large  blocks ; 
and  the  joints  require  nice  adjustment.  "They  are  frequently  laid  end  to 
end  without  any  fitting  into  each  other,  but  it  has  been  (iropoaed  to 
dovetail  the  ends  together,  to  insert  a  small  stone  as  a  dowel  between 
two  blocks,  to  use  iron  damps,  or  to  join  the  stones  with  oak  tree- 
nails. The  granite  tracks  used  on  Bopne  steep  ascents  in  the  Holyhead 
road  are  bedded  on  a  pavement  8  inches  thick,  packed  and  grouted,  and 
a  layer  of  8  inches  of  bi-oken  stones  not  exceeding  1 )  Inch  in  diameter; 
a  thin  stratum  of  gravel,  will  rolled,  being  placed  last  of  all  to  receive 
the  blocks.  When  they  are  laid,  the  centre  and  side  spaces  are  filled 
up  with  ordinary  road  material  to  the  level  of  the  tracks ;  a  row  of 
common  granite  paving-stones,  about  6  inches  deep,  5  wide,  and  9 
long,  being  laid  along  each  side  of  the  ti-acks  to  prevent  loose  materials 
working  on  to  them.  Mr.  Stevenson,  in  the  '  Edinburgh  Encyelopeedia,' 
recommends  the  \we  of  smaller  stones,  as  being  cheaper  and  less 
liable  to  injury  from  vibration  than  those  of  the  usuu  size.  The 
dimensions  recommended  by  hint  are  11  inches  deep,  18  inches  wide 
at  the  base,  12  inches  wide  at  the  iop,  and  6  to  9  inches  long. 
The  increased  accuracy  required  in  the  numerous  joints  might  pro- 
bably counterbalance  jny  advantage  gained  by  the  adoption  of  small 
stones. 

The  great  saving  of  power  effected  by  the  use  of  tramways  for 
ordinary  carriages  is  shown  by  numerous  experiments,  some  of  which, 
tried  on  the  granite  tracks  of  the  Commeroial  Hood  in  London,  proved, 
that  a  well-made  waggon  will  nm  with  increasing  velocity,  by  the 
force  of  gravity  alone,  down  a  mean  slope  of  1  in  155.  On  this  road  a 
loaded  waggon  weighing  ten  tons  was  drawn  with  apparent  ease  by 
0  single  horse,  up  an  ascent  of  1  in  274,  for  a  distance  of  about  two 
miles.  On  an  iron  tramway  l.iid  in  1818  by  the  Forth  and  Clyde  canal 
comp<iny  at  Port  Dundas,  near  Qlasgow,  a  horse  has  taken  a  load  of 
three  tons  on  a  cart  weighing  nine  cwt,  up  an  occlivify  of  1  iq  15, 
without  difficulty,  though  he  could  not  proceed  with  it  on  a  eommon 
causeway  with  an  easy  line  of  draught;  and  the  carters  agree 
that  the  horses  take  up  three  tons  upon  the  iron  tracks  as  easily 
an  they  did  twenty-four  cwt.  on  the  eommon  causeway  previously 
used. 

In  order  to  ascertain  the  comparative  durability  of  different  kinds  of 
stone  for  tramways,  and  for  paving  generally,  Mr.  Walker  b-ied  some 
experiments  on  blocks  laid  in  a  toU  gateway  on  the  Commereiol  Hood 
tramw.iy,  the  results  of  which  were  aa  follows : — The  blocks  were  18 
inches  wide  and  12  deep,  and  Were  laid  down  in  March,  1830;  and  the 
loss  given  in  the  table  was  ascertsdned  after  they  hiid  beat  in  UM 
seventeen  months,  in  August,  1831 : — 


Digitized  by 


Google 


us      ■  ROAD. 

Loss  of  Depth. 

DesciipUon  of  Stone.  AbnoUuc.  Com|juralirc. 

Gnernsejr      .,..;,  'CCO  in.         I'OOO  In. 

HcriB*     ...,..,  -OiS  1-190 

Budlct -OSS  1-318 

Blue  PcterbCBd -ISl  2-080 

Hg^ton -Ml  2'i38 

Bed  Aberdeen  ......  -1$9  S-S24 

Dartmoor      ......  -207  S-2S5 

Blue  Aberdeen      .        .         .         .   '.     •  22S  3-971 

Stone  tmnwaya  have  been  adopted  in  many  street  p^vementa  where 
a  great  traffic  ia  carried  on,  partiouliirly  in  some  of  the  narrow  streets 
in  the  city  of  London,  with  tnuoh  advantage  ;  but  their  application  to 
Msolivitiea  on  ordinary  roads  has  hitherto  been  more  limited  than  their 
merita  deserve.  By  their  judicious  introduction  on  a  few  steep  incli- 
nations, many  hilly  roads  might,  at  a  small  expense,  be  made  nearly 
equal  to  level  lines ;  and  it  is  probable  that  such  a  measure  would  tend, 
in  an  important  degree,  tu  enable  turnpike-reiada  to  meet  the  for- 
midable rivalry  of  railiroys,  In  his  report  to  the  Holyhead-road 
CommisiionBra  in  1839,  Mr.  Macneill  strongly  recommends  the  applica-: 
tion  of  stone  or  iron  tracks  to  scvoral  hUls,  -  and  states  that  an  iron 
tnunway  laid  down  along  the  whole  length  of  the  road  would  reduce  the 
expense  of  faor«e  labour  fully  one  half.  "  If,"  he  writes,  "  a  tramway 
were  constmoted  of  iron  plates,  the  whole  way  from'  London  to  Bir- 
minghain,  a  coach  carrying  sixteen  passengers  might  be  drawn  at  the 
rata  of  tdi  miles  an  hour  with  only  two  horses,  and  one  horse  would 
be  able  tu  draw  a  paBt-ohaise  more  easily  than  two  now  can,  so  that 
the  espense  of  ttsTeUiqg  might  be  reduced  on»  half,  and  a  simil.'u: 
leduption  might  be  made  in  the  chai^ges  for  carrying  goods.  The 
expense  qf  forming  such  a  railway  liquid  be  about  2S0(M.  a  mile, 
maldngthe  whole  expeiuo  from  London  to  Birmingham  271,0002."  In 
addition  to  the  immediate  advantages  of  such  an. improvement,  it  would 
remove  one  of  the  greatest  obstacles  to  the  successful  use  of  steam 
loopmotires  on  conunon  roada 

Pavtntnti. — The  formation  of  paved  roads  on  correct  principles 
appears  to  have  beeoi  weIl]understood  by  the  Bomans,' whose' pavements 
show  great  care  in  their  essential  features, — a  good  foundation  and 
aocunite  fitting  of  the  stones.  Soma  of  the  modern  imitations  of  the 
Bomau  system  in  the  street-pavements  of  Italy  show  the  like  attention 
to  these  unportant  points,  the  poving-stonee  being  set  in  mortir  on  a 
concrete  foundation  with  a  degree  of  accuracy  that  has  led  some 
writers  to  designate  these  roads  hansantal  vxiUt.  In  some  instances 
the  blocks  of  stone  used  are  of  oonsiderable  depth ;  but  they  are  often 
tUn,  and,  being  of  large  dimensions,  have  more  the  character  of 
flag-atones  th«m  of  ordinary  paving-blocks.  At  Kaples  and  Florence, 
stones  2  feet  square  and  6  mches  thick,  laid  diagonally  across  the  road, 
and  neatly  set  in  Pozznolano  mortar,  are  ua^;  tiia  surfaces  being 
chipped  where  declivities  or  turnings  occur,  to  prevent  the  shpping  of 
horses,  which  become  very  sure-footed  from  habit,  Occaaioually,  as  at 
Milan,  different  kinds  of  paving  are  laid  for  the  wheel-tracks  and  horse- 
paUi,  so  as  to  produce  the  eii'ect  of  a  stone  tramway.  These  pave- 
ments have  been  recommended  as  models  for  imitation  in  paving  the 
streets  of  London ;  but  the  durability  with  which  they  are  constructed 
would  form  a  disadvantage  in  a  place  where  the  pavement  has  to  be 
frequently  disturbed  fur  the  purpose  gf  laying  down  or  repairing  water 
and  gas-pipes,  or  cleansing  the  sewers ;  and  it  is  probable  that  pave- 
ments which  answer  well  for  the  light  vehicles  and  limited  traffic  of 
many  of  the  continental  cities,  would  be  found  quite  inadeqiute  to 
beaf  tiie  number  of  heavy  carriages  traversing  the  principal  thorough- 
lares  ot  the  metropolis ;  of  which  some  idea  may  be  formed  from  the 
&ct  that  from  six  oVluck,  a.u.,  of  March  16,  to  six  o'clock,  A.U., 
March  17,  1869,  there  were  observed  to  pass  over  London  Bridge, 
4488  cabs,  4286  omnibuses,  9245  waggons  and  carts,  and  2480  other 
Tehidee,  or  20,444  in  all. 

Another  description  of  paved  road,  ilie  origin  of  which  is  commonly 
icfrared  to  the  Romans,  is  the  ehatusie,  or  roughly-paved  causeway 
used  in  the  principal  hi^ways  of  France  and  some  other  parts  of  the 
Continent.  This  kind  of  road  haa  been  much  recommended  for  its 
durability  when  well  made,  but,  unless  laid  with  a  degree  of  care  that 
would  render  it  too  expensive  for  general  adoption,  it  causes  a  very 
unpleasant  and  fatiguing  jolting.  In  such  roods  the  pavement  usually 
eoveiB  only  a  part  of  the  breadth  of  the  road,  leaving  the  sides  avail- 
able for  the  use  of  the  light farriages  in  dry  weather;  and  it  has  been 
suggested,  that  where  the  width  of  the  roadway  would  allow,  it  might 
prove  advantageous  to  form,  in  all  great  roads,  a  track  of  pavement  or 
hard  broken  stone  for  winter  use,  and  another  of  inferior  materials 
for  summer,  both  to  save  the  wear  of  the  hard  road  and  increase  the 
comfort  of  passengers.     Such  an  arrangement  is  convenient  in  the 

Erincipsl  approaches  to  great  towns,  where  it  is  considered  best  to 
ave  the  pavement  at  the  sides,  that  carters  may  walk  either  on  or 
near  the  footpaths,  and  that  foot-passengers  may  not  be  incommoded 
by  the  dirt  of  the  metalled  road. 

In  HoUand,  pavements  of  brick,  which  are  also  probably  derived 
from  the  practice  of  Roman  engineers,  are  extensively  used,  not  only 
for  footpaths,  but  also  for  the  passage  of  heavy  carriages,  which  run  on 

*  Henn  is  an  island  adjoining  Gacnisey. 

*■  A  whinatone  ftom  Nortbumbeilasd.    All  tho  rest  uo  granites. 
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Ihem  with  gtcit  f  ;uility.  Tho  bricks  used  tor  this  purpose  are  thin, 
aud  well  beddtd  in  liuiu. 

Common  ptoue  pavomontj)  .ire,  by  moat  writers,  divided  into  two 
claiwes:  r«A4/f  eausoiviiy,  in  which  the  st-ones  are  of  irregular  .shape, 
and  very  imperfectly  dressed  with  tho  haiumer ;  and  drested  catiseway, 
which  is  formed  of  stones  of  larger  size  accurately  squared  and  dressed. 
In  both  kinds  the  oxcoUenoe  of  the  pavement  depends  greatly  on  the 
firmness  and  evenness  of  the  bed,  and  the  careful  fitting  of  the  stones 
to  each  other,  which  may  be  accomplished  with  very  irregular  stones 
by  judicious  aelection.  If  one  stone  be  left  a  little  higher  or  lower 
than  those  adjoining  it,  or  if  it  become  so  in  consequence  of  defective 
bedding,  the  jolting  qf  carriages  in  passing  oVer  the  defective  place  will 
quickly  dainagethe  pavtoaent;  the  wteela  acting  like-a  rammer  in 
driving  the  depressed  stones  deeper  into  the  earth,  while  the  derange- 
ment of  the  lateral  support  that  each  stone  should  receive  from  those 
adjoining  it,  occasions  the  didocatiou  of  the  pavement  to  a  consider- 
able distance,  and  the  consequent  working  up  of  the  earth  through  the 
difiturbed  joints.  ,  Defective  joints  form  another  fruitful  source  of 
injury  and  inconvenience  both  to  the  pavement  itself  and  to  the  vehicles 
jolted  over  it.  If,  as  ia  often  tho  case  in  inferior  pavements,  the  edges 
of  two  adjoining  stones  do  not  meet  with  accuracy,  narrow  wheels  will 
have  a  tendency  to  slip  into  the  joint,  and  by  doing  so,  to  wear  the 
edges  of  the  stones,  till,  as  may  be  frequently  seen,  the  surfciea  of  each 
stone  is  worn  into  a  convex  form  that  renders  the  footing  of  horses 
iuseciu-e,  and  causes  the  motion  of  vehicles  drawn  rapidly  over  them 
to  consist  of  a  series  of  bounds  or  leaps  from  one  stone  to  another, 
accompanied  by  a  degree  of  lateral  slipping  highly  injurious  to  the 
carriage,  while  the  irregular  percussiou  produced  tends  greatly  to  the 
destruction  of  the  pavement. 

In  order  to  procure  a  firm  foundation,  and  to  prevent  earth  from 
working  up  between  the  atones,  it  is  advisable  in  the  firat  instance  to 
form  a  goed  carriage-way  of  gravel  or  broken  stone,  and  to  allow  it  to 
be  used  by  carri.iges  till  consolidtited,  before  laying  the  pavement. 
This  plan  ia  stated  by  Edgeworth,  in  his  '  Essay  on  the  Construction 
of  Roada  and  Carriages,'  1817,  to  have  been  practised  sucoesafully  by 
Major  Taylor,  of  the  Paving  Board,  in  some  pavements  in  Dublin,  and 
it  is  strongly  advocated  by  more  recent  road-makers.  Where  broken 
stone  ia  laid  to  a  considerable  depth,  it  should,  as  in  the  caae  of 
metalled  roads,  be  applied  in  thin  layers,  each  being  separately  worked 
into  a  compact  state.  In  streets  of  very  great  trafUc,  it  is  a  good  plan 
to  lay  a  sub-jiavement  of  old  or  inferior  stones,  bedded  on  broken 
stone,  as  a  foundation  for  the  surface  pavement,  a  measure  which  has 
been  practised  with  adv.iutago  in  Paris ;  but  of  late  years  it  has  been 
the  custom  in  London  to  form  the  bed  of  paved  roada  by  means  of  a 
lay%r  of  gravel,  perfectly  clean,  which  ia  rudely  converted  into  a  species 
of  concrete  by  floating  the  surface  with  nme-water.  The  bed  of 
the  pavement  should  be  formed  into  a  slight  convexity,  tho  sloped 
being  about  2  inches  in  10  feet.  A  thin  coat  of  gravel  or  sand  laid 
immediately  under  tho  paving  blocks  is  of  use  in  filling  up  slight 
irregularities  in  their  shape,  and  enabling  them  to  form  a  com- 
pact bed. 

For  the  paving  stones  hard  rectangular  blocks  of  granite  are  pre- 
ferred, though  whinstone,  limestone,  and  even  freestone,  may  be  uaed. 
Guernsey  gianitc,  as  shown  by  the  table  in  a  previotia  column,  appears 
to  be  the  most  durable,  but  it  is  more  liable  to  become  inconveniently 
smooth  than  some  stones  of  inferior  hardness,  such  as  the  Mount 
Sorrel  or  Aberdeen  granite.  The  stones  may  viiry,  acoording  to  the 
traffic,  from  6  to  10  inches  deep,6  to  18  inches  long,  and  4  to  18  inches 
wide ;  but  it  is  very  essential  that  the  depth  of  tdl  the  blocks  in  one 
juece  of  pavement  should.be  alike,  and  that  where  the  widtii  is  unequal, 
the  stones  be  so  soi-ted  that  all  used  in  one  course  should  be  uniform 
in  this  particular.  The  accurate  dressing  of  the  stones  ia  a  point  often 
too  little  attended  to ;  and  an  injudicious  mode  of  forming  contracts 
for  paving,  in  which  the  payment  has  been  by  the  square  yard  of 
paving  laid,  has,  in  connection  with  the  effect  of  competition  in  bring- 
ing prices  below  the  remunerating  point,  led  to  the  use  of  stones  in 
which  the  base  is  smaller  than  the  upper  surfase,  and  which,  when  laid, 
scarcely  come  in  contact  with  each  other  except  at  their  upper  edges. 
In  some  pavements  the  stones  are  made  smaller  at  the  top  than  the 
bottom,  the  joints  being  filled  up  with  stone-chips,  concrete,  or  an 
asphaltic  composition ;  and  in  those  of  the  more  common  constructioii 
the  sides  of  the  stoues  are  occiisionally  hollowed,  so  as  to  receive  a 
small  quantity  of  gravel  or  mortar,  which  serves  as  a  kind  of  dowelling. 
Ramming  the  stones  with  a  heavy  wooden  hammer  ia  a  practice  tliat 
has' been  much  recommended,  and  it  ia  considered  Uiat  a  more  efficient 
application  of  the  procesa,  by  means  of  a  ramming-machine,  or  portable 
mmiiaj,  would  remove  some  of  the  defects  arising  from  imperfect 
bedding ;  but  when  the  stones  are  well  hud,  and  bedded  in  strong 
mortar,  as  the  best  recent  pavements  are,  a  few  blows  with  a  wooden 
maul  of  about  14  pounds  weight  are  aufficient  to  fix  them  firmly  in 
their  place.  Grouting  with  lime-wivter  poiu-ed  all  over  the  ptivement 
facilitsites  the  binding  of  the  whole  together,  and  fills  up  the  joints, 
so  aa  to  eifectually  prevent  the  working  lip  of  the  substratum.  The 
blocks  are  commonly  laid  in  rows  across  tho  rood,  the  joints  in  each 
row  being  different  from  those  of  the  adjoining  onea ;  but  pavements 
of  superior  smoothness  have  been  laid  in  courses  stretching  diagonally 
across  the  street,  by  which  means  all  the  joints  are  passed  over  by 
carriages  with  greater  ease.    This  arrangement  is  pai-tioularly  dcsirabi* 
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at  the  intersection  of  streets,  as  it  diminislieB  the  risk  of  liorses  slipping. 
Longitudinal  courses  are  objectionable  on  account  of  the  tendency  of 
narrow  wheels  to  enter  the  joints.  In  paving  steep  inclinations,  it  is 
well  to  iise  narro^r  stones,  on  account  of  the  number  of  cross-joints ; 
or,  if  large  atone.i  be  used,  to  out  deep  furrows  across  their  surface,  to 
afiford  secure  footing.  A  plan  of  paving  for  such  situations,  which  hss 
been  found  very  effectual,  is  represented  in  the  annexed  diagram,  in 


which  <^e  stones  are  so  inclined  as  to  present  a  series  of  steps.  The 
chief  objection  to  this  plan  seems  to  be  the  jolting  caused  to  carriages, 
which  produces  so  d^enii^g  a  noise  that,  in  one  instance,  such  a 
pavement  was  taken  up  at  the  request  of  the  inhabitants  of  the  street. 
Many  patents  have  been  procured  for  plans  of  forming  stone  pavements 
in  which  the  pressure  of  carriages  might  be  simultaneously  distributed 
over  several  stones,  ty'  various  contrivances  for  dovetailing  and  other- 
wise fitting  the  stones  together ;  but  such  plans  are  generally  too  com- 
plicated, requiring  an  accuracy  of  formation  that  would  be  very 
axpensive,  owing  to  the  hardness  of  the  stone.  Thin  blocks  of  stone, 
bedded  in  asphalte,  have  been  tried,  and  appear  to  make  a  good 
pavement. 

When  completed,  a  thin  coat  of  gravel  spread  over  the  surface  is 
useful  in  diminishing  the  effect  of  the  jolting  of  carriages  on  the  new 
pavement.  In  case  of  taking  up  any  part  of  a  pavement  to  attend  to 
water-pip^,  &c.,  great  care  is  necessary  in  relaying  the  part,  in  doing 
which  it  is  well  to  a]iply  some  fresh  broken  stone  to  the  bed,  and 
to  lay  the  paving  stones  without  mortar,  until  the  foundation  is 
settled. 

The  serious  defects  of  the  common  stone  pavements  have  led  to  a 
variety  of  experiments  on  other  methods  of  forming  carriageways 
suitable  for  streets,  of  which  the  adoption-  of  broken  stone,  or  mac- 
adamised roads,  has  been  the  most  general.  Opinions  differ  widely  as 
to  the  propriety  of  this  measure,  but  an  idea  seems  to  be  gaining 
ground  that  the  comparative  quietness  of  such  a  road,  and  its  superior 
ease  to  passengers,  are  insufficient  to  coimterbaknoe  the  increased 
draught  of  carriages,  the  dust  of  summer,  the  mud  rapidly  formeJin 
■wet  weather,  and  the  great  expense  of  keeping  in  repair  a  metalled 
TO«d  when  subjected  to  the  constant  wear  of  a  busy  town. 

The  enormous  expense  of  maintaining  some  of  the  metalled  roads 
in  London  has  led  to  attention  being  given  to  various  plans  of  paving 
with  wood.  A  very  coarse  kind  of  wooden  road,  consisting  of  rough 
logs  laid  close  together  across  the  track,  is  much  used  in  North 
America,  under  the  name  of  eorduray  roads,  but  the  wooden  pavement, 
properly  so  called,  seems  to  have  been  first  used  in  Russia,  and  tried  on  a 
limited  scale  at  Vienna,  New  Tork,  and  some  other  places,  within  a  few 
years.  One  of  the  earliest  kinds  used  consists  of  blocks  of  fir  or  other 
wood  cut  into  hexagonal  cylinders,  of  6  or  8  inches  diameter,  and  from  8 
to  12  or  16  inches  deep,  and  placed  close  together,  with  the  grain  verti- 
oally.  The  blocks  are  sometimes  tarred,  or  may  be  kyanised ;  but 
even  where  no  such  precaution  is  used,  the  wear  is  very  trifling,  as  the 
swelling  of  the  wood  from  moisture  makes  the  joints  very  tight  and 
impervious  to  water.  Such  a  pavement  is  very  smooth  when  first  laid, 
but  unless  the  foimdation  be  very  carefully  prepared,  it  is  liable  to 
sink  into  hollows  hke  the  common  stone  pavement,  owing  to  the  want 
of  cohesion  between  the  individual  blocks,  a  deficiency  which  it  has 
been  proposed  to  remedy  by  pegging  or  dowelUng  the  pieces  together, 
though  their  form  is  not  very  suitable  for  the  purpose.  Some  speci- 
mens have  been  laid  on  a  flooring  of  planks,  to  avoid  this  inconvenience. 
Numerous  other  systems  of  wood  pavements  have  been  adopted, 
but  in  spite  of  the  incidental  advantages  (as  in  the  case  of  the 
suppression  of  noise,  &c.)  they  have  been  found  to  be  so  danger- 
ous to  horMs  u  to  render  it  necessary  to  abandon  the  use  of  that 
material. 

_  Another  description  of  road  that  has  ktely  attracted  much  attention 
18  that  consisting  of  an  asphaltic  composition.  Many  attempts  have 
been  made  to  form  roads  of  gravel  and  other  materials  united  by 
animal  oleaginous  or  gelatinous  substances,  or  coal-tar,  into  a  kind  of 
concrete ;  but  such  attempts  have  seldom  proved  successful  on  a  large 
scale.  Mineral  substances  of  similar  character  have  proved  more 
advantageous,  and  the  native  asphalte  procured  near  Seyssel,  in  the 
department  of  rAin,and  some  other  places,  has  been  found  to  produce, 
when  mixed  with  a  small  portion  of  native  bitumen,  a  substance 
admirably  adapted  for  the  formation  of  smooth  roads,  and  a  variety  of 
other  important  purposes.  Its  application  to  carriage-ways  has  been  in 
this  country  chiefly  confined  to  court-yards,  for  which,  as  well  as  for 
terraces  and  footpaths,  it  is  very  suitable.  The  asphaltio  mastic  of 
Seyssel,  as  prepared  for  use,  consists  of  ninety-three  parts  of  native 
asphalte  reduced  to  powder,  and  seven  parts  of  bitumen ;  the  twj 
bemg  melted  together,  and  a  little  fine  gravel  or  sand  stirred  in  wiih 


the  mixture.  The  composition  is  ready  for  use  when  it  simmers  with 
a  consistency  similar  to  that  of  treacle,  and  it  is  spread  while  hot  so  as 
to  form  a  coating  about  an  inch  thick  upon  a  levelled  foundation  of 
concrete.  The  thickness  of  the  asphalte  is  regulated  by  slips  of  wood 
or  iron,  which  are  often  so  disposed  as  to  divide  the  pavement  into 
oruonieutal  compartments,  the  asphalte  being  made  of  various  colours 
by  th^  admixture  of  different  kinds  of  sand  or  other  substances. 
Where  the  ornamental  character  of  the  pavement  forms  a  distinguish- 
ing feature,  beautiful  imitations  of  mosaic  work  may  be  executed  with 
asplialte.  The  genuine  natural  asphalte  possesses  a  degree  of  elasticity 
that  renders  it  exceedingly  durable ;  but  artificial  compounds  in 
imitation  of  it  generally  require  too  much  bitumen,  and  are  injuriously 
affected  by  great  changes  of  temperature.  Some  experiments  have 
been  made,  but  with  very  indifferent  success,  on  the  formation 
of  carriage-ways  with  large  blocks  of  asphaltio  composition 
containing  a  considerable  quantity  of  gravel  or  broken  stone. 
{Asphalte.] 

Foot-pavements  of  flag-stonee  require  very  little  remark.  The  curb- 
stones tiiould  be  very  hard,  and  firmly  set  in  cement  on  a  bed  of  gravel. 
They  usually  rise  about  6  inches  above  the  sur&ce  of  the  carriage-way, 
which  may  be  made  to  abut  immediately  upon  them,  without  the 
intervention  of  a  gutter.  Where  gutters  are  intioduced,  those  of  cast- 
iron  are  to  be  preferred.  The  flagstones,  which  should  never  be  less 
than  2)  or  S  inches  thick,  are  commonly  bedded  in  mortar  on  a  layer 
of  gravel ;  but  sometimes,  when  there  are  no  cellars  underneath,  an 
laid  dry.  The  appearance  of  many  of  the  new  streets  of  London  is 
greatly  improved  by  the  use- of  flagstones  of  extraordinary  dimensions, 
extending  the  whole  width  of  the  pavement;  and  a  similar  appearance 
at  much  less  cost  may  be  obtained  by  the  use  of  asphalte.  A  slight 
degree  of  slope  should  be  given  to  the  pavement,  to  conduct  water  to 
the  gutters,  for  which  purpose  a  fall  of  1  inch  in  10  feet  is  sufficient, 
while  a  steeper  inclination  is  objectionable  frdm  its  danger  in  slippery 
weather. 

Among  the  substitutes  for  common  Yorkshire  flsgstonea  that  have 
been  recommended,  may  be  mentioned  slate,  which  appears  to  be  veiy 
durable.  Some  pavements  or  floors  of  this  material  have  been  laid  at 
the  London  Docks,  where,  among  other  advantages,  it  is  found  pre- 
ferable to  wood  in  point  of  cleanliness.  Trackways  of  slate  2  inches 
thick  are  found  strong  enough  to  bear  waggons  or  carts  with  4  or  5 
tons  of  goods ;  and  some  are  laid  of  only  half  that  thickness  on  an  old 
wooden  floor. 

A  '  Treatise  on  Roads,'  Ac,  by  Sir  Henry  Pamell,  of  which  a  second 
edition  was  published  in  1838,  may  be  consulted  with  advantage  by 
those  desirous  of  obtaining  further  information  on  the  theory  and 
practice  of  road-making.  The  works  of  Bergeir,  McAdam,  Edgevrorth, 
Sganzin,  Schwilgu^,  Lehay,  and  several  others;  and  the  various 
Parliamentary  Reports  relating  to  roads  from  the  commencement  of 
the  present  century,  as  well  as  those  of  the  Holyhead  Road  Com- 
missionera,  also  contain  much  valuable  matter  on  this  subject.  It 
may  be  interesting  to  add,  as  a  means  of  forming  an  approximate  idea 
of  the  importance  of  oiu'  ordinaiy  roads,  that  the  sum  laid  out  in  the 
repairs  of  the  turnpike  roads  of  England  and  Wales  in  1857  was  not 
less  than  1,127,79U.,  including  the  interest  on  the  debt,  or  a  sum  of 
182,034/. ;  and  that  the  county  roads  cost  2,286,559i:  There  are  no 
recent  returns  of  the  lengths  of  the  different  kinds  of  roadways,  but 
the  cost  of  maintaining  a  turnpike  road  may  be  token  at  501.  per  mile, 
and  that  of  county  roiids  at  11/.  per  mile. 

ROADSTEAD,  a  sheltered  bay,  or  portion  of  a  sea-coast,  in  which 
vessels  may  lie  safely  at  anchor  until  the  Hie  should  allow  of  their 
entering  the  harbour  or  dock  at  the  bottom  of  the  bay,  or  to  pass  the 
bar  of  a  river  discharging  into  the  same.  There  are  other  roadsteads 
upon  open  coasts,  formed  by  reefs  or  sand-banks  running  parallel  to, 
but  at  some  distance  from,  the  shore,  which  afford  shelter  from 
winds  blowing  in  certain  directions,  and  thus  materially  assist 
the  coasting-  trade.  Portland  Roads  and  Spithead  are  illustrations 
of  the  first  dass  of  roadsteads;  Yarmouth  and  Deal  Roods  are 
of  the  latter  class.  Plymouth,  Cherbouig,  and  Delaware  Bay  have 
been  artificially  converted  into  safe  roadsteads,  and  the  same 
result  has  been  attained  by  the  remarkable  works  executed  at  the 
Helder. 

The  essential  conditions  of  a  safe  roadstead  are,  that  it  should  pre- 
sent a  large  area  of  water-sur&ce  of  great  depth ;  that  it  should  have 
good  holding  ground ;  and  that  it  should  be  protected  from  all  winds 
which  are  likely  to  create  much  agitation  in  the  water.  The  entrance 
must  be  easy,  and  indeed  it  is  preferable  that  there  should  be  more 
than  one  entrance  to  a  roadstead,  so  that  a  vessel  driven  by  stress  of 
weather  may  be  able  to  make  either  the  one  or  the  other  pass,  or,  if 
driven  pajst  one  of  them,  may  still  have  a  chance  of  taking  refuge  in 
the  other.  It  is  precisely  for  this  reason  that  the  roadstead  of  the  port 
of  Vigo  is  one  of  th^  most  admirable  harbours  of  refuge  in  Europe ; 
for  the  Islas  da  Bayona  stretch  across  the  mouth  of  the  bay,  leaving 
two  channels  near  the  shores  of  the  main  land,  and  an  overlapped 
channel  between  the  two  islands.  The  artifici^  roadsteads  at  Ply- 
mouth and  Cherbourg  have  two  navigable  passes,  for  the  breakwaters 
are  in  both  cases  formed  in  deep  water,  and  without  connection  with 
the  shore ;  but  neither  of  these  marvellous  triumphs  of  human  inge- 
nuity and  perseverance  are  so  efficient  as  is  the  natural  screen  at  Vigo 
in  checking  the  transmission  of  the  external  agitation.     In  the  open 
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ToadB,  such  aa  Deal  and  Tarmouth,  when  the  wind  blows  parallel  to 
the  ahorea,  or  rather  to  the  entranoes,  no  protection  whatever  can  be 
afforded ;  and  indeed  the  Tesaek  which  may  be  engaged  in  such  narrow 
pagaea,  not  having  sea-room,  are  exposed  to  greater  danger  with  such 
winds  than  if  they  were  in  open  sea.  To  some  extent,  all  roads  must 
be  exposed  to  inconvenience  from  the  waves  ^hen  the  wind 
blows  straight  into  their  entrances;  but  if  the  shelter  from  the 
prevailing  winds  should  be  perfect,  it  would  be  found  that  the 
waves,  driven  through  the  narrow  passes,  would  soon  be  lost  in 
the  large  mass  of  still  water  behind  the  natnral  or  artificial  means  of 
shelter. 

A  ship  of.the  line  requires  a  minimum  depth  of-  80  feet,  and  an  area 
of  about  8\  to  10  acres  to  swing  freely  at  its  anchors ;  a  1000  ton 
commercial  vessel  would  not  require  a  greater  depth  than  21  or  22 
feet,  and  the  area  it  would  occupy  would  be  proportionally  less.  If 
there  should  be  any  probability  of  the  transmission  of  the  external 
agitation  to  the  interior  of  the  roads,  the  depth  of  water  must  be 
greater  than  either  of  those  stated,  so  aa  to  ensure  a  sufficient  depth 
MBCi^  the  keels  of  the  shipe  even  when  the  waves  are  at  their 
lowest  points.  In  the  best  roads,  there  are  luiially  harbours,  docks, 
repairing  dips,  and  other  conveniences  for  the  exammation  and  repair 
of  Teaidii,  and  at  all  times  the  value  of  a  roadstead  is  materially  in- 
creased if  it  should  possess  means  for  watering  the  ships  which  resort 
to  it.  Some  of  the  best  roads  in  the  Mediterranean  are  of  little 
practical  value  on  account  of  the  lock  of  fresh  water  in  them ; 
aa,  for  instance,  the  roads  of  CagUari,  in  the  island  of  Sardinia, 
althou^  there  is  a  tolerably  convenient  little  harbour  at  the  head 
of  the  Day,  The  passes  between  the  main  land  and  the  sheltering 
breakwater  must  be  at  least  from  1200  to  2000  yards  in  width, 
to  allow  large  vessels  to  enter  easily  when  they  have  any  heavy  way 
CO  them. 

ROASTINO  is  that  culinary  process  by  which  meat  is  brought  from 
a  raw  to  a  cooked  state  more  directly  by  the  action  of  fire  than  by  any 
other  means  except  that  of  broiling.  By  the  latter  the  heat  is  applied 
immediately  and  suddenly  to  the  surface,  by  which  it  is  hardened,  so 
that  the  juices  of  the  meat  are  greatly  retained,  evaporation  being 
thereby  prevented;  while,  by  the  former,  the  heat  is  applied  gradually, 
the  watery  portion  is  evaporated,  as  well  as  the  fat  melted  out  to  a 
oonsidetable  extent,  till  the  progressive  browning  and  hardening  of  the 
surface  prevent  the  further  escape  of  the  juices.  But  the  loss  resulting 
from  the  evaporation  of  the  watery  portion,  and  to  a  certain  degree, 
the  melting  of  the  fat,  may  be  lessened  by  imitating  in  the  first 
stages  the  process  of  broiling,  namely,  by  applying  the  meat  at  the 
begimiing  quite  close  to  the  fire,  so  as  to  harden  the  Outside,  and  then 
removing  it  to  a  great  distance,  and  conducting  the  subsequent  stages 
very  slowly.  About  fifteen  minutes  is  generally  sufficient  to  effect 
this  encrusting  for  a  moderately  sized  jomt,  if  we  fire  be  brisk  and 
dear,  as  it  always  ought  to  be  for  roasting — or  if  gas  be  used. 
"Sveiy  house  should  have  a  moveable  piece  of  iron  or  steel,  with  a 
joint  permitting  it  to  be  turned  out  of  the  way  when  not  in  use, 
screwed  on  the  mantel-piece,  with  teeth  fixed  in  it,  so  as  to  be  able  to 
hang  the  joint  any  distuice  from  the  fire."  (Soyer's '  Shilling  Cookery 
for  the  People.')  The  evaporation  may  be  further  restrained  by 
beginning  to  dredge  the  meat  with  flour -earlier  than  most  cooks  do. 
The  above  eminent  authority  recommends  that "  all  dark  meats,  such 
as  beef  and  mutton,  should  be  put  dovrn  to  a  sharp  fire  for  at  least 
fifteen  minutes,  then  remove  it  back,  and  let  it  do  gently.  Lamb 
yeol,  and  pork  (if  young  and  tender),  should  be  done  at  a  moderate 
fire.  Veal  even  should  be  covered  with  paper.  Fowls,  ftc,  should  be 
placed  close  to  the  fire,  to  set  the  skin."  For  young  meats  the  process 
■hould  be  carried  farther  than  for  older  meats.  The  loss  of  weight  in 
roasting  meat  is  much  greater  than  by  boiling :  "By  boiling,  mutton 
loses  one-fifth,  and  beef  one-fourth ;  but  by  roosting,  these  meats  lose 
about  one-third  of  their  weight.  In  roasting,  the  loss  arises  from  the 
melting  out  of  the  fat  and  the  evaporation  of  the  water,  but  the 
nutritious  matter  remains  condensed  in  the  cooked  solid ;  whereas,  in 
boiling,  the  gelatine  is  partly  abstracted.  Roasted  are  therefore  more 
nutritive  thw  boiled  meats."  (Paris, '  On  Diet.')  The  digestibility  is 
also  increased,  especially  in  young  meats,  which  are  defident  in  osma- 
some,  to  which  the  sapidity  is  mainly  owing,  and  which  during  boiling 
passes  into  the  water  employed,  while  in  roasting  it  is  powerfully 
developed  and  almost  entirely  retained,  "  Young  and  viscid  food, 
therefore,  such  as  veal,  chickens,  &c.,  is  more  wholesome  when 
roasted  than  when  boiled,  and  are  more  easily  digested."  The  best 
and  most  tender  meat  may,  however,  be  rendered  htiri  and  indigestible 
^  a  careless  or  ignorant  cook.  Everybody  knows  the  advantage  of 
Jow  boilitig — <2ow  rootling  is  equally  important,  .  See  Dr,  Kitohsner's 
'  Cook's  Oracle,'  in  which  the  most  sensible  and  racy  instructions  on 
this  head  are  given ;  also  in  Miss  Acton's  '  Cookery,'  as  well  as  the 
different  works  of  Alexis  Soyer. 

The  digestibility  is  increased  by  the  meat  being  well  done,  rather 
than  under-done;  ."for  though  in  this  latter  state  it  may  contain 
mock  nutriment,  yet  it  will  be  less  digestible  on  accoimt  of  the  density 
of  its  texture."  This  is  of  importance  to  remember  when  it  ia  intended 
for  the  diet  of  convalescents,  for  whom  broiled  and  roast  meats  are 
preferable  to  boiled. 

ROBBERY  ia  theft  aggravated  by  the  circumstance  of  the  property 
■tolea  bejng  aken  fnnn  the  person,  or  whilst  it  is  under  the  protection 


of  the  person,  of  the  owner  or  other  lawful  possessor,  either  by  violence 
or  putting  in  fear.  This  offence  appears  to  have  been  formerly  confined 
to  cases  uf  actual  violence  to  the  person,  but  in  later-times  it  has  been 
extended  to  constructive  violence  by  putting  in  fear,  and  not  only  to 
cases  where  property  has  been  taken  or  delivered  under  a  threat  of 
bodily  violence  to  the  party  robbed  or  to  some  other  person,  but  also 
where  the  fear  ha?  resulted  from  apprehension  of  violence  to  his 
habitation  or  to  his  property,  or  where  it  has  been  oocasioned 
by  threats  af  accusing  the  party  of  the  commission  of  .an  infamous 
dime. 

Robbery  was  formerly  regarded  not  as  an  aggravation  of  the  crime 
of  theft,  but  as  a  distinct  and  substantial  crime.  Latterly,  however, 
robbery  has  been  treated  as  an  agtjravation  of  theft,  and  it  has  been 
held  that  if,  upon  the  tiial  of  an  indictment  for  larceny,  it  appear  that 
the  taking  amounted  to  a  robbery,  the  party  may  nevertheless  be  con- 
victed of  the  larceny  chai^ged. 

The  stealing  is  said  to  be  by  violence  when  it  is  effected  t^  doin^ 
any  injury,  however  slight,  to  the  person  of  the  party  robbed,  or  when 
the  act  of  taking  is  accompanied  by  any  degree  of  force  for  the  purpose 
of  overcoming  resistance.  A  snatching  or  taking  of  property  suddenly 
or  unawares  from  the  person,  wMiout  some  actuij,  injury  to  the  person, 
does  not  amount  to  robbery.  If  violence  be  used,  it  is  sufficient  to 
constitute  robbery,  alihougn  resorted  to  under  the  colour  of  executing 
legal  process,  or  of  the  exercise  of  some  other  lawful  authority.  It  is 
not  essential  to  the  offence  of  robbery  that  the  violence  should  have 
been  at  first  used  for  the  purpose  of  obtaining  the  property,  provided 
the  violence  be  unlawful  and  the  property  is  yielded  up,  or  permitted 
to  be  taken,  in  -DrdHr  to  prevent  further  violence. 

Stealing  is  considered  to  be  effected  by  threat  of  violence  to  the 
person,  when  possession  of  the  thing  stolen  ia  obtained  by  any  threat, 
menace,  or  other  act  calculated  to  excite  fear  or  apprehension  of 
violence,  present  or  future,  to  the  person  of  the  party  thimtened  or  of 
any  other  party  in  whose  welfare  the  party  to  whom  the  threat  is 
addressed  may  feel  interested.  It  is  immaterial  whether  the  threat, 
&c.,  be  direct  or  indirect,  or  whether  conveyed  by  words,  gestures,  or 
signs,  or  whether  made  under  pretence  of  lawful  claim  or  of  acting 
under  legal  process  or  other  lawful  authority,  or  of  asking  charity,  or 
of  making  a  purchase,  or  under  any  other  pretence.  The  existence  of 
actual  fear  in  the  mind  of  the  party  robbed  is  not  material,  provided 
the  act  of  stealing  be  accompanied  by  such  threats  or  other  acts  as  are 
calculated  to  create  the  expectation  that  force  will  be  used  in  case  of 
resistance.  Where  no  actual  violence  is  employed,  and  the  threats, 
&c.,  used  do  not  create  any  apprehension  of  violence  or  expectation 
that  force  will  be  resorted  to  in  case  of  resistance,  or  if  such  appre- 
hension or  expectation  has  ceased  to  exist  at  the  time  when  the  property 
is  token,  the  offence  of  robbery  is  not  committed.  If  property  be  token 
by  violence  or  by  threats,  &o.,  it  is  robbery,  although  the  owner  may 
have  Tolnntaiily  exposed  himself  to  the  attack  for  the  parpose  of 
apprehending  the  offender. 

At  common  law,  robbery  was  a  felony  punishable  by  death,  without 
r^ard  to  the  quantity  or  value  of  the  property  stolen.  The  offender, 
however,  was  entitled  to  benefit  of  clergy  [BEXEFrr  or  CLEBaYJ,  until 
this  advantage  was  taken  away  in  cases  of  robbery,  imder  different 
circumstances  of  aggravation,  by  several  statutes. 

The  offender  was  liable  to  be  punished  at  the  suit  of  the  crown  after 
a  trial  upon  an  indictment,  and,  in  certain  cases,  when  taken  in  the 
very  act,  upon  a  trial  without  indictment.  The  party  robbed  also  waa 
entitled  to  bring  his  criminal  action  or  appeal  [Afps^l]  against  the 
robber,  for  the  purpose  as  well  of  punishing  the  offender  as  of  obtaining 
restitution  of  the  property  stolen. 

The  party  robbed  may  vrithout  any  formality  retake  his  goods 
wherever  he  can  find  them,  tmlesa  they  have  been  waived  or  thrown 
away  by  the  robber  during  his  flight,  or  seized  by  the  officer  of  the 
crown  or  of  the  lord  of  tiie  franchise,  or  sold  in  open  market.  But  after 
such  waiver,  seiziu-e,  or  sale,  the  owner  cannot  retake  them  of  his  own 
authority.  At  common  law  a  writ  of  restitution  could  be  obtained 
only  upon  the  successful  prosecution  of  a  writ  of  appeal.  But  the 
courts  before  which  a  party  is  convicted  of  robbery  or  of  larceny 
are  now  authorised  to  award  writs  of,  or  make  orders  for,  restitu- 
tion of  stolen  goods  (21  Hen.  VIIL  c.  11 ;  7  &  8  Geo.  IV.,  o.  96, 
a.  67). 

Robbery  is  punishable  by  penal  servitude  for  life  or  for  any  term  of 
years  not  lees  than  three  years,  or  by  imprisonment  for  any  term  not 
exceeding  three  years,  and  for  any  period  of  solitary  confinement  during 
such  imprisonment  not  exceeding  one  month  at  a  time,  or  three  months 
in  the  space  of  one  year. 

Upon  an  indictment  for  robbery,  as  well  as  for  any  other  felony 
which  includes  an  assault  upon  the  persou,  the  jury  may  acquit  of  the 
felony,  and  find,  a  verdict  of  guilty  of  assault,  against  the  party 
indicted,  if  the  evidence  will  warrant  such  finding ;  for  which  assault 
the  party  may  be  sentenced  to  imprisonment  for  any  term  not  exceeding 
three  years, 

RoBDERT,  in  the  Roman  law,  was  called  Rapina,  and  the  remedy  of 
tile  injured  person  was  the  actio  yi  bonorum  raptorum  against  the 
robber.  Robbery  was,  in  fact,  a  species  of  Furtum  ;  for  the  definition 
of  furtum  was,  "  a  fraudulent  carrying  off  (oontrectatio)  of  a  moveable 
thing  against  the  owner's  consent."  The  word  ''  fraudulent "  com- 
prehended the  notion  of  a  person  canning  off  the  thing  for  the  purpose 


Digitized  by 


Google 


u» 


ROBES,  MASTER  OF  THE. 


ROCKET. 


140 


of  maldng  it  his  ovm.  Rapina  onlydiffered  from  Furtum  in  being 
effected  by  force. 

Furtum  was  committed  in  variotis  ways,  besides  by  talking  another 
person's  property;  A  debtor  committed  furtum,  if  ho  fraudulently 
carried  off  a  thing  which  he  had  pledged  to  his  creditor.  It  was  furtum 
to  use  a  thing  that  had  been  lent,  for  a  different  purpose  from  that  for 
which  it  had  been  lent.  Furtum  was  either  manifestum  or  nee  mani- 
festum.  It  was  furtum  manifestum  beyond  all  doubt  when  the  thief 
was  caught  in  the  act ;  but  there  was  a  difference  of  opinion  as  to 
whether  it  was  furtum  manifestum  or  uec  manifestum  in  a  variety  of 
eases.  '  According  to  some  writers,  it  was  furtum  manifestum  if  the 
thief  was  taken  with  the  thing  before  he  had  reached  the  place  to 
which  he  intended  to  carry  it.  Furtum  which  was  not  manifestum 
was  neo  manifestum.  The  Twelve  Tables  made  the  pimishment  of 
furtum  manifestum  a  capitJ  offence,  that  is,  an  offence  the  penalty  for 
'which  affected  a  person's  caput  or  status.  The  edict  clianged  this  into 
an  actio  quadrupli.  The  remedy  in  the  case  of  furtum  ncc  manifestum, 
which  tlie  Twelve  Tables  i^ave,  *as  an  actio  dupli,  which  the  ediut 
retained.  All  persons  could  have  the  actio  furti  who  had  an  interest 
in  the  presen'ation  of  the  htolen  thing ;  con.sequently  others  besides 
the  owner  might  bring  the  action,  a  bailee  for  inst.iuce  :  and  sometimes 
the  owner  could  not  bring  it,  as  in  the  case  of  bailment,  provided  the 
bailee  was  a  responsible  person.  If  he  was  a  respondl  le  person,  he 
was  bound  to  make  good  {he  loss  to  the  owner,  and  con-;equeutly  could 
bring  the  action,  and  the  owner  could  not.  Condemnation  in  an  actio 
furti  was  followed  by  infamia. 

The  owner  of  the  thing  might  also  bring  his  action  for  tlio  refcovery 
of  the  thing  itself  or  its  value. 

The  law  of  the  Twelve  Tables  permitted  a  person  to  kill  a  thief  who 
was  detected  in  the  act  of  theft  in  the  night ;  and  «  thief  might  be 
killed  in  the  day-time,  if  he  defon-Icd  himself  with  any  weapon 
(telum).  But  the  severity  of  the  old  civil  law  was  gradually  miti- 
gated by  the  edict,  and  the  offence  of  theft  was,  aa  already  observed, 
only  punishable  by  an  action  of  furtum,  and  the  consequent  pecuniary 
penalties. 

The  Roman  law  of  Furtum  is  .stated  in  Gains,  iii.  183-209 :  Big.,  47, 
tit.  2  :  /»»'.,  4, tit.  1.  >      J>     ' 

ROBES,  MASTER  OP  THE,  an  officer  of  the  household  who  has 
the  ordering  of  the  king's  robes.  By  statute  51  Henry  III.,  the 
"  Qardein  de  la  Garderobe  de  Roi,"  the  warden  of  the  king's  wardrobe, 
was  to  make  aecompt  yearly  in  the  Kxclierjuer,  on  the  feast  of 
St  Margaret.  The  office  has  always  been  one  of  groat  dignity. '  A 
female  sovereign  has  a  mistress  of  the 'robes.  High  privik'!;cs  were  con- 
ferred upon  the  office  by  King  Heniy  VI.,  and  others  by  King  James  I., 
who  erected  thex>ttioe  of  master  of  the  robes  into  a  corporation. 

ROBINIC  ACID.  An  acid  of  doubtful  composition,  8.11(1  to  be 
contained  in  the  root  of  the  Jlobinia  fwcudo-acucia.  It  is  crystalline 
and  deliquesces  in  moist  air. 

ROCCELLIC  ACID,  (C„Hj,0,?)  obt-vincd  from  the  Hoceena 
tinctoria.  This  acid  crystallises  in  fine  colourless  needles  of  a  silky 
lustre.  It  is  insoluble  in  water,  whether  cold  or  hot ;  alcohol  dis- 
solves it  readily,  100  parts  of  0819  density,  at  the  boiling-point, 
taking  up  55  parts.  Ether  also  dissolves  it  easily  :  it  melts  at  206°, 
and  solidifies  at  261°. 

The  alkaline  roccellatcs  di;solve  in  water,  and  yield  solutions  which 
froth  like  soap ;  but  when  concentratwl,  tlie  solutions  cannot  be  drawn 
out  in  threads  like  those  of  other  .«oap3.  Kocccllato  of  jxitjish  cryetal- 
lises  in  small  lamiure ;  the  salt  of  lime  is  a  white  precipitate,  insoluble 
in  water,  and  contains  15'9  poj-  cent,  of  b.ase. 

ROCELLININ.    [Lichens,  Colourino  IUttebs  oi.1 

ROCHELLE  SALT.    [Taut.uiic  Acid.] 

HOCK  ALXIM.    [ALr.M.l 

ROCK  CRYSTAL,    [Silicon.] 

ROCK  SALT.    [SoDn-M.] 

HOCK-WOHK,  in  gardening,  an  elevation,  composed  of  earth  and 
other  loose  materials,  and  covered  with  stones  and  fragments  of  rock, 
ftc.,  amongst  which  plants  adapted  for  such  a  situation  .-iro  grown. 
When  the  rock-work  is  managed  skilfully,  and  in  accordance  with 
surrounding  objects,  it  may  be  made  to  add  much  to' the  beauty  and 
interest  of  the  garden.  In  the  first  pLice  a  proper  situation  should 
be  selected,  and  the  character  of  the  rotk,-  should  h.irmonisc  with  the 
situation.  Simple  outUncs  and  Pinf:iOL.s  not  broken  into  fantistic 
shapes,  are  best  suited  to  show  off  the  plaiitx.  The  best  stones  for 
rock-work  are  those  which  resist  the  action  of  the  air,  .i;id  they  may 
be  selected  acconling  to  convenience  from  Uie  rocks  of  the  ncishbour- 
hood  in  which  they  are  used.  The  most  im  ^'uhr  ou'.-ht  to  be  chosen, 
especially  those  with  cavities  in  them,  which  may  be  tilled  with  earth 
for  the  growth  of  mosses,  fci-ns,  aii<l  small  pl.nts.  Frequently  stones 
are  met  with  covered  with  lid.uis,  which,  from  their  picturesque 
colours,  have  a  plca-^ing  effect  Of  tlic.  o,  the  Uchai  n^Y.,7« ,■,..,,  ,,ri)  ,m. 
phictu,  vtntotiii,  ixrellun,  and  .",-'A,r/,-,  are  m<.st  common.'  Such" stones 
are  mostly  large,  and  arc  be.^t  .vlapted  for  the  base  of  the  rock- 
work. 

Although  rock-work  is  intended  to  present  a  nior.nt.->inous  or  rocky 
vegetation  in  a  small  space,  yet  theie  .ire  many  circuiiii,t»nce3  th.it 
prevent  the  growth  of  true  mountain  and  rock  plants  in  such  a  situa- 
tion; but  the  dry  ridges  of  cirth  and  st.mcs  of  which  it  is  composed 
afford  a  favourable  jtuation  for  the  plants  ti:at  chiefly  occupy  the  diy 


soil  nf  plains.  On  this  account,  small  shrubs  and  creeping  plants  of 
any  kind  that  will  grow  in  a  dry  soil  are  selected  for  rock-work.  Of 
these,  the  varieties  are  numerous,  and  the  taste  and  care  "of  the  culti- 
vator may  be  advantageously  shown  in  the  selection, 

ROCKET  is  a  cyUndrical  vessel  or  case,  of  i>asteboaid  or  metal, 
.ittaclicd  to  one  end  of  a  light  rod  of  wood,  and  containing  a  compo- 
sition which,  being  fired,  the  vessel  and  rod  ore  projected  through  tha 
air  by  a  force  arising  from  the  combustion. 

Rockets  have  long  been  used  as  a  meijia  of  making  signals  for  the 
purpose  of  communication  when  the  parties  have  been  invisible  from 
distince  or  darkness,  or  otherwise  inaocessible  to  each  other  ;  and  tbey 
have  occasionally  served  the  important  purpose  of  determining  the 
difference  of  longitude  between  two  places.  In  the  latter  case  the 
rocket  is  fired  at  some  convenient  spat  between  the  stations,  from  both 
of  which  the  explosion  must  be  visible  ;  and  the  latter  being  nearly 
instantaneous,  the  difference  between  the  times  at  which  it  is  observed, 
as  indicated  by  chronometers  regulated  so  as  to  show  the  mean  times 
at  the  places,  is  the  required  difference  of  longitude.  Rockets  have 
also  been  constructed  for  the  purpose  of  being  used  in  warfare,  and 
such  missiles  were  so  employed  for  the  first  time  at  the  siege  of  Copen- 
hagen in  1807. 

In  signal  rockets  the  part  of  the  case  which  contains  the  oomposbioo, 
by  whoso  combustion  the  projectile  force  is  produced,  is  joined,  at  the 
upper  extremity,  to  a  conical  case  containing  the  composition  for  pro- 
ducing the  explosions  or  ttart  of  light  which  constitute  the  signal,  and 
.  the  length  of  this  part  is  always  rather  greater  than  the  diameter  of 
the  cylindrical  part  of  the  case.  -  Such  rockets  are  made  to  weigh  iialf  a 
pound,  oneponnd,oroccasionallyeyentwopoun4s.  Thee^teriordiamcter 
of  the  one-pound  rocket  is  IJ  inch ;  the  length  of  the  cylindrical  case  is 
12;  inches,  and  the  length  of  the  conical  head  is  8}  inches.  The  rod  is 
generally  attached  near  the  base  and  on  one  side  of  the  rocket ;  its 
length  is  about  8  feet,  or  60  diameters  of  the  rocket,  apd  its  thickness 
is  about  half  a  diameter  of  the  latter.  The  composition  with  which 
the  cylinder  is  filled  consists  generally  of  saltpetre,  siUphur,  and  charcoal 
or  gunpowder ;  the  whole  is  reduced  to  a  mealed  state,  and  well  mixed 
together  in  the  following  proportions : — saltpetre,  4  lbs. ;  sulphur, 
1  lb. ;  and  charcoal,  1  lb.  8  oz.  The  composition  which  produces  what 
are  called  the  stars  consists  of  saltpetre,  8  lbs. ;  sulphur,  2  lbs. ;  sulphide 
of  antimony,  2  lbs. ;  mealed  powder,  8  oz. ;  and  isinglass,  8}  oz.  _  The 
latter  is  dissolved  in  one  quart  of  vinegar,  after  which  one  pint  of 
spirit  of  wine  is  added,  and  then  the  mealed  composition  is  mixed 
with  the  liquid  till  the  whole  becomes  of  the  same  consistency  as  a  stiff 
paste.  It  is  then  moulded  into  short  cylinders,  and  when  dry,  these 
cylinders  are  packed  into  the  head  with  a  small  bursting  charge. 
When  the  composition  of  the  rocket  is  burnt  out,  the  burster  blows 
open  the  head  and  frees  the  lighted  stars. 

The  rocket  case  having  been  placed  on  a  conical  spindle,  which  paasSB 
a  certain  distance  up  the  centre,  the  composition  for  burning  is  rammed 
or  driven  round  it,  so  that  in  the  interior  about  the  axis  a  void  space  of 
a  conical  form  is  left  in  order  that  a  considerable  surface  of  the  com- 
position may  be  at  once  in  a  state  of  combustion.  The  neck  of  the 
rocket  (the  part  to  which  the  rod  is  attached),  is  then  chohed,  or 
reduced  in  sUiO,  leaving  a  small  hole  or  vent  through  which  ibe  fire  ja 
communicated  to  the  composition.  The  combustion  of  the  latter 
immediately  takes  place  on  all  the  concave  conical  surface  about  the, 
void  space  just  mentioned. 

In  order  to  understand  the  cause  of  the  rocket's  motion,  let  it  be 
observed,  that  if  the  comixisition  were  to  be  fired  within  a  vessel  or 
case  closed  on  all  sides,  the  pressure  of  the  gas  generated  would  be 
equal  in  every  direction,  and  the  case  would  either  burst  in  pieces,  or, 
if  sufficiently  strong,  would  remain  at  rest  while  all  the  oompoaition 
was  being  consumed.  But,  the  case  having  an  aperture  or  apertures 
at  the  choke  or .  lower  extremity  of  the  cylinder,  the  pressure  which 
would  have  taken  place  against  that  extremity  is  reduced  by  the  escape 
of  the  gas  into  the  atmosphere ;  and  there  is  on  excess  of  pressure  on 
the  head,  which  is  not  counteracted  by  a  pressure  on  the  other  ex- 
tremity, equal  in  amount  to  the  pressure  due  to  a  surface  of  the  size 
of  the  orifice,  that  is,  disregarding  the  resistance  of  the  atmosphere  to 
the  escape  of  gas ;  and  this  pressure  impels  the  rocket  forwards  or 
upwards.  This  force  acts  in  a  manner  similar  to'that  by  which  a  gun 
recoils  when  the  charge  is  fired ;  but,  in  the  latter  case,  the  fluid 
escaping  almost  instantly  from  the  bore,  the  force  ifl'oue  of  impulse  on 
the  bottom  of  the  chamber  which  ceases  nearly  as  soon  as  itis  generated'; 
whereas,  in  a' rocket,  the  composition  continuing  to  burn  during  several 
seconds,  the  force  of  impulse  becomes  a  force  of  pressure,  'wluch,con- 
tinues  to  act  till  the  material  is  consumed.  Hence  it  follows  that  a 
rocket  ascends,  or  moves  forward,  with  an  accelerated  motion  till  the 
resistance  of  the  .air  becomes  equal  to  the  aooelerative  force :  and 
when  the  composition  is  burnt  out,  the  rocket  falls  to  the  ground, 
'We  see  then  that  ccfterit  paribm,  the  larger  the  vent  or  aiierture,  the 
greater  will  be  the  pressure  on-  the  head,  driving  the  rocket  forward. 
But  this  is  modified  by  the  consideration  that  the  smaller  the  aperture 
the  greater  will  be  the  condensation,  and,  therefore,  pre,ssuro  of  gas 
generated  ;  or,  in  fact,  that  the  gas  should  not  be  allowed  to  escape  as 
fast  as  it  is  generated.  A^-^ain,  the  more  rapidly  tha  gas  is  generated, 
or  the  stronger  the  composition  is,  the  greater  will  be  the  pressure ; 
but  at  the  same  time,  the  sooner  will  it  bo  burnt  out,  and  the  stronger 
and  heavier  must  be  the  case.    These  considerations  are  most  importf 
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ant  in  the  construction  of  tlie  large  military  rocket,  and  will  be  found 
fnlly  treated  in  Captain  Bozer'a  'Treatise  on  Qunnery,' p.  67, chapter 
on  Koclceta. 

The  rod  serves  to  guide  the  rocket  in  its  dight :  for  the  dommon 
centre  of  grarity  of  the  rocket  and  rod  being  a  little  below  the  top  of 
the  latter  (in  the  one-pound  rocket  it  is  2  feet  from  the  upper  ex- 
tremity of  the  rosket,  or  7  feet  from  the  lower  extremity  of  the  rod) ; 
if  we  suptx»e  the  rodcet  to  be  fired  vertically  upwards,  and  a  vibration 
should  take  place  about  the  centre  of  gravity  by  any  excess  of  pressure 
on  one  side  arising  from  an  irregularity  in  the  burning  of  the  com- 
position, the  resistance  of  the  air  against  the  long  portioii  of  the  ro<I 
MloW  that  centre,  like  a  force  acting  on  the  longer  arm  of  a  lever,  will 
exceed  the  force  by  which  the  vibration  is  produced,  since  the  latter 
force  acts  on  the  rocket  and  the  upper  part  of  the  rod  which  constitutes 
the  shorter  arm  of  the  lever;  and  thus  the  vibration  is  checked  or 
prevented,  and  the  rocket  is  enabled  to  ascend  steadily.  But,  in  i)ro- 
portioti  as  the  composition  bums  out,  the  common  centre  of  gravity 
approaches  nearer  the  middle  of  the  whole  length  of  the  rocket  and 
rod ;  and  the  resistance  of  the  air  acting  at  length  nearly  ctjually 
above  and  below  that  centre,  it  can  no  longer  counteract  any  inequality 
'  in  the  burning  of  the  composition.  Thus,  in  fa^ing,  the  top  of  the 
rocket,  or  tiie  rocket  end  of  the  rod,  is  dotvnwards. 

Thd  rod  performs  a  similar  service  when  the  rocket  is  impelled 
horizontally  or  obliquely ;  for,  while  the  force  of  projection  in  grait 
enough  to  carry  the  rocket  forward,  and  the  centre  of  gravity  of  the 
whole  is  near  the  rocket  end  of  the  rod,  the  re^iistance  of  the  air 
against  the  tail  of  the.  latter  will  nearly  prevent  any  vibration  ;  but, 
when  the  centre  qf  gravity  has  got  near  the  middle  of  the  luugth,  the 
head  of  the  rocket  begins  to  droop,  and  at  length  the  whole  comes 
obliquely  to  the  ground.  It  has  happened  however,  from  the  rod 
being  too  short  or  too  light,  that  the  weight  of  the  rocket,  when  the 
latter  had  been  projected  with  a  small  elevatibn,  has  so  much  in- 
curvated  the  lino  of  its  path  before  the  composition  has  burnt  out, 
that  the  rod  has  tiirned  over  it,  and  the  whole  has  been  driven  to  the 
ground  in  a  direction  tending  towards  the  place  frotn  whence  it  was 
projected.  In  signal  rockets,  tile  stick  is  fixed  to  the  side  of  the 
cylinder,  a  very  defective  arrangement,  as  shown  by  Captain  Boxer 
in  his  chapter  on  Rockets. 

Rockets  whose  diatneters  vary  from  1  to  2  inches  have  been  found 
to  ascend  vertically  to  the  height  of  about  500  yards ;  and  those  whose 
diameters  vary  from  2  to  3  inches,  have  ascended  to  the  height  of 
1200  yards.  The  distances  at  which  rockets  can  be  seen  vary  from 
SS  to  40  miles :  and  the  times  of  ascent  from  7  to  10  seconds.  (Robins's 
'  Tracts,' vol.  il.) 

Rockets,  to  be  employed  as  military  projectiles,  were  invented  by 
Sir  William  Congreve,  and,  in  the  Britidi  artilleiy  service,  a  body  of 
men,  called  the  rocket  troop,  was  organised  expressly  for  their  manage- 
ment. Sir  William  caused  the  rockets  to  be  made  with  strong  iron  cases 
of  cylindrical  forms,  and  terminating  at  the  head  with  a  paraboloid  or 
cone;  and  he  attached  the  rod  so  that  its  axis  should  coincide  in 
direction  with  that  of  the  rocket.  Five  classes  of  rockets  were  iirst 
made,  namely,  3,  S,  12,  21,  and  32  pounders^  The  82  poimders  have  npw 
however  been  abolished. 

The  patab6loid  head  is  hollow,  and  can  be  used  as  a  shell  by  filling 
it  with  powder,  or  as  a  shot  by  leaving  it  empty.  The  12  and  21 
potmders  can  also  be  used  as  carcasses  by  substituting  a  conical 
carcass  head  with  four  vents  for  the  paraboloid  head.  The  shell  is 
fitted  with  a  fuse  fixed  in  the  base,  that  is,  nearest  the  rocket  com- 
poeition.  It  also  has  a  small  hole  at  the  apex,  through  which  the 
bursting  charge  is  iutroduced.  Through  this  hole  the  boring  bit  is 
introduced  when  it  is  necessary  to  bore  out  any  fuze  composition  for 
short  ranges.  When  the  ranges  are  very  short,  it  is  necessary  to  bore 
otit  torni  of  the  rocket  composition  also.    But  thi?  is  a  dang«!rous 

r ration  and  hardly  repays  the  trouble.  The  stick  is  screwed  into 
bottom  of  the  case,  an  iron  iVisk,  and  round  it  arc  five  vents  fur 
the  escape  of  the  gas.  In  order  that  the  direction  of  t]ieir  flight  niny 
be  more  certain,  military  rockets  are,  in  general,  fired  from  tubes 
fixed  in  stands  in  such  a  manner  as  to  be  adja'itabic  to  any  elevation, 
and  raised  sufficiently  above  the  ground  to  keep  the  stick  ofi  it ;  and 
the  pro|)er  elevation,  at  least  for  the  smaller  rockets,  is  about  one 
degree  for  each  hundred  yards  in  the  required  range.  From  their 
f  ortb  they  penetrate  to  a  considerable  depth  when  fired  against  timber 
or  earth  :  12  pounder  rockets,  after  a  range  of  1260  yards,  have  been 
found  to  enter  the  ground  obliquely  as  far  as  22  feet.  The  principal 
inconvenience  attending  rocket  practice  is  the  powerful  action  of 
the  wind  when  it  blows  in  a  direction  perpendicular,  and  oven  oblique, 
to  tie  intended  line  of  fiight.  The  efibct  is  very  peculiar,  for  the  wind 
acting  dn  the  tail,  a  long  lever,  drives  the  head  up  into  the  wind.  The 
rocket  should  therefore  be  laid  to  leeward. 

Bockets,  being  much  lighter  than  any  other  kind  of  ordnance,  and 
capable  of  being  used  with  or  without  carriages,  are  well  a(la]>ted  for 
conveyance  in  mountainous  countries.  When  fired  in  volleys  against 
troops,  their  effect  is  likely  to  create  much  disorder ;  and  those  which  ! 
act  as  carcasses,  when  fired  against  buildings,  will  almost  certainly  I 
cause  their  destruction.  Besides  being  employed  in  the  siege  of 
Copenhagen,  rockets  were  used  at  the  bombardment  of  Flushing 
(1809);  and  in  1S13  the  British  rocket-troop  rendered  considerable 
■enrice  at  the  battle  of  Leipzig.    The  advance  of  a  French  column 


against  an  inferior  force  of  British  troops  was  checked  by  a  weU 
directed  Cro  i.f  rockets  at  the  jui-ssage  of  the  Adour  in  the  last- 
mentioned  yo  >r ;  and  it  is  said  tliat  the  explosion  of  the  powder- 
magazine  which  in  lS-10  produced  such  di^^a-strous  clTects  at  Acre,  was 
caused  by  the  fall  of  a  rocket  on  the  imllding.  Rockets  were  used  both 
by  the  Fioiicli  and  English  before  Sel>a.-itoi)ool.  A  rocket  was  invented 
by  Mr.  ITale  a  few  years  a-^o  to  be  used  without  a  stick ;  the  rocket  was 
something  similar  to  tho  Congi-eve  rocket,  but  at  the  base,  which  is  in 
form  like  the  frustum  of  a  cone,  bc-idcs  a  large  vent  hole  in  the  axis 
there  were  fiv6  smaller  holes  cut  obliquely  through  tho  exterior 
surface  of  the  conical  port.  These  holes,  termed  "  tangential  holes," 
are  made  with  the  object  of  giving  a  rotatory  movement  to  the  rocket 
to  keep  it  jinint  fore:ii(«t.  [Kiti.K.]  The  rocket  was  restrained  by  a 
spring  in  tho  tube  till  it  had  obtained  sufficient  Initial  velocity  to 
prevent  its  drooping. . 

RUD.    [rr.iicii.] 

ROGATION  DAYS.  It  was  a  general  custom  formerly,  sayB 
Bourne,  and  it  is  still  observed  in  many  country  parishes,  to  go  round 
the  bounds  and  limits  of  the  jKkrish  on  one  of  the  three  days  preceding 
Holy  Thursd.iy ;  when  tho  minister,  accompanied  by  his  church- 
wardens and  parishioners,  used  to  deprecate  the  vengeance  of  God,  beg 
a  bles.-ing  on  the  fruits  of  the  earth,  and  preserve  the  rights  and 
properties  of  tho  ]<aiisli.  The  primitive  custom  used  by  Christians  on 
this  oecaiiou  was,  for  the  peoi)le  to  accompany  the  bishop  or  some  of 
the  clerjry  into  the  fields,  whore  Litanies  where  made,  and  the  mercy  of 
God  implorcil,  that  he  would  avert  the  evils  of  plague  and  pestilence, 
that  he  would  send  them  good  and  seasonable  weather,  and  give  them 
in  due  sea.<on  the  fruits  of  the  earth.  The  Litanies  or  Rogations  then 
used  gave  tho  name  of  Rogation  Week  to  this  time.  They  occur  as 
early  as  a.d.  550,  when  they  were  first  observed  by  Mamertius,  biahop 
of  Vienna,  on  account  of  tlie  frequent  earthquakes  that  happened,  and 
the  incurfioDs  of  wild  beo.'-ts,  whiuh  laid  in  ruiua  and  depopulated  the 
city.  (AV.alifred,  Sti-al,,  c.  26, '  De  Repub.  Ecelcsiaat.')  In  the  canons 
of  Cuthbcrt,  archbiiihop  of  Canterbury,  made  at  Cloveshoo,  in  the  year 
747,  it  was  ordered  that  Lilanics,  that  is  Rogations,  should  be  observed 
by  the  clergy  and  people,  with  great  reverence,  on  the  seventh  of  the 
calends  of  May,  according  to  the  rites  of  the  church  of  Rome,  which 
terms  this  the  Greater  Litany,  and  also,  according  to  the  custom  of 
our  forefathers,  on  tho  three  days  before  the  Ascension  of  our  Lord, 
with  fastings,  &c.  (Wilkius,  '  Concil,  Brit.;'  Spelm.,  v.  'Litonia.') 
In  the  Book  of  Common  I'r.iyer  they  are  still  retained.  The  three  Ro- 
gation Days  are  the  Monday,  Tuesday,  and  Wednesday  before  Holy 
Thursday,  which  are  appointed  fast  days.  The  previous  Sunday  is 
Rogation  Sunday. 

Rogation  Week,  in  the  northern  parts  of  England,  is  called  Gang 
Week,  from  to  gang,  which  iu  the  north  signifies 'to  go.  Gang- week, 
occurs  in  the  rubric  to  John,  c.  1 7,  iu  the  Saxon  Gospels ;  and 
Gang-dagas  are  noticed  iu  the  laws  both  of  Alfred  and  Athelstan. 

(Brand's  Popvlav  Avtiq.  ;  Bnwly'a  Clara  Culcndaria.) 

ROGUE  AND  VAGABOND.    [V.v.qiia.nt.] 

ROLLING,  KOLLKRS.     [Ibo.n  MiNUfAOTUBE.] 

ROLLING  STOCK,    f  Railway.] 

ROLLS.     [Itrcoiios.] 

ROLLS-CO  (JRT,  the  Court  of  tho  Master  of  the  Rolls,  is  usually  held 
iu  the.^  Rolls  Buildings  in  Chancery  Lone ;  which  were  originally  a 
house  or  hospital  for  the  reception  of  Jewish  converts.  When  tho 
Jews  were  banished  from  England  by  King  Edward  I.,  there  was  little 
use  for  an  hospital  of  this  kind ;  whercui>on  it  was  assigned  to  the 
Master  of  the  Rolls,  who  had  thenceforth  the  denomination  of  MagitUr 
Solulonim;  Jiecvdvrum,  ttc,  el  Cu»'<i»  Dumun  Conver$nrum,  One  or  two 
converts  were  mivintained  on  a  poor  pittance  in  this  house  in  the  16th 
century. 

-ROLLS,  MASTER  OF  THE,  an  officer  of  the  Court  of  Chancery, 
second  only  to  the  ch.inccllor  himself.  Originally  he  had,  as  the  name 
implie.i,  tlie  custody  of  the  rolls  or  recorded  proceedings  of  that  court, 
and,  it  seems  also,  of  any  other  documentary  matter  belonging  to  that 
court.  But  the  custody  had  long  been  merely  nominal,  and  the  actual 
care  of  them  was  vested  in  certain  keeiwrs,  under  the  authority  oi 
an  act  of  Parliament  (14  2  Vict.  c.  94),  by  which,  however,  very 
extenuve  powers  are  given  to  the  M.-Witer  of  the  Rolls  with  respect  to 
the  custody  and  use  of  them.  This  act  further  commits  to  him 
the  records  also  of  the  Commou-Law  Courts  and  of  the  Court  of 
Exchequer. 

By  what  me,ins  the  tla^ter  of  the  Rolls  became  divested  of  the 
peculiar  duties  indicated  by  the  name,  is  a  point  of  legal  antiquarianism 
which  has  not  been  satisfactorily  eluciilated;  nor  is  it  quite  clear 
when  or  how  he  came  to  sit  to  hear  causes  in  equity.  The  chief 
duties  of  this  officer  now  ore  judicial ;  but  from  his  decrees  there  ia 
an  appeal  to  the  chancellor,  or  lords  justices. 

ROMAN  ALUM.     [Alum.] 

ROMAN  ARCHITECTURE.  Althoush,  as  was  said  under  Abohi- 
TECTUnE,  the  Romans  derived  their  architecture,  oa  they  did  most 
of  their  arts,  immediately  from  tho  Greeks,  yet  they  undoubtedly 
borrowed  the  circular  arch,  and  tho  fondness  for  circularity  in  the 
plans  of  their  buildings,  from  the  Etruscansj  and  these  features  were 
what  mainly  brought  about  the  modifications  of  style  and  ornamenta- 
tion, the  variety  of  form  and  the  constructive  peculiarities,  which  dis- 
tinguish Roman  architecture.    We  cannot  here  trace  the  progress  o^ 
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{he  TariouB  modifications  :  till  we  shall  attempt  is  to  show  the  leading 
characteristics  of  Roman  architecture,  especially  marking  its  divergence 
from  that  of  the  Greeks,  referring  the  reader  to  the  article  GbeciaS 
AncHiTECTUBK  for  a  general  view  of  the  parent  style,  and  to  Column 
for  a  particular  accoimt  of  the  Orders. 

With  regard  merely  to  the  orders,  Roman  architecture  presents 
cUefly  a  corruption  of  the  Doric  and  Ionic,  for  it  may  claim  the 
Corinthian  ai  almost  entirely  its  own,  the  Roman  examples  of  that 
order  being  not  only  numerous  and  varied,  but  at  the  same  time 
exceedingly  different  in  character  from  the  almost  solitary  specimen  of 
one  with  foliaged  capitals  which  occurs  in  a  Grecian  building. 
[Obeciab  Arohitectuke.}  But  even  as  regards  the  application  of  the 
orders,  there  is  a  wide  difference  between  the  two  styles ;  in  the  Roman 
they  are  frequently  employed  as  mere  decoration,  the  columns  being 
engaged  or  attached  to  the  walls,  or  in  some  cases  (as  that  of  triumphal 
arches)  though  the  columns  are  Insulated  and  advanced  from  the 
structure,  they  are  in  a  manner  detached  from  it,  inasmuch  as  they  do 
not  support  its  general  entablature,  but  merely  projecting  portions  of 
it.  Nor  are  these  the  only  differences,  for  besides  the  frequent  employ- 
ment of  pilasters  as  substitutes  for  columns — that  is,  as  constituting 
the  order  without  columns — the  practice  of  tvper-columniation,  or 
raising  one  order  upon  another,  was  by  no  means  Uncommon ;  a  prac- 
tice that  was  indeed  a  matter  of  necef  sity  in  such  enormous  edifices  as 
the  Cdosseum,  if  columns  were  to  be  employed  at  all. 
I  From  all  this  it  will  be  evident  that,  as  regards  the  orders  alone, 
there  is  a  very  marked  difference  between  Roman  and  Grecian  archi- 
tecture ;  yet  such  difference  is  by  no  means  the  whole.  If  there  were 
no  other  distinction  between  them,  that  arising  from  the  arch,  and 
diverse  applications  of  its  principles  to  vaults  and  domes,  would  bo 
a  very  material  one ;  but  we  also  meet  with  a  variety  and  complexity 
in  Roman  buildings  of  which  there  are  no  examples. in  those  of  Greece. 
'  With  the  exception  of  the  Erechtheium,  or  triple  temple  on  the 
Acropolis  of  Athens,  Greek  temples  were  merely  simple  parallelograms, 
differing  from  each  other  as  to  plan  only  iu  the  number  and  disposi- 
tion of  the  columns  around  the  cella  [Teufle]  ;  whereas  by  the 
adoption  of  the  circular  form  in  their  plans,  whether  for  the  whole  or 
parts  of  a  building,  the  Romans  introduced  an  important  element  of 
variety  into  architectural  design.  To  this  shape  m  the  ground-plan 
is  to  be  ascribed  the  origin  of  the  tholui,  or  concaye  £>me,  which 
harmonizes  so  beautifully  with  all  the  rest,  and  renders  the  rotunda- 
shape  at  once  the  most  picturesque  and  the  most  complete  for 
internal  effect, — ^that  in  which  both  unity  and  variety  are  thoroughly 
combined.  [Rotunda.]  The  Pantheon  .alone  would  suffice  to  con- 
vince us  that  the  Romans  were  not  mere  copyists,  and  that  if  the 
Greek  orders  deteriorated  in  their  hands,  they  also  added  much  to  the 
art  and  greatly  extended  its  powers  by  new  appliances.  As  regards 
its  exterior,  the  Pantheon  presents  what  is  certainly  a  strikingly 
picturesque  (and  what  we  consider  tD  be  also  a  consistent  and  appro- 
priate, because  a  well-motived)  combination,  namely,  that  of  a 
rectangular  mass  projecting  from  a  lai^ger  circular  one.  In  that 
example  the  body  of  the  edifice,  or  rotunda  itself,  has  no  columns 
externally  ;  but  circular  peristy lar  temples, '  or  rotundas,  whose  cella 
was  enclosed  by  an  external  colonnade,  were  not  uncommon.  Of 
this  kind  is  the  temple  of  the  Sibyl,  or,  as  it  is  otherwise  called, 
that  of  Vesta,  at  Tivoli,  an  edifice  of  singular  beauty,  and  highly 
interesting  as  a  veiy  peculiar  and  unique  example  of  the  Corinthian 
order.  Edifices  of  this  kind  were  covered  with  hemispherical  domes, 
or  with  smaller  sections  of  a  sphere,  which  consequently  did  not  show 
themselves  much  externally,  as  they  were  raised  only  over  the  cdla, 
and  therefore  the  lower  part  was  concealed  by  the  colonnade  project- 
ing around  it.  The  dome  of  the  Pantheon  is  hemispherical  within, 
but  is  of  very  low  proportions  and  flattened  form  without,  for  its 
spring  commences  at  about  the  level  of  the  first  or  lower  cornice  of 
the  exterior  cylinder,  and  is  further-reduced  by  the  base  of  the  outer 
portion  of  the  dome  being  expanded  and  formed  into  separate  cylin- 
drical courses  or  gradini. 

Polygonal  forms  of  plan  were  sometimes  employed,  of  which  there 
is  an  instance  in  what  is  called  the  temple  of  Minerva  Medica  at  Rome, 
which  is  circular  on  the  exterior,  but  internally  decagonal,  with  nine 
of  its  sides  occupied  by  as  many  recesses,  and  the  other  by  the  door- 
way—a remark-able  peculiarity,  it  being  very  unusual  to  euelose  a 
polygon  within  a  cylindrical  structure,  although  not  the  contrary,  nor 
to  erect  a  cylinder  upon  a  square  or  polygonal  basement.  Octagonal 
|>lans  were  by  no  means  nncommou  :  such  form  was  frequently  made 
use  of  for  the  saloons  of  public  baths ;  and  there  is  an  instance  of  on 
octagonal  temple,  supposed  to  have  been  dedicated  to  Jupiter,  iu  one 
of  the  courts  of  Diocletian's  palace  at  Spalatro.  Of  hexagon^  struc- 
tures we  are  acquainted  with  no  example,  but  a  court  with  six 
sides  occurs  in  the  remains  of  the  temple  of  Baalbec,  not  however  a 
rcguLir  hexagon,  but  of  elongated  figure,  two  of  tiie  sides  being 
110,  and  the  remaining  four  88  feet  each.  In  the  later  periods  of 
Roman  architecture,  circular  and  polygonal  structutes  became  more 
frequent,  and  those  of  the  first-mentioned  kind  deviated  considerably 
from  the  original  simple  rotundas  and  circular  temples.  An  inner 
peristyle  of  columns  'was  introduced  so  as  to  moke  a  spacious  circular 
or  ring-shaped  ambulatory  around  the  centre,  which  was  much  loftier 
than  the  colonnade,  being  covered  by  a  dome  raised  upon  a  cylin- 
drical wall  over  the  columns.      What  is  now  called  San    Stefano 


Rotunda,  at  Rome,  supposed  by  some  to  have  been  originally  a  temple 
dedicated  first  to  Faunus,  and  afterwards  to  the  emperor  Claudius,  and 
by  others  to  have  been  a  public  market,  is  a  structure  planned  accord- 
ing to  the  arrangement  just  mentioned,  with  a  circular  Ionic  colonnade 
of  twenty  columns  and  two  pieia.  The  church  of  Santa  Costanza, 
supposed  to  have  been  erected  by  Constantine  as  a  baptistery,  an4 
afterwards  converted  by  him  into  a  funeral  chapel  to  his  daughter 
Constantia,  is  a  remarkable  example,  owing  to  the  columns  being  not 
only  coupled,  but  unusually  disposed,  and  to  there  being  arches  spring- 
ing from  their  entablature,  that  is,  there  are  twenty-four  columns 
(with  composite -capitals)  placed  in  pairs,  on  the  radii  of  the  plan,  or 
one  behind  the  other,  forming  twelve  inter-columns  and  as  many 
arches ;  and  as  for  as  the  mere  arrangement  goes,  this  interior  is  stdk- 
ingly  picturesque. 

The  circular  form  was  a  favourite  one  with  the  Romans  for  their 
sepulchral  structures  of  a  more  pretending  class  than  ordinary : 
following  in  this  the  example  of  the  Etruscans.  It  will  be  sufficient 
hei'e  merely  to  mention  those  in  honour  of  Augustus  and  Hadrian,  aa 
account  of  which  has  been  given  under  Mauboleuu.  The  tomb  of 
Csecilia  Metella  is  a  low  cylinder,  the  height  being  only  62  feet,  while 
the  diameter  is  90 ;  and  it  may  be  considered  as  nearly  solid,  the 
chamber  or  cella  being  no  more  than  19  feet  in  diameter.  This 
cylindrical  mass  is  raised  upon  a  square  substructure;  which  com- 
bination of  the  two  forms  is  productive  of  agreeable  contrast ;  and  it 
was  accordingly  frequently  resorted  to.  The  tomb  of  Plautius 
Sylvanus  near  Tivoli  consists  also  of  a  short  cylindrical  supeistmcture 
on  a  square  basement,  but  is  otherwise  of  peculiar  design,  one  side 
of  that  stereobate  being  carried  up  so  as  to  form  a  sort  of  low  screen  or 
frontispiece,  decorated  with  six  half-columns,  and  five  upright  tablets 
with  inscriptions,  between  them.  The  tomb  of  Munatius  Plancus,  at 
Gaeta,  is  a  simple  circular  structiu-e,  of  low  proportions,  the  height 
not  exceeding  the  diameter,  and  therefore  hardly  to  be  called  a  tower, 
notwithstanding  that  it  is'  now  popularly  called  Roland's  or  Orlando's 
Tower.  Of  quite  different  character  and  design  •from  any  of  the 
preceding,  is  the  ancient  Roman  sepulchral  monument  at  St.  Remi, 
which  confists  of  three  stages;  the  first  a  square  stereobate  raised  on 
gradini,  and  entirely  covert  on  each  side  with  sculptures  in  relief; 
the  next  is  also  square  with  an  attached  fluted  Corinthian  angle,  tmd 
an  open  aich  bn  each  side;  and  the  uppermost  is  a  Corinthian 
rotunda,  forming  an  open  or  monopteral  temple  (that  is,  without  any 
cella),  the  centre  of  which  is  occupied  by  two  statues. 

As  instances  of  other  combinations,  we  may  refer  to  what -is  called 
the  Tomb  of  Virgil,  near  Naples,  consisting  of  a  square  substructure 
surmounted  by  a  conical  one;  toUis  Roman  monument  at  Constantina, 
in  Africa,  conjectured  to  have  been  a  cenotaph  in  honour  of  Constan- 
tine, the  lower  portion  of  which  is  a  cylindrical  structure  surrounded 
by  a  peristyle  of  twenty-four  Doric  columns,  and  carried  up  as  a  loftf 
cone,  in  receding  courses  or  gradini,  leaving  at  its  summit  a  platform 
for  on  equestrian  statue. 

These  notices  may  serve  to  convey  some  idea  of  the  variety  aimed  at 
by  the  Romans  in  the  distribution  of  the  plans  and  general  masses  of 
their  edifices,  independently  of  decoration.  Their  Thermss,  or  public 
baths,  a  class  of  structures  remarkable  for  their  .vast  extent  and 
magnificence,  are  most  interesting  studies  of  combinations  of  plan,  as 
they  were  not  merely  baths,  but  places  of  public  resort  and  amuse- 
ment, and  consisted  of  an  assemblage  of  courts,  porticos,  libraries,  and 
spacious  saloons  and  gallerien,  most  of  which  presented  some  pecu- 
liarity of  form  and  distribution.  [Baths  ]  If  therefore  we  estimate 
Roman  architecture  by  the  manifold  resouiccs  which  it  opened  to  the 
art,  rather  than  by  its  debasement  of  what  it  borrowed  from  that  of 
Greece,  we  shall  find  much  in  it  both  to  admire  and  to  imitate,  as 
well  as  to  censure  and  to  avoid.  Its  Greek  rival  has  nothing  that  will 
bear  a  parallel  with  it  in  this  respect.  Judging  from  its  remains,  we 
can  see  little  in  it  that  answers  to  tbe  title  of  interior  architecture ; 
whereas  some  of  the  Roman  temples  were  striking  on  account  both  of 
the  size  and  the  magnificence  of  their  interiors.  That  of  the  Pantheon 
has  been  already  referred  to4  a  very  different  example  is  the  Temple 
of  Peace,  erected  by  Vespasian.  What  was  its  external  design  is  now 
altogether  doubtful,  as  only  the  ruins  remain,  but  its  interior  is  very 
remarkable,  the  plan  being  divided  in  its  breadth  into  three  nearly 
equal  portions,  the  centre  one  of  which  formed  a  spacious  nave,  termi- 
nating in  a  large  semicircular  tribune,  or  apsis,  covered  by  a  semi- 
dome.  This  nave  was  disposed  in  three  compartments,  presenting  as 
many  arches  of  exceedingly  wide  proportions,  opening  into  as  many 
divisions  of  the  lateral  portions  of  the  plan,  which  did  not  constitute 
continuous  aisles  along  the  nave,  but  small  chapels  or  recesses.  Of 
these  the  centre  one  on  each  side  terminated,  like  the  nave,  in  a 
semicircular  tribune,  of  the  same  dimensions  as  that  apsis,  so  as  to 
form  a  transept,  and  give  the  whole  a  marked  cruciform  appearance. 
The  side  divisions  were  covered  by  semicircular  vaults,  concentric  with 
the  arches  opening  into  the  nave  ;  and  this  latter  had  a  vaulted  roof, 
in  three  groins  or  compartments,  tixe  ribs  of  which  sprung  from  eight 
Corinthian  columns,  placed  against  the  piers  of  the  arches.  Besides 
'  other  peculiarities,  we  have  here  an  instance  of  the  effect  resulting 
from  the  application  of  the  semicircular  form  to  plans  in  interiors,  and 
of  further  varieties  of  design  arising  out  of  it,  for  the  semidomes  of 
the  tribunes  exhibit  a  rich  specimen  of  coffering,  being  composed  of 
octagons  and  squares. 
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The  temple  of  VenuB  and  Roma,  biiilt  by  Hadrian  in  tlie  Soman 
Fomm,  would  seem  from  recent  ezcavationB  to  have  been  one  of  the 
moat  splendid  edifices  in  the  dty.  According  to  the  plan  of 
M.  Caristie,  the  temple  stood  in  the  centre  of  a  quadrilateral  enclo- 
•ore,  or  peribolui,  n^easarine  625  by  318  feet,  and  was  enclosed  by 
double  oolannades  of  the  Connthian  order,  ooniisting  altogether  of  264 
columns.  Tte  temple  itself  was  of  the  same  order,  upon  a  con- 
■ideiably  larger  scale,  and  its  dimensioiis  about  SfiO  by  166  feet.  It 
was  consequently  large  in  proportion  to  the  area  within  which  it 
stood ;  and  when  viewed  in  combination  with  the  extended  files  of 
columns  around  it,  must  have  produced  a  powerful  efieot, — one  in 
which  harmony  and  regularity  were  blended  with  contrast.  The 
interior,  judging  from  the  indications  afforded  by  the  ruinSj  must  have 
been  equally  splendid  and  picturesque  in  character. 

The  Ramans  seem  to  have  affected  the  practice  of  grouping  buildings 
together  as  features  in  one  general  symmetrical  plim.  Their  temples 
and  basilicas  were  frequently  placed,  as  the  prmoipalr  architectiiral 
objects,  at  the  ezttemil^  of  a  forum,  or  other  regular  area  enclosed 
with  oolonnades.  The  temple  of  Nerva  stood  at  one  end  of,  and 
partly  projected  into  an  enclosure  (measuring  about  860  by  164  feet), 
the  entrance  end  of  which  had  five  open  arches,  and  the  sides  were 
formed  1^  screen  valla,  decorated  with  Corinthian  pilasters,  and 
ocdiumis  immediatdy  before  them,  over  which  the  entablature  formed 
brealca.  Ot  l^rajan'a  forum,  which  was  surrounded  not  only  by  colon- 
nades, but  various  stately  edifices,  nothing  now  remains  except  the 
oelebrated  triumphal  column  that  occupied  its  centre,  and  which,  so 
^^laced  as  a  principal  object,  ihust  have  heightened  the  splendour  of  the 
■whole.  Like  tlu^  of  Nerva,  the  temple  of  Antoninus  and  Faustina 
was  placed  at  one  end  of  a  court  of  moderate  dimensions,  whose  sides 
were  adorned  with  coupled  columns  placed  immediately  against  the 
walls;  and  only  the  portico  part  of  the  temple  (a Corinthian  hexasWIe, 
triptosl^le)  [PoBTloo]  advanced  into  the  enclosed  area  in  front.  The 
lonaa  ot  Carscalla  was  nearly  a  Bqiuu?e,  entirely  surrounded  by  arcades, 
presenting  thirteen  arches  on  each  of  the  longer  and  eleven  on  each  of 
the  shorter  sides.  In  the  centre  was  a  Corinthian  temple  very  similar 
in  plan  to  the  Pantheon,  with  an  hexastyle,  triprostyle  portico  in  front, 
and  remarkable  for  having  inner  columns  behind  the  second  from  each 
angle,  so  that  there  was  a  double  range  of  them  at  each  end,  and  the 
central  space  within  the  portico  wsa  a  perfect  square  equal  to  three 
interoolnmni. 

The  mention  we  have  incidentally  made  in  leffod  to  these  temples 
may  not  improperly  be  followed  by  some  additional  remarks  upon 
Roman  edifices  of  that  class.  Unlike  those  of  Greece,  peripteral 
temples  were  of  comparatively  nure  occurrence  among  the  Romans ; 
they  were  mostly  prostyle,  the  portico  being  attached  only  in  con- 
tinuation of  the  oella,  whose  walls  formed  the  flanks  of  the  building, 
though  the  order  of  the  portico  was  frequently  continued  along  them 
either  in  half-columns  or  pilasteni.  Such  is  the  plan  of  that  celebrated 
one  at  Nismes,  known  by  the  name  of  the  liaison  Quarr^,  which  is  a 
Corinthian  hexastyle,  pseudo-peripteral,  the  cella  being  ornamented 
with  attached  columns,  thereby  making  ten  interoolumns  on  each 
flankj  three  of  which  are  open,  or  belong  to  the  portico,  which  latter  is 
accordingly  trifimtyle.  The  Corinthian  temple  at  Assisi  was  similar 
in  plan,  except  that  it  was  not  pseudo-peripteral,  the  sides  of  the  cella 
being  plain.  That  of  Fortuna  Virilis  at  Rome  was  an  Ionic  tetrastyle, 
diproe^Ia,  and  paendo-peripteral.  Besides  contributing  to  variety, 
temples  of  this  kind  possess  a  certain  variety  of  effect  in  themselves, 
owing  to  the  depth  of  the  portico,  and  the  contrast  between  that  part 
and  the  cella.  The  portico  announced  itself  more  decidedly  as  the 
fa^'ade  par  exetUanct;  particularly  as  such  temples  were  generally 
raised  upon  a  stereobt^  continued  as  pedestals  to  enclose  tlie  steps 
leading  up  to  them  in  front,  and  which  sometimes,  as  in  the  t«uide 
of  Nerva,  and  that  of  Antoninus  and  Faustina,  projected  verycon- 
a'derably. 

As  our  object  is  rather  to  direct  attention  to  the  modes  of  composition 
albeted  by  the  Romans  and  the  elements  of  their  style,  than  to 
describe  Uieir  chief  architectural  monuments,  either  historically  or 
according  to  their  respective  classes  and  destination,  we  proceed  now 
to  consiitor  some  of  the  individual  peculiarities  and  features  belonging 
to  their  buildings.  In  the  application  of  sculpture,  particularly  of 
statues,  they  were  prodigal ;  but  they  employed  Uie  latter  chiefly  as 
irchitectuial  accessories,  frequently  placing  titem  over  columns,  or  on 
the  summita  of  their  edifices  as  a<aoteria  to  pediments,  by  way  of 
giving  variety  to  the  outline  of  their  buildings,  and  also  of  indicating 
rt  flist  sight  their  particular  appropriation — a  pracUce  almost  unknown 
to  the  Greeks,  there  being  only  one  instance  of  it.  The  abundant  use 
of  statoes  lad  to  the  adoption  of  the  niche — a  feature  imknown  in 
Greek  architaotore — as  a  convenient  mode  of  inserting  them  within 
the  sur&ce  of  walls,  and  thereby  decorating  them ;  at  the  same  time 
space  was  gained  in  interiors,  where,  if  otherwise  placed,  they  would 
have  tokeo  up  room.  Kiches  frequently  occur  in  Roman  temples  and 
hath*.    pTiOHB.] 

These  various  appiioations  of  curvilinear  forms,  both  in  plan  and 
elevation,  undoubtedly  furnished  Roman  architecture  with  resources 
unknown  to  that  of  Greece.  Nor  can  it  be  denied  that  the  arch  itself 
is  a  vary  beautiful  feature,  although  it  was  employed  by  the  Romans 
to  audi  excess  as  rather  to  occasion  monotony  than  to  contribute  to 
variety  of  design ;  the  amphitheatre!  and  similar  worki  of  the  Rotoans 
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consisting  only  of  continuous  tiers  of  arches,  which  constituted  their 
more  strongly  marked  features,  the  columns  placed  against  their  tiers 
being  merely  ornamental  accessories,  and  comparatively  of  little  effect, 
and  even  that  not  of  the  very  best  kind.  There  was  one  class  of 
structures  however,  which,  though  consisting  uniformly  of  arches  and 
piers  alone,  were  eminently  impressive  and  picturesque,  namely,  the 
Roman  aqueducts,  works  of  extraordinary  grandeur,  if  estimated  by 
their  prodigious  extent,  and  the  colossal  massiveness  cf  their  con- 
struction, but  not  otherwise  entitled  to  be  termed  magnificent,  their 
architecture  being  in  the  plainest  and  severest  style.  In  these  there 
vrere  sometimes  two  or  even  more  tiers  of  arches,  at  others  only  a 
single  one,  aa  in  that  at  Metz  on  the  Moselle,  which  has  exceedingly 
lofty  arches,  or,  to  speak  more  correctly,  arches  On  exceedingly  lofty 
piers,  divided  by  ofbeta  into  three  stages,  the  effect  of  which  is  no  lees 
advantageous  than  it  is  uncommon. 

Another  practice  was  eventually  adopted,  by  means  of  which  the 
arch  and  column  became  amalgamated  as  integral  parts  of  the  same 
ordinance,  namely,  that  of  supporting  arches  ujton  columns,  making 
them  spring  either  directly  from  their  capitals  or  from  an  entablature- 
shaped  blodc  over  them.  This  practice  is  commonly  condemned  as 
barbarous,  but  in  our  opinion  somewhat  too  hastily,  and  with  more  of 
prejudice  than  of  fair  examination.  That  it  was  introduced  during 
the  decline  of  the  art,  and  that  it  was  an  innovation  subversive  of 
former  principles,  is  not  to  be  denied.  Yet  if  it  must  be  reprobated, 
it  ought  to  be  so  for  its  own  demerits,  not  ss  an  innovation  :  for  all 
invention  is  such.  It  appears  a  very  poor  argument  against  it,  to  say 
that  columns  were  originally  designed  to  support  horizontal  archi- 
traves :  we.  do  not  see  how  that  circumstance,  of  necessity,  renders 
every  other  application  i^iadmissible.  Where  columns  are  employed  to 
support,  it  certainly  cannot  be  allegM  that  they  are  idle  unmeaning 
expletives ;  nor  tluit  they  are  mutilated  by  bemg  apparently  partly 
embedded  in  the  wall  behind  them.  One  very  great  advantage 
attending  the  combination  of  the  arch  with  the  column  as  its  support, 
is  that  it  allows  the  openings  to  be  considerably  wider  than  they  other- 
wise could  bo,  because  such  intervals  as  would  produce  a  poor  and 
straggling  effect  in  a  colonnade,  become  well  proportioned  and  agreeable 
when  spanned  by  arches. 

Of  the  two  Grecian  orders,  the  Roman  specimens  usually  referred  to, 
namely,  the  Doric  of  the  theatre  of  MarceUus,  and  the  Ionic  of  that 
building  and  the  temple  of  Fortuna  Virilis,  are  exceedingly  poor  and 
meagre,  spiritless  and  tasteless ;  while  the  Ionic  of  the  temple  of  Con- 
cord may  be  pronounced  detestable.  In  this  last  example  the  volutes 
of  the  capittjs  are  turned  diagonally,  a  mode  afterwards  adopted  by 
Scamozzi  for  that  order,  and  also  practised  in  what  is  called  the  Com- 
posite. Even  when  comparatively  pleasing  in  its  contours,  the  ^loman 
Ionic  capital  is  poor  and  devoid  of  expression,  in  consequence  of  the 
smallnesH  of  the  volutes,  which  is  such  that  they  almost  cease  to  be 
characteristic  features  of  tiie  order.  To  this  defect  may  be  added  the 
meagreness  arising  from  the  few  revolutions  mode  by  the  spirals,  and 
the  amission  of  intermediate  ones  ;  and  also  the  hanihiiMa  occauoned 
by  the  great  projection  of  the  ovale,  the  narro>meBS  of  the  face  of  the 
capital  above  it,  and  by  that  part  forming  a  straight  line,  instead  of  the 
gracefully-flowing  festoon-hem  which  unites  the  volutes  together  in  all 
the  Athenian  specimens  of  the  order.  Numerous  studies  of  both 
voluted  and  foliaged  capitals  may  be  seen  in  Piranesi's '  Magnificenza 
de'  Romani ; '  and  the  v^ety  of  composition  displayed  in  the  latter 
very  greatly  exceeds  what  would,  be  imagined  by  those  who  are 
acquainted  only  with  what  are  referred  to  as  standard  examples  of  that 
order.  This.liut  may  in  fact  be  emphatically  denominated  the  Roman 
Older,  although  such  distinctive  title  is  usually  applied  to  what  is  other- 
wise called  the  Composite,  but  which  is  only  a  variety  of  the  foliage- 
capitalled  class,  and  by  no  means  the  most  striking  as  such,  there 
being  instances  of  compound  capitals,  in  which  griffins,  eagles,  human 
figures,  or  masks,  are  introduced  above  the  foUage ;  consequently,  if 
the  voluted  variety  is  to  be  received  as  a  separate  order,  each  of  the 
others  is  quite  as  much  entitled  to  the  same  distinction.  How  far 
the  ordinary  Corinthian  capital  differs  from  that  in  which  the  small 
volutes,  or  caulicoli,  at  the  angles  of  the  abacus  are  developed,  and  en- 
larged to  the  size  of  those  of  the  Roman  Ionic  capital,  may  at  once  be  seen 
by  referring  to  CoLCiCN,  col.  33,  where  a  half  of  each  example  is  placed 
in  juxtaposition ;  and  at  col.  15  will  be  foimd  a  similar  comparison 
between  the  capitals  of  the  Tivoli  Corinthian  and  that  of  the  monument 
of  Lysicrates.  The  contrast  presented  by  the  two  last  is  striking 
enough,  there  being  no  similarity  of  character,  but  merely  such  degree 
of  resemblance  as  serves  to  moke  the  differences  the  more  obvious. 
And  if  thftt  Tivoli  example  be  compared  with  the  one  shown  in  the 
other  cutj  and  which  may  be  received  as  an  average  sample  of  the 
order,  it  will  be  tolerably  evident,  even  from  such  comparison  alone, 
that  the  foliaged  capital  was  treated  by  the  Romans  in  a  variety  of 
modes  and  in  a  free  artistical  spirit.  Neither  are  such  distinotlons 
confined  to  the  oa[Mtals  alone,  for  different  examples  preeent  equal 
diversity  in  their  entablatures  and  cornices.  That  of  the  Tivoli 
temple  is  remarkable  throughout ;  and  has  such  a  peculiar  character 
stamped  upon  it,  that  it  almost  deserves  to  be  considered  a  separate 
order — certainly  much  more  so  than  the  Composite.  Among  other 
examples,  that  of  the  three  columns  o'f  the  temple  of  Jupiter  Stator 
is  the  richest  and  moat  elegant  in  its  capital,  and  is  beautifully  com- 
posed throughoult    The  Romans  in  fact  bestowed  as  great  diversity 
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of  diancter  and  expTeasion  upon  this  order,  aa  the  Greeks  had  done 
upon  their  Doric  and  Ionic. 

For  information  respecting  Roman  buildings  adapted  to  particular 
jraiposes,  the  reader  is  referred  to  the  articles  AncH,  Triumphal  ; 
Axphithba.tre;  Aquebuot;  Babjuoa;  Baths;  Fobbm;  Mauso-' 
IBtrit;  TBitPLB;  Theatre,  ftc. 

ROHAN  CATHOLICS.  [Cathocjo  Church  ;  Recusants.] 
'  ROHAN  CATHOLICS  AND  JEWS.  By  the  act  0  &  10  Vict., 
eap.  59,  passed  August  18,  1846,  intituled  "An  Act  to  relieve  her 
Majesty's  subjects  from  certain  penalties  and  liabilities  in  regnrd  to 
reUgious  opinions ; "  all  the  previous  Acts  and  parts  of  Acts  imposing 
disabilities  on  the  professors  of  the  Roman  Catholic  or  Jewish  religions 
wen  repealed,  of  which  a  portion,  as  far  as  Roman  Catholics  were 
eoncemed,  had  been  indireeuy  removed  by  the  Roman  Catholic  Relief 
Act.  On  August  1, 1851,  however,  was  passed  an  Act  14  &  15  Vict., 
cap.  60, "  To  prevent  the  assumption  of  certain  Ecclesiastical  Titles  in 
liespect  of  plao^  in  the  United  Kingdom,"  by  which  a  penalty  of  10(V. 
•ima  imposed  on  aiiy  one  assuming  the  title  of  archbishop,  bishop,  or 
dean  of  any  province,  place,  or  district  in  the  United  Kingdom ;  and 
which  declared  any  su<ii  creation  by  the  see  of  Rome  to  be  illegal  and 
void.  It  also  made  illegal  and  void,  punishable  with  the  like  pecuniary 
penalty,  the  puUicstion  of  any  bull,  brief,  rescript,  letters  apostolical, 
pr  any  other  instrument  or  writing  constituting  such  province  or  dis- 
trict, whether  such  district  be  or  be  not  the  see  or  diocese,  or  deanery, 
of  the  established  church.  On  July  28,  1858,  likewise  was  p.'iascd  the 
.^1  ft  22  Vict,  cap.  19,  intituled  "  An  Act  to  provide  for  the  relief  of 
}ier  Hajesty's  subjects  professing  the  Jewish  religion,"  by  which  Jews 
on  taking  the  oath  before  sitting  in  parliament,  may  be  relieved, 
by  a  Teeotution  of  the  houM,  from  making  the  declaration,  "  I  make 
.  inia  declaration  on  the  true  fidth  of  a  Christian ; "  and  these  words  are 
to  be  omitted  in  every  other  oath,  except  on  making  presentation  to 
•n  ecclesiastical  benefice.  Jews  are  also  declared  incapable  of  holding 
ithe  office  of  lord-lieutenant  of  Ireland,  lord  ohanccUor  of  Great  Britain 
lor  Ireland,  or  high  commissioner  of  the  general  assembly  of  the  church 
of  Scotland.  The  right  of  presentations  to  ecclesiastical  benefices, 
vested  in  JewB,"is  devolved  in  the  archbishop  of  Canterbuiy,  nor  are 
Jews  to  advise  in  the  disposal  of  such  matters;  a  contravention  of 
these  provisions  to  be  deemed  a  misdemeanour,  and  a  convictioa 
entails  a  disability  of  serving  the  crown  in  any  o£Bce,  civil  or  military, 
whatever. 

ROHAN  LAW.  The  historical  origin  of  the  Roman  law  is  unknown, 
and  its  fundamental  principles,  some  of  which  even  survived  the 
legislation  of  Justinian,  are  older  than  the  oldest  records  of  Italian 
history.  The  foundation  of  the  strict  rules  of  the  Roman  law  as  to 
familia,  agnatic,  marriage,  testaments,  succa^ion  to  intestates,  and 
ownership,  wis  no  doubt  custom,  which,  being  recognised  by  the 
sovereign  power,  became  law.  As  in  many  other  states  of  antiquity, 
the  connection  of  the  civil  with  the  ecclesiastical  or  sacre<l  law  was 
most  intimate ;  or  rather,  we  may  consider  the  law  of  re]i";lon  as 
originally  comprehending  all  other  law,  and  its  interpi-etation  as  belong- 
ing to  the  priests  and  the  king  exclusively.  There  was,  however, 
direct  legislation  even  in  the  period  of  the  kings.  These  laws,  which 
■re  mentioned  under  the  name  of  Leges  Regicc,  were  proposed  by  the 
king,  with  the .  approbation  of  the  senate,  ai^d  conBrmed  by  the 
populua  in  the  Cumitia  Curiata,  and,  after  the  constitution  of  Servius 
TmliuB,  in  the  Comitia  Centuriata.  That  there  were  remafns  of  this 
ancient  le^lation  existing  even  in  the  Imperial  period,  is  certain,  as 
appears  from  the  notice  of  the  Jus  Civile  Papirianum  or  Papisianum, 
which  the  Pontifex  Hazimus  Papirius  is  said  to  have  compiled  from 
tliese  sources,  about  or  immediately  after  the  expulsion  of  Tarquiniua 
SuperbuB  ('Dig.,'  i,,  tit.  2),  imd  from  the  distinct  references  to  these 
Leges  made  by  late  writers.  Still  there  is  great  uncertainty  as  to  the 
exaot  date  of  the  compilation  of  Papirius,  and  its  real  character.  Even 
bis  name  is  not  quite  certain,  as  he  is  variously  called  Caius,  Sextus, 
and  PubliuB.    (Dion.  Hal.,  iiL  86 ;  '  Dig.,'  i.,  tit.  2.) 

But  the  earliest  legislation  of  which  we  have  any  important  remains 
!b  the  oompilatioD  of  the  code  called  the  Twelve  Tables.  The  original 
bronze  tables  indeed  are  said  to  have  perished  in  the  conflagration  of 
the  city  after  its  capture  by  the  Gauls,  but  they  were  satisfactorily 
restored  from  copies  and  from  memory,  for  no  ancient  writer  who 
cites  them  ever  expresses  a  doubt  as  to  the  genuineness  of  their  eon- 
tents.  It  is  the  tradition  that  a  commission  was  sent  to  Athens  and 
the  Greek  states  of  Italy,  for  the  purpose  of  examining  into  and  collect- 
ing what  was  most  useful  in  their  codes  ;  and  it  is  also  said  that  Her- 
modorus  of  Ephesus,  then  an  exile  in  Rome,  gave  his  assistance  in  the 
compilation  of  the  code.  There  is  nothing  improbable  in  this  story, 
and  yet  it  is  undeniable  that  the  laws  of  the  Tables  were  based  on 
Boman  and  not  on  Greek  or  Athenian  law.  Their  object  was  to  con- 
firm and  define  perhaps  rather  than  to  enlarge  or  alter  the  Roman  law ; 
and  it  is  probable  that  the  laws  of  Solon  and  those  of  other  Greek 
states,  if  they  had  any  effect  on  the  legislation  of  the  Decemviri, 
■erved  rather  as  models  of  form  than  as  sources  of  positive  rules. 

Ten  tables  were  completed  and  made  public  by  the  Decemviri,  in 
11.0.  461,  and  in  the  following  year  two  other  tables  were  added.  This 
compilation  is  quoted  by  the  ancient  writers  by  various  titles :  Lex 
XII.  Tabulamm,  Leges  XII.,  sometimes  XII.  simply  (Cic, '  Legg.,'  ii. 
f38).  Lex  DecemviraUs,  and  others.  The  rules  contained  in  these 
,able8  long  continued  to  be  the  foundation  of  Roman  law,  and  they 


were  never  formally  repealed.  The  laws  themselves  were  oonsidared 
as  a  text-book,  and  they  were  commented  on  by  the  jurists  as  late  as 
the  age  of  the  Antonines,  when  Gains  wrote  a  commentary  on  tham  in 
'  six  books  ('  Ad  Legem  XII.  Tabularum ' ).  The  actions  of  the  old 
Roman  law,  called  Legitimso,  or  Legis  Actionas,  were  founded  on  the 
provisions  of  the  Twelve  Tables,  and  the  demand  oi  the  oompLiinaut 
oouldouly  be  made  in  the  precise  terms  which  were  used  in  the  Tables. 
(Gaius,  iv.  11.)  The  rights  of  action  were  consequently  very  liuiited, 
and  they  were  only  subsequently  extended  by  the  edicts  of  tli« 
pnetors.  The  brevity  and  olwcurity  of  this  ancient  legislaSion  rondei-ad 
interpretation  necessary  in  order  to  give  the  laws  auy  application ;  and 
both  tlie  interpretation  of  the  laws  and  the  fi-amiug  of  the  propor 
forms  of  action  belonged '  to  the  College  of  Pdntitices,  who  yearly 
appointed  a  member  of  their  own  body  to  decide  in  all  doubtful  oase& 
The  civil  law  was  thus  still  inseparably  connected  with  that  of  religion 
(Jus  Pontificium),  and  its  interpretation  and  the  knowledge  of  the 
forms  of  procedure  were  still  the  exclusive  pose^ssiou  of  the  patrician^ 

The  scanty  fragmenta  of  the  Twelve  Tables  hardly  enable  us  to 
form  a  judgment  of  their  character  or  a  proper  estimate  of  the  coqu- 
meudaUon  bestowed  on  them  by  Cicero  ('  De  Or.,'  i.  43).  It  seams  to 
have  been  the  object  of  the  compilers  to  make  a  completo  sat  of  rules 
both  as  to  religious  and  civil  matters ;  and  they  did  not  confine  Uiem- 
selves  to  what  the  Romans  called  private  law,  but  they- comprised  also 
public  law.  ('Fons  puUioi  privatique  juris,'  Liv.,  iii.  84.)  Tijey 
contained  provisions  as  to  t(»tament8,  auccessiona  to  intestates,  tlM 
cai-o  of  persons  of  unsound  mind,  theft,  homicide,  interments,  is. 

They  also  comprised  enactments  which  affeoted  a  man's  status,  ta^ 
for  instance,  the  law  contained  in  one  of  -the  two  last  Tables,  whica 
did  not  allow  to  a  marriage  contracted  between  a  patrician  and  i 
plebeian  the  cWacter  of  a  legal  Roman  marriage,  or,  in  other  worda> 
declared  that  between  patricians  and  jdebeiaus  there  could  be  no  Cpo- 
nubium.  Though  great  changes  were  made  in  the  Jus  Publicum  by 
the  various  enactments  which  gave  to  the  plebeians  the  name  rights  ai 
the  patricians,  and  fay  those  which  conoerued  public  administcatioa, 
the  fundamcniol  principles  of  the  Jus  Privatum,  which  were  oontainsd 
in  the  Tables,  remained  imohanged,  and  are  referred  to  t>y  jurists  as 
late  as  the  time  of  Ulpian. 

The  old  Leges  Regis,  which  were  collected  into  one  body  by  Papiriui^ 
were  commented  on  by  Granius  Flaccus  in  the  time  of  Julius  Cnsar 
(•■  Dig.,' ."JO,  tit  16,  s.  144),  aud  thus  they  were  probably  preserved. 
'The  fragments  of  these  laws  have  be6n  oftsn  collected,  but  the  best 
essay  upon  them  is  by  Dlrksen, '  Versuchen  zur  Kritik  und  Auslegung 
dcr  Quellcu  des  Romischen  Rechts,'  Leipzig,  1828.  The  fragments  of 
the  Twelve  Tables  also  have  been  ofteu  collected.  The  best  work  on 
the  subject  is  that  by  James  Qodefruy  (Jac.  Gothofredus),  which,  witji 
the  more  recent  woik  of  Dirkaeu, '  Uebersicht  der  bisherigen  Veisuohe 
zur  Kritik  vmd  Herstellung  des  Textes  dcr  Zwolf-Tafel-Fragmeote/ 
Leipzig,  1324,  seems  to  have  exhausted  the  subject 

For  about  one  huudred  yean  after  the  legislation  of  the  Decemviri, 
tho  patricians  retained  their  exclusive  possession  of  the  forms  of  pro- 
cedure. Appius  Claudius  Ctccus  drew  up  a  book  of  the  forms  of 
actions,  which  it  is  said  that  his  cleilc,  Cuseua  Flavius,  stole  and  pub- 
lished; the  fact  of  the  theft  may  be  doubted,  though  that  of  the 
publication  of  the  forms  of  procedure,  aud  of  a  list  of  Hm  Dies 
Fasti  and  Nef.-u.ti,  rests  on  suificient  evidence.  The  book  thus  made 
public  by  Flavius  was  called  Jus  Uivila  Flavianura ;  but  like  that  of 
Papirius  it  was  only  a  compilation.  The  publication  of  these  forms 
must  have  had  a  great  effect  on  the  practice  of  the  law :  it  was  in 
reality  equivalent  to  an  extension  of  the  privileges  of  the  plebeians. 
Subsequently  Sextus  yElius  published  another  work,  called  '  Jus 
.iSlianum,'  which  was  more  complete  than  that  of  Flavius.  This  work, 
which  was  extant  in  the  time  of  Pomponius  ('  Dig./  i.,tit.  2,  s.  2,  §  38), 
was  also  colled  '  Tripertita,'  from  the  circumstance  of  its  ocmtainiBg 
the  laws  of  the  Twelve  Tables,  a  commentary  upon  them  (interpretatio)^ 
and  the  Legis  Actionee.  This  work  of  i£lius  appears  to  have  been 
considered  in  later  times  as  one  of  tiie  chief  souroas  of  the  civil  lair 
(veluti  cunabula  juris) ;  and  he  received  from  bis  cootemponiry  Snnius 
the  name  of  "  wise  " : — 

"  Egregle  Cordatui  bomo  Caiua  XHiat  Sextos," 

Sextus  iElhis  was  Curule  vGdile,  B.a.  200,  and  Consul,  B.a  108. 

In  the  Republican  period  new  laws  (l%es)  were  enacted  both  in  the 
Comitia  Centuriata  and  in  the  Comitja  Tributa.  The  Leges  Coriate, 
which  were  enacted  by  the  curix,  were  limited  to  cases  of  adrogation 
and  the  conferring  of  the  imperium.  The  Comitia  Centuriata  weis 
made  independent  of  the  senate  by  the  Lex  Publilia  (Liv.,  viiL  12), 
which  declared  that  the  leges  passed  in  these  Comitia  should  not 
require  the  confirmation  of  the  senate.  The  leges  passed  in  the 
Cumitia  Tributa  were  properly  called  Leges  Tributse  or  Plebiscita,  and 
originally  they  were  merely  proposals  for  a  law  which  were  laid  beinre 
the  senate  and  confirmed  by  the  curiee.  But  ths  Lex  Puhliiia  .(B.a 
336),  and  subsequently  the  Lex  Hortensia  (B.C.  286),  gave  to  the 
Pletdscita  the  full  force  of  leges  without  the  consent  of  the  senate 
(Liv.,  viiL  12;  GMus,  i.  8;  GelL,  xv.  27);  and  a  Plebiscitum  wm 
accordingly  sometimes  called  a  lex.  The  leges  generally  took  their 
name  from  the  gentile  name  of  the  magistrate  who  proposed  them 
(rogavit),  or,  if  he  was  a  consul,  from  the  name  of  both  oonsuls,  as 
Lex  JEHm  or  .S3n  Sentis,  Fapia  or  Pi^  Foppsea.    If  the  proposer  of 
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the  law  ■was  a  dictator,  prsetor,  or  tribune,  the  Lex,  or  Flebiacituin,  u 
the  case  might  be,  took  its  nAine  from  the  proposer  only,  aa  Lex 
H^engia.  Sometimes  the  object  of  the  lex  waa  indicated  by  a 
descriptive  term,  as  Les  Cincia  de  donig  et  munetlbus. 

The  Senatus  Consulta  aluo  formed  a  source  of  law  under  the 
Reptililio.  That  a  senatus  cqnsultum  in  the  time  of  Qaius  (L  4)  should 
have  the  foroa  ol  law  (vicem  legis  optinet)  may  be  easily  a^nitted ; 
but.Gaius  in  this  piusage  appean  to  be  refeniog  not  only  to  such 
senatus  conanlta  as  had  been  passed  under  the  empire,  but  to  the 
senatufi  consulta  generally  as  a  source  of  law.  It  appears  that  the 
senate  gradually  came  to  be  considered  as  the  representative  of  the- 
curiiB,  and  that  its  conliulta,  in  many  niatters  relating  to  adminis- 
tration, the  care  of  religion,  the  eeranum,  aud  the  administration  of 
the  provinces,  had  the  full  eSect  of  laws.  It  does  not  seem  as  if  the 
Romans  themselves  had  a  very  clear  notion  of  the  way  in  which  the 
senate  came  to  exercise  the  power  of  legislation ;  bat  they  imagined 
that  it  arose  of  necessity  with  the  increasing  population  of  the  state 
and  the  increase  of  public  business.  The  senate  thus  became  an  active 
administrating  body,  and,  as  an  easy  consequence,  that  which  it 
enacted  (constituit)  was  observed,  and  this  new  source  of  law  waa 
termed  Senatus  Consultum.  ('Dig.,'  i.,  tit.  2.)  It  seems  probable 
that  the  senate  began  to  exercise  the  power  of  making  senatus  con- 
sulta after  the  passing  of  the  Hortonsia  Lex,  though  it  is  not  pretended 
that  the  Hortensia  Lex,  or  any  other  Lex,  gave  this  power  to  the 
senate.  Ko  senatus  consulta  are  recorded  as  designated  by  the  names 
of  magistrates  till  the  time  of  Augustus,  a  circumstance  which  seems 
to  show  that,  whatever  binding  authority  senatus  consulta  might  have 
acquired  under  the  Republic,  they  were ,  not  then  viewed  as  Iny^B 
properly  so  called,  or  as  having  the  full  effect  of  leges.  But  from  the 
time  of  Augustus  the  titles  of  senatus  consulta  frequently  occur ;  their 
names,  like  those  of  the  leges,  were  derived  from  the  consuls,  as  S.  C. 
Vellelinum,  Pegasianum,  Trebellianum,  &c.,  or  of  the  emperor  who 
proposed  them,  as  S.  C.  Claudianum,  Neronianum,  &c. ;  or  they  were 
said  to  be  m.^de  "auctore  Principe,"  or  "ex  auctoritate  Principis." 
The  expression  apiilied  to  the  senate  so  enacting  was  "  censere."  (Gaius, 
i,  47.)  Special  consulta  were  sometimes  passed  for  the  purpose  of 
explaming  or  rendering  effectual  previous  leges. 

A  new  source  of  law  was  supplied  by  the  Edicta  of  those  magistrates 
who  had  the  Jus  Edicendl,  but  mainly  by  the  praitors,  the  prtctor 
urbanus  and  the  prtetor  per^rinus.  The  edicta  of  the  pnetor  urbanus 
Were  the  most  important.  The  body  of  law  which  was  formed  by  the 
Edicta  is  accordingly  sometimes  called  Jua  Prtcitorium,  which  term 
however  might  be  Hmited  to  the  Edicta  of  the  praitots,  as  opposed  to 
those  of  the  eurule  todilos,  the  tribunes;  censors,  and  pontifices.  The 
name  Jus  Honorarium,  as  opposed  to  Jus  Civile,  comprehends  the 
whole  body  of  edictal  law ;  and  the  name  Honorarium  was  given  to  it, 
apparently  because  the  Jus  Edicendi  was  exercised  only  by  those 
magistrates  who  had  the  Honores.  Jus  Civile,  in  its  larger  sense, 
comprehended  all  the  law  of  any  given  nation ;  but  the  Jus  Civile 
Romanorum,  as  Opposed  to  the  Honorarium,  consisted  of  Leges,  Ple- 
blscita,  Sonatus  Consulta,  to  which,  under  the  empire,  were  added  the 
Dccreta  Prineipdm  and  the  Auotoritaa  Prudentium.  The  Honorarium 
Jua  was  introduced  for  the  purpose  of  aiding,  supplying,  and  correcting 
(he  defects  of  the  Jus  Civile  Romanorum  in  its  liinited  sense.  ('  Dig., 
L,  tit.  i., ».  7.J 

The  historical  origin  of  the  edictal  power  is  not  known,  bat  in  the 
time  of  Cicero  it  had  been  so  long  exercised,  and  the  Edicta  had  been 
eo  far  formed  into  a  regular  system,  that  the  study  of  the  edictal  law 
was  a  main  part  of  the  ^stcmatic  study  of  the  Roman  law,  and  had 
taken  the  place  ot  the  Twelve  Tables  as  an  elementary  branch  of  in- 
struction. (Cic,  '  Legg.,'  ii.  4,  23  ;  i.  5.)  Servius  Sulpicius,  a  dis- 
tinguished jurist  and  a  friend  of  Cicero,  wrote  two  small  bboks  on  the 
Edict,  which  were  followed  by  a  work  of  Ofilius,  also  on  the  Edict. 
Though  the  history  of  the  edictal  law,  as  already  observed,  cannot  be 
traced,  it  thus  appears  that  it  had  assumed  a  systematic  form  in  the 
time  of  Cicero. 

An  Edictum  was  a  rule  promulgated  by  a  magistratus  when  he 
entered  on  his  office.  It  was  committed  to  writing  and  put  up  in  a 
public  place.  Its  object  was  to  declare  by  what  rules  the  pnetor  would 
be  governed  in  the  administration  of  justice  during  the  year  of  his 
office;  and  hence  the  Edictum  was  sometimes  called  Perpetuam  of 
Annua  Lex.  An  Edictum  Repentinum  applied  only  to  the  particular 
occasion  on  which  it  was  made.  All  offices  being  annual,  the  rules  of 
one  miigistratus  were  not  binding  on  his  successor,  but  his  successor 
might  adopt  them  into  his  own  Edictum,  and  such  adopted  Edictum 
then  became  an  Edictum  Tralatitium.  In  this  way  numerous  Edicta 
were  adopted  by  one  magistratus  from  the  Edicta  of  his  predecessors, 
and  thus  gradually  a  body  of  rules  was  formed  and  established,  which 
experience  had  proved  to  be  useful.  Those  Edicta  which  were  of  great 
iuiiKirtance  are  often  referred  to  under  the  name  of  the  magistratus 
who  promulgated  them,  as  the  Edictum  Carbonianum  and  others. 

The  general  character  of  the  Edict  has  been  already  stated.  It  is 
described  in  other  words  as  "  viva  vox  juris  civilis,"  as  a  mode  by 
tvhich  the  rigid  rules  of  the  civil  law  were  altered  and  extended  to 
suit  the  altered  circumstances  of  the  times.  The  changes  introduced 
hy  positive  enactments  into  the  Jus  Privatum  of  the  Roman  law  seem 
to  have  been  very  unimportant.  It  was  not  consistent  with  Roman 
notions  to  alter  or  ohauge  fundamental  prino^les,  and  moat  of  the 


legislation  of  the  republican  period  had  reference  to  the  disputes 
between  the  two  estates  of  the  patricians  and  plebeians,  and  to  other 
parts  of  the  Jus  Publicum.  Accordingly  it  was  left  to  the  magistratus 
gradually  to  introduce  the  neoeesary  changes  into  the  Jua  Privatum; 
but  the  process  of  doing  this  Was  in  striot  conformity  to  the  prinoifdes 
of  the  old  law.  The  Edict  did  not  afieot  to  mak*  new  law,  but  to 
adopt  as  law  what  oustom  had  sanctioned,  provided  it  was  not  againsli 
ihe  Jus  Civile ;  to  give  an  action  when  a  bond  fide  rig^t  existed,  if  the 
old  faw  gave  lione ;  to  protect  a  man  in  bond  fide  possession  of  pro- 
perty, without  affecting  to  give  him  ownership,  which  the  law  afone 
could  give  him  by  virtue  of  usucapion ;  to  aid  ps^es  by  fictions,  whioh 
however  were  always  of  such  a  kind  Uiat  the  thing  which  the  fiotion 
supposed,  was  that  which  would  have  given  a  strictly  legal  right.  A 
great  part  of  the  efficacy  of  the  Edict  consisted  in  extending  tli* 
remedies  by  action ;  and  after  the  abolition  of  the  Legis  Aotiones  (witli 
the  exception  of  the  Actio  Damid  Infecti,  and  of  matters  whioh  be- 
longed to  the  cognisacce  of  the  Centumviri)  by  the  Lex  iEbutia  and 
two  Leges  JnlicQ,  the  mode  of  proceeding  in  actions  was  settled  by  tho 
foi-mulw  of  the  Edicta.  Still  even  here  it  seems  probable  tiiat  thb 
pnetors  followed  the  analogy  of  the  Legis  Actionee  and  framed  tbiir 
formulas  accordingly.  The  Actiones  given  by  tile  Edict  were  named 
after  their  author,  as  Publiciana,  ke.  The  oommentatora  on  tiie  Ediets 
vrere  numerous  under  the  early  omperors.  Labeo  vrrote  at  least  four 
books  on  the  Edictum  of  the  Praetor  TJrbuius.  Coelius  Sabinus  com- 
mented on  the  Edict  of  the  Curule  ./'Ediles.  In  the  time  of  Hadrian^ 
Salvius  Julianua,  who  had  himself  been  pnetor,  compiled  a  work  on 
the  Edict,  which  was  called  Edictum  Perpetuum.  >vothing  is  kltowtt 
of  the  detail  of  this  work,  but  it  appears  probable  that  it  was  designed 
to  be  a  systenutio  exhibition  of  the  whole  body  of  edictal  law,  and  as 
such  it  must  have  hs4  considerable  itifluence  on  the  subsequent  con- 
dition of  jurisprudence.  At  what  time  the  Edicta  ceased  to  be  made 
by  the  magistratus  is  a  die^iuted  point.  The  edictal  power  certainly 
existed  under  the  empire,  and  oven  after  the  compilation  of  i^e 
Edictum  Pei-petuum  of  Julianus,  but  it  must  have  been  comparatively 
little  exercised,  as  the  practice  of  m.iking  new  laws  by  Senatus  Consulta 
prevailed  under  the  Ccesars  after  the  time  of  Augustus,  and  the  Im- 
perial Constitutions  are  mentioned  as  one  of  the  recognised  sources  ot 
law  id  the  time  of  the  Antonines.    (Oaiua,  i.  6.) 

With  the  establishment  of  the  Imperial  Constitntion  begins  a  new 
epoch  in  the  Roman  law.  The  leges  of  Augustus  and  those  of  his 
predecessor  had  some  influence  on  the  Jus  Privatum,  though  they  did 
not  affect  the  fundamental  principles  of  the  Roman  law.  A  Lex  Julia 
came  into  operation,  B.o.  13,  but  it  is  better  known  as  the  Lex  Julia  et 
Papia  Poppxa,  owing  to  the  circumstance  of  another  lex  of  the  same 
import,  but  less  severe  in  its  provisions,  being  passed  as  a  kind  of 
supplement  to  it  in  the  consulriiip  of  M.  Papius  Mutilus  and  Q.  Fop- 
piEUB  Secundus,  a.d.  9.  This  law  had  for  its  object  the  encouragement 
of  marriage,  but  it  contained  a  great  variety  of  provisions  :'  it  is  not 
known  whether  it  was  passed  at  the  Comitia  Centuriata  or  Tributa, 
A  Lex  Julia  de  Adul^riis,  which  also  contained  a  chapter  on  the  dos, 
is  of  uncertain  date,  but  was  probably  passed  before  the  former  Lex 
Julia  came  into  operation.  Several  Leges  Juliee  Judiciariea  are  also 
mentioned,  which  related  both  to  Judicia  Publica  and  Frivata,  and 
some  of  which  may  probably  bdong  to  the  time  of  the  dictator 
Cfcsar. 

The  development  of  the  Roman  law  in  the  Imperial  period  was  Utile 
affected  by  direct  legislation.  New  laws  were  made  by  Senatus  Con- 
sulta, and  subsequently  by  the  Constitutlones  Principum;  but  that 
which  gives  to  this  period  its  striking  characteristic  is  the  effect  pro- 
duced by  the  Responaa  and  the  writings  of  the  Roman  jurists. 

So  long  as  the  law  of  religion  or  tiie  Jus  Pontificium  was  blended 
with  the  Jus  Civile,  and  the  knowledge  of  both  was  confined  to  the 
patricians,  jurisprudence  ^va8  not  a  profession.  But  with  the  gradual 
separation  of  the  Jus  Civile  and  Pontificium,  which  was  partiy  owing 
to  the  politicil- changes  by  which  the  estate  of  the  plebeians  was  put 
on  a  level  with  that  of  the  patricians,  there  arose  a  class  of  persons  who 
are  designated  as  Jurisperiti,  Jurisconsulti,  Prudentes,  and  by  other 
equivalent  names.  Of  these  jurisconsulti  the  earliest  on  record  is 
Tiberius  Coruncanius,  a  .plebeian  pontifex  maximus,  and  consul  B.o. 
281 :  he  is  said  to  have  been  the  first  who  professed  to  expound  the 
law  to  any  person  who  wanted  his  assistance  (publico  proflleri) ;  he 
left  no  writings,  hut  m.any  of  his  Respousa  were  recorded.  TiberimB 
Coruncanius  had  a  long  series  of  successors  who  cultivated  the  law, 
and  whose  responsa  and  writings  were  acknowledged  and  received  as  a 
part  of  the  Jus  Civile.  The  opinions  of  the  jurisconsulti,  whether 
given  upon  questions  referred  to  them  at  their  own  houses,  or  with 
reference  to  matters  in  litigation,  were  accepted  as  the  safest  rule  by 
which  a  judex  or  an  arbiter  could  be  guided.  Accordingly,  the  mode 
of  proceeding,  as  it  is  described  by  Pomponius,  is  perfectly  simple ; 
the  judices  in  difficult  cases  took  the  opinion  of  the  jurisconsulti,  who 
gave  it  either  orally  or  in  writing.  Augustus,  it  is  said,  gave  the 
responsa  of  the  jiuists  a  different  character.  Before  his  time,  their 
responsa,  as  such,  could  have  no  bindmg  force,  and  they  only  indirecUy 
obbdned  the  character  of  law  by  being  adopted  by  those  who  were 
empowered  to  pronounce  a  sentence.  Augustus  gave  to  certain  jurists 
the  respondendi  jus,  and  declared  that  they  should  give  their  responsa 
"  ex  ejus  auctoritate."  In  the  time  of  Qaius  (1.,  7)  the  Responsa  Pru- 
dentium had  become  a  recognised  source  of  law ;  bat  he  observes  that 
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the  Te«ponm  of  those  only  vere  to  be  bo  considered  who  hod  received 
permission  to  make  luw  (jura  condere) ;  and  he  adds  that  if  they  all 
agreed,  their  opinion  \ms  to  be  considered  as  law  ;  if  they  disagreed, 
the  judex  might  follow  which  opinion  he  pleased.  The  matter  is  thns 
left  In  some  obscurity,  and,  for  want  of  more  precise  information,  we 
can  only  conjecture  what  was  the  precise  way  in  which  these  licensed 
jurists  under  the  empire  were  empowered  to  declare  the  law.  It  is 
however  clear,  both  from  the  nstiu-e  of  the  case  and  the  statement  of 
Qains,  that  their  functions  were  limited  to  exposition,  or  to  the  decla- 
ration of  what  was  law  in  a  given  case,  and  that  they  had  no  power  to 
make  new  rules  of  law  as  such ;  further,  the  licensed  jurists  must  have 
formed  a  body  or  college,  for  otherwise  it  is  not  possible  to  conceive 
bow  Hia  opliuons'of  tiie  majority  oould  be  ascertained  on  any  given 
occasion. 

The  commencement,  of  a  more  systematic  exposition  of  law  under 
the  empire  is  indicated  by  the  fact  of  the  existence  of  two  distinct 
sects  or  schools  (scholie)  of  jurists.  Tliese  schools  originated  under 
Augustus,  and  the  heads  of  each  were  respectively  two  distinguished 
juristo,  Antisteus  Labeo  and  Ateius  Capito.  But  the  schools  took 
their  names  from  other  jiuists.  The  followers  of  Capito's  school,  colled 
Sabiuiani,  derived  their  name  from  Mussurius  Sabinus,  a  pupil  of 
Capito,  who  lived  under  Tiberius  and  as  late  as  the  time  of  Nero : 
sometimes  they  were  called  Csssiani,  from  C,  Cassius  Longinus, 
another  distinguished  pupil  of  Capito.  The  other  school  was  called 
Froculiani,  from  Prociilus,  a  follower  of  Labeo,  If  we  may  take  the 
authority  of  Pomponius,the  characteristic  difference  of  thc>two  schools 
was  this :  Capito  adhered  to  what  was  transmitted,— thiit  is,  he  looked 
out  for  positive  rules  sanctioned  by  time ;  Labeo  had  taon  learning 
^nd  a  greater  variety  of  knowledge,  and  accordingly  he  was  ready  to 
make  innovations,  for  he  had  more  confidence  in  himself;  in  other 
words,  he  was  a  philosophical  more  than  an  historical  jurist.  Qaius, 
who  was  himself  a  Sabinian,  often  refers  to  discrepancy  of  opinion 
between  the  two  schools;  but  it  is  not  easy  to  collect  from  the 
instances  which  he  mentions  what  ought  to  be  considered  aa  their 
characteristic  differences. 

The  jurisprudentes  were  not  only  authorised  expounders  of  law,  but 
they  were  most  voluminous  writera.  *  Hassurius  Sabinus  wrote  three 
booV  Juris  Civilis,  which  -formed  the  model  of  subsequent  writers. 
The  commentators  on  the  Edict  were  also  very  numerous,  and  among 
them  are  the  names  of  Pomponius,  Gains,  Ulpian,  and  Paulus.  Qaius 
wrote  on  elementary  work,  which  furnished  Uie  model  of  the  Institutes 
of  Justinian.  Commentaries  were  also  written  on  various  Leges,  and 
on  the  Senatus  Consulta  of  the  Imperial  period;  and  fini^y,  the 
writings  of  the  earlier  jurists  themselves  were  commented  on  by  their 
successors.  The  long  series  of  writers  to  whom  the  name  of  classical 
jurists  has  been  given,  ends,  about  the  time  of  Alexander  Severus,  with 
Modestinus,  who  was  a  pupil  of  Ulpian.  Some  idea  may  be  formed  of 
the  vast  moss  of  their  writings  from  the  titles  of  their  works  as  pre- 
served in  the  '  Digest,'  and  from  the  'Index  Florentinus ; '  but  with 
the  exception  of  the  fragments  which  were  selected  by  the  compilers 
of  that  work,  this  great  mass  of  juristical  literature  is  nearly  lost. 
[JPBTIHIAH,  in  Bioo.  Div.] 

Among  the  sources  of  law  in  the  Imperial  period  are  the  IVnperial 
Constitutionea.  A  Constltutio  Prindpis  is  defined  by  Qaius  (i.  6)  to 
be  "  that  which  the  imperator  has  constituted  by  Decretum,  Edictum, 
or  Epistola ;  nor  has  it  ever  Jtieon  doubted  that  suoh  constltutio  has 
the  force  of  law."  As  the  emperor  ultimately  possessed  all  the  sove- 
reign power,  he  became  the  sole  source  of  law.  Under  Augustus  some 
L^es  were  passed,  as  already  observed;  and  under  his  successors 
there  were  numerous  Senatus  Consulta.  In  the  time  of  the  Antonines 
there  were  both  Senatus  Consulta  and  Imperial  constitutions,  and  the 
latter  are  referred  to  by  Qaius  as  being  of  equally  binding  force  viith 
Senatus  Consulta.  After  the  time  of  Gains,  Constitutionea  became 
more  common,  and  few  Senatus  Consulta  were  passed.  The  Decretum 
of  the  emperor  was  a  decision  made  in  a  matter  of  dispute  which  came 
before  him  either  originally  or  by  way  of  appeal.  The  Edict,  or  Leges 
Edictales,  were  formed  by  analogy  to  the  Edicta  of  the  magistiutes, 
and  were  in  effect  Leges.  Rescriptum  wag  a  general  term  which  com- 
prehended Epistoke  and  Subsmptiones.  The  Rescripta  were  the 
answers  of  the  emperor,  made  either  to  public  functionaries  or  to 
individuals  who  consulted  him.  Sometimes  Constltutio  and  Rescrip- 
tum are  used  as  equivalent.  (Gaiua,  ii.  120,  121.)  Decreta  and 
Rescripta,  being  decisions  in  particular  cases,  could  not  by  Uieir  form 
have  the  force  of  leges;  though  when  the  determination  made  in  a 
particular  case  vne  capable  of  a  general  application,  it  gradually 
obtained  the  foree  of  law. 

With  tho  decliao  of  Roman  jurisprudence  began  the  period  of 
compilations,  or  codes,  as  they  were  termed.  The  earliest  were  the 
r  Codex  Gregorianus  and  Hermogeuianus,  which  are  only  known  from 
fragments.  The  Codex  Gregonanus,  so  far  as  we  know  it,  began  with 
constitutions  of  Sept.  Severus,  and  ended  with  tiiose  of  Diocletian  and 
Maximiau.  The  Codex  Hennogenianus,  so  &r  as  it  is  known,  contained 
constitutions  also  of  Diocletian  and  Maximian,  and  perhaps  some  of  a 
later  date.  Though  these  codes  were  mere  private  collections,  they 
apparently  came  to  be  considered  as  outhority,  and  the  codes  of 
Tlicodosius  and  Justinian  were  formed  on  their  model 

The  code  of  Theodosius  was  compiled  under  tho  authority  of 
Theodosius  II.,  emperor  of  the  East.    It  was  promulgated  as  law  in 


the  Eastern  Empire,  A.l>.  438 ;  and  in  the  same  year  it  was  coifinned 
OB  law  in  the  'VVeatem  Empire  by  Valentinian  III.  and  the  Roman 
seuale.  This  code  consists  of  sixteen  books,  the  greater  part  of  which, 
as  well  as  of  the  Novelise,  subsequently  promulgated  by  Theodosius  II., 
are  extant  in  their  original  form.  The  commission  who  compiled  it 
were  instructed  to  collect  all  the  Edicta  and  Leges  Generales  from  tlie 
time  of  Constantino,  and  to  follow  the  Codex  Gregorianus  and  Hermo- 
geuianus as  their  model.  Though  the  arrangement  of  the  subsequent 
code  of  Justinian  differs  considerably  from  that  of  Theodosius,  It  is 
clear  from  a  comparison  of  them  uiat  the  compilers  of  Justinian's 
code  were  greatly  aided  by  that  of  his  imperiiU  predecessor.  The 
valuable  edition  of  the  Theodosian  Code,  by  J.  Gothofredus  (6  Tola, 
fol.,  Lugd.,  1886),  re-edited  by  Bitter,  Leipzig,  1736-1745,  contains  the 
first  five  books  and  the  beginning  of  the  sixth,  only  as  they  are  epito- 
mised in  the  Breviarium ;  and  this  is  also  the  case  with  the  edition  of 
the  '  Jus  Civile  Antejustinianeum,'  published  at  Berlin  in  1815.  But 
recent  discoveries  have  greatly  contributed  to  improve  the  first  five 
books.  The  most  recent  edition  of  the'  Jus  Civile  Antejustinianeum' 
is  that  of  Bonn,  1835  and  1837. 
The  legislation  of  Justinian  is  treated  of  tmder  Justinian's  Leois- 

LATION. 

There  are  numerous  works  on  the  history  of  the  Roman  law,  but  it 
will  be  sufficient  to  mention  a  few  of  the  more  recent,  as  they  contain 
references  to  aU  the  earlier  works :  LtMtack  der  Gachichte  da  B6m»Ae^ 
SechU,  by  Hugo,  of  which  there  are  numerous  editions ;  Otiekichte  det 
Mmicken  Privatreehit,  by  Zimmem ;  OoMdUe  da  JRSmiiehen  ReckU, 
by  F.  Walter,  1810 ;  and  for  i^e  later  history  of  the  Roman  law, 
Oackiehte  da  SSmiichen  Rechtt  im  MiltdalUr,  by  Savigny. 
"ROMAN  SCHOOL  OP  PAINTINQ.    [Paimtiko.] 

ROMANCE  originally  signified  any  composition  in  the  romance 
language,  or  dialects  which  superseded  the  Latin  after  the  &U  of  the 
Western  Empire.  [Romance  Lanqdaoe.]  As  however,  in  course  of 
time,  the  Trouveres  of  North  France  composed  a  number  of  poems 
containing  fictitiotu  narratives  of  war  and  love,  and  their  lays  became 
■popular  lUl  over  France  and  in  the  neighbouring  countries,  the  name  of 
romance  was  more  particularly  applied  to  all  compositions,  whether 
in  verse  or  prose,  in  any  language,  which  treated  of  marvellous  or 
uncommon  incidents,  and  the  name  has  been  retained  to  this  day  in 
several  European  languages  to  signify  a  fictitious  narrative.  Hi* 
Italians  and  French  call  a  novel  "  un  romanzo,"  "  un  roman."  But  the 
French  call  an  historical  ballad  "  une  romance,"  in  the  feminine  gender.  ^ 
The  distinction  between  romance  and  the  modem  novel  is  shown 
imder  Novel.  The  appellation  romance  in  a  narrower  sense  is  applied 
to  Uiose  compositions  which  refer  to  the  ages  of  chivalry,  either  real 
or  supposed.  [Chivalbt.] 

The  oldest  romances  in  this  latter  sense  appear  to  have  been 
legendary  stories  concerning  Arthur  and  the  Kiughts  of  the  Round 
Table,  and  they  were  of  English  origin ;  but  the  original  narratives,  if 
they  ever  existed  in  vniting,  which  is  doubtful,  are  lost.  The  earliest 
romantic  legends  which  have  come  down  to  us  are  of  the  12th  century : 
Geoffirey  of  Monmouth's  Latin  Chronicle  of  England ;  Turpin's  Latin 
Chronicle  of  France ;  Wace's  '  Le  Brut,'  a  metrical  romance  concerning 
(Jie  fabulous  history  of  England,  in  Norman  French ;  '  Le  Roman  du 
Rou,'  by  the  same  writer,  concerning  Rollo  and  his  successors ;  and 
'  I  Reali  di  Fiancia,'  in  Italian  prose.  To  these  may  be  added  the 
Latin  romance  of  Qualtieri,  found  in  the  Chronicle  of  La  Novalesa, 
which  relates  to  the  wars  of  Attila ;  next  in  order  of  data  oomee  Guido 
della  Colonna's  '  War  of  Troy,'  and  Mathew  Faris's  account  of  the 
Round  Table.  The  '  Roman  de  la  Rose '  was  written  under  St.  Louis 
of  France.  At  that  time  chivalry  was  established  over  all  Europe,  and 
the  writers  of  romance  introduced  the  customs  and  manners  of 
chivalry  into  tiieir  narratives  of  events,  real  or  supposed,  long  ante- 
cedent to  the  existence  of  chivalry. 

The  vast  subject  of  romantic  literature,  in  its  genera]  and  more 
extended  sense,  may  be  divided  into  the  following  branches : — 1, 
Romantic  ballads  and  traditional  songs,  which  appear  to  be  the  oldest 
form,  and  which  have  existed  among  most  nations  in  their  primitive 
state.  The  songs  of  the  ancient  bards,  and  those  concerning  Arminius, 
which  are  mentioned  by  Tacitus  ('Annol.'  iL  88,  and  'German.',  2); 
the  German  Niebelungen;  the  poems  of  Antar,  and  othere  before  the 
eera  of  Mohammed ;  the  song  of  Roland,  mentioned  by  the  chroniclers 
of  Charlemagne ;  and  the  old  Spanish  romantic  ballads,  all  belong  to 
this  class.  M.  de  Tressan  collected  several  fragments  among  the 
mountaineers  of  the  Pyrenees,  which  seem  to  belong  to  Roland's 
'  Cantilena,'  or  war  song.  2,  The  narrative  romances  of  chivalry  con- 
cerning the  deeds  of  Arthur  and  the  peers  of  the  Round  Table.  3, 
The  romances  concerning  the  supposed  ware  of  Charlemagne  against 
the  Saracens,  i,  The  Spanish  and  Portuguese  romances  concerning 
the  fabulous  exploits  of  AmadisandPalmerin.  5,  The  classic  romances 
concerning  Jason,  Hercules,  Alexander,  those  heroes  having  been' 
transformed  into  knights  of  chivalry.  6,  The  epic  romances  of  the  , 
It.ilixms  in  the  15th  and  16th  centuries.  [PuLCl,  in  Bioo.  Dlv.]  7, 
The  spiritual  or  religious  romances  concerning  the  miracles  of  saints 
and  the  death  of  martyrs,  such  as  the  '  Contes  diSvots '  of  the  French, 
the  '  Goldon  Legend,'  &c.  8,  The  pastoral  romance,  which  Corvantea 
ridiculed,  and  which  afterwards  gave  rise  in  the  17th  century  to  the 
interminable  and  dull  romances  of  La  Calprenide,  Madame  de  Scndery, 
and  others,  in  which  perfection  of  b«kvity  and  pure  spiritual  love  are 
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the  chief  ingredients.  9,  The  oomio  romanoea,  which  were  wriltoi 
cbieQy  aa  parodies  of  the  heroic  and  chivalrous  romances.  Such  were 
those  of  Kabelais,  Cervantes,  Mendoza,  and  Scarron,  10,  The  political 
romances,  such  aa  Tddmaque,  Sethos,  &c.  11,  The  supernatural 
romance,  Ii£e  the  '  Castle  of  Otnmto,' '  The  Old  English  Baron ;'  in 
which  may  be  included  those  of  Mrs.  BadcUffe,  where  a  supernatural 
impression  is  given  by  inadequate  natural  causes.  12,  Lastly  comes 
the  modem  novel,  which  forms  a  distinct  species,  aa  it  does  not  deal  in 
the  marvellous  and  supernatural,  but  represents  men  conformably  to  the 
maunera  of , the  age  in  which  they  lived. 

BOHANCE  LANOUAOE  ('Langue  Bomane'  or  'Romande,'  in 
XVenok)  is  the  name  given  to  a  kind  of  bastard  Latin,  which  came  into 
common  use  in  Western  Europe  after  the  fall  of  the  Roman  Empire, 
imiong  the  populations  formerly  subject  to  Rome,  while  the  Northern 
conquerors,  the  Qoths,  Franks,  Burgundian&  Langobards,  &c.,  spoke 
their  own  language  or  dialects,  which  are  caUed  by  chroniclers  of  the 
times  "  lingua  Teutonica,"  or  "  Teutisca."  The  conquered  people  were 
called  by  the  general  name  of  Romans,  from  whence  came  the  name  of 
the  language,  irhich  was  also  called  "  vulgaris."  In  course  of  time 
however  the  conquerors  adopted  the  language  of  the  conquered,  who 
being  more  instructed,  furmshed  most  of  the  priests  and  scholars  of 
the  age.  But  the  language  thus  adopted  by  boUi  the  conquering  and 
the  conquered  races,  although  essentially  formed  of  Ijatin  elements, 
differed  according  to  the  various  localities  and  the  greater  or  lesser 
degree  of  admixture  of  the  nortliem  people  with  the  Roman  popula- 
tion. For  instance,  king  Dagobert  in  the  7th  century  published  a 
statute,  styled, "  Lex  Alamannorum,"  for  the  use  of  the  Qennan  tribes 
who  had  crossed  the  Rhine,  the  language  of  which  dlSers  from  that  of 
the  "  Lex  Ripuariorum,"  which  the  same  king  published  for  the  use  of 
the  people  situated  between  the  Lower  Rhine  and  the  Mosa,  who  were 
mostly  of  old  RoEian  extraction.  The  former  employs  the  iSe  as  an 
article  before  substantives,  in  imitation  of  the  articles  »a  and  dor  used 
hj  the  Goths  and  Franks  in  their  own  language;  but  the  Lex 
Ripuaiia  does  not  employ  ilU  tot  the  same  purpose.  In  the  old 
charters  of  Italy  and  Spain  of  the  8th  and  9th  centuries,  we  find  iBe 
and  ipte  employed  likewise  as  articles,  tjxa  ecdaia,  ilia  alia,  iKcu  casat, 
iUa  itrada,  ilto  rio,  &c. ;  but  these  charters  are  not  ao  old  by  a  century 
or  two  as  the  Franco-Latin  documents,  in  which  those  pronouns  are 
introduced  for  a  similar  purpose.  The  oldest  documents  in  the 
'  Espafia  Sagrada.'  in  which  the  ilU  appears  aa  an  article  is  ±.n,  776 ; 
and  the  oldest  of  thoae  of  Italy  quoted  by  Huratori  are  of  the  years 
718  and  780. 

Of  the  various  dialects  thus  formed,  that  of  the  south  of  France, 
called,  afterwards  Langue  d'Oo,  became  a  refined  language  sooner  than 
the  others,  and  retained  its  superiority  from  the  10th  to  the  18th 
centoiy,  when  the  Italian,  Portuguese,  and  Spanish  languages  assumed 
a  regular  grammatical  and  literary  form,  whioh  liiey  have  retained ; 
whilst  the  romance  of  the  south  of  Fnmoe  has  gradually  fallen  into 
disuse,  having  given  way  to  the  Northam  French  Langue  d'Oil  or 
d'Ouii  The  latter  appears  to  have  originally  differed  little  from  the 
Langue  d'Oo,  but  it  gradually  changed  its  terminations,  and  assumed 
other  peouliaritias  of  form,  which  have  been  retained  by  the  modem 
French.  It  is  demonstrated  by  Raynouard  that  the  loliabitants  of 
Northern  France  in  the  9th  centui;  spoke  the  n/ame  L-uiguage  as  those 
of  the  south.  The  text  of  the  oath  taken  at  Stiasburg  in  the  year 
842,  by  Louis,  called  the  Germanic,  before  the  French  people,  would 
alone  be  a  sufficient  proof  of  this.  The  text  of  this  curious  document 
is  aa  follows : — "  Pro  Deo  amur  et  pro  Chiiatian  poplo,  et  noetro 
commun  aalvament,  dist  di  en  avant,  in  quant  Deus  savir  et  podir  me 
dunat,  si  salvara  jeo  cist  meon  fradre  Karlo,  et  in  adjudLa,  et  in 
cadhuna  coss,  si  cum  om  per  dreit  son  fradie  salvar  dist,  in  o  quid  il 
mi  altre  ai  facet,  et  ab  Ludher  nul  plaid  nunquam  prindtai,  qui  meon 
vol  cist  meon  fradre  Karle  in  damno  sit."  (Roquefort,  '  Qlossaire  de 
la  Langue  Romane,'  Fans,  1808,' Introduction.) 

The  gradual  process  by  which  the  corrupt  Latin  spoken  in  the 
provinces  of  Western  and  Southern  Europe  in  the  6th,  7th  and  8th 
centuries  was  transformed  into  the  Romance  languages  of  the  9th  and 
10th  centuries,  is  very  clearly  exhibited  by  Raynouard,  in  his  '  EMmens 
de  la  Qrammaire  de  la  Langue  Bonume  avant  I'an  1000.'  The  Latin 
cases  had  become  neglected  or  confused,  and  to  supply  their  place  the 
prepositions  (U  served  to  denote  the  genitive  and  aa  the  dative.  The 
next  step  was  to,  out  off  the  final  syllable  of  the  noun,  and  so  to  make 
it  indeclinable.  Thus  the  accusative  abbatem  became  abbat;  majes- 
t.item,  majestat;  ardentem,  ardent;  amantem,  amant ;  and  so  forth. 
The  accusatives  in  ionen  wore  reduced  to  ion,  r«Ugionem,  religion,  &c 
When  the  suppreasian  of  the  Latin  termination  left  two  harsh-sounding 
cunaonanta  at  the  end  of  the  word,  a  euphonic  vowel  was  added, 
"  aiiutavum,"  "  ar-bitr-e."  The  pronouns  ille  and  ipie  had  been  used  in 
tlto  corrupt  Latin  as  auxiliary  to  substantives :  "  Dono  illas  vineas 
'{".omodo  ille  rivulua  currit;"  "  Ilia  medietate  de  ipsa  porcione,"  &c 
i  rom  ilU  so  used  originated  the  romoDoe  articles  d,  lo,  ta,  and  from 
ipie  the  demonstrative  pronouns,  ii,  so  or  *»,  and  to,  which  the 
Sardinian  dialect  has  retained  to  this  day  as  an  article.  These  articles 
were  declined  with  the  prepoaiUons  de  and  a.  "Ego  Hugo  della 
Roca ; "  "  Foesatum  de  la  vite ; "  "  Villam  nostram  qua)  vocatur  al  la 
(.'orboria,"  &0.  These  and  other  examples  taken  from  documents  of 
the  9th  century  show  the  introduction  of  articles  even  in  the  written 
language  which  afieotedto  preserve  in  some  d^ree  the  Latin  form; 


the  chan^  must  hare  been  more  rapid  and  complete  in  the  spoken  or 
popular  idiom.  Other  changes  took  place  in  the  pronouns  and  th* 
verbs,  for  which  W8  refer  to  Raynouard's  '  Siemens.'  The  use  of  the 
auxiliary  verb  aver,  "  habere,"  ah-eady  existed  in  the  Latin,  in  a  certain 
form :  "  De  Cicsaro  satis  hoc  tempore  dictum  habebo "  (Cicero, 
'  Philip.  V,'  28) ;  "  Si  habes  jam  statutum  quod  tibi  agendum  putes  " 
(,'  Epist.  ad  Famil.',  iv.  2).  The  Latin  also  used  the  auxiliary  "  ease  ' 
in  some  tenses  of  tiie  passive.  The  Romance  laitguage  only  made  the- 
use  of  these  auxiliaries  more  general. 

After  A.D.  1000  .the  Romance  language  may  be  considered  as  hanng 
become  duly  formed,  and  the  age  of  the  Troubadours  began.  William, 
count  of  Poictiers,  ia  one  of  the  earliest  whose  works  have  been  pre- 
served. In  the  12th  century  the  institution  of  the  Ck>urta  of  Love  was 
established.  That  century  was  the  brilliant  age  of  Romance  poetiy, 
dnd  in  the  same  Wace  wrote  in  North  or  Norman  French  his  '  Roman 
du  Rou.'  In  the  13th  Century  the  war  and  massacre  of  the  Albigenses, 
and  the  establishment  of  the  Inquisition,  frightened  away  many  of  the 
adepts  of  "  la  gaya  cienda ;  "  and  afterwards  several  other  events,  sucb 
as  the  accession  of  the  house  of  Anjou  or  Provence  to  the  throne  of 
Naples,  and  the  encroachments  of  the  Northern  French,  contributed  to 
the  decline  of  the  troubadour  poetry,  and  at  the  same  time  of  the 
Romance  language.  The  Italian  or  Tuscan  rose  upon  its  decay. 
When  Dante  appeared,  the  decline  had  already  begun,  and  it  was  com- 
pleted during  the  first  fart  of  the  14th  century.  (Raynouard, '  Choix 
de  Poesies  Originales  des  Troubadours ; '  Professor  Diez,  *  Leben  und 
Werke  der  Troubadours,'  Zwickau,  1829.)  In  the  IStli  century  king 
Ben^  made  aome  attempta  at  reviving  the  poetry  of  the  Langue  d'Oc, 
but  the  race  of  the  Troubadours  was  now  extinct,  and  the  only  result 
of  his  endeavours  was  the  collecting  and  compiling  the  lives  of  the  old 
Troubadours  by  the  monk  of  the  isles  of  Hyeres,  "  Le  Monge  des  Isles 
d'Or."  In  Eastern  Spain  also  the  Inquisition  destroyed  many  manu- 
scripts in  the  Li^osin  or  Valencian  language,  as  being  auspected  of 
containing  heresy.  In  1434  the  library  of  ^e  Marquis  de  villena  at 
Beuxelona  was  burnt  on  suspicion  of  containing  sotceiy.  (Ferrario, 
'  Storia  ed  Anidisi  degli  antiohi  Bomonzi,'  ka.) 

Various  political  and  social  circumstances  had  contributed  to  pve  to 
the  Langue  d'Oo  that  early  refinement  in  an  age  of  comparative 
ignorance  and  barbarism  wluch  is  still  a  matter  of  surprise  to  philo- 
logists and  historical  inquirers.  The  provinces  of  Southern  France 
had  not,  like  Italy  and  the  northern  parts  of  France,  been  overrun  by 
a  succession  of  barbarians ;  they  hod  not  been  exposed  to  the  ravages 
of  the  Slavonians,  the  Huns,  and  the  Danes.  The  Burgundions  and 
the  Visigoths,  who  had  settled  there  nearly  about  the  same  time, 
were  n^ore  civilised  than  the  other  German  races ;  they  amalgamated 
gitulually  and  quieUy  with  the  old  inhabitanta,  and  they  applied  them- 
selves to  agricultural  pursuits,  which  a  fertile  soil  and  a  happy  climate 
rendered  pleasant  and  productive.  The  country  suffered  no  subsequent 
invasion  from  the  northern  tribes,  and  the  victory  of  Charles  Martel  ia 
the  plains  of  Tours  alrested  the  advance  of  the  Satacens  from  the  west. 
Souuiem  France  was,  it  is  true,  subjugated  by  the  Franks,  who  had 
occupied  the  countries  north  of  the  Loire,  but  the  VVanks  had  by  that 
time  formed  themselves  into  a  regular  monarchy  under  Pepin  and 
Charlemagne,  and  were  no  longer  unruly  barbarians.  During  the 
decline  and  imbecility  of  the  latter  princes  of  the  Carlovingian  dynasty. 
Southern  France  became  a  separate  and  independept  atate,  of  which 
duke  Bozon,  an  active  and  vigorous  man,  became  monarch,  and  the 
kingdom  of  Aries  or  Provence  extended  over  the  whole  south  of  France. 
The  descendimts  of  Itozon  retained  their  sovereignty  for  more  than  two 
hundred  years;  and  when  the  male  line  ended  in  1092,  in  the  person 
of  Count  GilUbert,  hia  states  became  the  dowry  of  his  daughters,  of 
whom  the  elder.  Douce,  heiress  of  Provence,  was  married  in  the  year 
1112  to  Raymond  Berenger,  count  of  Barcelona,  and  her  sister  Stephanie 
married  the  count  of  Toulouse.  A  treaty,  concluded  in  1125,  between 
the  counts  of  Barcelona  and  Toulouse,  fixed  the  division  of  the  states 
of  GilUbert  between  them.  Another  powerful  baron,  the  count  of 
Poitiers,  became  dukn  of  Aquitaine  or  Guyenne,  which  afterwards 
came  by  marriage  into  the  possession  of  Henry  II.  of  England.  These 
three  states,  Barcelooa,  Toulouse,  and  Guienne  included  the  whole 
country  in  which  the  Langue  d'Oc  was  spoken.  The  union  of  Provence 
with  Catalonia  introduced  into  the  -former  countryva  taste  for  poeti; 
and  chivalry,  which  was  fostered  in  Spain  by  the  Moors.  The  maritime 
towns  of  Catalonia  and  IVovence  carried  on  a  lucrative  trade  all  over 
the  Mediterranean,  and  Oatalonion  armaments  took  an  active  part  in 
the  Eastern  wjirs  betireen  the  Greeks,  the  Normans,  and  the  Siuncens. 
All  these  circumstances  contributed  to  refine  the  manners  of  the 
people  as  well  as  tlirir  language,  and  the  singular  institution  of  the 
Courts  of  Love  gave  »  peculiar  turn  to  their  poetry.  [Tboubasoubb.] 

The  Langue  d'Oil,  or  Northern  Fi-ench,  also,, caUed  sometimes  Nor- 
man French,  having  become  the  language  of  the  court  and  capital  of 
the  kingdom  of  France,  gradually  encroached  upon  the  Langue  d'Oc, 
as  the  varioua  provinoM  south  of  the  Loire  became  incorporated  with 
the  monarchy.  From  tiie  13th  century  downwards,  the  edicts  and 
ordinances  of  the  French  kings  being  issued  in  the  Langue  d'Oil,  were 
forwarded,  either  in  the  original  or  translated  into  Latin,  to  the  pro- 
vinces of  the  south.  The  writers  of  Northern  France,  the  Trouvferes, 
refined  their  own  language,  and  found  encouragement  at  court,  which 


was  not  extended  to  the  vrriten  in  the  Langue  d'Oc    Ronsard,  who 
I,  in  bis '  Abreg^  de  1  Art  Po^tique/  complaina 


was  a  native  of  the  south. 
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of  tUi ;  "Nov  Ihst  our  fV«nce  ii  all  lubjeot  to  one  Ung,  we  ore 
obliged,  if  we  wiah  to  attain  honour  or  &me,  to  speak  bis  langua^, 
elm  onr  works,  however  honourable  and  perfect,  would  be  thought 
Uttte  of,  or  mig^t  perhaps  be  altogether  despised  and  neglect^." 
WHh  the  isTention  of  printing,  copies  of  the  works  in  the  Langue 
d'Oil  wan  sneedily  multiplied,  while  those  of  the  Tronbadours  re- 
mained aotuy  in  manuscripts,  confined  to  a  few  libraries,.  In  the 
16th  centuty  it  was  enacted  tbat  all  public  acts  and  deeds  should  be 
written  in  French.  The  Langue  d'Oc,  being  thus  restricted  to  the 
mete  piirposn  of  a  domeetic  iiuom,  degenerated  into  various  patois  or 
dialects.  Still  there  appeared,  here  and  there,  in  the  17th  and  18th 
centuries,  several  native  poets  who  wrote  with  spirit  and  humour  in 
their  respective  patois,  such  as  Leeage,  a  Languedocian,  whose  bur- 
lesque and  frequenUy  licentious  poems  were  published  at  Montpelier : 
'  Les  Foliee  de  1«  Sage,'  1660 ;  Ader,  '  Lou  Qentilfaomme  Oascoun,' 
Totdouse,  1810,  and  'Lon  Catouuet  Qascou,'  1611;  a  version  of 
Homer's '  Bitrachomyomachla,'  in  Gascon,  '  La  Omnoul-Batromachio,' 
Toulouse,  1664;  '  Ia  Pastourale  (a  comedy  in  4  acts)  deu  Paysan  qne 
oetque  mesti^  a  son  hils,'  in  the  didect  of  Bitmi  by  Fondeville  de 
Leecar,  Pau,  1787 ;  '  L'Emborras  de  la  Fieiro  de  Beaueaire,'  by  Michel, 
'Amsterdam,  1700 ;  '  Actes  du  Synode  de  la  Sainte  Hefonnation,' 
Montpelier,  1S99,  a  satire  against  the  Calvinists,  by  Reboul,  a  witty 
pat  profligate  adventurer,  who  was  at  last  executed  at  Home,  under 
pope  Paul  v.,  in  September,  1611,  in  consequence  of  his  undiacrimina- 
ting  sAtirioal  propensity ;  '  Lou  Banquet,'  par  Augi^,  QaUlard,  Paris, 
•  188S  ;  the '  Jardin  deys  Husob  Proven?ales,'  Aix,  1628 ;  &c. 

th  Spain  the  Latin  language  became  corrupted,  though  perhaps  less 
rapidly  and  at  a  later  date  than  in  Italy  and  France,  which  is  proved 
by  the  fact  that  during  Uie  8th  and  9Ui  centuries  masters  were  pro- 
aaiieSi  from  the  Peninsula  to  teach  that  language  in  Italy.  It  is 
another  evidence  of  this,  that  -till  the  beginning  of  the  12th  century, 
Latin,  though  corrupt,  was  the  only  language  us«l  aniong  the  Christian 
populatiott  of  the  Peninsula,  not  only  in  the  acts  "ol  the  cortes  and 
oouttoila,  but  olao  in  the  municipal  fueros,  the  public  edicts,  diplomns, 
testaments,  and  the  writings  of  autfaUrs.  It  was  also  the  language  of  the 
ttibttOals,  until  San  Fernando,  about  the  middle  of  the  13th  century, 
dfkueed  the  '  Liber  Judicum '  to  be  translated  into  the  vulgar  tongue. 

"the  corrupt  Ijatin  of  Spain  gave  rise  to  the  Catalonian  and  Valen- 
cten,  the  old  Portngueee  or  Galician,  and  the  Castilian  or  modem 
Spanish.  The  last  two,  and  especially  the  Castilian,  received  a  con- 
smerable  admixture  of  Arabic  words  (said  to  be  about  2000  in  the 
Spanish  language),  from  which  the  Catalonian  remained  Comparatively 
freei  The  jprooess  of  corruption  of  the  Latin  into  Romance  was  the 
stsne  M  ih  Fnnce  and  Italy,  and  may  be  traced  even  in  the  writings  of 
the  clergy,  who  professed  to  use  the  literary  language  of  the  ootmtry. 
Blipando,  bishop  of  Toledo,  a  man  of  learning  for  the  time,  who 
strongly  opposed  the  introduction  into  Spain  of  the  tenets  of  the  supre- 
aacy  vnd  infallibility  of  the  Roman  see,  writes  to  Felix,  bishop  of 
Utigel,  In  U»e  following  style  :  "  Domino  Felice,  seiente  vos  reddo  quia 
vestto  soripto  aecepi ....  direxi  vobis  scriptum  parvum  de  f ratre  Mili- 
tane . . .  •  ego  vero  direxi  epistolam  tnam  ad  Cordoba,"  ftc. 

It  is  iupoesible  to  fix  the  epochs  of  the  origin  of  the  vnrious  lan- 
guages of  the  Spanish  peninsula.  The  Catalonian  and  Galician  or  old 
Portuguese  appear  to  be  .the  oldest.  The  Castilian,  notwitlistanding 
the  assertion  of  Bouterwek  to  the  contrary,  was  not  formed  in  the  11th 
century;  ite  oldest  existing  monument,  the  poem  of '  El  Cid,'  is  not 
(ddor  nnm  the  year  1200.  Previous  to  the  12th  century  the  Qalician, 
of  old  Portuguese,  appears  to  have  prevailed  in  all  western  Spain.  An 
old  manuscript  Cancioneiro  in  this  dialect,  belonging  to  the  library  of 
the  Royal  College  of  the  Nobles  at  Lisbon,  of  which  Sir  Charles 
Stuart  obtained  a  copy,  which  he  communicated  to  Raynouard,  speaks 
of  the  Qslioian  dialect  a«  being  spoken  in  Qalicia  and  in  Portugal,  as 
far  south  as  Coimbra,  in  the  10th  and  11th  centurjcs,  after  which  the 
Portuguese  grew  into,  a  separate  and  polished  dialect,  which  was  much 
in  use  for  poetry  among  Qalicians  and  Castilian 9  as  well  as  Portuguese. 
(Raynouard,  •  Orammairo  Comparde,'  Discouia  Pr^liminaire.) 

In  the  '  Elucida^ao  das  Palavras,  Termos,  e  Frases  que  em  Portugal 
antiguamente  se  ue&tao,'  2  vols,  fol,  Lisbon,  1798,  are  other  specimens 
of  old  Portuguese  or  Qalician  compositions.  The  original  text  of  the 
'  Amadis  de  Qaiila,'  by  Vasco  de  Lobeira,  which  is  lost,  was  written  in 
the  same  language. 

The  Catalonian  dialect  became  early  a  literary  language;  and  as  such 
subject  to  fixed  grammatical  rules ;  it  has  its  grammars  and  diction- 
aries, a  great  number  of  printed  books,  and  a  still  greater  number  in 
manuscript.  It  had  its  historians ;  among  others  an  anonymous  his- 
torian of  Catalonia,  mentioued  by  Zurita  in  his  '  Chronicas  tie  Aragon ;' 
Bernard  de  Sclot,  who  lived  in  the  18th  century,  and  wrote  a  history 
of  the  principality  of  Catalonia  and  of  the  Aragonese  kings  subsequent 
to  the  junction  of  the  two  states;  and  King  Jayme  I.  of  Aragon,  who 
wrote  an  account  of  his  own  reign,  which  has  been  published  under  the 
following  title :  '  Chronica  o  Commentari  del  gloriosissim  e  invictissim 
Hey  Jacme  Rey  d'Aragd  de  Mallorques  e  de  Valencia,  Compto  do 
Barcelona  e  de  Urgell,  e  de  Muntpellier,  esoriti  per  aquell  en  ea 
i  ngua  natural,  e  treita  del  Archlu  del  molt  mngniBch  Rational  de  la 
insigne  Ciutatde  Valencia, hon estava  custodita,'  Valencia,  1557.  King 
Jayme  also  wrote  a  book  'de  la  Savioaa'  'on  wisdom,'  quoted  by 
Nicolaus  Antonio,  In  his '  Bibliotheca  Vetus.'  The  Catalonian  is  rich 
in  poetry,  which  was  in^oduced  into  the  Peninsxila  by  the  Troubadours 


of  Provence  and  Languedoc.  Alonso  II.  of  Aragon,  in  tlie  12tb 
century,  is  numbered  among  its  poets,  as  well  as  Quillermo  de  Bergue- 
dan,  a  Catalonian  noble,  who  lived  in  the  following  century,  and  some 
of  whose  verses  are  preserved  in  a  manuscript  in  the  Vatican  library. 
Mesen  Pero  Kareb,  Jacme  Karch,  tfosen  Jordia,  Mosen  Febler,  and 
Ausisji  March  of  Valencia,  rank  also  among  the  Catalonian,  Angonese, 
and  Valencian  Troubadours.    rTROUBADOTJBS.] 

The  languages  of  Aragon  and  Valencia,  in  the  time  of  the  Aragonese 
monarchy,  may  be  considered  as  one  and  the  same  with  the  Catalonian. 
It  is  worthy  of  remark,  that  at  the  end  of  the  ISth  century,  when  the 
Csstiliap  language  had  already  gained  the  preponderance  in  a  great 
part  of  S}>ain,  we  find  a  controversial  conference  between  the  Jews  of 
Granada  and  some  Christian  missionaries  from  Castile,  carried  on  in 
the  Catalonian  language,  which  appears  to  have  been  vernacular  at 
Granada.  (' Memoirs  of  the  Royal  Academy  of  Barcelona,'  i.,  p.  615.) 
In  the  sa,toe  Memoir*  (p.  613)  it  is  stated  that  the  bishop  of  Orense, 
having  been  requested  to  examine  vhat  analogy  there  might  bo 
between  the  vulgar  Qalician  and  the  Catalonian,  answered,  that  there 
were  in  both,  not  only  noims,  verbs,  and  other  parts  of  speech  quite 
identical,  but  also  entire  phiaises.  And  Terreros  (in  his '  Paleography') 
and  others  have  stated,  that  the  language  of  Astiujas  is  the  same  as 
that  of  Qalicia,  bating  the  diflference  of  pronunciation. 

The  Catalonian,  observes  Raynouard,  ia  the  living  language  which 
most  resembles  the  old  Ilom.iuce  of  the  Troubadours,  and  that  of  the 
Valdenses  of  Pignerof  In  Piedmont  is  the  next.  "The  following  are 
among  the  shades  of  diiference  between  the  Catalonian  and  the 
Romance : — 1.  The  Romance  substantives  and  adjectives  ending  in  an, 
en,  in,  and  M»,  add  in  Catalonian  the  euphonic  final  vowel  y  ;  affan, 
affany,  estran,  ettrany,  &o.  The  plural  femmine  in  <u  is  changed  into  a. 
The  Catalonian  often  changes  the  i  into  an  t ;  axi,jmix  -'  it  doubles 
thtf  I  at  the  beginning  and  at  the  end  of  words ;  aqum,  Uoch,  Unny  ;  it 
sometimes  changes  the  e  into  an  {,  especially  of  the  Romance  partici- 
ples in  ent ;  dormint,  servinf,  fugint,  premirU :  it  adds  a  final  ii  to  some 
inflections  of  the  verbs,  &o.  The  Catalonian  has  retained  the  affixes  of 
the  Romance,  of  which  the  following  are  specimens  taken  from  the 
poems  of  Auaias  March,  the  Valencian  Troubadour :; 

Hottra  ffl  l&Uimi  de  vera  esperan^a. 
Be  fu  moetra  Den  lo  men  que  vol  flntr 
Tot  iSon  parlar  aU  qne  no  «<  anran  vMo, 
No  salunant  los  lelg*  qai  t  veDeb  oontt*. 

The  popular  patois  or  dialects  of  the  south  of  France,  after  beinS 
long  neglected,  have  of  late  years  attracted  the  attention  of  pbitdlogista. 
Colomb  de  Batinea  has  given  an  account  of  the  patois  of  Dauphin^  | 
£ainte  Beuve  inserted  a  notice  in  the  'Revne  des  Deux  Mondes,' 
vol.  X.,  1837,  of  tiie  poems  of  Jasmin,  the  barber  poet  of  Agen ;  a 
'  Beoueil  de  Poesies  B^amoises,'  was  published  at  Pau  in  1827.  (The 
Beamese  dialect  is  a  Romance  and  not  a  Basque  dialect,  and  retembleB 
the  Gascon.)  The  dialect  of  Gasoony  has  been  illustrated  by  the 
Viscount  de  U^tivier:  'De  1' Agriculture  et  du  D^frichement  des 
Landes,'  Bordeaux,  1839;  and  also  by  Du  Me^:  'Statistiiqve  des 
DiSpartemeius  des  Pyr^ndes.'  The  Languedocian  boasts  of  ttro  graceful 
poets,  brothers :  '  Podsias  Patouesas  de  P.  A.  et  Cyr.  liigaud,'  Mounpey^, 
1806 ;  '  Melanges  sur  les  Langues,  Dialectee,  et  Patois,'  Paris,  1831 ; 
Beronie,  '  Dictionnaire  Patois,'  TuUe,  1820;  the  poems  of  Verdl^,  a 
self-instructed  artisan  of  Bordeaux,  who  died  in  1820 — ^whose  Worts, 
full  of  humour  and  nature,  are  unknown  beyond  the  precincts  of  his 
native  town ;  an  imitation  of  the  fables  of  Lafontaine,  in  the  dialect  of 
Limousin,  by  J.  Fou^aud,  183S;  Brunet,  'Notices  et  Bxtraits  de 
quelquea  ouvrages  icrita  en  Patois  du  Midi  de  la  France,'  Paris,  1840 ; 
Millin, '  Essai  sur  la  Langue  et  la  Littdrature  Provenfale,'  Paris,  1811 ; 
J.  CSiampollion  Figeao,  'Nouvelles  Recherohss  sur  les  Patois  ou 
Idiomes  vulgaires  de  la  France,  et  en  particuUer  sur  oenr  du  D^parte- 
meut  de  I'ls^re,  suiviss  d'un  Bssai  sur  la  Litt^ratnre  Dauphinoiae,  et 
d'un  Appendix  oontenant  des  pieces  en  vers  et  en  prose  peu  oonnues, 
et  un  Vocabulaire,'  Paris,  1809;  Qrinet,  'Vocabulaire  Limousin,' 
a  dialect  which  resembles  those  of  Frencho  Comtd  and  Western 
Switzerland. 

With  regard  to  the  ancient  Langue  d'Oo,  or  Langue  Romane,  the 
most  refined  of  all  the  southern  dialects,  but  which  may  be  oonstdered 
now  n«  a  dead  language,  it  was  illustrated  in  the  last  century,  in  Italy, 
by  Bastero, '  La  Crusca  Provenzale; '  and  in  France,  by  L'Abb^  Millot, 
'  Histoii'e  Littdroire  des  Troubadours,'  who  compiled  his  'notk  from 
the  voluminous  manuscript  folios  of  U.  de  Sainte  Palaye.  In  the 
present  century,  Kaynouai^  has  been  the  most  industrious  and  most 
successful  investigator  of  the  Romance  language  and  literature.  His 
'  Lexique  Roman,  ou  Diet,  de  la  Langiie  des  Troubadours,'  was  pub- 
lished in  6  vols.  8vo,  Par.  1836-44.  M.  Hotmont  has  ptiblidied  a 
'  Dictionn^re  Proveucal-Fraufaise,'  or  Dictionary  of  the  Langue  d'Oo, 
ancient  and  modem,  2  vols.  4to,  Paris,  1846-49 ;  and  O.  F.  Bulguy  a 
'  Granimaire  de  la  Langue  d'Oil,  ou  grammaires  des  diiUeotea  fnncais 
aux  XII.  et  XIII.  siMes,'  accompanied  by  a  glossary,  2  vols.,  Berlin, 
1853-54.  Other  valuable  works  have  also  appeared,  either  written  or 
edited  by  Mahn,  ViUeraarque,  &c. 

In  Italy,  the  dialect  of  the  valleys  of  I>ignerol,  or  of  the  Valdenses, 
has  most  affinity  to  the  old  Romance.  The  Piedmontese,  which  U  m 
written  language,  and  is  spoken  by  all  oUsses  of  people,  beani  also 
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conmdsrKbl*  affinity  to  the  modem  Bomance  dialects  of  Southern 
France,  and  ve  baTe  heard  it  stated  that  natives  of  Languedoo  can 
understand  those  of  Piedmont  with  case.  Dr.  Pipino  published  a 
Piedmontese  grammar,  Turin,  1783;  and  Ponza  published,  in  1827-8, 
a  Diotionary,  Piedmontese  and  ItaliaQ.  The  language  of  Nice  is  also  a 
corrupt  dialeot  of  the  Langue  d'Oc. 

With  regard  to  the  other  North  Italian  or  Lombard  dialects,  they 
differ  zuore  or  less  from  the  old  Bomance  language,  though  Ihey  had  a 
oommon  and  perlu^w  coeval  origia  with  it,  aud  resemble  it  niore  than 
the  Italian  or  Tusoaiu  The  Langue  d'Oc,  having  been  formed  chiefly 
from  a  eorrupt  and  provincial  Latin,  as  weU  as  the  dialects  of  Italy, 
reduced  its  materiala  to  a  regular  form  sooner  than  they ;  and  having 
become  a  polished  and  literary  language,  the  Italians  ii;  their  turn 
borrowed  at  second-hand  from  it.  Baynouard,  in  his  'Qrammaire 
Compar^e,'  observes  that  the  dialect  of  Ferrara  is  one  of  those  which 
bos  retained  more  completely  the  forms  of  the  Bomance  with  the  least 
admixture.  Th^t  of  Bei^gamo  comes  perhaps  the  next  in  affinity  :  it 
^ten  changes  the  « into  o;  for  example,  instead  of  d,  del  (Bomance), 
it  has  ntade  ol,  liol.  The  dialects  of  Bologna  and  Mantua  abound  with 
contractions  and  apluereses,  which  render  them  very  harsh ;  they  hare 
taken  away  the  4  of  tiie  Bomance  terminations  in  at,  it,  ut.  The 
Milanese  hw  a  brood  pronunciation,  and  many  double  vowels,  changing 
into  cut,  a,  and  tut,  the  Bomance  terminations  in  at,  it,  and  ut ;  venlaa, 
*enii,  avu»,  &c. ;  it  also  changes  re  into  er  ;  natter,  aepolehcr,  for  the 
^mance  wiatre,  lepolchre.  The  dialects  of  the  Yenetian  territory, 
with  the  exception  of  that  of  Friuli,  are  more  remote  &om  the 
Bomaooe  in  their  formation,  as  are  lil^ewise  still  more  so  the  dialects 
■ovith  of  the  Apennines,  or  of  Southern  Italy.  AVe  cannot  here 
enlarge  upon  the  multifarious  subject  of  the  Italian  dialects,  but  muist 
refer  the  inquisitive  reader  to  their  grammars,  vocabularies,  and  other 
works. 

The  dialeota  of  Western  Switzerland,  Vaud,  NeuchAtd,  Geneva,  part 
of  Freyburg,  and  Lower  Valais,  and  also  of  Savoy,  have  retained  to 
tlus  day  t£e  name  of  patois  Bomaud,  or  Langue  Bomande;  Western 
Bwiteerland,  as  &ir  as  the  Aar,  was  oocupied  in  the  decUne  of  the 
Boman  empire  by  the  Burguudians.  n  less  rude  tribe  than  the 
Alamanni,  who  settled  in  Eaatem  Switzerland.  The  Burgundians 
•bared  the  land  with  the  native  population  of  Boman,  Helvetian,  or 
Allobrogie  raoe>  they  applied  themselves  to  agriculture,  and  soon 
eonstituted  themselves  into  a  well  regulated  and  orderly  monarchy. 
They  gmduaUy  adopted  the  provincial  Latin  which  they  found  in  use 
fa  the  country,  and  from  the  corruption  of  which  several  Bomance 
dial«ct«  wei«  formed,  which  resembled  those  of  the  south  of  France 
that  were  formed  through  a  similar  process.  Some  of  the  dialects  of 
Western  Switzerland  approxiiJikite  in  their  inflexions  to  the  Northern 
French,  or  Langue  d'Oil,  whilst. others,  like  that  of  Qruy&re  in  the 
oanton  of  Freyburg,  bear  more  affinity  to  the  Bomance  of  the  south, 
and  oonsequently  to  the  Italian.  Specimens  of  both  aro  contained  in 
Stalder'a  '  Cialektologie,'  and  also  in  the  collection  of  Banz  des  Vaches, 
both  in  Qerman  and  Bomance, '  Sammlung  von  Schweizer  Kuhreihen 
und  YolksUedern,'  Bern,  1818.  To  this  day,  Switzerland  is  divided, 
by  language,  races,  and  habits,  into  German  and  Bomande,  aud  the 
(Jetmans  (»11  the  latter  by  the  general  name  of  Wiilschland. 

In  the  country  of  the  Qrisons,  or  ancient  Blueti,  one  half  of  the 
people  apeak  a  language  called  Bumonsch,  which  is  an  Italian  dialect 
of  very  ancient  formation,  supposed  by  some  to  be  derived  from  the 
language  of  the  Etruscans,  who  emigrated  to  those  volleys  about  600 
years  B.a ;  but  this  is  a  mere  conjecture.  The  Bumonsch  is  a  written 
UBguagc,  and  books  have  been  published  in  it^  AISS.  eight  or  nine 
centuries  old  existed  at  the  end  of  the  last  century,  and  perhaps  some 
(till  exist  in  the  convent  of  Disentis.  The  direct  of  the  Engadina,  or 
valley  «f  the  Inn,  is  called  Ladin :  it  has  still  greater  affinity  to  Hio 
Italian  or  Lombard  dialects.  Specimens  of  Bumonsch  and  Ladin  are 
found  in  the  Appendix  to  Vieusseux's  '  History  of  Switzerland,'  pub- 
lished by  the  Society  for  the  Diffusion  of  Useful  Knowledge.  Bay- 
nouard observes  that  the  Bumonsoh  has  the  affixes  and  other  essential 
fonns  of  the  Bomance  language,  though  it  is  disfigured  by  an  admix- 
ture  of  Northern  or  Teutonic  orthography  and  pronunciation.  It 
often  adds  a  ?  to  the  end  of  words;  Ji^,  volg,  lutig,  tettataaing,  fo:;  the 
Bomaaeefil,  vol,  hat,  tettamtnL 

If  we  take  the  appellation  of  Bomance  language  in  its  most  extended 
sense,  all  the  languages  and  dialects  of  WeAem  Europe,  that  is  to  say, 
of  Italy,  Weatem  Switzerland,  the  Orisons,  France,  and  Spain,  may  be 
called  Bomance,  being  derived  essentially  from  the  Boman  or  Latin, 
and  having  been  foxiued  after  the  fall  of  the  Western  Empire.  The 
Basque  and  the  Armorican  or  language  of  Lower  Britanny  belong  to  a 
d^eirent  family.  The  Walloon  of  L^e  and  the  Valachian  are  also 
Bomanoa  languages    The  Valachian  jesemblea  the  others,  though  less 

Cipa  in  its  grammatical  forms  than  iu  the  etymology  of  the  words. 
ouard  shows  the  analogy  existing  between  Uiem  idl  in  their  gram- 
matical construction  and  etymology  in  hiB  '  Grammadre  Comparde  des 
IjMiguee  de  I'Europe  Latins.'  But  if  we  take  the  word  Bomance  in  its 
more  MStiioted  sense,  as  having  been  especially  applied  to  the  language 
•f  the  troubadoon,  or  Langue  d'Oo,  we  must  oonmder  it  as  confined  to 
the  aoath  of  France,  and  the  ea^em  provinces  of  Spsun  as  far  as 
Horeia ;  and  it  ia  there  that  we  find  its  legitimate  ofbpring  in  the 
Itnguagea  of  Catalonia,  Valencia,  and  Ut^orca,  and  in  the  Inuiguedooiui, 
VxoTeaaei,  and  YaldsByaw  dialMte. 


Baynouard  at  the  conclusion  of  his  '  Grammaire  Compare '  of  the 
languages  of  Latin  or  Boman  Europe,  enumerates  twenty-three  special 
characteristics  in  the  construction  of  the  Bomance  language,  most  of 
which  occur  also  in  the  other  languages  and  dialects  of  Western  and 
Southom  Europe,  which  he  styles  '  Neo-Latin.'  1.  The  use  of  articles 
to  determine  the  cases,  instead  of  their  being  designated  by  the  termi- 
nation of,  the  word  as  in  Latin.  This  characteristic  is  found  in  all  the 
modem  languages  derived  from  the  Latin.  2  and  3.  Belate  to  the 
terminations  pf  words,  especially  nouns,  of  which  Baynouard  gives  com- 
parative tables  iu  the  various  languages.  4.  Is  peculiar  to  the  old  Bo- 
mance, but  existed  also  in  the  Northern  French  till  the  14th  century. 
It  consists  in  placing  an  i  at  the  end  of  substantives  in  the  singular, 
when  they  stand  as  subjects ;  the  absence  of  the  t  shows  they  were  used 
in  the  objective  case.  In  the  plural  it  was  the  reverse,  the  absence  of 
the  <  designated  the  nominative.  The  Northern  French  dropped  the 
<  generally  in  the  singiJar,  and  gave  it  to  the  plural  without  distinc- 
tion. 5.  fiefers  to  other  terminations  employed  by  the  old  Bomance, 
especially  in  proper  names,  to  distinguish  tbe  subject  from  the  object. 
6.  Concerns  the  gender  of  the  adjectives.  7.  Concerns  the  degrees  of 
comparison.  8.  Is  on  the  Bomance  affixes  representing  personal  pro- 
nouns, oui,  ot,  m,  X,  which  are  also  met  with  in  the  old  French  and  old 
Spanish,  and  also  in  some  rustic  dialects  of  France,  in  the  Catalonian, 
and  in  some  north  Italian  dialects.  9.  The  pronoun  alire  is  an  ex- 
pletive added  to  the  personal  pronoun.  This  has  been  adopted  by  all 
the  Neo-Latin  languages  of  Europe;  voiu  autfes,  rot  otro$,  vol  fnUrot, 
voi  altri,  &c.  10.  BeUtive  pronouns  qv,i,  one,  lo  qual.  11.  The  indefl. 
nite  pronoun  om,  derived  from  the  Latin  homo,  which  the  French  has 
retained  in  on.  The  Spanish  and  Portuguese,  which  formerly  employed 
ome  in  the  same  sense,  have  since  substituted  te,  and  the  Italians  n. 
12.  Concerns  the  use  in  the  conjugations  of  the  auxiliary  verbs  aver^ 
etter,  and  atar,  which  have  been  adopted,  with  some  modifications,  by 
all  the  other  Bomance  languages.  13  and  14.  Concern  the  formation 
of  the  future  aud  the  conditional.  15.  Concerfis  the  participles  in  ut, 
of  which  the  French  has  made  u.  16.  Concerns  the  double  formation 
of  participles  of  the  same  verb,  such  as  rot  and  ron^pvi,  itf^  and  dt- 
fcndat,  cleit  and  elegit,  &c.  17.  The  compound  passive  formed  of  the 
auxiliary  emer  and  the  participle  past,  which  has  been  substituted  in  ' 
all  cases  for  the  Latin  simple  passive  form.  18.  Concenw  the  verba 
used  impersonally.  19.  The  infinitive  with  the  negative,  used  as  on 
imperative.  The  Italian  has  retained  it ;  "  Non  parlare  : "  speak  not. 
20.  The  various  uses  of  tbe  conjunction  que.  21.  Formation  of  adverbs 
from  the  feminine  adjective  by  adding  the  affix  nuHt,  ivhich  has  been 
adopted  by  all  the  other  languages  derived  from  the  Latin.  22.  The 
exiJetivea  pas,  mica,  gaire,  ftc,  added  to  the  negative  particle  to  give 
it  greater  emphasis.  This  form  is  retained  by  the  French  iu  pas,  and 
by  the  ItaUaus  in  mica  and  guari.  23.  Concerns  the  appellations 
Romans,  Somance,  Soumonch,  Somama,  which  were  used  by  the  old 
French,  Italian,  Spanish,  and  Portuguese  writers  to  de.«iignate  their 
re^ective  idioms ;  an  appellation  which  serves  to  show  their  common 
origin.  The  most  recent  general  dictionary  of  the  Bomance  language 
is  the  '  Lexicdn  Etymologicum  linguarum  Bomanarum,  Italics), 
Hispaniffi,  Gallica),  &a.,'  of  F.  Diez,  Bonn,  1853. 

BOMANESQUE  ABCHITECTUBE  is  that  style  of  round-arched 
architecture  which  (with  local  or  national  peculiarities)  prevailed 
through  a  Urge  port  of  Europe  during  the  11th  and  12th  centiuies. 
Under  Btzastihe  Architectcbe,  it  was  pointed  out  how  the  archi- 
tecture of  the  ancient  Bomans  diverged  in  the  hands  of  their  barbaric 
successors  into  a  two-fold  form :  the  older  becoming  moulded,  in  tho 
Eastern  Empire,  into  that  known  as  the  Byzantine  style,  and  which 
was  the  parent  of  the  subsequent  ecole8ia8ti<sd  architecture  of  the  east 
of  Europe ;  and  the  later,  that  which  in  the  Western  Empire  becama 
in  the  hands  of  the  ecclesiastical  architects  what  is  now  known  as 
Bomanesque,  and  which,  as  was  shown  under  Gothic  AfiCHiTBOTUBE, 
became  in  its  ultimate  development.  Pointed  Gothic.  Bomanesqile 
architecture  then,  both  in  time  -  and  place,  stands  between  the  classic 
Boman  aud  the  Pointed  Gothic ;  and  is,  in  fact,  the  linV  which  con- 
nects the  one  with  the  other. 

Until  the  final  separation  of  the  Western  from  the  Eastern  Empire, 
the  Byzantine  type  was  in  the  ascendant;  but  in  the  West  such  archi- 
tecture as  existed  was  rather  a  debased  Boman,  than  an  independent 
or  derived  style.  Yet  traces  of  the  Bomanesque  appeared  at  a  com- 
paratively early  date.  Ite  germ  was  certainly  visible  in  the  6th  or  7th 
century ;  but  this  was  followed  by  a  long  interval  of  quiescence.  Son^e 
have  fancied  that  the  revival  is  due  to  the  Lombard  kings,  and  have 
consequeuti^  termed  the  style  itself  Lombardia  But  the  revivifica- 
tion of  architecture  does  not  seem  to  be  really  traceable  farther  back 
than  the  10th  century;  the  development  of  tho  style  belongs  to  the 
11th  century,  and  its  highest  perfection  to  the  12th,  when  its  obvious 
insufficiency  to  meet  the  growing  requirements  of  the  age  led  to  the 
introduction  of  the  feature  which  caused  it  to  merge  into  what  is  ' 
usually  regarded  as  a  totally  different  style.  Nor,  as  we  have  intimated, 
can  it  be  especially  assigned  to  any  particular  locality.  Lombardy 
may  have  been  the  cradle  of  the  actual  Bomanesque,  but  it  soon  spread 
through  other  ports  of  Italy ;  along  the  Bhine,  in  Germany  and  Switaer- 
land ;  throughout  France,  and  by  way  of  Normandy  to  Eugloud.  The 
styles  of  these  countries  are  indeed  frequentiy  treated  as  though  not 
only  different  but  unconnected,  but  in  principle  they  are  essentially 
tbewme;  the difiereooea  couaisting  of  those  local  and  notional  featuiei 
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yihich  are  due  to  the  character  of  the  inhabitants,  and  the  physical  (or 
geological)  peculiarities  of  the  country,  and  which  are  always  found 
unless  the  inventive  faculties  are  controlled  by  rigid  ecclesiastical  or 
profeetional  precedents.  We  may  say,  however,  that  as  the  birthplace. 
«f  the  style  was  Italy,  it  was  there  that  it  retuned  most  decidedly  the 
nesemblaiice  to  its  original,  the  divergence  from  the  classic  type  be- 
coming more  marked  in  proportion  to  its  distance  in  place  A  well  as 
time  tcota  its  source.  And  whilst  in  other  countries  the  Romanesque 
merged  in  the  13th  centuryinto  Pointed  Gothic,  in  Italy  it  maintained 
itself  as  the  prevalent  style  till  the  advent  of  the  Rxhxissance. 

We  shall  here  treat  of  Romanesque  architecture  generally :  the 
peculiar  forms  it  assumed  in  our  own  country,  firs£  m  a  very  rude 
shape  in  the  Anglo-Saxon,  and  afterwards  in  a  more  developed  and 
artistic  condition  as  the  Anglo-Norman  style,  are  noticed  under 
NoBHAH  Abceitectdbe,  and  Saxon  Abchitecture,  to  which  articles 
we  refer  for  many  of  the  details  necessarily  omitted  here,  and  which 
are  in  a  measure  applicable  to  the  style  in  other  countries. 
I  The  earlier  buildings  of  Christian  Rome  were  merely  a  degenerate 
imitation  of  the  older  buildings.  From  the  establishment,  if  not  from 
the  tolerance,  of  Christianity  the  ancient  basilicas  were  employed  as 
churches ;  and  the  earliest  churches  erected,  were  modelled  on  the  type 
of  the  basilica.  Presbyteries,  chapels,  and  other  features  were  gradually 
added,  and  ultimately  the  church  assumed  the  form  of  a  Latin  cross  ; 
but  even  then  the  principles  of  the  basilica  form  were  retained. 
[Basilica;  Church.]  In  the  buildings  of  the  degenerate  Roman 
period  it  was  usual  to  employ  the  materials  as  well  as  to  imitate 
the  forms  of  the  older  edifices  and  columns,  and  other  ornamental 
fragments  were  appropriated  to  places  which  they  could  only  be  made 
to  fit  by  various  modiflcations  and  contrivances.  Hence  the  classic 
proportions, at  first  little  heeded,  were. soon  entirely  forgotten,  and 
ths  difierent  parts  of  the  building  were  designed  according  to  the 
necessities  of  tiie  case,  or  the  taste  or  caprice  of  the  architect.  Arches 
were  made  of  all  sizes  and  placed  anywhere.  Columns  were  arranged 
without  regard  to  tiie  orders ;  and  the  dimensions  of  the  shafts  were 
regulated  merely  by  the  weight  they  had  to  sustain.  Mouldings  and 
carvings  assumed  the  most  irregular  and  fantastic  patterns. 

Thus,  then,  we  perceive,  when  Romanesque  architecture  was  emerging 
from  the  chaos,  references  in  all  its  ports  to  ancient  Roman  forms  and 
principles,  but  the  utmost  licence  in  their  application ;  and  what  the 
architects  of  the  period  did,  was  to  reduce  the  discord  into  order,  and 
to  mould  the  whole  into  a  consistent  system.  Among  the  distinctive 
characteristics  of  this  style  in  its  maturity  may  be  mentioned  iu  the 
first  place,  its  general  massiveness  of  construction  and  severity  of 
character.  The  walls  are  usually  of  great  thickness  and  pierced  by 
windows  of  a  comparatively  small  aize  and  few  in  number.  Indeed,  in 
nothing  does  pointed  Gothic  diSer  more  markedly  from  the  round- 
arched  style  out  of  which  it  grew  than  in  the  enlsTgement  and  the 
prominency  given  to  windows — a  characteristic  due  to  the  introduction 
of  painted  glass,  and  the  admiration  felt  for  it  by  the  ecclesiastics  of  the 
vest  and  north, — the  decorations  of  the  Romanesque,  essentially  of 
Italian  origin,  having  been  chiefiy  mural  paintings  and  mosaics.  But 
besides  the  massiveness  of  construction,  a  leading  characteristic  is  the 
predominance  of  horizontal  lines  iu  the  general  composition,  which 
again  distinguishes  this  style  from  Pointed  Gothia,  in  which  a  general 
tradency  to  verticality  is  as  decidedly  apparent. 

The  aemicimdar  or  segmental  arch  is  distiuctire  of  the  style.  It  is 
employed  for  all  purposes,  and  occurs  of  all  sizes  in  the  same  building. 
TTsually  it  is  employed  in  combination  with  the  columns,  the  column 
being  made  the  essential  support  of  the  arch—  all  appearance  of  en- 
tablature being  now  discarded.  At  first  the  colamns  toemselves  were 
mostly  tapering,  not  cylindrical  like  the  slender  detached  ones  met 
^ith  in  the  Pointed  style,  and  the  capitals  bore  a  more  or  less  close 
resemblance  to  those  of  the  Corinthian  order  in  contour  and  proportion. 
The  capital  itself,  however,  was  larger  in  proportion  to  the  rest  of  tiio 
column,  thereby  affording  a  greater  surface  or  impost  for  the  arches 
to  rest  upon  ;  and  also  combining  the  appearance  of  security  at  that 
point  with  general  lightness  of  appeoiunce.  The  shaft  was  mostly 
plain,  yet  frequently  highly  omamental,  striated  or  carved  iu  difierent 
ways,  and  sometimes  twisted,  either  singly  or  with  two  stexhs  twining 
spirally  round  each  other.  Columns  furnishing  examples  of  all  these 
different  modes  occur  in  the  cloisters  of  Sao  Paolo  and  San  Giovanni 
Latcrono  at  Rome ;  and  the  capitals  present  quite  as  much  variety,  it 
seeming  to  have  been  the  aim  on  such  occasions  to  introduce  as  much 
diversity  as  possible,  instead  of  so  arranging  the  columns  as  to  have  two 
of  the  some  kind  placed  together :  a  practice  probably  originating  in 
making  use  of  fragments  taken  from  other  buildings,  and  afterwards 
retained  as  conducing  to  variety  and  richness. 

Although  the  arches  were,  as  frequently  as  not,  quite  plain,  and 
without  archivolt  mouldings  of  any  land,  the  use  of  archivolts  was  by 
no  means  uncommon ;  sometimes  consisting  of  merely  a  single  mould- 
ing enclosing  a  plain  border  around  the  arch,  at  others  divided  into 
facia,  Koi  more  or  less  enriched,  as  in  the  front  of  the  cathedral  of  Pisa, 
in  whidi  building  the  arches  describe  more  than  a  semicircle  above 
the  caiiitals  of  the  columns,  being  prolonged  downwards  by  a  deep 
abacus,  consisting  in  some  places  of  two,  in  others  of  a  single  plain 
block  resting  immediately  on  the  capital.  Similiu-  blocks  or  abad  occur 
in  the  remains  of  Frederick  Borbarossa's  palace  at  Gelnhausen,  where 
small  heads  or  masks  are  introduced  immediately  above  such  abaci,  io 


as  to  fill  up  the  same  space  there  between  the  arches,  and  oontiniM  in 
some  degree  the  vertical  lines  produced  by  the  columns. 

Tnsome  Romanesque  buildings  the  design  consists  of  little  more 
than  an  assemblage  of  arches  variously  disposed,  the  apertures  for 
windows  being  few  and  small  and  destitute  of  ornament ;  and  they 
generally  form  either  successive  tiers,  one  abova.  the  other,  like  so 
many  blank  golleriee,  or  occur  at  intervals  in  the  vertical  line  of  the 
edifice.  In  tiiese  kinds  of  arcades  [Abcade],  that  which  is  uppermost 
is  generally  of  much  [smaller  dimensions  than  the  one  beneath,  so 
that  two  of  its  arches  occupy  no  wider  space  than  one  of  those  below 
it.  Another  practice  peculiar  to  this  style  is  that  of  carrying  a  range 
of  arches  beneath  a  gable,  ascending  one  above  the  other  m  the  same 
sloping  direction  as  the  sides  of  ue  roof ;  instances  of  which  occur 
in  the  fronts  of  the  Duomo  at  Parma,  Sui  Michele  at  Pavia,  and  in  those 
of  the  cathedral  at  Carrara,  and  the  church  of  San  Zeno  at  Verona,  in 
which  two  latter  instances,  however,  the  bases  of  the  coluums  are  all 
on  the  same  level,  and  consequentiy  the  eolumns  themselves  gradually 
increase  in  height  as  they  approach  the  centre.  The  front  of  the 
cathedral  at  Pisa  offers  a  double  instance  of  the  same  kind  in  the  upper, 
or  gable  story,  and  in  the  half  gables  over  the  ends  of  the  second  one, 
with  the  difference,  that  in  the  latter  the  pillars  support  merely  blocks 
placed  beneath  the  inclined  line  of  the  roof.  To  this  may  be  added 
the  very  prevalent  custom  of  making  an  upper  oomioe  or  border  of 
very  small  interlacing  arches,  or  of  mouldings  producing  that  ^>p«ar- 
ance.  Interlacing  arches  were  also  very  common  in  the  deoonttive 
arcades. 

Among  the  other  more  prominent  characteristics  of  this  style,  which 
are  all  that  we  can  here  touch  upon,  it  should  be  noticed,  that  whether 
forming  actual  porticos  and  galleries,  or  closed  up  and  appUied  merely 
as  decoration,  the  arcades  were  generally  small  in  proportion  to  the 
building  itself,  and  instead  of  occupying  the  entire  width  of  the 
front,  or  other  elevation,  were  mostly  inserted  into  distinct  compart- 
ments of  it,  slightly  recessed  within  the  general  bee  of  the  wall,  so 
that  the  plain  spaces  between  them  assumed  the  appearance  of  but- 
tresses,' or,  when  narrow,  of  plain  pilasters  continued  up  to  the  ooniiott 
of  the  gable  or  roof,  and  cutting  through  whatever  string-oouraes,  or 
other  horizontal  mouldings  (if  there  were  any),  divided  the  different 
stories  or  stages  of  the  edifice.  Such  buttress-like  surfaces — for 
buttresses  they  cannot  properly  be  termed — were  occasionally  mor«  or 
less  enriched ;  sometimes  so  much  so,  as  to  produce  vertieal  lines  of 
ornament  continued  the  entire  height  of  the  building,  as  in  the  front 
of  San  Michele  at  Pavia,  When,  as  was  freqnenUy  done,  these  surfaces 
were  made  wider  at  the  angles  of  the  front  than  Elsewhere,  they  ((ave 
on  expression  of  repose  and  of  great  solidity  to  it,  serving  as  it  were  as 
a  fi-amc  to  the  architectural  decoration. 

Pinnacles  are  of  rare  occurrence,  and  when  introduced  have  the  look 
of  being  set  on  the  part  they  rise  above,  being  separated  from  it  by 
horizontal  mouldings ;  besides  which  they  are  generally  low,  and  some- 
what resemble  pedestals.  Pinnacles  of  this  description  may  be  found 
surmounting  pilaster-breaks,  and  cutting  through  either  an  horizontal 
cornice  or  the  sloping  cornices  of  a  gable,  as  in  the  front  of  the  cathedral 
at  Monza.     . 

Windows,  as  we  have  said,  were  for  the  most  part  sparingly  intro- 
uced,  and  of  small  dimensions,  so  that  they  rarely  contributed  much 
towards  embellishment ;  circular  or  wheel  windows  are,  however,  not 
unfrequently  introduced  in  gables,  and  often  with  eonsidenble  effect. 
Doorways  were  generally  made  very  important  features,  the  chief 
ornament  being  lavished  upon  them.  The  aperture  itself  indeed  was 
generally  plain,  and  also  square-headed,  but  it  was  enclosed  in  a  recess 
formed  by  a  series  of  arches  one  within  another  and  resting  upon 
columns  j  and  so  deep  was  this  outer  casing  as  to  be  frequently  very 
nearly  as  wide  as  the  actual  doorway.  Sometimes  the  tympanam  was 
filled  with  sculpture,  and  the  arches  and  capitals  were  very  richly 
carved. 

Vaulting  is  another  important  characteristic  of  the  styleu  At  first 
the  ordinary  Roman  semi-cylindrical  or  waggon  vaulting  prevailed; 
but  the  awkward  appearance  of  continuous  vaulting  supported  by  dis- 
connected columns  seems  to  have  soon  arrested  attention,  and  tho 
Roman  quadripartite  vaulting  was  introduced.  This  was  succeeded  by 
sexpartite,  which  met  most  of  the  immediate  reqmrements  of  the  case, 
but  led  to  other  innovations  which  in  turn  introduced-  new  changes. 
Indeed,  as  Mr.  WhewcU,  S&.  Scott,  and  other  distinguished  authorities  ' 
have  suggested,  and  as  appeera  highly  probable,  it  may  have  been  tho 
unceanng  efforts  of  the  builden  to  improve  the  system  of  vaulting 
which  1^  to  the  use  of  the  pointed  arch,  and  ultimately  to  th» 
adoption  of  the  pointed  stylei 

There  are  other  points  on  which  we  might  dwell,  as  the  general 
employment  of  the  apsidal  termination,  and  the  use  of  the  triforium 
and  the  clerestory,  but  for  these  features  it  must  suffice  to  refer  to  th» 
srticles  Apsis,  Clebestobt,  and  Tbifobiuk  ;  and  again  for  the  illus- 
trations of  details  omitted  here  to  Kobman  Abchitecturs.  We  may, 
however,  just  add  a  word  or  two  on  TVnceri,  a  new  and  important  featuro 
in  this  style  of  architecture.  In  Italy,  towers  only  oocur  as  detached 
buildings  [Caicpahiles  J,  but  in  the  Romanesque  churches  of  Germany, 
France,  and  England,  they  ore  an  essential  and  very  characteristic 
portion.  As  the  rule  they  are  square  in  plan ;  massive  in  structure ; 
pierced  with  a  few  narrow,  round-aiohed  windows,  whioh  are  often 
coupled  and  enclosed  with  a  lai;ger  aroh;  th«  sorfice  is  often  oro^- 
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mented  with  arcades;  and  they  are  svmnounted  oocafflonally  irith  a 
low  pjnunidal  spire.  [Normait  Akcbitectvre  ;  Sfibk.}  Occasionally 
roand,  and  more  rarely  oQtagonal,  towers  are  met  with.  In  some 
towers  circular  windows  ore  seen. 

Copolas  occur  in  many  Italian  and  some  French  churches  of  this 
date ;  but  these  Tuay  be  regarded  as  evidence  of  a  more  or  less  direct 
Byzantine  influence. 

ROMANS,  EPISTLE  TO  THE.  The  Epistle  to  the  Romans  has 
b«eu  almost  univereally  admitted  to  be  the  work  of  St.  PauL  The 
only  sects  which  bare  disputed  its  genuineness  are  the  Ebionites,  the 
Encratites,  and  the  Cerinthians,  and  theeo  purely  on  doctrinal  grounds, 
inasmuch  as  the  doctrines  of  this  Epistle  were  adverse  to  t^ir  own 
opinions.  (Stuart's  '  Commen.  on  the  Kpis.,'  p.  i2.)  Some  modem 
commentators,  however,  have  supposed  that  the  Epistle  properly  ends 
with  the  fifteenth  chapter,  a  supposition  which  may  seem  plausible 
from  the  want  of  connection  between  the  last  chapt^  and  the  rest  of 
the  Epistle.  But  this  want  of-conaection  may  be  accounted  for  easily 
enough,  without  any  such  hypothesis.    (Stuart, '  Introd.,'  p.  49.) 

The  verses  25-27  inclusive  of  this  last  chapter  are  in  some  manu- 
scripts, as  in  the  Codex  Alexandrinus,made  to  follow  ver.  2S  of  cap.  xiv., 
and  Qriesbach  and  others  give  them  this  arrangement.  But  a  doxolngy 
of  so  sublime  a  character  as  is  contained  in  these  verses  does  not  seem 
a  fit  conclusion  for  a  discussion  about  eating  meats  or  abstaining  from 
them,  and  accordingly  Hug  and  others  agree  with  the  received  text  in 
placing  them  at  the  dose  of  the  Epistle.  Some  few  manuscripts  omit 
them  altogether.  The  words  /,  Tertiut,  &c.,  zvi.  22,  imply  that  this 
chapter  formed  the  end  of  the  Epistle,  and  that  the  Ejdstle  is  one. 
There  are,  however,  indications  in  the  last  chapter  that  the  Epistle 
received  several  unimportant  additions  or  insertions  after  it  was  in  the 
main  completed,  according  as  any  afterthoughts  occurred  to  the  writer, 
before  it  was  finally  despatched. 

With  respect  to  the  date  of  the  Epistle,  various  years  have  been 
'  assigned  to  it,  from  Jl.t>.  65  to  a.D.  68.  According  to  tiie  most  probable 
opinion,  it  was  written  towards  the  end  of  67  or  in  the  beginning  of  58, 
when  St.  Paul  was  at  Corinth,  and  on  the  point  of  setting  out  to 
Jerusalem  with  the  "contribution  made  by  them  of  Macedonia  and 
Aohaia  for  the  poor  saints  which  were  at  Jerusalem  "  and  in  Judroa 
(xv.  25,  26),  and  before  he  had  ever  visited  Rome. 

The  Epistle  was  dictated  in  Greek  by  the  Apostle  to  Tertius,  his 
amanuensis  (xvi.  22),  and  conveyed  to  tixa  church  at  Rome  by  Phoebe 
(xvi.  I),  a  servant  or  deaconess  of  the  church  at  Cenchreee,  a  place  not 
far  from  Corinth.  Another  proof  of  the  Epistle  having  been  written 
from  Corinth  is  given  in  xvL  23,  where  St.  Paul  sends  salutations  from 
Qaius,  his  host,  and  Erastus,  the  chamberlain  of  the  city  of  Corinth. 
(Comp.  2  Timoth,  iv.  20 ;  and  1  Cor.,  i.  14.)  The  position  of  this 
Epistle  in  the  New  Testament  does  not  depend  upon  its  date,  for  it  is 
the  seventh  in  order  of  time  according  to  most  authorities,  and  is 
placed  first,  either  from  being  the  "  longest  and  most  comprehensive  " 
of  the  Epistles  of  St.  Paul,  or  from  the  importance  of  the  church  to 
which  it  iras  addressed.  (Home's  '  Introduce,'  voL  iv.)  With  respect 
to  the  origin  of  this  church,  we  have  no  certain  information  in  the 
Scriptures.  They  do  not  tell  us  when  or  by  whom  it  was  founded. 
The  opinion  that  it  was  founded  by  St  Peter  does  not  appear  to  rest 
on  any  satisfactory  evidence  :  the  cuef  authorities  tor  it  are,  Iienaus 
('Adv.  Hser.,'  iii.  1)  and  Eusebius  ('Chron.  an.  2  Claud.');  but  if  he 
had  indeed  preached  the  Ooepel  at  Rome,  such  a  circumstance  would 
probably  hav^  been  noticed  in  the  Acts  of  die  Apostles,  nor  is  it  likely 
that  St.  Paul  would  have  made  no  allusion  to  it' in  this  Epistle. 
Perhaps_the  most  reasonable  opinion  on  the  subject  is,  that  the  Qoepel 
was  first~preached  at  Rome  by  "  the  strangers  from  that  city,  the  Jews 
and  proselytes,"  who  were  converted  by  Peter's  preaching  at  Jerusalem 
on  the  day  of  Pentecost  (Acts,  ii.  10);  so  ^t,  like  many  other 
churches,  that  at  Rome  was  at  first  composed  of  Jews,  and  gradually 
increased  by  the  admixture  of  Gentiles,  till  the  whole  Christum  com- 
munity there  became  so  large  and  important,  "  that  their  faith  was 
spoken  of  through  the  world."  The  fact  of  this  combination  and  co- 
existence of  Jews  and  Gentiles  as  parts  of  one  Christian  church  suffi- 
ciently explains  to  a  careful  reader  the  occasion  and  object  of  the 
Epistle.  Prejudices  and  pretensions  on  one  side  would  be  met  with 
disdain  or  opposition  on  the  other.  (Cap.  ii,  and  xi.)  The  Jews  were, 
attached  to  Uie  Mosaic  institutes,  and  the  Levitical  rites  and  distinctions 
between  clean  and  unclean.  They  wore  impatient  of  subordination  to 
or  equality  with  the  Gentiles,  and  wished  to  impose  upon  them  a  con- 
formity to  many  points  of  the  Mosaic  ritual,  especially  that  of  circum- 
cision, before  they  were  admitted  to  a  participation  in  the  privileges  of 
the  Gospel.  The  Gentiles,  on  the  other  hand,  disregarded  (perhaps  too 
contemptuously)  the  prejudices  of  the  Jews,  and  were  of  course 
ofiended  at  their  pretensions  to  superiority,  for  which  their  fallen 
position  afforded  in  the  eyes  of  the  Gentiles  no  jiutification.  They 
might  not  reflect  with  fairness  on  what  the  Jerws  conceived  themselves 
to  have  lost  by  the  publication  of  the  Gospel,  Such  a  position  of 
parties,  and  such  a  state  of  feeling  between  them,  would  naturally  give 
rise  to  the  divisions  and  offences  which  occasioned  some  .of  the  admoni- 
tions and  cautions  contained  in  the  hortatory  portion  of  the  Epistle, 
and  the  existence  of  it  eon  scarcely  fail  to  be  observed  by  a  careful 
leader. 

For  examples  of  undesigned  coincidence  between  this  Epistie  and 
tfaa  Acts  of  tiie  AposUes,  the  reader  is  referred  to  Faley.    The  Tt-riters 
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and  commentators  upon  tUs  Epistle,  both  Efiglish  and  fordgn,  hare* 
been  exceedingly  numerous. 

RONDEAU  (Pr.),  or  RONDO  (ItJ,  a  kind  of  air  consisting  of  two 
or  more  strains,  in  which,  after  finishing  the  second  strain,  the  first  is 
repeated,  and  ngain  after  the  third,  &c.,  always  I'etuming  to  and  con- 
cluding with  the  first.  (Rousseau.) 

ROOD,  thequarter  of  an  acre.    [Acre.] 

ROOD-LOFT.  In  Roman  Catholic  churches  a  large  cruciftz  usually 
occupies  a  conspicuous  position  at  the  entrance  to  the  chancd.  Prior 
to  the  Reformation  the  same  custom  was,  of  course,  observed  in 
English  churches.  The  crucifix,  here  called  a  Xood,  was  placed  on  a 
beam — called  the  Rood-Btam — fixed  across  the  chancel  arch,  or  on 
the  screen  which  divided  the  nave  from  t}ie  chancel;  but  more 
commonly  in  large  churches  the  Rood  was  placed  on  a  gallery  called 
the  Bmd-Loft,  The  rood  was  of  large  sise,  pointed  in  natural  colours, 
sometimes  ornamented  in  front  with  the'  emblems  of  the  evangelists; 
and  had  figures  of  the  Virgin  and  St.  John  standing  one  on  each  side 
of  the  foot  of  the  cross — the  figures  being  all  turned  towards  the  nave. 
The  screen  which  supported  the  gaUeiy  was  of  wood  or  stone,  often 
richly  carved  or  panelled.  A  flight  of  stone  steps  in  the  wall  of  th« 
nave  usually  led  to  the  rood-loft;  but  in  some  instances  the  stain 
were  carried  up  an  external  turret.  Roods  are  of  great  antiqoiiy,  A 
cross  surmountii^  a  chancel  screen  in  the  church  of  Santa  Snphia, 
Constantinople,  is  mentioned  by  a  writer  of  the  6th  centm-y;  but 
there  is  no  evidence  of  such  a  cross  having  a  figure  of  Christ  upon  it 
before  the  8th  century.  In  England  roods  were  introduced  as  early  as 
the  11th  century ;  but  rood-lofts  seem  tohavebeen  first  erected  in  En^tsh 
churches  in  the  l4th  century.  The  galleries  as  well  as  the  roods  were 
in  must  instances  destroyed  by  authority  in  the  reign  of  Edward  VI,, 
but  more  or  loss  perfect  examples  remain  im  various  country  churches, 
among  others  at  Banwell,  Long-Sutton,  Minehead  and  other  churches 
in  Somersetshire;  Newark,  Nottinghamshire;  Great  Handborough, 
Great  RoUwright,  and  Charlton,  Oxfordshire;  Dartmouth  and  e&e- 
where  in  Devondiire;  and  Worm-Leightoo,  &c.,  Warwickshire.  In 
some  churches  a  small  turret  was  erected  over  the  chancel  arch,  and 
consequentiy  over  the  rood,  in  which  was  himg  the  sanctus  bell  [BsUr 
CoTEj,  and  this  was  often  called  the  Xood-Toaer.  The  chancel-arch  in 
like  manner,  from  the  rood  being  placed  beneath  it,  was  sometimes 
termed  the  Bood-Arch.  On  the  continent  the  gallery-cross,  in  French 
Crouc  dt  jM,  had  gradually  fall«i  into  disuse  sometime  before  the 
present  century,  and  old  examples  are  now  very  rare.  One  of  the  most 
perfect  is  in  the  great  church  of  Louvoin.  In  Germany,  France,  and 
the  Netherlands,  the  rood  was  often  suspended  from  the  chancel  arch 
by  three  ornamental  chains,  of  which  fragments  still  remain  in  several 
churches. 

ROOF,  the  covering  of  a  house  or  other  building.  He  name,  in  its 
most  extended  sense,  embraces  the  extqjnal  covering  itself,  and  the 
framework  by  which  it  ia  supported;  but,  as  a  term  in  carpentzy,  it  ia 
limited  to  the  carcass-roof  or  framing. 

The  importance  of  this  part  of  a  building  can  hardly  be  ovatrated, 
since  on  its  right  construction  depends  not  only  the  comfort  of  those 
for  whose  shelter  it  is  designed,  but  also  the  safety  and  durability  of 
the  edifice  itself.  For  the  former  of  these  purposes  it  is  desirable  that 
a  roof  should  exclude  extremes  of  heat  and  cold,  and  be  impervious  to 
rain  or  snow.  For  the  latter,  the  exclusion  of  water  is  equally  neces- 
sary ;  and  it  is  essential  that  the  framework  be  so  disposed  as  to  throw 
the  least  possible  strain  on  the  walls.  By  a  judicious  arrangement  in 
this  particular,  a  roof  may  not  only  be  prevented  from  pressing  on  the 
w^lls  in  an  injurious  manner,  but  may  be  made  to  contribute  greatly 
to  the  stability  of  the  whole  structure.  In  order  to  the  due  combi- 
nation of  the  requisite  quidities,  an  intimate  acquaintance  with  the 
principles  of  mechanical  philosophy  is  indispensable;  and  a  correct 
knowledge  of  the  strength  of  ditlerent  materials,  when  exposed  to 
various  kinds  of  strain,  is, necessary  to  the  economical  adjustment  of 
the  dimensions  of  the  several  ports  of  a  roof.  A  roof  of  large  spaa 
forms,  indeed,  one  of  the  most  interesting  applications  of  the  science 
of  carpentry,  theoretical  or  constructive. 

In  order  to  cover  in  a  building  in  which  the  space  to  be  spanned  is 
greater  than  can  be  covered  by  single  blocks  of  stone  extending  from 
one  point  of  support  to  another,  it  is  necessary  either  to  have  recourse 
to  the  principle  of  the  arch,  ss  in  vpiults  and  domes  of  stone  or  brick, 
or  to  form  a  framework  of  timber  to  support  the  covering.  The  former 
plan  is  objectionable  in  the  cose  of  ordinary  buildings  from  its  expense 
and  weight,  and  from  the  great  solidity  required  in  the  walls,  where 
thoy  have  to  be  use3  as  the  abutments  oi  an  arch.  The  principles  on 
which  such  coverings  of  masonry  are  formed  are  explained  under  Arch 
and  Dome  ;  and  in  this  article  the  more  usual  kind  of  roof,  that  sus- 
tained by  a  wooden  framing,  will  be  described.  Such  structures  occa- 
sionally partake  of  the  character  of  an  arch  or  dome,  but  more  usually 
consist  of  flat  planes  variously  disposed.  Roofe  formed  of  one  levM 
plane,  which  are  extensively  used  in  ea8tem^  countries,  are  not^ad^ted 
for  buildings  in  which  a  Luge  spaoe  has  to  be  spanned  over,  nor  to 
resist  the  penetration  of  water,  and  are  therefore  unsuit^e  for 
climates  in  which  rain  and  snow  are  common.  A  simple  inclined 
plane  is  well  adapted  to  resist  injury  from  weather;  but,  lui  it  is 
scarcely  more  favourable  to  an  economical  disposition  of  the  timbers 
than  a  flat  roof,  it  is  only  suited  for  small  buildiugs,  and  is  seldom 
used  except  as  a  Ican-to.    Another  objection  to  its  use  on  a  laige  scale 
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is  Uie  diaproportionate  height  it  requires  on  one  side  of  the  building. 
'The  beet  figure  for  a  Bimple  roof  is  that  formed  of  two  inclined  planes, 
(ijung  from  the  two  opposite  walls  that  approach  nearest  to  each  other 
and  meeting  over  the  centre  of  the  edifice,  so  as  to  form  a  ridge.  By 
this  form,  supposing  the  ^ame  slope  to  be  maintained,  one-half  of  the 
height  of  the  smgle  inclined'  plane  is  avoided ;  and  the  length  of  the 
timbers  being  diminished  one-half,  their  scantling  may  be  considerably 
reduced.    Fig.  1  rejiresenta  a  plan  with  side  and  end  views  of  such  a 

Fig.  1. 


roof,  which  is  called  a  common  or  gable-ended  roof.     Frequently  four 
inclined  planes  are  used',  disposed  as  shown  in  jig^  2,  representing  a 

Fig.  S. 


hipped  roof,  which  takes  its  name  from  the  hips,  or  inclined  ridges 
fonned  by  the  meeting  of  the  sides  and  ends.  Where  a  hipped  roof 
covers  a  perfectly  square  building,  the  faces  all  meet  in  a  point,  and 
form  a  pyramid ;  but  when,  as  in  the  diagram,  the  plan  of  the  roof  is 
oblong,  the  planes  rising  from  the  nearest  opposite  walls  meet  in  a 
ridge.  Sometimes  the  inclined  faces  are  not  continued  upwards  till 
they  meet,  but  the  roof  i«-  completed  by  a  horizontal  plane.  Such  a 
roof  is  called  a  truncated,  terrace,  or  cut  roof,  and  may  have  two,  three, 
or  four  inclined  tices.    Fij.  3  represents  a  truncated  roof  hipped  at 
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one  end,  and  terminating  at  the  other  in  a  vertical  wall,  like  the  gable- 
ended  roof. 

This  arrangement  is  useful  for  duniniahing  the  height  <rf  a  roof,  the 
level  platform  being  covered  with  lead  to  compensate  for  the  want  of 
alope.  ^t  should  be  obstored,  however,  that  even  this  part  is  not  per- 
feoUy  level,  tike  centre  beibg  slightlv  elevated  to  throw  off  water.  A 
sinular  saving  of  height  is  frequentJy  obtained  by  means  of  a  roof  in 
which  each  eloping  face  oonaista  of  two  phmee  of  different  degrees  of 
inclination.  This  form,  which  is  denominated  a  curb  roof  (or,  from  its 
inventor,  aXantonie  roof),  is  very  common  in  London,  because  it 
afibrds  more  space  for  the  formation  of  bedrooms  in  the  roof  thaa  the 
simpler  forma.  A  curbed  *of  may  be  hipped  or  not,  according  to 
droumatanoei.  -fig.  i  repauents  it  hipped  at  one  end  only,  as  thelast 
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figure,  showing,  lilcd  the  previous  diagnuns,  the  plan,  and  side  and  end 
elevations. 

Such  are  the  principal  forms  of  roof  used  in  oovoring  simple  rectan- 
Eular  buildings,  but  they  require  Ihauy  modifications  to  suit  irregu- 
larities of  shape  or  combinations  of  rectangular  forms.  Thus,  in  figt.  5 
and  6,  wliich  represent  the  junction  of  diSerent  roofs  or  portions  of 


roofing  at  right  angles  with  each  oth^r,  the  lines  aaa  indicate  vaUeyt, 
or  the  junction  of  two  planes  in  such  a  manner  as  to  form  hollows  the 
reverse  of  hips.    When  .two  faces  of  a  roof  join  so  as  to  form  an  angle 


similar  to  a  valley,  but  in  a  horizontal  instead  of  an  inclined  position, 
the  term  gutter  is  applied  instead  of  valley. 

A  further  distiABtion,  which  it  may  be  Well  to  mention  before 
entering  upon  the  details  of  construction,  is  that  between  roofs  with 
dripping  eaves,  and  those  in  which  the  wa^r  is  collected  in  gutters. 
In  the  former  case  the  roof  projects  several  inches,  or  even  feet,  beyond 
the  walls,  and  the  water  running  from  the  roof  either  drops  at  once  on 
the  ground,  or  is  collected  in  troughs  fixed  under  the  margin  of.  the 
eaves,  and  conducted  by  them  to  descending  pipes.  This  arrangement 
has  a  clumsy  appearance,  and  is  perhaps  tlnnecessary  where  a  sufficient 
projection  is  given  to  the  eaves,  though  it  is  essential  to  the  dryness  of 
the  walls  when  they  are  of  the  dlmiuutive  size  often  adopted  by 
modem  builders.  In  gutter  roofs  the  timbers  do  not  extend  to  the 
outside  of  the  walls,  which  are  carried  up  as  parapets,  of  a  reduced 
thickueas,  to  such  a  height  as  to  conceal  the  roof  either  wholly  or 
partially.  The  gutters,  which  are  troughs  of  wood  covered  with  lead 
or  other  metal,  are  laid  at  the  bottom  of  the  slopes,  just  within  tiio 
parapets,  and  have  a  gentle  inclination  (usually  about  an  inch  in  ten 
feet),  to  ciuso  water  to  run  freely  towards  the  pipes.  In  extensive 
roofs  it  is  well  to  use  two  or  more  falls  instead  of  one,  that  the 
elevated  end  of  the  gutter  may  cover  as  little  of  the  roof  as  need  be. 
Similar  troughs  arc  often  used  in  the  valleys.  Qutten  are  generally 
made  wide  enough  for  a  man  to  walk  along  them,  and  should  }>e  suffi- 
ciently capacious  to  avoid  all  risk  of  overflowing  during  a  sadden 
heavy  fall  of  rain. 

The  degree  of  slope  given  to  the  inclined  faces  of  a  roof  varies 
according  to  the  covering  material  employed,  as  well  as  to  the  dimate. 
The  ancient  Grecian  temples  bad  very  low,  or  pediment  roofs,  varying 
from  about  12°  to  about  16°,  the  height  being  from  one-ninth  to  one- 
seventJi  of  the  span.  In  Roman  buildings  the  inclination  is  somewhat 
greater,  being  usually  23°  or  24°,  or  from  one-fifth  to  two-nintba  of 
the  span.  The  general  introduction  of  the  pointed  style  of  architec- 
ture led  to  the  use  of  very  high-pitched  loofs,  a  very  common 
proportion  being  that  in  which  the  length  of  the  rafters  is  the  same  aa 
the  span,  so  that  they  formed  an  equilateral  triangle.  In  oomparatively 
modern  domestic  architecture  in  this  country,  it  has  been  considered 
desirable  for  the  length  of  the  rafters  to  be  three-fourths  that  of  the 
span,  and  an  angle  of  45°  is  still  considered  by  soma  to  be  tite  beat 
pitch  when  plain  tiles  are  used.  Aa  builders  can,  in  the  present  day, 
obtain  excellent  covering  materials,  the  pitch  may  be  mado  of  any 
required  degree,  down  to  the  low  Qrecian  pediment,  andi  it  therefore 
depends  on  the  style  of  architecture  and  the  taate  of  the  builder ;  the 
moat  common  height  bding  from  one-fourth  to  one-third  of  the  span. 
High  roofs  discharge  rain  the  most  rapidly,  and  do  not  retain  snow  so 
much  aa  those  of  low  pitch ;  but  where  they  have  gutters  tiiey  are 
liable  to  become  choked  by  snow  sliding  into  them,  and  to  overflow 
from  water  running  into  them  foster  than  the  pipes  can  convey  it 
away.  Steep  roofs  may  be  covered  with  small  slates,  and  are  leas 
likely  to  be  stripped  by  violent  winds.  Low  roofs,  in  consequence  of 
their  superior  lightness,  are  less  expensive,  the  timbers  not  only  being 
shArter,  but  of  proportionately  smaller  scantling,  and  they  press  leaf 
injuriously  on  the  walls.  The  following  table,  extracted  from  Tied- 
gold's  '  Elementary  Principles  of  Carpentry,'  shows  the  proper  angle 
for  roofs  covered  with  the  materials  specified  in  the  first  column, 
the  Inst  column  indicating  the  comparative  weight  of  each  kind  of 
covering : — 

Height  of  roor 
Inclination  to     In  part*  of 
tbo  liorixon. 


Covering, 


Copper  or  lead , 

» 

\     S» 

90 

Slatoi,  large 

•        • 

.  tr 

„     ordinary 

. 

.  26' 

SJ' 

Stone  alate  . 

.        , 

.  J0° 

41' 

Plain  lilca 

• 

.  29' 

41' 

Pan-tiloa 

,        , 

.  24° 

Thateb  of  straw, 

i«edi, 

or 

heath    .        . 

, 

.  4»° 

ttaerpau. 


Weight  upon  a 
■qnaro  of ' 
roofing.* 

(  copper    100 

(Icnil   .     700 

IU» 

900  to    900 

2SSa 

1780 

690 


In  describing  the  timber-work  of  an  ordinary  roof,  each  of  the 
planes  of  which  it  is  composed  may  be  considered  to  be  bounded  by  a 
frame,  the  parts  of  which  have  the  general  name  of  bordering  pieces. 
Those  which  join  the  wall  are  the  waU-pltUet ;  that  at  the  "meeting  of 
two  faces,  paiiUlel  to  the  wall-plates,  is  the  ridge-piece  ;  and  the  inclined 
bars  extending  from  the  wall-plates  to  the  ridge-piece  are  rofien,  those 
which  form  the  salient  angles  in  hipped  roo&  being  distinguished  as 
hip'Tafltr$.  The  support  necessary  for  the  external  covering  is  given 
by  s  series  of  rafters  or  inclined  bars,  extending  from  the  wall-piates 
to  the  ridge-piece,  and  placed  parallel  with  each  other  at  equal 
distances.  In  a  hipped  roof,  the  rafters  near  the  ends,  being  parallel 
with  the  others,  are  necuasarily  diminished  in  length,  extending  from 
the  wall-plate  to  the  hip-rafter  instead  of  the  ridge-pieoe.  All  such 
pieces,  being  shorter  than  the  length  between  the  wall-plate  and  the 
ridge-piece,  are  called  jack  rtfiart. 

It  is  not  usual  to  vary  the  scantling,  or  transveiae  dimensions  of 
rafters,  in  any  considerable  degree,  on  account  of  their  various  lengths; 
nearly  the  same  scantling  being  used  in  all  buildiugSrand  the  required 

*  A  (foai*  of  roofing  oootaina  100  squora  feet. 
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strength  being  obtained  by  introducing  intermediate  supports  between 
the  wall-plates  and  ridge-piece  where  Uie  size  of  the  roof  renders  such 
necesgary.  Tbis  addilional  support  is  supplied  by  horizontal  rectangular 
bars  ca-Ued  jr.urliiu,  placed  under  the  rafters  in  such  a  manner  as  to 
divide  their  length  into  two  or  more  equal  parts,  the  ends  of  the  pur- 
lins being  fixed  to  the  sides  of  the  bordering  frame.  Like  the  rafters, 
the  purlins  are  not  much  varied  in  thickness  according  to  the  strain 
ujwn  them,  but  they  ore  in  turn  supported  by  a  series  of  bars  placed 
equidistant  from  each  other,  and  piuallel  with  the  rafters,  but  with 
their  upper  face  in  the  same  plane  as  the  lower  face  of  the  purlins. 
These  are  colled  principal  raften,  or,  for  brevity,  principals,  to  distin- 
guish them  from  the  first  described,  or  common  raften.  Where  it  is 
desirable  to  save  room  by  reducing  the  thickness  of  a  roof,  the  purlins 
may,  as  shown  in  ^.  IS,  be  notches)  into  the  principals  and  common 
rafters,  but  this  practice  is  not  to  be  recommended,  as  it  weakens  the 


timbers.  \\'h€re  principals  are  used,  their  lower  ends  are  morticed  into 
the  ends  of  a  tie-beam,  which  stretdies  across  the  building,  and  rests 
upon  the  wall-plates.  This  beam  keeps  tho  lower  extremities  of  the 
principals  from  separating,  and  discharges  tho  weight  of  the  roof  on 
the  walls  in  a  vertical  direction,  relieving  them  entirely  from  the 
lateral  thrust  of  the  rafters.  The  triangular  frune  formed  by  the  two 
principals  and  a  tie-beam,  with  any  bars  it  may  comprise  for  additional 
strength,  is  called  a  truu,  and  such  frames  being  placed  at  regular 
intervals,  the  timber  work  between  any  two  of  them  is  called  a  bay  of 
roofing.  The  lower  extremities  of  the  common  rafters,  being  elevated 
by  tUs  arrangement  above  the  wall-plates,  are  supported  by  poU^ 
platei,  or  pieces  of  timber  parallel  to  the  wall-plates,  resting  on  the 
ends  of  the  tie-beams.  The  supporting  frame-work  altogether  is  called 
a  earcoft-roof. 
Fig.  7,  which  represents  a  small  cu-cass-roof  supported  by  four 


truaaes,  and  having  one  purlin  only  between  the  wall-plate  and  ridge- 
piece,  may  assist  the  reader  in  comprehending  the  an-ongement  of 
the  ports  enumerated;  and  their  names  will  be  found  more  dis- 
tinctly by  referring  to  the  representation  of  a  more  complicated  truss 
tik  fig.  11. 

In  fig.  7,  the  common  rafters  are  represented  on  one  half  of  the 
roof  only,  that  the  trusses  may  be  more  distinctly  seen ;  and  the  end 
walls  are  omitted  for  the  same  reason. 

The  proper  construction  of  the  trusses  of  a  roof,  with  reference  to 
the  siise  of  the  building,  and  the  weight  of  the  covering,  is  a  matter 
requiring  much  scientific  knowledge.  For  the  want  of  this  it  is  not 
unasual  to  encumber  trusses  with  much  more  timber  than  is  necessary 
or  useful :  and  the  disaHvontage  of  this  is  not  confined  to  the  increased 
weight  and  cost  of  the  roof,  as  superabundant  timbers  frequently 
occasion  injurious  strains,  and  the  increased  number  of  joints  adds  to 
the  risk  of  derangement  by  the  shrinking  and  warping  common  to  all 
timber  constructions.  The  general  piinoiples  to  be  acted  upon  may 
be  illustrated  by  a  few  diagrams ;  but  in  the  limited  space  devoted  to 
this  article  no  attempt  can  be  made  to  describe  all  the  modifications 
required  by  the  ever- varying  forma  uf  buildings;  in  the  design  of 
which  it  is  too  oonunon,  instead  of  assigning  its  due  importince  to  the 
roof,  to  treat  it  as  on  unsightly  feature,  to  be  concealed  as  much  as 
possible  from  view. 

^In  a  roof  formed  sa  shown  in  fy.  S,  consisting  simfdy  of  two  inclined 


planes  stmttiiw  on  the  walls,  it  is  evident  that  the  weight  of  the 
rafters  ab  and  o  e,  as  Well  as  that  of  the  covering  sustained  by  them, 
will  have  a  tendmey  to  thrust  out  the  walls.  This  tendency  ordinary 
walls  have  not  the  strength  to  resist,  and  therefore  jt  becomes  neces- 
sary to  odd  the  beam  a  e  (fg.  9),  which  by  receiving  the  outward  thrust 
of  the  rafters,  relieves  the  walls  of  lateral  strain.  If  the  tension  of  the 
tie-beam  a  e  be  snfflcient  to  resist  the  extending  force  of  the  rafters 
without  sensible  elongation,  the  only  efiect  that  such  a  roof  con  have 
npon  the  walls  is  a  vertical  pressure  on  each,  equal  to  half  its  weight ; 
and  it  cannot  fall  without  the  tie-beam,  which  acts  the  port  of  a  oord 
or  chain,  being  pulled  asunder,  or  the  rafters  beiiig  crushed.  If  the 
materials  were  perfectly  rigid,  no  additional  ports  would  be  required ; 
but  08  Aey  are  not  so  in  practice,  it  becomes  necessary,  when  the 
timbers  are  of  considerable  length,  to  provide  means  for  counteracting 
titeir  tendency  to  sinking,  or  tagging.  By  adding  a  bar  shaped  like  b  d 
{Jig.  10),  the  centre  of  the  tie-boom  may  be  suspended  from  tite  crown 
of  the  root    This  piece  is  called  a  king-pott,  but  the  name  is  perhaps 


not  a  good  one,  as,  though  it  iq>pears  liln  a  post  to  support  the  ridge 
or  crown  of  the  roof,  it  is  in  reality  a  tie,  supported  by  it,  and  sustain 


rig.U. 


ing,  instead  of  resting  upon,  the  Mntre  of  the  tie-beam. '  By  cutting 
the  king-post  out  of  a  piece  of  wood  of  larger  scantling  than  the  shaAk 
of  the  post  itself,  projections  of  the  shape  indicated  in  the  cirt  may  be 
formed  at  its  ends.  These  sre  colled  joggles,  and  those  at  the  upper 
end  form  a  wedge  between  the  heads  of  the  rafters,  like  the  keystone 
of  on  arch.  It  is  evident  that  a  weight  pressing  on  the  projeoting 
joggles  at  the  base  of  the  king-post  will  be  by  it  transmitted  to  the 
crown  of  the  roof.  These  therefore  form  fixed  points,  from  which 
support  may  be  obtained,  by  means  of  ilriUe  or  bract*,  e  and/,  fur  the 
centre  of  each  rafter.  Where  purlins  are  added,  they  rest  on  those 
points  of  the  principal  raftera  tiiat  are  thus  supported  by  struts,  as 
may  be  seen  by  reference  to  Jig.  7.  It  may  be  observed  that  this  tniss 
consists  of  two  pieces  (the  tie-beam  and  king-post)  in  a  state  of 
tension,  and  four  (the  two  loftefs  and  the  two  struts)  in  a  state  of 
compression ;  and  that  in  every  well-contrived  truss,  however  the 
number  of  Us  component  parts  may  be  increased,  every  bar  is  inono 
or  other  of  these  states.  Those  parts  which  are  in  a  state  of  tension, 
acting  merely  as  cords  to  bind  the  truss  together,  may  be  and  some- 
times are  formed  of  slender  rods  of  wrought-iron ;  but  the  others, 
needing  stiffiiees  as  well  as  cohesion,  require  bars  of  considerable  sub- 
stance, and  ore  therefore  mostly  formed  of  wood  or  cast-iron.  Some- 
times the  king-post  is  dispensed  with,  and  its  ofBce  performed  by  two 
similar  posts,  called  queen-potli,  at  equal  distances  n-om  the  centre  of 
the  truss.  In  order  to  keep  these  in  their  right  position,  a  short  hori- 
zontal beam,  called  a  collar-beam,  is  inserted  between  their  npper 
extremities,  and  another,  termed  o  ttraining  mil,  between  their  lower 
ends.  This  arrangement  is  explained  by/y.  II,  which  also  shows  the 
position  of  other  parts  of  a  truss.  One  aide  is  represented  as  a  gutter- 
roof,  and  the  other  with  eaves. 

The  auxiliary  or  cuthion  rafters,  m,  m,  are  pieces  occasionally  added, 
in  large  roob,  to  strengthen  the  ptinchMiIs ;  and  they,  with  the  collar- 
beam,  tx.,  form  a  complete  truss  wiuun  them.  The  trusses  of  trun- 
cated roofs  ore  formed  in  this  manner,  the  collar-beam  forming,  as  it 
were,  the  keystone  of  the  arch,  and  being  surmounted  by  a  camber-beam, 
the  upper  edge  of  which  is  formed  into  two  slightly  inclined  planes,  to 
give  the  necessary  slope  to  tho  lead  covering.    In  such  a  roof,  pieces 
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of  wood  reaemUkig  ridge-piooea  aro  inserted  at  the  angles  fonned  by 
the  meeting  of  the  nften  with  the  horizontal  bars  that  support  the 
flat 
J^l;.  12,  is  a  representation  of  a  very  simple  trusa,  from  Nichdson's 


'  Carpenter  and  Joiner's  Companion/whieh  illustrates  the  use  of  nlender 
king-poets  and  queen-posts  of  wroug^t-iron,  and  shows  how  the  stress 
of  every  nut  of  the  roof  may  be  brau^t  to  bear  on  the  ridge.  Tha 
lower  ends  of  the  struts  rest  in  stirrups  attached  to  the  rertical  rods 


•  1^  WalUidatesi   ),  Tie-beam;  ««,  Principal  nfters ;  4  <i 4 d,  Purlins ;  ««,  Pole-plates;  //,  Conunon  rafters;  «,  Kinc-post ; 
A,  OonarJKsm;  <  <,  Qnecn-posts ;  *,  Btrainliic-siU;  i  ,   Stmts  or  tesces;  ■■  m,  Auzillar;  nftcn ;  a,  Bidfe-plce*. 


and  the  weight  bearing  on  the  strut  a  is  imparted,  through  h  and  c,  to 
the  king-post.    The  tie-beam  is  suspended  by  bolts  from  each  of  the 
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vertical  rods,  and  the  ends  of  the  rafters  are  secured  to  the  tie-beam 
by  iron  straps  passing  round  them,  and  bolted  to  the  beam  at  d,  if . 
Trutaes  on  tlie  same  principle  may  be  mnde  of  timber  only. 

In  curb  roofs  the  upper  rows  of  rafters  are  called  aah-raflert,  and 
the  horizontal  bsn  that  receive  the  upper  ends  of  the  lower  rafters, 
and  the  feet  of  the  curb-rafters,  are  known  as  cwrb-plata.  The  proper' 
position  of  equilibrium  for  the  rafters  of  a  curb-roof  may  be  ascertained 
by  ve>7  simple  means,  within  the  reach  of  persons  not  possessed  of 
sufficient  mathematical  knowledge  for  determining  it  by  calculation. 
If  the  rafters  are  to  be  equally  loaded,  as  in  a  roof  entirely  covered 
with  one  materia],  this  position  will  be  exactly  the  revene  of  that 
which  they  would  take  by  gravity,  were  they  suspended  in  a  chain  or 
festoon,  the  joints  being  flexible.  If  they  luv  framed  together  in  this 
position  of  equilibrium,  they  will  balance  each  other  like  the  stones  of 
an  arch ;  and  the  tie-beuns,  posts,  and  braces  will  have  no  other  office 
to  perform  than  that  of  resisting  such  irregular  strains  as  might  tend 
to  alter  their  arrangement,  "nie  rafters  uins  suspended  would  fall 
into  the  position  abcde,  jig.  IS,  a  line  drawn  through  the  angles  being 
a  catenarian  curve ;  and  a'V  <fd'  i,  in  the  same  flgnre,  represents  the 
corresponding  position  in  which  they  should  be  placed  in  an  equally 
loaded  root    If  the  raften  6'c'  and  etf  are  to  bear  a  greater  weight 


than  a'  V  and  (f  (',  they  wiH,  if  proportioniUely  loaded  when  suspended 
in  a  curve,  faJl  in  auch  a  way  as  to  increase  the  angles  ahe  and  tdt, 
and  diminish  i  e  if ,  thereby  mdicating  their  proper  poeitian  in  the  roof. 
VHien  the  roof  is  to  be  loaded  unequally,  and  more  on  one  side  of  the 
ridge  than  the  other,  aa  it  would  be  if  &'  c'  were  to  be  covered  with 
lead,  and  the  other  planes  with  slates,  a  oorTesposiding  weight  added 
to  the  eentis  of  gravity  of  &  c  will  cause  the  bars  to  anange  themselves 
asaiedr,.%,ll,  the  angles  of  which,  being  tnasferrad  to  the  roof, 
pv«  the  posititm  of  equilibrimn  a'U^d!^.  Thia  practical  method  of 
finding  the  proper  angles  of  a  curb-roof  may  be  applied  under  all  cir- 
dmHtences^  the  dimwisions  of  the  experimental  bars  being  propor- 
tioasta  to  those  of  the  rafters,  and  Uuii  centres  of  gravity  being 
ksded  according  to  the  pRssure  to  be  sustained  by  each  plane  of  the 
toof.  llie  great  advantage  of  cnib-roo&  consista  in  the  spaoe  they 
aSord  for  chambers  in  the  roof,  such  chamben  being  lighted  by  dormer 
windows  in  the  lower  inclined  bees.     MTben  the  trusses  of  the  roof 


form  psrtitions  between  the  bed-rooms,  their  posts  and  braces  are  so 
srranged  as  to  leave  one  or  more  doorways  for  omnmunication  between 
them. 

In  roofs  of  very  large  span  it  is  often  desirabls,  in  order  to  avoid 
running  up  to  a  grat  height,  to  form  two  or  more  ridges.  When 
intermediate  support  can  be  obtained  from  partition  walls,  such  con- 
structions may  be  regarded  as  combinaticns  of  two  or  more  distinct 
roof)  placed  side  by  aide.    Fig.  15  is  an  example  of  a  roof  of  IsrgB 


span  without  any  intermediate  support,  and  having  a  large  available 
space  between  the  tie  and  collar  beams.  It  ropreaenta  the  form  of  the 
tmaes,  which  were  placed  fifteen  feet  apart,  of  a  roof  of  eigjity  feet 
qian,  erected  over  Drury-Lane  Theatre  in  179S. 

It  is  sometimes  neeessaiy,  in  order  to  obtain  additional  hdght  inside 
a  building,  to  raise  the  tie-beam  above  the  level  of  the  top  of  the  walla. 
In  small  spans  thia  may  be  done  by  the  simple  arrangement  called  the 
tarpaUa't  hoaxl  (a,  fg.  16),  in  which  a  firm  union  is  effected  between 
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the  beam  and  the  raften  wiUiont  tha  use  ot  nails  or  pini.  Such  a  roof 
can  only  press  injuriously  on  the  walls  by  the  raften  «i"lf«ng  into  a 
concave  f nm,  which  however  their  lower  ends  are  very  liabk  to  do. 
In  such  a  case  additional  straigth  may  be  obtained  Taj  inserting  a 
longitudinal  truss,  as  in  B,  Jtg.  IS,  where  c  represents  the  end  of  the 
truss,  which  should  be  firmly  built  into  the  gables :  d  and  e  are  side 
views  of  two  longitudinal  trusses  suitable  for  such  a  situation,  the  first 
being  stiffened  t^  an  arch  of  iron  notched  into  the  short  vertical 
pieces,  and  the  second  formed  of  timber  only.  RimiUr  trusses  are 
occasionally  introduced  under  the  purlins.  Boob  without  ties  may  be 
greatiy  stivngthened  by  the  use  of  parabolic  curves  of  iron,  notched 
into  the  imften  of  ea^  inclined  bee,  and  abutting  on  the  wall-plates, 
which  in  snch  a  case  are  firmly  bolted  togetho'.  The  timben  of  inich 
a  roof  may  be  framed  together  in  planes,  each  having  a  distinct  ridge- 
piece,  and  the  ridges  being  screwed  or  otherwise  firmly  connected 
together.  The  curves  may  be  cast  in  short  segments,  aa  they  are  com- 
passed when  in  use,  it  being  merely  necessary  to  provide  that  the 
joints  should  always  abut  on  a  rafter.  Tredgold,  in  his '  Elementary 
Principles  of  Carpentry,'  recommends  the  use  of  similar  curves,  of 
either  wood  or  iron,  in  the  trusses  of  an  ordinary  roo^  by  which  the 
derangement  often  arising  from  the  shrinking  of  the  king-poats  and 
queen-posts  may  be  avoided.  In  tiiis  case  the  curves  take  the  place 
of  the  principal  rafters,  and,  if  made  of  wood,  may  be  constructed  of 


Digitized  by 


Google 


u» 


ROOF, 


ROOF. 


IM 


■hort  straight  piece«,  arranged  as  shown  in  fig.  17,  and  hold  together 
by  bolts  or  Trooden  keys.     When  curved  timber  can  be  obtained  it  is 


to  be  preferred,  as  it  reduoes  the  number  of  joints.  For  small  roofs 
timb«ti  may  be  bent  into  the  required  form,  as  it  is  found  that  a  piece 
of  wood  the  thicicness  of  which  does  not  ez<»ed  ijgth  part  of  its  length, 
may  be  bent  into  a  curve  rising  one-eighth  of  its  span  without  impairing 
its  elasticity.  Two  such  pieces  may  be  laid  together,  and  bent  by 
twisting  a  rope  attached  to  their  ends,  as  is  done  in  tightening  the 
frame  of  a  bow  or  pit  saw;  and,  being  bolted  together  while  curved, 
they  will  spring  back  but  little  when  the  rope  is  relaxed.  Another 
mode  of  forming  such  a  rib  is  to  take  a  piece  of  wood  whose  thickness 
is  about  one-sixtieth  of  its  length,  and  cut  along  the  middle  %rith 
a  thin  saw  from  each  end,  leaving  about  eight  feet  in  the  centre  solid. 
The  beam  may  then, be  bent,  and  bolted  or  pinned  together  as  before 
described.  In  either  case  the  rib  should  be  bent  about  one-fourth 
more  than  it  is  intended  to  remain,  to  allow  for  springing  back,  A 
parabolic  curve  is  the  form  most  recommended ;  but  a  circular  arc, 
rising  half  the  height  of  the  roof,  will  answer  the  purpose.    Fig.  18 


leprosents  the  truss  of  a  truncated  roof  strengthened  by  a  curved  rib, 
the  suspended  pieces  being,  when  the  rib  is  formed  in  the  manner  first 
described,  placed  at  each  joint,  and  each  consisting  of  two  pieces,  one 
on  each  side  of  the  rib,  notched  to  it  and  the  beiun,  and  fastened  by 
bolts  and  straps. 

One  of  the  advantages  of  this  mode  of  construction  is  that  tiie  tie- 
beams  may  be  suspended  from  any  number  of  points,  which  is  im- 
portant in  lai-ge  spans,  where  the  beams  have  to  be  formed  of  several 
pieces  scarfed  together.  [Scarfiko.]  Diagonal  bmces,  though  un- 
necessary with  parabolic  curves,  may  be  addbd  to  meet  accidental 
strains,  as  shown  by  the  dotted  lines  in  the  cut.  T^  principle  of 
construction,  with  an  arc  composed  of  several  pieces  of  timber,  was 
followed  in  one  of  the  largest  roob  ever  built — that  erected  in  1791 
over  a  riding-house  at  Moscow.  The  span  of  this  roof,  which  has  been 
S2ud  tor  be  the  most  extensive  wooden  roof  in  the  world,  is  stated  by 
Tredgold  at  285  feet,  the  dope  being  about  19°,  and  the  external 
dimensions  of  the  building  1920  by  810  feet.  He  states  that  it  kid 
sunk  so  much  that  it  was  proposed  to  add  a  second  curve  for  additional 
strength. 

A  simple  and  economical  roof,  invented  by  Mr.  A.  H.  Holdsworth, 
and  rewarded  by  the  Society  of  Arts  in  1820,  is  supported  by  curved 
ribs  of  timber  applied  in  a  different  manner.  A  detailed  description  is 
given  in  the  38tb  volume  of  the  Society's  '  Transactions ; '  but  fig.  19 
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posts  by  means  of  straps,  so  arranged  as  to  allow  the  beam  to  be  keyed 
up  to  its  true  position  in  case  of  the  roof  sinking.  When  this  is  not 
the  cose,  the  ties  are  sometimes  drawn  up  into  a  slightly  convex  or 
cambered  form,  to  meet  the  same  contingency.  Height  may  be  gained 
inside  a  building  by  disposing  the  timbers  as  in  /gr.  20,  the  want  of  a 


Fig.  SO. 


continuous  tie-beam  being  compensated  for  by  on  iron  stnp  to  unit* 
the  ties  to  the  bottom  of  the  kinjg-post  at  a ;  but  it  is  evident  that  the 
safety  of  the  plan  must  depend  wholly  on  the  straps,  whjoh  alone 
counteract  the  outward  thrust  of  the  rafters. 

In  roofing  a  church  with  a  nave  and  side  aisles,  the  continuity  of 
the  tie-beams  may  be  dispensed  with,  intermediate  support  being 
obtained  from  columns.  It  is  however  necessary  to  guard  carefully 
against  any  lateral  strain  to  the  columns. 

Many  of  thehigh-pitched  roofs  of  old  Qothic  churches  and  halls  are 
very  ingei^iously  contrived,  but  they  often  throw  great  pressure  on  the 
walls,  owing  to  the  absence  or  elevated  position  of  the  ties ;  thereby 
rendering  very  solid  walls  and  buttresses  necessary.  The  Norman  roof 
is  an  ingenious  but  oompUcatad  contrivance  for  the  construction  of 
roofs  of  large  span  mth  small  pieces  of  wood.    Pig.  21  shows  this 


will  sufildently  explain  the  principle  of  its  construction :  a  Is  a  beam 
serving  as  a  tie-beiun,  and  also  to  support  the  upper  floor  of  the  build- 
ing; bbtae  curved  ribs,  formed  in  a  similar  manner  to  those  just 
described,  the  lower  ends  of  which  are  firmly  secured  to  the  tie-beam 
o.  The  principal  rafters  rest  on  these  ribs,  and  their  lower  ends  bear 
upon  short  timbers  resting  on  the  walls,  these  pieces  being  fastened  by 
strong  iron  straps  to  the  curved  ribs,  to  counteract  the  outw.vd  thrust 
of  the  rafters.  By  this  arrangement  the  whole  of  the  interior  of  the 
roof ,  which  is  usually  encumbered  with  king-posts,  queen-posts,  braces, 
4o,,  is  rendered  available  for  useful  purposes,  in  addition  to  which  it 
effects  a  consideiuble  Sftving  of  timber. 

Wrought-iron  straps  of  various  forms  are  very  useful,  when  judi- 
uiously  applied,  in  strengthening  the  joints  of  a  roof.  They  should 
be  fixed  with  regard  to  the  unavoidable  tendency  of  the  timbers  to 
shrinking,  so  that  while  they  may,  in  some  cnses,  counteract  or  lessen 
its  effect,  they  may  so  far  yield  to  it  as  to  prevent  a  strain  which 
should  come  upon  a  timber,  being  entirely  thrown,  by  its  alteration  of 
form,  upon  the  strap.    Tie-beams  are  often  suspended  to  the  trussing- 


arrangement,  in  which  all  the  rafters  abut  on  joggled  king-posts,  of 
which  there  are  several,  their  relative  position  being  maintained  by 
diagonal  braces.  The  Umbers  of  this  kind  of  roof  are  often  left  visible, 
being  so  carved  as  to  have  an  ornamental  effect  Such  a  roof  may  be 
made  to  exert  very  little  injurious  pressure  on  the  wojls. 

When  tiie  space  covered  in  is  of  an  irregular  shape,  it  is  best  to 
arrange  the  inclined  planes  of  the  roof  in  a  similar  manner  to  those  of 
a  rectangular  building,  leaving  a  level  platf6rm  in  the  centre,  corre- 
sponding to  the  plan  of  the  inclosed  space.  Where  the  space  covered 
is  circular,  elliptical,  or  polygonal,  although  the  construction  of  the 
roof  may  appear  more  complicated  to  the  eye,  it  is,  in  fact,  simpler  and 
easier  than  that  of  a  quadrangular  building,  the  strain  of  the  roof  being 
more  equally  distributed.  The  nearer  a  roof  approaches  to  a  drcle  in 
plan,  the  stronger  it  will  be,  the  parts  deriving  that  mutual  support 
from  each  other  which  forms  the  distint^ishing  character  of  the  aom& 
Domes  of  wood,  of  great  size,  have  been  made  without  trusnng,  simply 
by  forming  the  timbers  into  curved  ribs  abutting  on  the  wall-plates, 
which  then  form  a  circle,  and  are  kept  in  their  proper  positions  by  hori- 
zontal circles  framed  with  them  at  intervals.  As  the  ribs  approach 
the  upper  part  of  the  dome,  the  intervals  between  them  diminish  in 
width,  to  allow  for  which  every  second  or  third  rib  is  discontinued  at 
intwals,  tite  ends  of  the  ribs  thus  discontinued  being  recmved  by  the 
horisontal  circles,  which  may  be  compared  to  mu-lins,  the  ribs  taking 
the  dax»  of  rafters.  The  wooden  dome  formerly  existing;  at  the  Halle 
aux  Bl^s,  at  Paris,  was  a  remarkably  bold  example  of  this  kind,  being 
200  feet  in  diameter,  and  having  a  large  opening  in  the  centre.  It  was 
built  at  the  suggestion  of  M.  Moulineau,  and,  having  been  destroyed 
by  fire,  has  been  replaced  by  a  similar  structure  of  iron,  but  of  smaller 
dimensims. 

When  the  roof  approaches  the  circular  form,  but  not  sufficientiy  to 
have  the  character  of  a  dome,  it  may  be  considered  as  consisting  of 
several  trusses  resembling  those  of  SD  ordinary  roof,  but  so  contrived 


as  to  intersect  each  other  in  the  centre ;  the  king-post  being  common 
to  all  the  trusses.     Fig.  22,  representing  a  design  for  a  polygonal  roof. 
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from  NioholcoD,  nutjr  illustrata  this,  and  exemplify  also  acme  of  the 
applicationa  of  iron  atrapa :  a  shows  the  funn  of  the  sti-up  by  which  the 
ties  are  secured  to  the  aicg-post ;  the  post  having  as  many  faces,  and 
the  strap  as  many  arms,  as  there  are  trusses  in  the  roof. 

Though  the  number  of  contrivances  for  the  construction  of  roofs  is 
very  great,  as  may  be  seen  by  reference  to  vaAous  works  on  carpentry, 
allusion  can.  here  be  made  to 'only  one  or  two  others.  An  admirably 
aimple  plan  lor  making  a  very  flat  roof  ia  described  in  the  37th  volume 
of  the '  Transactions '  of  the  Society  of  Aits,  in  a  commimication  from 
the  inventor,  Mr.  Smart.  The  beams  or  rafters  are  cut,  witU  a  circular 
aaw,  as  shown  at  a,  Jig.  23,  while  b  represents  thefa*  form  when  in  use. 
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^  wedge  b«ing  inserted  between  fha  ends  of  the  parts  that  are  elevated 
into  a  sloping  position.  Theee  may  be  raised  to  an  angle  of  10°  or 
12%  and  will  bear  a  great  weight,  as  they  cannot  be  depremed  wlthotit 
thmiting  off  the  eD&  of  the  beam,  or  breaking  the  lower  part  of  it  by 
tension.  This  Is  called,  by  the  inventor,  the  bote  and  string  rafter,  and 
was  used  by  Mm  to  support  a  roof  at  the  Ordnance  'Wharf,  Wert- 
minster  Bridge.  Strong  laths  were  nailed  upon  the  rafters,  and  ofi  these 
a  platform  of  bricks  was  laid  in  cement,  the  whole  being  oorered  wHh 
tiles  also  bedded  and  pointed  with  cement,  and  twice  coated  with  hot 
linseed-oiL  The  cost  of  this  roof  is  stated  to  be  not  more  than  half 
that  of  lead. 

About  thirty  yean  since  Colonel  Emy,  of  the  French  Gdnie 
Kilitaire,  ap]^ed,  on  a  large  scale,  the  system  of  bending  thin  plonks 
into  arched  ribs  to  support  the  rafters  of  roofs  of  considerable  span, 
erected  over  riding  schools  and  building  slips,  &c. ;  and  the  system  has 
also  been  applied  m  the  construction  of  timber  bridges  for  ritilways, 
with  clear  openings  even  of  133  feet.  For  the  lattef  purpose  the 
htminMed  timber  arches  have  failed,  on  account  of  the  entrance  of 
moisture  between  the  separate  lamina),  and  the  consequent  rotting  of 
the  beams ;  but  in  roofs,  or  in  other  positions  where  the  arches  are 
not  expoeed  to  oeoasional  efforts  of  a  nature  ta  cause  the  lamina)  to 
open,  the  beams  do  not  rot,  and  there  seem  to  be  decided  economical 
advantages  in  the  application  of  Colonel  Emy's  system.  It  has  been 
introdu^d  in  the  Qreat  Northern  liailway  Station  in  London,  and  in  the 
station  of  the  Baden  Railway,  at  Freiburg,  with  great  success ;  in  both 
eimet,  the  qians  are  not  lees  than  100  feet ;  the  riding  schools  built  by 


Colonel  Kmy,  generally  speaking,  had  a  spah  of  about  60  feet.    A 
sketch  of  one  of  them  is  appended  {/Sg.  21)  and  a  description  of  the 


Fig.  tif^VMSng  SchooT  of  Maroe. 

mode  of  pattSng  tlie  principals  together  is  to  be-  fotnid  ih  Emy's  very 
valuable  'Trarte  de  la  Charoenterie.' 

Colonel  Aidant,  also  of  the  French  Qdnie,  has  howevear  pnUidied  a 


flf.  !S.— Ardast's  Botft 

work  under  the  title  of '  fitudes  sur  les  Charpentes  h  grand*  port^e,'  in 
which  he  shows  that  these  bent  timber  princijals  are  not  so  advan- 
tageous, or  so  strong,  as  built  beams  of  a  polygonal  form,  of  square 
timber,  properly  framed,  and  bolted  together.  The  great  objection  to 
the  tise  of  the  bent  timber  ribs  was  considered  by  Colonel  Ardont  to 
lie  in  their  tendency  to  resume  the  straight  line,  or,  in  other  worda, 
this  elasticity  of  the  lamina)  gave  rise  to  a  consideroble  force  which 


nt.  M.— Koof  of  ilie  Biding  Scboet,  UcU. 

tokled  to  thrust  out  the  side  walls;  and  in  fact  this  danger  trea 
actually  found  to  exist  at  the  Qreat  Northern  Railway  Stetion,  bocdon, 
to  so  great  an  extent  as  nearly  to  lead  to  the  overthrow  of  the  whole 
shed.  It  would,  however,  be  easy  at  any  time  to  counteract  the 
thrust  of  a  principal  of  this  description,  and  the  bent  timber  ribs  are 
no  doubt  very  convenient  and  economical  in  many  positions.  Local 
considerations,  therefore,  ought  alone  to  determine  the  selecticm  of 
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Mtbar  Emr,  Aidtnt,  or  Philibert  de  rOrma's  syalenu  of  ezecating  lug* 
timbar  toon  without  ti»-beairuk  In  the  main,  they  are  all  founded  on 
the  woe  priiioip]«-'th«t  of  introduoing  a  rigid  beam  for  the  purpou 
al  nipiiortiiig  toe  prinoipal  rafter ;  the  diffinfenoe*  oooaist  in  the  man- 


ner in  which  the  physical  propartiea  of  the  wood  sr»  broudit  into 
action.  In  Emy'g  beam  the  eloatioity  of  the  bent  planks  ia  the  gnat 
element  of  redatance ;  in  Ardant  and  de  I'Qrme's  prindpals,  the  wood 
reaiate  mainly  afibrta  of  compreaaion. 


Hgw  IT.— Mew  Mtact  Biatlan,  Btrminifaaiu. 


nc.  18.— Uoa  Stiaat  BtatioD,  Urapori. 


tl$,  St.— TtmiBiu  of  KtMboDig  SaQwtigr,  Psrii. 


vig.  lO. — Tennlniu  of  Konen  RaUva^,  railx. 


>l«. ».— EntrepAt  daa  Mania,  Parla. 


Borne  Ulostntioiia  are  ^>panded  al  the  moat  remarkable  wrooght. 
iron  roob  executed  of  late  years,  minoipally  to  meat  the  requiremanta 
of  the  railway  oommunioationa.  They  are,  in  their  iBact,  light  and 
eleguit,  eren  though  oostly ;  and  it  ia  preiuady  on  acocont  of  these 
artutio  qualities,  and  of  tiis  danger  from  the  warping  of  oomplicated 
aaaembli^es  of  timber,  auch  aa  must  be  uaed  in  roofi  of  large  apon, 
that  the  preference  ia  generally  given  to  iron  over  wood  roofs  for. 
nilwsy  ahada,  wherein  ue  prinoipola  are  alwaya  exposed  to  view,  and 
to  the  direct  action  of  the  atmoaphere.  The  best  work  upon  the 
atrength  and  the  oonstruotion  nf  this  class  of  roofs  is  Horin'e, '  Lef  on* 
do  Xtonique  Pratique,'  vol.  iv.  An  important  remark  to  be  made 
with  reapeefc  to  these  iron  roob  ia  that  the  steam  and  smoke  itom  the 


locomotives  have  a  deleterioua  infloenoe  upon  them;  and  for  this 
reaaon  they  cannot  be  uaed  where  the  locomotivea  in  steam  are  likely 
to  remain  long  under,  them.  ,  „.  ,    ,         \^  ^    ,■,    ^      ^i. 

In  the  valuable  practical  works  of  Nicholson,  Tredgold,  &c.,  tha 
methods  of  calciUatisg  the  strength  necessaiv  in  the  various  parts  of  a 
roof  may  be  found ;  and  in  the  'Principles  of  Carpentry,'  by  the  latter 
author,  tables  ore  given  of  the  dimensions  suitable  for  different  spans. 
The  table  here  quoted  refers  to  a  roof  similar  to  ^.  7 ;  the  trusses 
bring  not  more  than  ten  feet  apart,  and  the  pitch  at  an  angle  of  about 
27°  with  the  horizon,  for  »  covering  of  slates.  The  scantlings  are 
suited  for  yellow  fir,  and  must  be  somewhat  increased  for  timber  <4 
inferior  quality- 
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Spui. 


Feet. 
30 

sa 

26 
S8 
30 


Tle-beun. 


Inches. 


x4 


10  x5 

11  xi 


X9 

x6 


KlBE.post. 


Inobe*. 
4xS 
5x3 
5X3} 
5X4 
6x4 
6X4) 


Principal 
Bafun. 


Incbca. 
4x4 
5x3 
5x3} 
5x4} 
6x3} 
6x4 


Inches. 
3}xS 
31x9} 
4  x2{ 


PnTllns. 


Inches, 

8  x4f 
81x5 
8tx5 
8}x5 
8}xS^ 

9  X5i 


Common 
Batters. 


Inches. 
3|x3 
3}x2 
4  x2 
4}«<2 
4(x2 
41x2 


/  For  the  strengUi  of  different  materials,  under  various  circumstances, 
the  reader  may  consult  Materials,  Strenoth  of.  As  a  general 
remark,  it  may  be  observed  that  oak,  'when  exposed  to  tension,  is 
weaker  tlian  fir,  and  is  therefore  lees  adapted  for  ties.  Being,  however, 
less  compressible,  it  is  usually  preferred  for  rafters,  straining  pieces, 
aod  struts;  but  Tredgold  observes  that  its  greater  tendency  to  warping 
in  summer  renders  it  less  fit  for  rafters  and  purlins  than  foreign  fir. 
Cast-iron  is  not  much  used  in  the  framing  of  wooden  roofs,  excepting 
for  shoes,  king-post  heads,  bolt-heads,  and  collars  at  the  f«et  of 
stmts  and  straining  pieces.  Wrouglit-iron  is  very  useful  for  straps  and 
fastenings,  and  also  for  ties  and  trussing-posts ;  but  care  is  always 
necessary  to  guard  against  imperfections,  which  are  more  likely  to  pass 
unobserved  than  in  wood.  AVherever  iron  is  applied,  provision  should 
be  made  for  its  expansion  and  contraction,  and  it  is  desirable  to 
protect  it  from  oxidation  by  painting.  Though  iron  is  far  stronger  for 
its  size  than  any  kind  of  timber,  it  is  neither  so  strong  nor  so  cheap  as 
yellow  fir,  vitight  for  weight,  provided  the  spans  of  the  roofs  are 
qioderate. 

The  joints  in  the  frame-work  of  a  timber  roof  are  of  various  kinds 
according  to  the  nature  of  the  strain  they  have  to  resist.  They  should 
be  formed  with  great  care,  and  with  due  regard  to  such  probable 
changes  of  form  as  all  constructions  of  timber  are  liable  to  from  shrink- 
ing and  warping.  CocHnr/  or  eoriging  is  the  name  given  to  that  kind  of 
joining  in  which  one  piece  of  timber,  in  a  state  of  tension,  is  so  attached 
to  another  that  it  cannot  be  drawn  away  without  one  piece  breaking. 
Pi-jt.  82  and  83  represent  two  methods  of  cocking  the  ends  of  tie- 


Fig.  32. 


Fig.  33. 


beams  on  the  wall-plates,  giving  »  plan  and  elevation  of  each. '  In 
both  figures  a  represents  the  beam,  and  6  the  wall-plate.  In  the  first  plan, 
which  was  formerly  much  practised,  the  contraction  of  the  dovetailed 
end  of  the  beam  would  allow  it  to  be  drawn  considerably  out  of  its 
place,  and  would  therefore  permit  the  walls  to  spread :  but  in  the 
second  the  amount  of  contraction  is  diminished,  owing  to  the  small 
width  of  the  rectangular  tongue  that  enters  the  tie-^m,  while  its 
position  is  such  as  to  prevent  the  b<»im  being  drawn  out  of  its  place 
beyond  the  actual  extent  of  the  contraction  of  the  tongue.  The 
shrinking  of  the  joggles  of  king-posts  and  queen-posts  is  often  produc- 
tive of  serious  derangement,  a  eircumst-uice  greatly  in  favour  of  the 
substitution  of  iron  for  wood  for  such  parts,  especially  in  large  roofs. 
This  inconvenience  is  sometimes  avoided  by  making  the  upper  ends  of 
the  principal  rafters  abut  immediately  upon  each  other,  as  repre- 
sented in  fg.  12.  A  similar  arrangement  is  made,  in  some  oases, 
where  wooden  kiD(;-poet«  are  used,  the  king-post  and  rafters  being 
strapped  together  with  iron.  The  sinking  of  a  roof,  particulariy  if  it 
be  of  low  pitch,  is  very  injurio\^  to  the  mortise-and- tenon  joints  of  the 
struts  and  rafters,  by  throwing  the  strain  on  the  shoulders  of  the 
tenons  in  such  a  way  as  to  break  ofif  the  tenons  or  splinter  the  wood. 
To  guard  against  such  injuries,  it  has  been  proposed  by  M.  Perronet,  a 
French  engineer,  instead  of  making  the  tenons  and  joggles  square,  to 
form  them  into  circular  arcs,  the  centres  being  at  the  opposite  end  of 
the  strut  or  rafter.  This  plan  appears  worthy  of  general  adoption,  as 
it  allows  the  joints  to  accommodate  themselres  to  clianges  of  form 
without  injury.  All  the'tirabera  of  a  roof  are  usually  fitted  nnd 
framed  together  on  the  ground,  and  taken  to  pieces  again  before  being 
ele^-ated  to  the  building. 

Allusion  has  been  made  in  a  previous  column  to  the  various  mate- 
rials used  for  the  covering  of  roofe,  with  reference  to  the  different 
degrees  of  inclination  suitable  for  them.  Thatched  roofs  have  been 
considered  by  some  to  maintain  the  most  equable  temperature  in  the 
buildings  covered  bv  them,  keeping  out  alike  the  extreme  heat  of 
summer  and  cold  of  winter.  They  are  objectionable  on  account  of 
their  harbouring  vermin,  being  easily  damaged  by  wind,  and  danger- 
ously combustible.  The  frequent  repairs  required  make  thatch  also 
an  expensive  material.  Besides  straw,  reeds  and  heath  are  sometimes 
used  for  thatching,  and  possess  the  advantage  of  greater  durability. 
TilM  admit  heat  and  moisture  more  than  good  slates.  Pantiles,  having 
no  holes  for  nailing  through,  are  simply  hung,  by  ledges,  upon  laths 


nailed  to  the  rafters.  Plain  tiles,  laid  in  mortar,  and  over-lapping,  so 
as  to  bo  of  double  thickness  everywhere,  make  a  very  good  though 
heavy  covering.  Tiles  of  a  peculiar  form,  called  Aip-ft7««,  are  used  for 
covering  salient  angles;  and  gviler-tiUt,  which  are  similar  to  them, 
but  placed  with  the  concave  side  upwards,  in  the  valleys  or  recedinf 
angles.  Slates  are  laid  in  various  ways.  They  are  sometimes  nailed 
down  on  a  close  boarding;  or,  if  large,  on  baUem,  or  pieces  of  wood 
from  two  and  a  half  to  three  inches  wide,  and  three-quarters  of  an 
inch  to  an  inch  thick,  which  are  nailed  to  the  raftera  at  intervals 
regulated  by  the  length  of  the  slates.  Losenge-shaped  slating  is 
occasionally  used,  and  has  an  ornamental  appearance,  but  is  easily 
injured,  as  there  is  but  one  noil  tnrough  each  slate.  It  is  always 
laid  on  boarding.  For  what  is  called  patent  slating  the  best  large 
slates  are  selected,  and  fixed  without  either  boarding  or  battening,  the 
common  rafter  being  placed  at  such  a  width  as  to  come  under  the 
joints.  The  slates  are  screwed  down,  the  courses  over-lapping  about 
two  inches.  The  meeting  joints  are  covered  by  fillets  of  slate  about 
three  inches  wide,  set  in  putty,  and  screwed  do^vn ;  and  the  hips 
and  ridges. are  sometimes  covOTed  in  the  same  manner,  thou^  it 
is  best  m  all  such  oases  to  use  lead.  Patent  slating,  when  well  executed, 
is  water-tight  with  as  low  a  slope  as  one  in  six.  In  some  districts 
laminse  of  stone  are  used  in  lieu  of  slates  or  tiles.  Shingles,  which  are 
like  slates,  but  made  of  wood,  were  formerly  much  used  in  covering 
pyramidal  steeples,  and  in  roo{s  of  steep  pitch.  They  are  still  used  in 
the  United  States,  and  are  usually  laid  on  boarding,  in  a  similar 
manner  to  common  slates. 

Sheets  of  metal  are  very  convenient  for  covering  domes,  and  curved 
or  angular  suriaces  generally ;  and  also  for  flat  roofs,  or  such  as  have 
too  little  slope  for  slating.  Lead  is  the  most  common  material  for 
such  purposes,  though  copper,  iron,  tinned  iron,  and  recently  zinc,  are 
also  used.  Lead  terraces  or  flats  are  commonly  laid  on  boarding  or 
plaster.  The  joints  are  sometimes  soldered,  but  the  most  approved 
method  is  to  roll  or  wrap  the  edges  into  each  other,  making  allowance 
for  expansion  and  contraction.  A  fall  of  a  quarter  of  an  inch  in  a  foot 
is  sufficient  for  surfaces  covered  with  sheet  metal. 

Cements  of  various  kinds  have  been  applied  to  the  formation  of 
roofs,  and  in  some  cases  with  success,  though  they  have  often  been 
found  to  crack,  and  thereby  become  permeable  to  water.  Mixtures  of 
tor  with  lime,  sand,  gravel,  sAhes,  &c.,  have  been  recommended ;  and 
asphalte  has  been  applied  to  this  purpose,  apparently  with  great 
advantage.  Compositions  of  tar,  resin,  and  similar  substances,  spread 
upon  sheets  of  coarse  paper,  have  also  been  used. 

(Nicholson,  Architectural  ZHclionary,  Practical  Builder,  &c,  &c. ; 
Tredgold,  Principla  of  Carpentry ;  Rokison,  Uechanical  Philoiophg  ; 
Rondelet,  FAH  de  bdUir.) 

BOOT.  The  mathematical  use  of  this  term  has  gradually  been 
extended,  until  it  may  be  defined  as  follows :  every  value  iJf  an 
unknown  quanti^  whidt  satisfies  a  given  equation  is  called  a  root  of 
that  equation.  Thus,  2, 1, 1  -I-  V(  — 8)  and  1— V(-3)  <"'s  the  roots, 
and  all  the  roots,  of  the  equation 

x'  =  5x>-l'ij:'+iex-8, 

since  they  are  the  only  algebraical  formuhc  and  arithmetical  numbers 
which  satisfy  it.  On  this  general  use  of  the  term  root,  see  Tat:oBT  or 
EquATiOKS  and  Involution. 

The  more  common  use  of  the  term  root  is  as  follows :  the  seventh 
root  of  8  is  the  incoramensiunble  fraction  whose  seventh  power  is  8,  or 
the  solution  of  the  equation  2^=8.  There  are  altogether  seven  such 
solutions,  one  only  arithmetical,  the  others  of  the  form  a  +  b'\/{  —  l) ; 
the  method  of  obtaining  the  arithmetical  solution  has  already  been 
discussed  in  the  article  Involution  ;  the  importance  of  the  Square 
Root  will  justify  its  consideration  in  an  article  apart.  We  reserve  for 
the  present  article  the  method  of  finding  and  using  any  root  (in  the 
common  sense)  of  any  algebraical  quantity. 

Every  algebraical  result  is  of  the  form  a+by/(—l)  at  widest,  or 
may  be  reduced  to  that  form.  Hero  a  and  b  are  meant  to  be  real 
algebraical  quantities,  that  is,  reducible  to  positive  or  negative  whole 
numbers  or  fractions,  commensurable  or  incommensurable.  Thus,  if 
6=0,  we  have  the  simple  real  quantity  a;  if  a =0,  we  have  the  simple 
impossible  quantity  6V(—1).  It  is  indifferent,  as  to  the  present  article, 
in  what  light  the  impossible  quantity  •/(— 1)  is  considered;  whether 
[Algebra]  upon  th&t  extended  system  of  definitions  which  makes 
it  explicable  and  rational,  or  upon  the  more  common  system  in  which  it 
is  used  without  such  explanation  :  for  we  are  now  merely  considering 
all  algebraic  formula)  as  results,  subject  to  certain  laws  by  which 
their  use  is  to  be  regulated,  and  witiiout  any  reference  to  inter- 
pretation. When  we  desire  to  consider  only  the  arithmetical  root  of 
an  arithmetical  quantity,  we  shall  use  the  symbols  i/,  \/,  {/,  &c.,  but 
the  exponential  fractions  \,  \,  \,  &c.,  will  denote  any  one  of  the  alge- 
braical roots  of  a  formula.  Thus  VI6  means  simply  4  ;  but  (16)t  is 
an  ambiguous  symbol  standing  for  either  •»■  4  or  —4.  And  when  we 
have  an  equation  which  presents  an  ambiguous  formula  equated  to 
an  unambiguous  one,  we  mean  that  the  tmambiguous  side  of  the 
equation  is  one  of  the  values  of  the  ambiguous  one :  in  this  sense 
(1)'  =  i(— 1  -I-  V(— 8)  )•  When  we  use  the  simple  arithmetical  symbol 
V  before  an  algebraical  quantity,  as  in  -v/(— 8),  we  merely  mean  to 
signify  that  the  two  values  of  (—8)*  are  distinguished  into  -I-  V(-  3) 
and  —  V(— 8). 
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Let  ua  now  take  a  quantity  of  the  form  a  +  &v'(— 1).  Ajstime 
r  COS  *>0,  r  im  0=6,  wUch  gives 

i 
r=  +  V(**+«^       tan«=-. 

Let  via  chooae  for  r,  which  is  called  the  modii^iu  of  the  ezpreesion, 
the  pontive  valiie  V^ +<>').  We  can  then  always  make  the  angle  0 
pre  the  equation       ' 

•+4  V(-l)=r  oca  »+r  ^  0  V(— 1) (1) 

identically  true.  It  a  and  b  be  both  positive,  0  must  lie  between  0 
and  a  li^t  angle,  or  between  0  and  ^r  [AkolbI  :  if  a  be  positive  and 
6  negative,  0  must  lie  between  {*  and  2* :  if  &  be  positive  and  a 
negative,  0  must  lie  between  4*  and  r  :  and  if  b«th  be  negative,  0  must 
lie  between  t  and  }*.    Thus  reducing  angles  to  degrees  and  minutes, 

2+8V(-l)=»V18{cos  68*19'+sin66"19'.  V(-l)} 
-2+8V(-l)=  V18{ooB  128'  «'+sin  128°  4lV(~l)} 

a_8V{-l)-  V18{««i  808*  41'+rin  808*  41V(-1)} 
-.2-8V(-l)- Vl8{eoa286°  18'+ sin  286*  19V(-1)} 

^easfally,  if  a  and  i  be  positive,  and  if,  returning  to  the  arciul  mode 
of  meaaming  anj^es,  0  be  that  angle  which  lies  between  0  and  4*  and 
haa  b:a  tor  its  tuigent,  we  must  use  8  for  a  +  ly/i  —  l),  r—9  for 
— a  +  6V(-l),  2»-0  for  a-b^/i—l),  and  »  +  0  for  —a—b^/(—l). 

Again,  aince  0-t-  2bt  haa  the  same  sine  and  cosine  as  0,  when  il;  is  any 
whole  number,  positive  or  negative,  if  we  take  0  so  as  to  satisfy  (1), 
we  find  that  the  following  is  alao  satisfied : 

a  +  JV(-l)="-{<»08  (0+2hr)  +  sin  (0  +  2fcr) .  V(-l)}  •■  •  •  (2) 

for  all  integer  values  of  I;  positive  or  negative,  but  for  no  ftno- 
tional  value  of  k  whatsoever.      This  'and  various  other  results  of 
common   trigonometiy  should   be  familiar   to   every  student  who 
attempts  the  present  subject. 
Conmion  multifdication  makes  it  obvious  that 

{co8«+dn«.  >/(—!)}  {coay  +  stay  V(-l)}•■O0•(»+y)  + 
Bin(^+Jf)  V(-l) 
for  all  real  values  of  x  and  y;  ao  that  if  we  represent  cos  o 
sin  c ,  V(— 1)  by  v  we  have  i|XX)jy=ij(a;+y).  Now  in  BiyOHlAL 
Tbeobsx  it  is  jnroved  that  this  equation  cannot  be  universally  true 
without  giving  as  a  consequence  {r)x)r  —  vinx),  for  all  valuea  of  n, 
whole  or  fractional,  positive  or  negative.    We  have  then 


{cos  x+sin  X  V(— l)}""=oos  nx  +  sin  itx  .  VC-l)  ■ 


.(8) 


an  equation  which  goes  by  the  name  of  De  Moivre's  Theorem.  It  is 
the  key  of  the  present  subject. 

Let  it  now  be  required  to  raise  the  nth  power  of  a +  b  ■%/(—!), 
n  being  integer  or  fiMtional,  positive  or  negative  :  this  includes  eveiy 
case  of  jaising  a  power,  exiiaoting  a  root,  performing  botii  operations, 
and  taking  ue  reciprocal  of  any  result.  Reduce  a  ■«■  i  V(~l)  to  its 
equivalent  form  n){0  +  iht),  or 

r  {cos  (0+2l»)  +  sin  (0+2far) .  V(-l)}, 

whence  {a  +  5V(  — 1)}"  5»  {nK« +  2*r)}*  or  r"i|(a0  +  2Mtv),  or 
{a+W(-l))" 

-r»{oos  (N0+2whr)-i-dn  (a0+2nfar)  .  V(-l)}. 

In  which  »*  is  found  by  purely  arithmetiod  operation,  and  cos  (n0  -t-  2niT) 
and  sin  («0+2iuhr)  by  aid  of  the  trigonometrical  tables.  So  many 
distinct  values  as  the  variation  of  it  enables  us  to  give  to  >t0  -i-  Znlrr,  so 
many  values  do  we  find  of  {a+JV(— 1)}".  Two  angles  ore  distinct 
when  they  are  unequal,  and  do  not  differ  by  2r.  or  a  multiple  of  2ir. 

Fitstly,  let  It  be  a  whole  number,  positive  or  negative,  then  2iii;  is 
always  an  integer  even  number,  and  there  is  only  one  value,  namely, 

{o  +  JV(-l)}"-''{cosn0+8in»0.  V(-l)}. 
Kezt,  let  M  be  a  fraction  in  its  lowest  terms,  and,  choosing  an  exunple, 
aay  «  »  ^.     Let  us  examine  all  the  values  of  i,  from  £—  —6  to 
l^+S,  making  aji  =  h0 + 2nl-r. 

4 
a_»=  g0-8»,    A_4 


i^      82  4         24 

0--fi  »,    A_,=    l«--^'. 


8 


6'~  6 
4^      18  4         8  4  4 

4         18  4         24  4         82  4 

Here  it  would  seem  us  if  from  -this  set  of  tiie  possible  values  of  I, 
we  get  eleven  distinct  values  of  the  fifth  root  of  the  fourth  power  of 
•  -I-  6  V  (—  1).  But  a  moment's  inspection  shows  that  A— »,  a^,  a„  ore 
not  distinct  in  effect,  since  they  differ  by  multiples  of  2ir ;  neither 

ABT8  AID  SOI.  DI7.  TOU  TH. 


of  1. 


?v(-..}-. 


are  a—^  and  a,,  nor  A_i  and  A,,  nor  a_i  and  a,,  nor  a-i  and  a^ 
Also  it  will  be  found  that  ior  every  value  of  k 

•**±»,  a»±»,  At±u,  Ac., 
are  all  angles  which  difTer,  each  from  its  predecessor,  by  2ir ;  so  that 
there  are  but  five  distinct  angles  in  the  whole  series,  which  may  bo 
found  by  .taking  At,  At-n,  At+tt  ^^t,  and  At4.4,  with  any  value  of 
I;  pcoUve  or  negative.  And  generally,  if  n  be  a  frsotiob  whose  deno- 
mmator  (when  the  fraction  is  reduced  to  its  lowest  terms)  is  ;,  it  will 
be  found  that  there  are  $  distinct  values"  of  {a-|-iv'(— l)}*and  no 
more. 

The  most  important  cases  are  those  in  which  r»l,  or  a'  +  V^l,  in 
which  cos  0+ sin  0\/(— 1)  may  represent  the  expression.  And  of  tbJs 
particular  oase,  the  most  important  more  particular  cases  are 

0=0    "cos*+sin0V(-l)-l 
0"=T      cos  0+sin  0v'(— 1)«- — 1 
0-1t    oos0+Bin0V(-l)=  V(-1) 
0-fr    cos0+Bin0V(-l)--V(-l) 

Of  tiiese  again,  the  two  first  are  the  most  important. 
Let  »•!  :  q,  and  let  the  queetion  be  to  find  the  (  oth  roots 
■■      Putting  unify  in  the  form  cos  2Iw-l-sin  2ilir.  V(—  1),  all 

Hit  2jkr 

these  roots  are  the  distinct  values  of   cos  —  +Bin -v/f— 11 

2  2     '^      ' 

r        2»       .    2» 
or  .<  cos  —  +8m 

2r  'flir  ~  2v  2v 

Let  COS  -  +  sin  —  .  V(— 1)-  .  cos  —  -sin  y  .  V(-l)- A 

Then  afi"!,  as  ^mi  be  found  by  multiplication,  and  €J'<=fi-'': 
«'«■«'— •='p-^*«,  since  ef  m\.  ConsequenUy,  since  the  series  of 
powers  of  a,  positive  and  negative,  are  successions  of  ;th  roots  of  1, 
the  series  of  powers  of  $  will  be  the  same ;  and  we  may  therefore 
select  these  roots  at  convenience  from  either  series,  or  psrUy  from  one 
and  partly  from  the  other.  Thus,  if  we  would  have  the  ten  tenth 
roots  of  unity  we  may  form  them  in  pwis,  as  follows : — 

.     .     2 . 0» 
+  sm  -jj-  V<-1)  both-1 

.     .       2ir 
±  sin     j5  V(-1)  . 

-       ".     .       ■*'     , 
^     +  »«     10  VC-i) 

-in      ±  sin     ^.  V(-l) 

+  sin     yJ.  V(-l) 

10» 
+  sm    -j^  V(-l)  both= -1 

Of  these  twelve  forms,  ten  only  are  distinct,  giving  the  ten  tenth 
roots  required.  In  this  way  the  following  theorems  may  be  easily 
demonstrated. 

1.  The  (2m)th  roots  of  unity  are  +1,  —1,  and  the  2)n — 2  quantities 
contained  in 

iJcr  ^x 

for  all  values  of  l,  from  Ir^sl  toi=iii—l,  both  inclusive. 

2.  The  (8mH-l)th  roots  of  vinity  are  1  and  2in' quantities  con- 
tained in 

Shit  2Lit 

~»2;;rn±'^2»-TT  ^<-^> 

for  all  values  of  h,  from  £<=1  to  k=m,  both  incIuBlre. 

8.  If,  IX  be  one  of  the  f th  roots  of  unity,  /i*,  fi', .  ,  .  .  are  also  ;th  ^ 
roots,  but  do  not  contain  all  the  q  roots,  unless  ii  be  mode  from  a  valuo 
of  k  whidi  is  prime  to  q.    Thus,  if  2=12,  and  i = 1,  we  get 

2ir  2<r 

a-cos  12  +  «m  J5  V(-l) 

the  list  of  roots  is  complete  in  1,  a,  a?,  a*,.. . .  a",  and  a"  is  1,  a" 
is  a,  Ac. 

But  if  we  make  i^S,  or  take  cf  for  /i,  we  have 

;t>=a"=a*,  /^-o**=l,  M*=<^'"o',  /«^«»«*'=a<,  Ac., 
so  that  we  get  no  roots  from  this  series  but  cfi,  a*,  1,  which  are  only 
the  three  cube  roots  of  l.(cube  roots  ore  among  twelfth  roots).  But 
choose  a*  (S  is  prime  to  12)  and  its  successive  powers  are  a',  a'",  of  or 
o^,  o"  or  o',  o'*  or  a,  o"  or  a',  rf*  or  •",  o*  or  o',  a"  or  o',  o"  or  o*, 
j|U  or  aJ,  a"  or  1,  after  which  the  series  recurs  in  the  some  order, 

4.  If  m  be  any  factor  of  q,  all  the  mth  roots  of  unity  are  among  the 
jth  roots.  Thus,  if  q  :  m—v,  and  if  a  be  the  first  of  the  series  of  ;th 
roots,  the  mth  roots  are  a*,  a'',  ....a"*  or  1.  For  (a»)"  =a'"  =a' =1, 
Ac.  All  those  powers  of  a  which  have  exponents  prime  to  ;,  uiay  be 
called  primary  jth  roota  of  uni^ :  thus  the  primoiy  12bh  roots  are 
a,  a*,  if,  a". 


0^  and  i9*        ^ve 

2.  Or 
COS  -,<,- 

a'andi8>oro9  . 

2<r 
.COB    Yo 

«?and;8»or  b*  . 

4t 
.COS  Jo 

«>aDdia*or<i7  . 

fir 
.COB   j5 

tf  and  iJ*  or  rf  . 

8r 

.COS    J5 

o'oad^'orrf  . 

lOr 
.cos   10 
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-6.  The  qth  rooU  of  unity  exist  in  pairs  o{  the  form  cos  4>  ±  sin  <f> 
V(— !)■  ^These  pairs  are  a  and  o»— ',  o*  and  o'~',  or  a  and  a-',  a'  and 

Let  the  question  now  be  to  find  the  gth  roots  of  - 1.    If  we  now 
t^e 

— 1-coB  (»+2ihr)  +  Bin  (ir+2iir) .  V(-l) 

we  hay*  all  tlw  $tli  roots  in  ihe  distinct  ralaes  of  the  formnk 
(-l)«=.coB        „        +rin  ^     I       .  V(-l) 


Let  a=coB 


+  aia  -  V(-  l)i  than  the  gth  roots  required  are  a,  a', 


o', ....  n't-',  beginning  with  1=0,  and  ending  with  I—5— 1.  Thus, 
if  ^  be  any  one  root,  all  the  odd  powran  of  li  (positive  or  ,negatiTe)  are 
also  roots,  but  do  not  oontaia  among  them  all  the  roots  imless  the 
value  of  2£ -1-1,  from  which  ^u  ia  derived,  be  prime  to  {.  Thus  if  2=15, 
and  if  (t=a*,  we  have  (since  a*>=l) 

m'=o»  f?=a!»^-l,  fJ=tP=a^  M'=o«'=a'',  M"=a'»«=a»; 

so  that  we  only  get,  from  the  powers  of  o',  the  distinct  roots  a',  o", 
-1,  o',  o",  which  are  also  the  fifth  roots  of  —1.  But  if  2i  +  l  be 
'prime  to  g,  all  the  gUi  Toots  of  —1  may  be  obtained  from  /i.  And 
if  m  be  any  factor  of  q  with  an  odd  quotient,  all  the  mth  roots  of  —1 
are  among  the  yth  roots.  Also  thesb  5th  roots  occur  in  pairs  of  the 
form  cos  ^  ±  sin  ^  V(  - 1),  the  pairs  being  a  and  a»«-',  o'  and  o*-», 
&c,  or  a  and  ar',<^  and  «-',  ^c. 

Every  gth  root  of  —1  is  one  of  the  (2j)th  roots  of  + 1,  and  the 
(29)th  roots  of  + 1  consist  of  all  the  qth.  roots  of  —1  and  all  tiie  ;th 
roots  of  +1. 

The  following  equations  will  also  be  easily  proved ; 

{  V(-l)}i  =00. Mr  +rin  '^  V(-l); 

{-V(-l)}J=co.^+sin<i*±lLv(-l). 

As  it  is  not  our  object  here  to  write  on  the  applications  of  these 
formal^,  but  only  to  supply  an  article  of  reference  for  thoee  who  may 
jiave  forgotten  or  imperfectly  learnt  the  grotmdwork  of  this  very 
important  branch  of  analysis,  we  finish  here,  referring  to  Series  for 
such  applications  as  fall  within  the  plan  of  this  work. 

ROPE  MAKIKO.  A  rope  is  a  combination  of  fibres  of  hemp,  or 
other  material,  so  arranged  as  to  form  a  flexible  and  tenacious  coid  or 
band;  retaining,  as  far  as  possible,  their  collective  strength.  The 
name  rope  is  generally  confined  to  the  larger  descriptions  of  cordage, 
such  as  exceed  an  indi  in  circumference ;  though  the  principles  of 
formation  are  much  the  same  for  cordage  of  every  size. 

If  the  fibres  used  by  the  ropemoker  were  of  sufiBcient  length,  the 
most  effectual  way  of  obtaining  their  united  strength  would  be  to  lay 
them  side  by  side,  fastened  together  at  each  end,  so  'as  to  form  a 
bundle  or  dcein ;  but,  as  the  fibres  of  hemp  do  not,  on  an  average,  exceed 


site  entanglement  is  produced  by  twisting,  which  causes  the  fibres  to 
compress  each  other;  and  it  not  only  enables  the  ropemaker  to 
produce  cordage  of  any  required  length,  but  also,  by  making  the  rope 
hard  and  compact,  increases  its  durability,  and  enables  it  to  resist  the 
penetration  of  water,  which  would  rapidly  impair  its  strength.  While 
however  some  degree  of  twist  is  absolutely  essential  to  the  cohesion  of 
»  rope,  any  twist  beyond  that  which  simply  prevents  the  fibres  bang 
drawn  out  without  breaking,  is  Injurious.  A  skein  of  fibres,  or  a  rope, 
may  hh  twisted  so  hard  that  any  further  attempt  at  twisting  would 
broik  it ;  and  such  a  skein  will  evidently  have  no  power  to  snpport  • 
weight,  each  fibre  being  already  strained  to  the  utmost  extent  that  it 
will  bear.  In  fact,  whatever  force  is  exerted  by  any  fibre  in  oompnsB- 
ing  the  rest,  may  be  considered  the  same  as  a  weight  hanging  on  that 
fibre,  and  must  be  subtracted  from  its  absolute  strength  before  ita 
useful  effect  can  be  ascertained ;  the  available  strength  of  a  rope  being 
'the  remainder  of  the  absolute  strength  of  its  composeot  tt)na  aftsr 
deducting  the  force  exerted  in  twisting  them.^ 

Were  a  rope  to  be  formed  by  simply  twisting  together,  in  one  di^'ec- 
tion,  the  whole  of  the  fibres  c^  which  it  is  oompciaed,  tiiene  would  be 
nothing  to  prevent  its  untwisting  as  soon  as  left  to  itself.  It.  is  there- 
fore necessary  to  twist  the  fibres  in  comparatively  small  portions,  and 
80  to  combine  these  into  a  rope  that  the  tendency  to  untwist  in  one 
part  may  counteract  the  like  tendency  in  another.  Thus  the  same 
force  which  would  cause  the  component  parts,  if  sepai«t«,  to  beeome 
loose  ol-  untwisted,  is  employed^  when  they  are  combiasd  into  a  rope^ 
to  keep  the  whole  firm  and  compaet.  This  is  ijlustnted  in  Jig.  1, 
wjiich  may  be  considered  as  the  nnraveUed  end  of  a  cablet  or 
small  cable.  The  cablet  a  may  be  untwiatad  into  tbree  smaller 
ropes,  }  ;  untwisting  either  of  these  in  the  opfMaite  direction,  we  find 
it  to  consist  of  three  smaller  ropes,  c  ;  each  of  these  may  be  vBtwistad 
into  several  small  strings,  d ;  and  each  of  these  consists  of  several 
distinct  fibres  of  hemp,  e.  Thus  several  fibres  form  a  yam,  several 
yams  a  ttramd,  three  strands  a  rape,  aud  three  ropes  a  eabUt. 

With  fig.iaaaa  illuibration,  we  may"  btiany  describe  the  hand 


n«r.  I.— Analpis  of  a  Bope. 

the  length  of  8^  feet,  it  becomes  necessary,  in  order  to  obtohi  rope  of 
peater  length,  sp  to  twine  them  together  that  the  strength  of  any 
•ingle  fibre  shall  be  insufficient  to  overcome  the  resistance  caused 
by  the  friction  of  those  surrounding  and  compressing  it;  so  that  it 
•wiil  sooner  break  than  be  drawn  out  from  the  moss.     This  requi- 


Pif.  2. — ^Kope-yam  Spissing. 

method  of  rope-making.  '  The  first  process  consists  in  twisting  the 
hemp  into  thick  thrrads,  called  rope-yams.  This  process,  which 
resembles  ordiuaiy  spinning,  is  performed  with  various  kinds  of 
machinery.  The  conunon  mode  of  spinning  rope-yams  by  hand  is  per- 
formed in  the  rope-ground,  or  rope-walk,  an  enclosed  slip  of  level 
grbund  600  feet  or  more  in  length. '  As  many  of  the  operations  of  a 
ropery  would  be  ihipeded  by  wet  weather,  or  by  the  unchecked  heat  of 
the  sun,  it  is  not  unusual  to  cover  the  walk  Witn  a  slight  roof.  At  one 
end  of  this  ground  a  spinning-wheel  is  set  up,  which  gives  motion  by  a 
band  to  several  small  rollers  or  whirls.  Each  whirl  has  a  small  hook 
formed  on  the  end  of  its  axis  next  the  walk.  Each  of  the  spinners  is 
provided  with  a  bundle  of  dressed  hemp,  laid  round  his  waist,  with 
the  bight  or  double  in  front,  and  the  ends  passing  each  other  at  his 
back.  He  draws  out  a  sufficient  number  of  fibres  to  form  a  rope-yam 
of  the  required  size ;  and,  after  slightly  twisting  them  together  with 
his  fingers,  he  attaches  them  to  the  hook  of  a  whirL  The  whirl  being 
now  set  in  motion  by  turning  the  wheel,  tho  skein  is  twisted  into  a 
rope-yam ;  the  spinnef  walking  backwards  down  the  rope-walk,  gup- 
porting  the  yam  With  one  hand,_ which  is  protected  by  a  wetted  piece 
of  coarse  cloth  or  fiannel,  while  with  the  other  he  regulates  the  quan- 
tity of  fibres  drawn  from  the  bundle  of  hemp  by  the  revolution  of  the 
yam.  The  degree  of  twist  depends  on  the  velocity  with  which  the 
wheel  is  tumed,  combined  with  the  retrograde  pace  of  the  spinner. 
Great  care  is  necessary  in  this  operation  to  make  the  yam  of  uniform 
thickness,  and  to  supply  the  hemp  equally  from'  both  sides  of  the 
bundle ;  because,  if  a  considerable  body  of  hemp  bo  suppUed  to  a  yam 
that  is  becoming  too  thin,  it  will  not  combine  perfeoUy  with  it,  but 
williorm  a  loosely  connected  wrapper ;  and  any  irregularity  in  the  last- 
mmtioned  portiouUr  will  cause  tiie  fibreo  to  bear  the  strain  unequally. 
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Tbe  beat  mode  of  supplyfaw  the  hemp  is  in  the  fonn  of  »  thin  flat 
■keiq.  When  the  apinner  has  traversed  the  whole  length  of  the  rope- 
walk  (or  sooner,  if  the  yams  are  not  required  to  be  bo  long),  another 
■pinner  detaohea  the  yam  from  the  whirl,  and  gives  it  to  a  peraon  who 
carries  it  aside  to  a  reel;  while  the  second  spinner  attaches  his  own 
hemp  to  the  whirl-hook.  The  hemp,  being  dry  and  elastic,  would 
inst^tly  tmtwist  if  the  yam  were  now  set  at  liberty.  The  first 
spinner  therefore  keeps  fast  hold  of  it  all  the  while  that  the  reeler 
winds  it  np,  walking  slowly  up  the  walk,  so  as  to  keep  the  yam  equally 
tight  all  the  way.  When  It  is  all  wound  up,  the  spinner  holds  it  untU 
another  is  ready  to  follow  it  on  the  reel.  Sometimes,  instead  of  being 
wound  on  •  red  as  they  are  made,  the  yams  are  laid  together  in  large 
hooks  attaohed  to  poets  at  the  side  of  the  walk  until  about  fonr 
hundred  are  ooUected  together,  when  they  are  coiled  up  in  a  kmU  or 
skein,  in  which  state  they  are  ready  for  tarring. 

The  ooounoQ  siie  of  rope-yams  is  from  one-twelfth  to  raUier  more 
than  one-ninth  of  an  inch  dimeter ;  160  fathoms  of  white  or  untarred 
yam  weighing  from  two  and  a  half  to  four  pounds. 

The  next  process  is  vxujntig  the  yams,  or  stretching  them  to  a  given 
length,  in  order  that  tiiey  may,  when  formed  into  a  strand,  bear  the 
stnun  equally.  When  the  rope  is  to  be  tarred,  that  operation  is 
usually  performed  upon  the  yams  immediately  after  their  being 
warped ;  as  the  application  of  tar  to  the  yams  previous  to  their  com- 
bination is  necessary  to  the  complete  penetration  of  the  whole  substance 
of  the  rope,  Thd  most  common  method  of  tarring  the  yams  is  to 
draw  them  in  hauls  or  skeins  throu{^  the  tar-kettleby  a  capstan ;  but 
sometimes  the  yams  are  passed  singly  through  the  tar,  being  wound 
off  one  reel  on  to  another,  and  the  superfluous  tar  being  taken  off  by 
passing  the  yam  through  a  hole  surrounded  with  spongy  oakum. 
Great  care  a  required  in  this  process  that  the  tar  may  boil  neither  too 
fast  nor  too  slow,  the  common  heat  being  from  212°  to  250°  F^. 
The  degree  of  impregnation  necessary  depends  on  the  kind  of  cordage ; 
cables  and  water  ropes  needing  a  considerable  quantity  of  tar,  while 
for  standing  and  running  rigging  it  is  sufficient  that  the  yams  be  well 
covered. 

In  making  large  cordage,  it  is  not  usual  to  twist  together,  at  once,  as 
many  yams  as  would  suffice  to  form  a  rope  of  the  required  thickness ; 
a  suitable  number  of  yams,  frequently  from  fifteen  to  twenty-five,  are 
farmed  into  a  strand,  and  three  or  more  such  strands  are  afterwards 
combined  into  a  rope.  The  twist  of  the  strand  is  in  an  nppoeite 
direction  to  that  of  we  yams  of  which  it  is  composed ;  in  order  that, 
lis  before  mentioned,  the  tendency  to  untwist  in  the  individual  yams 
may  be  counteracted,  and  taken  advantage  of  to  prevent  the  untmsting 
of  the  strand.  In  dodng  or  laying  the  rope,  three  strands,  or  some- 
times four,  (injwbich  case  a  small  central  strand  or  heart  is  added)  are 
stretched  at  length  along  the  walk  and  attached  at  one  end  to  separate 
but  oontiguooa  ho<J(S,  and  at  the  other  to  a  single  hook ;  and  they  are 
twisted  together  by  turning  the  single  hook  in  a  direction  contrary  to 
that  o<  tbe  pthcr  threew    J.  piece  «(  wood  called  a  top  (see  Jig.  i),  in 


Fig.  S. — ^I<ajlag  a  Bope. 

the  form  of  a  truncated  pone.  Is  placed  between  tfte  strands,  and  kept 
during  the  whole  operation  gently  forced  into  the  angle  formed  by  the 
strands,  where  they  are  united  1^  the  closing  or  twisting  of  the  rope. 
As  the  rope  shortens  in  closing,  one  end  only  of  the  apparatus  15  fixed, 
the  other  being  on  a  moveable  sledge,  whose  motion  up  the  ropewalk 
js  capable  of  regulation  by  suitable  tackle  attached  to  it,  or  by  ^tading 
it  with  weights.  The  top  also  is  mounted  on  a  sledge,  for  closing  large 
cordage ;  and  its  rate  of  motion  may  be  retarded,  in  order  to  give 
greater  firmness  to  the  twist  of  the  rope.  The  art  of  the  ropemJiker, 
in  this  operation,  consists  in  so  regulating  the  various  movements  that 
the  strands  may  receive  separately  at  one  end  just  as  much  twist  as  is 
taken  out  of  them  at  the  opposite  end,  by  their  twisting  the  contrary 
vay  in  the  wooeas  of  combination. 
Such  is  the  method,  more  or  less  modified  by  the  ktod  q(  n^Mihineiy 


employed,  of  forming  a  Aroud4(M  or  AatDxr-taid  rope;  asct  such 
appears  to  have  been  the  whole  process  of  rope-making  until  cordage 
of  very  hrge  size  was  called  for  by  the  progress  of  navigation.  In 
making;  such  it  was  not  foimd  advisable  to  increase  the  number  ot 
yams  in  a  strand ;  it  being  difficult,  when  their  numbar  is  very  great^i 
to  throw  sn  equal  strain  upon  each,  and  thereby  obtain  their  a^igretpite 
Strength.  To  obviate,  this  inconvenience,  cables,  or  such  large  ropes 
as  are  said  to  be  eaUe-laid,  are  formed  by  the  combination  ot  sinaBer 
ropes  twisted  round  their  common  axis,  ]ust  as  shroud-lold  ropes  are 
composed  of  strands  twisted  round  their  common  axis.  As  ouile-Iaid 
ropes  are  harder  and  nlore  compact  than  others,  this  mode  of  forma- 
tion is  adof>ted  for  ropee  to  be  exposed  to  the  action  of  water,  evei\ 
Qiough  their  thickness  may  not  be  vety  great. 

Hopes  formed  by  plaiting  instead  of  twisting  are  made  u/w'  ot  fbr 
some  purposes  in  which  pGability  is  especially  needed;  they  being 
more  supple  and  less  liable  to  enttmglement  than  those  of  the  ordinary 
make.  Such  ropes  are  preferred  for  sash-lines,  clook-ttaes,  Ac.,  and 
generally  where  the  rope  nas  to  pass  over  pulleys  of  small  diameter. 

Origin;^ly  all  the  yams  composing  a  strand  were  selected  of  the  same 
length.  This  arrangement  was  defective,  as  it  is  evident  that  when 
a  number  of  yams  are  stretohed  at  lengtji  in  a  cylindrical  mass,  they 
will  lie  at  diSbrent  distances  from  the  centre  of  the  cylinder ;  so  that, 
when  twisted  together,  as  all  the  yams  must  form  spirals  of  the  same 
number  of  turns,  those  which  are  near  the  outside,  forming  spirals  of 
large  diameter,  will  be  stretohed  to  their  full  extoltt ;  while  those  near 
Uie  centre,  forming  q>irals  of  smaller  diameter,  will  be  lees  shortened 
by  the  proceiis  of  twisting,  and  must  therefore  be  more  or  less 
puckered  up,  according'^  their  proximity  to  the  centre  of  the  mass. 
The  first  successful  attempt  to  remedy  this  defect  by  varying  the 
length  of  the  yams  according  to  their  position  in  the  strand,  was 
that  under  Captain  Huddart's  patent  of  1793 ;  since  which  time  many 
further  improvements  have  been  effected  in  this  essential  point. 

This  brin^  us  to  notice  briefly  the  ^plication  of  machinery  to  rope- 
making,  which  may  be  said  to  have  bc^gun  about  the  year  1788,  and 
to  have  been  the  subject  of  nunmous  ingenious  inventions  since  that 
data  One  series  of  machines  relates  to  the  combining  ot  die  hMnpen 
fibres  into  yams ;  another  to  the  twisting  of  yams  into  loveB ;  while 
the  more  complex  kinds  include  both  of  these  actions.  Mr,  Lang,  of 
Qreenook,  was  the  first  to  produce  successfully  machine-spun  yams, 
intended  to  get  rid  of  the  irregularities  and  defects  of  those  formed  by 
haocL  By  bis  process  the  hemp  is  more  completely  heckled,  or  divided 
into  fibres,  than  in  the  common  mode  of  proceeding;  and  the 
advantage  of  each  fibre  being  laid  at  full  length  in  the  yam,  instead  of 
being  doubled,  as  in  hand-spinning,  is  ensured.  By  a  modificatioB  of 
the  usual  process,  the  fibres  of  hand-spun  yams  may  be  laid  in  at  full 
loigth,  instead  of  being  doubled,  as  when  they  enter  the  yam  by  their 
bi(^t ;  "but  experiment  has  not  shown  any  great  advantage  from  such 
a  mode  of  spmning.  That)  some  improvement  in  this  operation  was 
needful,  mar  be  inferred  from  the  result  ot  a  comparison  between  Mr. 
Lang's  madoine^pun  yams  and  thoae  of  equal  grist  nun  by  hand ; 
the  result  showing  the  strength  of  the  former  to  exeeed  the  'latter  by 
fifty-five  per  oent.  Mr.  Sherman,  of  Liverpool,  patented  a  method  of 
rope-making  intended  to  obviate  the  neoesadt^for  a  long  shed  or  rope- 
walk.  The  machinery  comprises  rotating  tables  with  hollow  shafts  or 
axes;  spindles  project  from  the  surfaces  of  the  tables;  bobbins  are 
mounted  on  the  spmdles ;  and  hemp  is  wound  on  the  bobbina  The 
number  of  bobbins  depends  on  the  number  of  yams  and  strands.  The 
ends  of  the  yams  are  passed  throu^  holes  in  a  draw-plate  beyond  the 
hollow  shaft  of  one  table,  then  through  the  hollow  shaft,  then  through 
another  shaft ;  and  so  on.  The  yam  from  each  bobbin  thus  becomes 
twisted  round  that  of  the  other  bobbins  on  the  same  table ;  then  round 
the  similarly  twisted  strands  of  another  series ;  and  then  ot  a  third. 
The  finished  strand  or  rope  is  drawn  from  the  tube  of  the  last 
taMe,  and  is  wound  upon  a  reel  ready  for  use.  A  modification  of  this 
planetary  system,  as  the  inventor  calls  it,  suffices  for  twisting  the 
strands  into  a  rope. 

Captain  Huddart's  rope-making  machinery,  above  adverted  to,  is 
vety  ingenious.  In  order  to  get  rid  of  the  imequal  strain  upon  the 
exterior  and  interior  of  a  rope,  Huddart  saw  that  the  outer  yams  of 
every  strand  ought  to  be  somewhat  longer  than  the  inner,  to-  com- 
pensate for  the  greater  ci^iumference  round  which  they  have  to  tum. 
This  he  aooompUshed  in  a  beautiful  way.  Bobbins  are  arranged  in  a 
skeleton  frame,  each  poised  on  a  pivot  and  loaded  wiQi  yam ;  the 
number  of  bobbins  depends  on  the  thickness  of  the  strands,  to  be 
made.  The  ends  of  all  the  yams  ore  passed  through  an  equal  number 
of  small  holes  in  a  plt^te,  and  combined  into  one  close  group,  which  is 
slightly  compressed  by  passing  through  a  tube,  and  tiien  wound  on  a 
reel.  The  mechanism  between  the  plate  and  the  reel  rotates  on  a 
horizontal  axis,  thereby  imparting  a  twist  to  the  assemblage  of  yams. 
The  free  rotation  of  the  bobbins,  the  arrangement  of  the  noles  m  tiie 
plate,  the  position  of  the  tube,  and  the  velocity  of  revolution — all 
combine  to  produce  a  strand  of  any  desired  hardness  of  twist,  without 
undue  strain  upon  any  of  the  yams.  The  strand  thus  produced  is  a 
smooth  uniform  piece  of  cordage,  varying  in  thickness  according  to  the 
size  of  the  rope  to  be  made ;  for  a  12-inch  cable,  the  strand  is  uout  an 
inch  thick  and  contains  80  yams.  Being  worked  by  steam  power  and 
having  facilities  for  renewing  the  bobbins  ••  they  are  exhausted,  this 
machine  can  produce  a  rope  any  length. 
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The  strengOi  of  twisted  cordage  has  been  made  the  subject  of 
numerous  experiments.  B&umur,  early  in  the  last  century,  'found 
that  a  well-mads  small  hempen  cord  broke  in  d^erent  places  with  58, 
63,  67,  and  72  lbs.,  its  mean  breaking  weight  being  65  lbs. ;  while  the 
three  strands  of  which  it  was  composed  bore  29^,  334,  '""^  ^^  I''*- 
respectively ;  so  that  the  united  absolute  strength  of  the  strands  was 
98  Iba,  alUiough  the  average  real  strength  of  the  rope  was  only 
65  lbs.,  showing  a  loss  of  strength  from  twisting  equal  to  33  lbs.  It 
appears  that  the  cord  used  by  R&iumur  was  of  very  unequal  quality, 
as  another  portion  of  it  broke  with  72  lbs.,  while  its  stnmds  bore 
separately  26, 28,  and  30  lbs. ;  which  shows  the  diminution  of  strength 
from  twisting  to  have  been  &om  81  to  72  lbs.,  the  loss  being  in  this 
instance  only  12  lbs.  The  later  experiments  of  Sir  Chai-les  Knowles 
jidicates  a  ^minution  of  strength  nearly  equal  in  amount  to  the  first- 
mentioned  of  Reaumur.  He  found  a  white  or  untarred  rope  of 
3J  inches  in  circumference  break,  on  an  average  of  several  triak,  with 
4552  lbs. ;  while  the  aggregate  strength  of  its  yams,  which  "ere  72 
in  number,  and  ]x>re  on  an  average  90  lbs.  each,  was  6480  lbs. ;  the  loss 
being  equal  to  1928  lbs.,  or  about  30  per  cent,  Duhomel  endeavoured 
to  ascertain  what  degree  of  twist  would  produce  the  most  useful 
effect.  He  caused  some  ropes  to  be  made,  so  that  only  one-fourth 
of  the  length  of  the  yams  was  absorbed  in  twisting,  instead  of 
the  usual  proportion  of  one-third.  These  ropes  were  tiled  in  shipping, 
and  found  to  be  lighter,  thinner,  and  more  pliant  than  those  of  the 
ordinary  make.  The  following  statement  shows  the  comparative 
strength  of  ropes  formed  of  the  same  hemp,  and  the  same  weight  per 
fathom,  but  twisted  respectively  to  two-thirds,  three-fourths,  and  four- 
fiftha  of  the  length  of  weir  component  yams  : — 

Degree  of  twist.  'Weight  borne  in  two  experiments. 

}  t09S  lbs.  4390  lbs.  , 


Kinds. 
Flsbing  lines 


Length. 
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▼eigbt. 
1 


4890 
6209 


6793 
7397 


The  result  of  these  experiments  led  Duhomel  to  try  the  practicahility 
of  making  ropes  without  any  twist,  the  yams  being  wrapped  round  to 
keep  them  together.  -  These  had  g^'eat  strength,  but  very  little  dura- 
bility, the  outer  covering  soon  wearing  off,  or  opening  at  bendings,  so  as 
to  admit  water,  and  occasion  the  rope  to  ret.  But  wtule  such  untwisted 
skeins  of  rope-yams,  or  mbiagu,  are  unfit  for  most  of  the  purposes  to 
which  cordage  is  applied,  they  are  used  with  advantage  for  the  tackle 
of  great  guns  and  some  other  purposes  for  which  the  greatest  strength 
and  pliancy  are  required.  The  usual  reduction  of  length  by  twisting 
is  one-third ;  this  applies  to  ihroud  or  Aatfter-laid  ropes ;  those  which 
are  caUe-laid  are  further  s^rtened,  so  that  200  fathoms  of  yam  are 
required  to  make  120  fathoms  of  cable.  Ropes  formed  in  the. common 
manner,  with  three  strands,  do  not  require  a  heart,  or  central  strand ; 
because  the  angles  formed  by  the  union  of  the  three  cylindrical  strands 
are  so  obtuse  that  the  pressure  of  the  operation  of  laying  or  closing 
the  rope  causes  the  strands  to  fill  them  up  completely ;  but  when 
the  number  of  strands  exceeds  three,  a  heart  is  essential  to  keep  tiiem 
equidistant  from  the  axis  of  the  rope,  and  to  fill  np  the  vacuity  that 
would  otherwise  be  left  by  their  not  meeting  in  the  centre.  The  heart 
.  can  however  add  reiy  littW'to  the  strength  of  the  rope ;  as  its  fibres  lie 
much  straighter  than  those  of  the  outer  strands,  and,  not  being  able 
to  extend  with  them  when  the  rope  is  stretchedf  are  soon  puUed 
nsimder.  The  following  simple  rule  for  calculating  the  strength  of 
ropes  is  given  by  Robison : — Multiply  the  circumference  of  the  rope 
in  inches  by  itself,  and  the  fifth  part  of  the  product  wiU  express  the 
number  of  tons  the  rope  will  carry.  For  example,  if  the  rope  be 
6  inches  in  circumference,  6  x  6=  36,  the  fifth  of  which  is  7^,  the 
number  of  tons  which  such  a  rope  will  sustain.  The  following  rules 
for  calculating  the  iceigJU  of  cordage  may  also  prove  useful : — To  find 
the  weight  of  shroud  or  hawser-laid  rope,  multiply  the  circumferenoe 
in  inches  by  itself,  then  multiply  the  product  by  the  length  of  the  rope 
in  fathoms,  and  divide  by  420,  the  product  will  be  the  weight  in 
cwts.  Example :  to  find  the  weight  of  a  6-inch  hawser-laid  rope, 
120  fathoms  long,  6  x  6  =  36  x  120= 4320,  which,  divided  by  420  gives 
the  weight  of  the  rope,  10  cwt.  1  qr.  4  lbs.  Again  :  to  find  the 
weight  of  cable-laid  cordage,  multiply  its  droiunference  in  inches  by 
itself,  and  divide  by  4.  The  product  will  be  the  weight,  in  cwts.,  of 
a  cable  120  fathoms  long;  from  which  the  weight  of  any  other  lenigth 
may  be  readily  deduced.  Example :  required  the  weight  of  a  12-inch 
cable,  120  fathoms  long;  12  x  12=144,  divide  by  4,  and  the  product, 
86,  is  the  weight  in  cwts, 

Hr.  Chapman,  master  ropeniaker  at  Deptford  Dockyard,  in  ft 
treatise  recently  published  on  this  subject,  gives  the  following  nuiies, 
lengths,  and  weights  of  certain  kinds  of  rope  or  line  as  usuuly  made 
in  England  : — 


Kinds. 

Length. 

freight. 
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liOglinea      ......  29  ,       I  to3 

Msriine 11  skeins  4 

Sewing  tvine 24    „  8  tojl 

Bcefl&g  twine  '.       .        .        .        .  24    „  8  to  9 

Much  of  the  cordage  used  on  shipboard  requires  the  process  of 
lerving  before  it  is  fitted  for  its  work.  This  consists  in  binding  » 
smaller  rope  very  tightly  lound  a  larger  one,  to  preserve  it  from  rot- 
ting after  friction.    It  is  done  as  shown  in  /Iff.  4,  iriiere  »  horiiontally- 


^//■l 


Fig.  4. — Serving  a  Rep?. 

stretched  n^  is  being  "served"  or  covered  with  spun  yams.  A 
mallet,  having  a  concave  groove  on  the  side  furthest  from  the  handle, 
is  laid  on  the  rope ;  two  or  three  turns  of  spun  yam  are  passed 
tightly  round  the  rope  and  round  the  body  of  the  mallet.  A  boy 
passes  a  ball  of  yam  continually  round  the  rope ;  while  a  man  winds  it 
on  by  means  of  the  mallet,  the  handle  of  which  serves  as  a  lever  to 
enable  him  to  strain  every  turn  as  tightly  as  possible.  The  jam  thus 
appears  like  a  screw  whose  threads  pass  almost  transversely  round  the 
rope.  , 

All  the  ropes  hitherto  described  are  rounds  or  cylindrical ;  but  jiat 
ropes  are  also  made,  chiefly  for  mining  purposes.  They  are  either 
formed  of  two  or  more  small  ropes  placed  side  by  side,  and  united  by 
sewing,  Lipping,  or  interlacing  with  thread  or  smaller  ropes ;  or  of  a 
number  of  strands  of  shroud-laid  rope  similarly  united.  In  either  case 
it  is  necessary  t^t  the  component  ropes  or  strands  be  alternately  of  a 
right-hand  and  left,hand  twist,  that  Uie  rope  may  remain  in  a  quies- 
cent state.  The  latter  method  of  maldng  flat  ropes  was  first  patented 
by  Mr.  Chapman,  in  1807 ;  and  he  considered  it  to  afford  the  strongest 
possible  combination  of  rope-yarns,  his  belts  or  flat  ropes  appearing  to 
be  even  stronger  than  talvaga  (which  are  skeins  of  rope-yams  without 


Fig.  9.— Flat-rop*  Haldag.         • 

say  twist)  of  the  same  number  of  yams.    This  seeming  inoonsistency 
is  occasioned  by  the  impeif ection  of  liand-spun  yams ;  becivuse  if  each 
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yam  hetn  Ha  own  strain  unaided,  it  will  break  at  its  weakest  part ; 
wbereaa,  if  combined,  the  mean  strength  of  each  will  be  rendered  avail- 
able. Huddart's  flat-rope  machine,  of  more  recent  inTention,  is  shown 
in  part  in^^.  6.  Supposing  four  round  ropes  be  needed  to  make  one 
flat  rope,  four  reels  ai«  so  placed  that  the  ropes  can  unwind  from  them 
with  facility,  and  pass  side  by  side  throtigh  a  steam-heated  box, 
where  the  tor  becomes  a  little  softened,  and  the  ropes  more  easily 
worked.  They  next  pass  through  a  groove  or  reoafes  dosed  in  tightly 
at  top,  bottom,  and  ddea,  except  holes  at  the  sides  to  admit  large 
needles.  A  piercer,  or  sharp-pointed  rod  of  steel,  is  then  forced 
entirely  throu^  the  whole  of  the  four  ropes,  by  leverage  produced  by 
steam  power;  and  a  man  immediately  passes  a  needle  and  thread 
through  the  hole.  Two  piereen  are  employed  alternately,  one  on 
either  edge,  making'  holes  as  fast  as  two  men  can  introduce  needles  and 
thread.  The  thruid  here  spoken  of  is  sometimes  yam  as  much-  af 
half  an  inch  in  thickness,  requiring  great  force  to  draw  it  tightly. 

Much  attention  has  been  devoted  to  the  discovery  of  the  best 
method  of  preaarving  ropes  from  decay,  especially  when  exposed  to 
the  action  <A  water.  The  operation  of  tarring,  which  has  been  almsst 
uniTcnally  practised  for  this  pnrpoae,  effocts  it  very  imperfectly,  and 
materially  diminishes  the  strength  of  the  cordage.  Taking  the  mean 
of  severU  experiments  by  Duhamel,  it  seems  tlnit  untarred  ropes  bore 
a  greater  weight,  by  nearly  SO  per  cent.,  than  those  to  which  the  tar- 
ring prooeas  had  been  applied;  and  he  states  that  it  is  decided  by 
^experience  that  white  cordage  in  continual  service  is  one-third  more 
durable  than  tarred,  that  it  retains  its  force  much  longer  when  kept  in 
store,  and  that  it  reaitta  the  ordinary  injuries  of  the  weather  one-fourth 
longer.  Notwithstanding  these  facts,  it  is  found  that  for  cables  and 
ground-taoUe,  which  are  much  exposed  to  the  alternate  action  of 
water  and  ur,  tarring  is  a  valuable  preservative ;  though  cordage  that 
it  only  snperficially  tarred  is  said  to  be  stronger  than  such  aa  is  tarred 
throu^Hnit,  and  better  able  to  bear  the  alternations  of  wet  and  dry. 
The  removal  of  the  defects  and  bad  qualities  of  common  tar  was  the 
object  of  a  patent  taken  out  by  Hr.  Chapman.  Unsuccessful  attempts 
had  been  made  to  substitute  oils  and  various  fat  substances;  which 
would  be  insoluble  in  water,  for  tar ;  but  they  had  been  found  to 
impede  the  operation  of  twisting.  Chapman  improved  the  ordinary 
tar,  fint, "  by  boiling  the  tar  in  water  one  or  more  times,  each  of 
which  eotiaets  a  portion  of  its  superabundant  acid,  and  its  mucilage, 
which  oontainaa  diaeogaged  add ;"  and,  secondly, "  by  continuing  Uiese 
processes  until  the  tar  has  thrown  off  a  larger  portion  of  its  essential 
oil,  and  beoomes  mora  pitchy  than  usual ;  and,  finally,  by  restoring  the 
requisite  plasticity  through  the  addition  of  substances  less  injurious 
and  less  volatile,  and  therefore  more  continuous  :  namely,  by  the  addi- 
tion of  suet,  tallow,  animal  oils,  or  suitable  expreased  oils.''  Of  the 
ad\ilntagea  attending  this  process,  an  idea  may  be  formed  from  the 
subjoined  statement  of  the  relative  strength  of  the  cordage  without 
any  tor,  with  common  tor,  and  with  Chapman's  puri6od  tar.  The  rope 
contained  twelve  yams  in  each  strniuf ;  port  was  tried  immediately, 
and  the  rest  steep«d  in  water  for  about  tluee  months,  then  removed  to 
a  foundry  stove  for  three  months,  and  finally  kept  at  the  ropery  nine 
months ;  when  another  trial  gave  the  foUowing  results  : — 

Portion  of  Original 
Btrc&gtli  retained. 
I       .      }-7  per  cent. 
•        .    .     SS-0        „ 
.     4S-» 


Deaerlptlon  of  Rope.  ' 
White 

Cummoo  tarred 
Tarred  with  parlScd  tar 


Sir  Joseph  Banks  had  some  ropea  tarred  with  teaii  tar,  by  way  of 
experiment,  and  found  them  to  be  one-third  stronger  than  those  done 
with  common  tar.  Tanning  has  been  tried  for  the  pre8er\-at(un  of 
ropes,  but  apparentiy  without  realising  any  decided  advantage.  The 
solution  employed  in  kyanising,  and  a  solution  of  caoutchouc,  have  also 
been  tried  as  preservatives ;  but  common  tax  still  continues  to  be  the 
chief  substance  used  for  this  pnrpoae. 

Mr.  Chapman  givea  the  following  notice  of  tiie  mode  of  classifying 
the  work  in  her  majesty'a  dockyards.  Pctersbui^  hemp  is  mostly 
used  for  cables  and  cablets ;  Italian  hemp  for  bolt  rope  and  breeqhings; 
and  Kiga  hemp  for  all  other  cordage.  To  make  Petersburg  hemp 
into  No.  20'8,  the  hemp  is  given  to  the  hatcheller  in  bundles  of  70  lbs.; 
he  takes  out  7  lbs.  of  shorts,  and  gives  63  lbs.  of  heckled  hemp  to  the 
spinner,  who  spins  it  into  18  tbreada  of  170  fathoms  and  34  lbs.  each. 
To  make  Riga  hemp  hito  No.  2fi's,  the  hemp  is  given  to  the  hatcheller 
in  bundles  of  S6  Iba. ;  h«  takeB  out  S  lbs.  of  shorts,  and  gives  51  lbs.  of 
heckled  hemp  to  the  spinner,  who  spins  18  threads  of  170  fathoms 
and  2J).  lbs.  Mch.  In  uaing  Italian  hemp,  16  lbs.  of  shorts  are  taken 
out  of  112  Iba.  of  hemp;  and  th^  remaining  96  lbs.  are  made  up  into 
bands  of  1)  to  H  Iba.  each,  aociording  to  we  sizo  of  the  yams  to  be 
made.  Much  old-ftabioned  routine  still  prevails  in  the  royal  dock- 
yards, in  defining  exactly  how  many  porters,  parters,  hatchellers,  tvheel- 
tumen,  ajniiners,  &a.,  shall  be  employed  for  each  ton  of  hemp. 

Wo  have  hitherto  i^ken  only  of  hemp  as  the  material  employed ; 
Out  aevetal  other  kmds  of  vegetable  fibre  have  been  made  use  of 
in  the  manniactore  of  cordage;  and  some  appear  greatly  to  exceed 
hemp  in  stiength.  In  a  comparative  tidal  made  at  Paris  between 
ropee  made  of  hemp  and  of  the  aloe  from  Algiers,  the  latter  was  found 
to  bear  2000  kilogrammes,  while  the  former,  of  equal  size,  bon  only 
/')0.    Ropes  hare  been  formed  also  of  long  wool ;  but  they  are  only 


about  one-third  as  strong  as  the  best  hempen  cordage  of  the  i 
Ropee  composed  of  fibres  of  hemp  intermixed  with  threads  of  caout. 
chouo  are  very  valuable  for  some  purposes,  owing  to  their  superior 
strength  and  elasticity.  Their  power  of  bearing  suddeh  jerks  vnthout 
injury  is  a  highly  important  property.  Such  a  rope  waa  used  with 
the  ranpnel  or  anchor  of  the  great  Nassau  balloon,  and  was  found  to 
arrest  the  balloou  witiiout  any  unpleasant  check  when  the  grapnel 
caught.  Ropes  made  of  thongs  of  ox-hide  twisted  together  are  ueed 
in  the  rope-bridges  bf  Peru,  and  for  some  other  purposes.  Coir  or 
cocoa-nut  fibi«  has  lately  been  much  used  for  this  purpose,  owing  to 
the  high  price  of  Russian  hemp ;  it  %ear8  well,  weighs  little,  and  ia 
cheap;  u>d  ia  uoeful  for  hawseis  and  warps  owing  to  its  great 
elasticify. 

Wire  JRopet.—tnm  ia  the  substitute  which  is 'now  engaging  moat 
attention.  Ropes  formed  of  this  metal  are  found  to  effect  a  great  saving 
of  expense  from  their  durability  imd  superior  lightness.  Ffom  k  paper 
communicated  by  Count  Breunner  to  the  British  Association  in  1838^ 
it  appears  that  such  ropes  had  been  introduced  about  seven  years 
before,  in  the  silver  mines  of  the  Haiz  Mountains,  and  had  been  found 
so  advantageous  as  almost  entirely  to  supersede  flat  and  round  ropes  o{ 
hemp  in  the  mines  of  Hungary,  and  most  of  those  in  the  Austrian 
dominions.  The  count  observes  that  these  iron  ropes  are  nearly  equal 
in  strength, to  solid  bars  of  the  same  diameter,  and  equal  to  hempen 
ropes  of  four  times  their  weight.  One  of  them  had  bean  in  use  for 
upwards  of  two  years  without  any  perceptible  wear,  though  a  common 
flat  rope  performing  the  same  work  would  not  have  lasted  much  more 
than  one  year,  l^e  diameter  of  the  largest  rope  in  ordinary  use  is 
one  inch  and  a  half,  and  it  is  composed  of  three  strands,  eaioh  con- 
taining five  wires.  Great  care  is  observed  in  the  manufacture  of  these 
ropes,  that  the  ends  of  the  wires  may  be  set  de«p  in  the  interior  of  the 
rope,  and  that  two  ends  may  not  occur  near  the  same  part.  In  use,  it 
ia  neceasary  that  the  ropea  be  wound  on  a  .cylinder  of  not  leas  than 
eight  feet  diameter,  and  be  kept  well  coated  with  tar,  to  prevent 
oxidation.  In  one  cose  mentioned  by  Count  Breunner,  so  great  a 
saving  of  power  was  effected,  that  four  horses  were  doing  as  much 
work  with  a  wire  rope  as  six  with  a  flat  hempen  rope. 

Prior  to  the  date  of  this  memoir,  patents  had  been  obtained  in  this 
country  for  the  manufacture  of  wire  ropes ;  and  they  have  since  been 
improved  and  acted  upon.  The  win  ropea  of  Mr,  Andrew  Smith  are 
formed  in  various  ways,  according  to  their  intended  use.  For  stand- 
ing rigging  straight  untwisted  wires  are  employed,  bound  round  with 
cloth  or  small  hempen  cordage  saturated  with  a  solution  of  caoutchouc, 
asphaltiun,  or  other  preservative  from  rust.  Flat  ropes  may  likewise 
be  made  of  straight  wires,  interwoveir  or  wrapped  with  hempen  yam, 
or  sewed  between  canvas,  &c. ;  but  the  patentee  prefers  using  them 
with  a  slight  twist.  Other  ropes  are  formed  mvuSi.  in  the  same  way 
as  those  of  hemp ;  the  wires  taking  the  place  of  rope-yams,  and  being 
twiuted  into  strands,  and  combined  into  ropes,  both  hawser-laid  ana 
cable-laid.  The  twisting  should  jiot  be  so  hard  as  in  hempen  cordage; 
and  all  the  wires  must  be  protected  by  an  anti-coirosive  compoaitioD, 
or  by  coating  with  tin,  zinc,  &c.  In  a  patent  obtained  by  Mr.  Newall 
of  Dundee,  for  improvements  in  wire  ropes,  coating  with  the  follow- 
iiig  mixture  is  recommended : — Tar,  six  parts ;  linseed  oil,  two  parti  ; 
and  tallow,  one  part :  the  whole  being  melted  together,  and  applied 
while  hot.  In  this  {latent  it  is  proposed  to  twist  wires  round  a  core, 
either  of  wii-e,  hemp  cord,  spun  yam,  or  other  material,  to  form  a 
stituid;  and  to  lay  such  strands  round  a  similar  core  when  there  are 
mora  than  three  strands  in  a  rope.  For  joining  (he  wires,  Messrs. 
Smith  and  Newall  both  recommend  twisting  their  ends  together  for  k 
few  inches ;  and  the  latter  also  suggests  the  possibility  in  some  eases, 
of  welding  them.  Wire  ropes  may  be  very  conveniently  and  firmly 
secured  at  their  ends  "bj  passing  them  throuj^  the  small  end  of  » 
conical  collar,  and  doubling  up,  or  upMttiag,  the  ends  of  tha  wire* 
which  may  then  be  welded  into  a  solid  mass,  or  secured  by  running 
melted  brass  or  solder  among  them.  The  collars  may  then  be  attachec^ 
in  various  ways;  to  anything  with  which  it  is  desired  to  connect  the 
rope;  or  they  may,  as  suggested  in  Newall'a  patent,  be  screwed 
togeUier,  so  as  to  unite  several  lengths  of  rope.  Iron  is  the  material 
usually  employed  for  wire  ropes,  but  copper  and  other  metals  may 
also  be  used.  The  annexed  table,  showing  the  comparative  size  and 
weight  per  fathom  for  equal  strength,  gives  the  result  of  expeiimenta 
with  the  wire  ropes  of  Mr.  Andrew  Smith,  and  may  serve  to  snow  their 
great  superiority  to  those  of  hemp,  which  they  aurpoas  even  ia 
flexibility ; — 

Homp  Bope.  Patent  \nn  Kope.  Eqnal  to  a 

Weight  per  fathom.    Size.    Weight  per  fathom,      strain  of 


8ise. 
Inches. 

1 

4 

6 

6 

7 

S 

9 
10 
11 
13 


lb*. 
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1 


13 
14 
19 
2t 
10 
86 
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IS 

0 

0 

s 

* 
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0 
0 
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3 
9 
I 
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I 
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13 


toni. 
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9 
1( 
24 
39 
8S 


ewti. 
10 
10 
IS 

0 
11 
18 

6 

8 

• 

4 


Experiments  were  made  at  Liverpool  in  1857  to  find  the  relativ* 
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rtrength  of  hempan  rope  and  win  >opa  for  Hbe  itanding  riagiog  of 
Bhipa;  aa  datermined  by  the  corpoTation  testing-machine  at  Xing'* 
Dook.  All  the  ropes  were  made  by  Meaara.  Oamook  and  Bibby,  with 
e^ual  care.    The  ioUowing  reaulta  ware  obtained  : — 

.    tilnehgilTuludiroBirirtnveboisaatniaof  .       .  SO}  tooi. 

S    Imh  Kanilla  hemp  roye                    „              •  .    •  S 

S    inch  Buiala  hemp  rope                       „  >        .  4 

I   Inch  galTudaed  iron  wire  rope     '   „              .  ,    .  IG 

H  »»  »  '•  »      •  •     fl 

The  advantage  of  iron  ia,  here'  Teiy  obvioua ;  indeed  tUa  me^  is 
found  to  b6,  for  •  given  atrength,  leaa  tMavy,  leaa  balky,  o>a-faurti> 
choicer,  and  leaa  affected  by  the  atmosphere,  than  herap.  Soft  wira 
makes  tiie  moM  fUMe  rope  for  splioiiig ;  bnt  hard  wira  is  stronger. 
Three-fourths  of  all  the  rikips  now  rigged  at  Liraipocd  are  proTidad 
with  iron  wire  standing  tigging. 

Some  of  the  macliitiee  for  making  wire  rope  aet  in  the  foUowing 
my.  The  wire  is  wound  in  bobbins  monnted  in  frames  set  6u  the 
periphery  of  a  larger  frame  like  a  oago.  The  cage  rerolvea  round  aa 
axis,  on  the  bottom  of  whioh  is  a  fixed  spur-wheel ;  and  the  lower  end 
of  ^e  Tertical  axis  of  esoh  bobbin-frame  oarriea  a  spur-wheel  gearing 
into  this.  There  ia  thus  obtained  a  sort  of  '  sun-aiM-planet '  motion, 
the  cage  carrying  the  bobbin  round  the  central  axis,  and  each  bobbin- 
frame  rerolTlng  also  on  ita  own  axis.  The  wires,  in  their  progren 
from  the  boblnna,  pass  through  holea  in  the  top  of  the  central  axis,  and 
ire  there  united  to  form  the  strand .  or  rope.  In  Mr,  Newall'e  patent 
'  at  18S7,  the  strand-wire  for  eleotrio  cables  is  drawn  through  dies  or 
between  rollers  alter  the  twisting,  to  bring  it  to  a  dose  cylindiioal 
form,  and  thereby  aid  the  electric  conduction. 

llie  demand  for  wire  rope  being  now  very  extenaiTe,  for  abipping 
md  for  telegittphio  cables,  the  patents  ore  or  have  bem  rwarded  aa 
valuable  property.  Mr.  Newall'ii  first  patent,  whioh  expired  in  1854, 
was  a  subject  of  many  legal  contests,  arising  out  of  infringementSL 

ROPES,  RIGIDITY  OP.    rRionwrr  or  Rons.] 

ROSA,  Medical  Propartiet  of.  Of  tiie  numerous  speoies  or  varieties 
of  this  genus,  three  omy  are  indicated  in  the  '  Pliarmaoopceia '  as  tiie 
iOttrcee  of  the  oiBcinal  articles ;  but  a  very  considraable  number  of 
them  contribute  the  different  materials.  Those  indicated  in  the 
'Fhamaeopc^'  are:  the  Bom  cannia,  or  common  dog-rose;  Soia 
ffalUta,  the  French  or  red  rose ;  and  Rom  emtifolia,  the  hundred-leaved 
or  cabbage-mee.  Of  the  first,  the  afvaalled  fruit  (Up*)  ia  tiie  officinal 
part.  This  ia  truly  the  enlarged  peiaistent  calyx,  endoslng  the  real 
fruits,  whldt  are  numerous  small  oijhenia,  clothed,  as  well  as  Ae  inside 
of  the  calyx,  with  silky  hairs.  The  hairs  and  aehenia  ore  to  be  care- 
fuUv  removed,  and  Vba  fleshy  calyx  beaten  into  a  pulp,  to  which 
gradually  thrice  their  own  weight  of  white  sugar  is  to  be  added.  The 
employment  of  heat  in  the  preporaticm  of  this  oonserve,  i^ough  directed 
by  the  '  Pharmacopceio,'  ia  better  omitted.  The  pulp  consiaia  chiefly 
of  malic  and  citric  acids,  in  combination  moatlv  with  some  salts,  tannin, 
resins,  a  small  quantity  of  volatile  and  fixed  oils,  fibre,  and  a  large 
quantity  of  sugar.  The  action  on  tiie  stomach  is  sUgfatiy  refrigerant 
'  and  aperient,  its  sweetness  recommending  it  to  chudren,  and  as  • 
vehicle  for  oUier  medicines.  It  is  apt  to  eaody  or  concrete  by  keeping. 
The  fresh  hips,  freed  from  the  fruits  and  hairs,  bruised,  and  having  a 
little  sugar  added,  yield,  by  pouriiig  warm  water  upon  tiiem,  a  oooling 
mildly  astringent  drink,  whidi  would  be  grateful  to  the  poor  sufiiaring 
from  autumnu  fevers. 

Hie  petala  of  both  the  Rota  gtOUea  and  S.  damtueena  are  supplied 
to  herbalists  for  medical  and  chemicnl  purposes.  The  latter  is  most 
witensiTely  cultivated  at  Mitcham  for  the  London  market.  The  buds 
are  collected  before  they  expand,  and  the'oolyx  and  lower  part  of  the 
petala,  termed  claws,  being  cut  off,  they  ore  quickly  dried.    If  this  last 

Sroceea  be  conducted  slowly,  it  impairs  both  their  astringenoy  and  fine 
[odena  oolour.  Their  astringency  and  odour  are  greatest  when  col- 
lected before  the  process  of  anthesis,  or  bursting  of  the  anthers. 
About  2000  flowers  yield  100  lbs.  of  fresh  petals,  whioh  when  dry 
weigh  only  10  lbs.  After  drying  the  odour  is  faint,  the  taste  bitter 
and  astringent.  As  by  exposure  to  the  light  and  air  they  lose  tiieir 
fine  oolour,  and  soon  become  mouldy  or  worm-eaten,  they  must  be 
carefully  preserved  in  well-stopped  bottles  or  canisters. 

According  to  the  analysis  of  Cartier,  they  consist  of  volatile  oil, 
colouring  matter,  fatty  matter,  gallio  acid,  tannin,  albumen,  soluble 
talts  of  potash,  insoluble  salts  of  lime,  silim,  and  oxide  of  iron.  The 
tannic  and  gallic  acids  are  the  cause  of  the  astringency,  and  also  of  the 
dark  colour,  which  results  <»  adding  a  solution  of  any  salt  of  -iron  to 
an  infusion  of  rosea,  and  of  a  slight  precipitate  when  a  solution  of  gela- 
tine is  added  to  the  infusion.  The  property  of  forming  a  black  Com- 
pound with  iron  is  taken  advantage  of  by  beating  tiie  petala  with 
cloves  and  other  spices  in  an  iron  mortar,  till  a  thick  black  paste  is 
formed,  which  hardens  on  exposing  to  the  air,  and  is  then  polished  or 
turned,  so  as  to  form  the  perfumed  beads  for  necklaces  or  rosaries. 
The  petals  of  R.  centifolia  ore  often  preferred.  The  exact  nature  of 
the  colouring  principle  has  not  been  ascertained,  but  it  is  not  owing  to 
oxide  of  iron,  as  the  (Quantity  of  iron  is  much  greater  in  white  than 
red  roses,  Cartier  havmg  obtained  from  1000  grains  of  white  roses  99 
groins  of  ashes,  containing  12'4  of  iron,  while  a  similar  quantity  of 
red  rose*  yielded  only  CO  grains  of  ashes,  containing  only  4  grains  of 
Iron* 


The  petals  of  the  Aim  damatema  are  tiie  most  laxative,  except 
perhaps  the  R.  semperfiorau,' hvA  it  is  seldom  that  they  are  used  as 
aperients,  though  tiie  petals  of  the^  R.  gaUiea  ore  formed  into  a  con- 
f  eotion  which  has  the  advantage  over  that  of  the  R.  eanina,  inasmuch 
as  it  neither  candies  nor  becomes  mouldy.  In  forming  this  or  the 
other  pteparations,  a  stone  (not  on  ircHi)  mortar  must  be  used.  The 
chief  •mploymemt  of  the  conserve  of  the  Gallic  rose  is  as  a  vehicle  for 
other  medioinas  and  as  the  basis  of  blue  pill. 

The  infusion  of  roses  is  made  by  poujring  boiling  distilled  water  on 
the  petals,  and  adding  dilate  lulpburie  add,  which  aie  allowed  to 
macerate  for  six  hour*,  and  when  stisined,  refined  sugar  is  to  be  added. 
The  vessel  in  which  this  process  is  conducted  should  not  be  glased 
with  lead.  By  this  means  is  obtained  on  elegant,  fragrant,  and 
mildly  astringent  tonic  and  rebigeiant  liquid,  whioh  is  of  great  utility, 
either  alona^  enecioUy  to  check  the  wasting  ftapixtHoaB  of  oonsomp- 
tion,  or  as  a  vMiole  for  most  salts  which  are  formed  witb  lulphuho 
add.  It  is  likewise  employed  as  a  gaigle,  alone,  or  with  various 
adjuncts,  one  of  the  best  of  whidk  is  the  met  rosarum,  or  honey  of 
roses,  made  with  the  petals  of  this  kind  of  rcsei  A  qrrup  is  some- 
times  made  with  them,  wl^ich  ia  oily  used  to  sweeten  and  colour  other 
medioioeik 

The  Roaa  unt^oHa,  hundred-leaved  rose,  especially  the  variety  of 
it  termed  the  Priratce  cr  eaUofft  rote,  is  cultivated  both  on  account 
of  its  exquisite  perfume  sod  the  uses  to  which  it,  wiiii  its  prodoots, 
can  be  applied.  The  petals  are  the  officinal  article.  They  ore  directed 
to  be  oollected  when  the  flower  is  full  blown;  and  to  be  jjodwd  <^ 
notallowed  to  fall  oft  It  ia  better  to  collect  them  before  the  flower 
is  fully  expanded,  as  the  odour  n^dly  diminishes  as  the  anthesis 
proceeds ;  100  ports  dry  into  18  only.  They  are  to  be  dried  is  the 
open  air,  and  not  in  on  oven,  aa  desiocotion  impain  their  tngmtna, 
while  it  heightens  that  of  the  R.  gaUiea.  Their  odour  is  said  to  be 
singularly  exalted  by  iodins.  When  dried,  they  ore  of  a  pUe  red, 
with  s  stint  rose  odour,  and  an  astringent  Uste.  Thegr  e«uly  port 
with  their  colour,  and  are  therefore  to  be  proteoted  nom  air  and 
li^t :  if  salted,  they  may  be  preserved  unimpoired  for  years.  With 
the  addition  of  salt,  pepper,  and  cloves,  they  are  used  to  form  the  rose- 
pot*  which  adorn  the  apartments  of  the  rich,  but  whioh  msy  equally 
be  made  to  contribute  to  the  enjoyment  of  the  poor,  as  the  expense  of 
this  perpetual  feast  is  so  small  as  not  to  be  felt  by  the  poorest  oocupier 
of  a  room.  The  colouring  matter  extracted  by  aloohol  fuiiiiahss  »  most 
delicate  test  for  the  preeenoe  of  alkalies. 

A  syrup  is  also  mode  of  this  sort,  but  the  dttief  use  of  it  in  England 
and  fnmoe  is  to  yield  by  distillation  rose-water,  the  medical  properties 
of  which  ore  too  alight  to  merit  further  notice  here.  That  to  whioh 
spirit  of  wine  has  been  added  is  unfit  for  medical  puipoask  In  hot 
countries  a  huge  qusntiij'  of  volatile  oil  is  elaborated  l>y  the  flowers  of 
this  fuid  seveBil,other  species,  such  as  the  Reta  swsekota.  Rota  doMat- 
eena,  and  in  Italy  the  Awa  $empenireiu,  whioh  oonstitate*  the  athar, 
other,  atiar,  %Ut*r,  or  Mo  of  rosA    [Attar  or  Rosxi.] 

(Pereira's  Materia  Medico.) 

ROSARY.    [Bbasb.] 

ROSE,  OultHre  of  the.  To  obtain  rases  in  tiieir  full  perfection  they 
require  a  situation  open  to  the  south,  and  free  from  buildings,  trees, 
and  the  effects  of  smoke.  They  must  also  be  sheltered  from  Uie  wind. 
The  tenderer  sorts  should  be  trained  on  a  wall;  the  hardier  dwarfs  in 
beds  or  on  the  lawn,  and  standards  anonged  in  lines  along  the  walks. 
In  planting,  care  should  be  taken  to  give  room  for  the  rootai  A  hole 
three  feet  in  diameter  and  two  feet  deep  should  be  filled  with  rich 
loamy  soil,  or  a  mixture  of  leof  mould,  or  rotted  cow  or  pig  manure, 
the  straggling  rootlets  removed,  and  the  plant  be  fixed  in  the  oentrei 
supported  by  a  stoke  to  prevent  it  being  loosened  by  the  wind. 
November  and  December  ore  the  general  months  for  planting,  but 
.February  is  perhaps  better  in  moist  soils  if  the  hole*  are  ma&  pre- 
viously and  e:q>osed  to  a  winter's  frost.  Standards  should  be  ot  least 
three  feet  apart,  dwarfs  may  be  one-third  closer.  When  r'"'^-^lC  >» 
pois,  the  some  soil  should  be  prepared,  taking  care  to  hove  the  bottom 
of  the  pot  well  supplied  with  broken  crocks,  and,  to  ensure  sufficienfe 
dninage,  the  hole  for  the  pot  should  be  made  of  snoh  o  sixe  and  auoh  • 
depth,  that  on  pressing  the  pot  into  it,  till  about  an  inch  below  the 
surface,  it  may  drive  some  of  die  side  soil  down  so  as  to  form  a 
shoulder,  and  leove  o  vacancy  of  ah  inch  or  two  below  the  jpot,  This 
not  only  ensures  drainage,  as  the  plant  requires  good  wotenng,  but  is 
leas  likely  to  attract  the  roots  to  the  adjacent  sou.  Roses  ore  all  the 
better  for  such  surface-manuring  during  the  autumn,  either  with 
compost  of  night-soil,  or  guano  and  wood  ashes. 

In  raising  roses  from  seed,  the  hips,  gathered  when  quite  ripe, 
should  be  kept  dry  and  whole  till  February,  then  broken  and  sown 
in  a  aeed-pon  about  8  or  9  inches  disep,  filled  with  rotten  manure 
mixed  witJi  sandy  loom  or  peat,  covering  the  seed  with  about  half  an 
inch  of  the  mould.  Care  must  be  taken  to  guard  the  seed  from  the 
attacks  of  mice ;  this  is  best  done  by  covering  wiUi  a  wire  web,  whioh 
also  preserves  the  pan  moist  Water  occasionally,  and  the  young  planta 
will  begin  to  appear  in  April  or  May.  After  having  made  three  or  four 
leaves,  pot  them  in  small  pots,  and  in  about  a  month  they  will  be  fit 
to  remove  to  the  border;  and  the  free-growers  by  August  will  hove 
made  shoots  sufficient  to  take  buds  from.  The  stocks  must  be  cut 
down  and  budded,  and  they  will  tiun  flower  in  the  fallowing  suBuner 
if  left  unpruned. 
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Summer  and  aatumn*!  roaes  are  propagated  by  layers,  cuttings, 
'budding,  and  graftmg.  lleae  operations  are  the  name  for  tbe  rose  as 
for  numy  other  plants,  and  the  budding  is  performed  with  even  more 
laoUity  than  with  many  other  plants,  as  the  bark  opena  and  elosea 
firmly.  Strong  plants  are  also  aiaed  by  budding  on  the.foots,  which 
are  divided  from  the  parent  item,  and  by  this  praotioe  a  year  is  gained 
fcMT  buahes  flowering  on  their  own  roota. 

The  naual  stock  for  grafting  on  it  the  eonmon  briar ;  but  almoat  any 
roae  of  a  hardy  nature  will  >8brd  atooks  for  i  more  valued  variety, 
where  the  stocks  are  not  required  of  a  great  height  for  standards,  and 
one  of  the  most&vonred  Is  ihe  llin^ti,  a  variefy  introduced  from 
Itafy,  iriiidi  baa  the  advantage  of  not  thramag  vp  suckara.  Of  other 
iawa,fraai  whidi  atodcs  are  wished  far,  the  audBamnay  be  allowed  to 
qnji^.  The  lonsing  of  roaea  for  early  ahow  or  for  the  greenhouse 
Aipanda  on  the  aBm.e  pciadplea  as  other  {danto— •  aiHUBwhat  earlier 
hoddiafb  pMteetioa  from  ootd,  and  inoderate  heat  applied  in  t^e  aaily 
spring. 

The  vaiiatiM  are  noir  almoat  eadlesa,  and  every  aea«on  produces 
new  caiaa.  AU  the  chief  famiUea  are  mentioned  under  BoaA,  in  the 
Nak  Hist.  Drr.,  aad  •  liat  erf  the  pnateipal  vanetie«  will  be  found  in 
lUren^ '  Boae  Amatoor'a  Guide,'  iMt  editioii. 

ROSB-ENQINB  TXTKNINQ.    [Tubhwo.] 

BOBBO-CHBOHE.    [Cbkouux.] 

B08E0-00BALTIN.  [Cobalt.  AntaMmaeci  Oompomdt  of  Cobalt.] 

BOSBTTA  STONB  ia  the  name  given  to  a  atone  in  the  Britilh 
Museum,  wbieh  was  originally  found  l^  tiie  Frsneh  in  1799  among  the 
tiunaof  FoitSl  Ju]ien,whiohi8DeartheBaaettanx»rtho{theNile.  It 
was  delivered  up  to  the  BHtaah  on  the  capitulation  of  Alexandria,  and 
waa  brought  to  Eng^d  in  the  year  1802.  This  stone,  wHich  is  a  piece 
of  blade  basalt,  contains  parts  of  tliree  distinct  inscriptions :  the 
hij^eat  oa  the  stone  is  in  what  we  generally  call  hieroglyphic;  the 
seo6nd  is  in  that  character  commonly  called  the  "  enohorial,"  or  "the 
charactfts  of  the  ooontty; "  and  the  third,  which  is  in  Greek,  declarea, 
at  the  end,  that  the  decree  which  this  stone  contains  waa  cut  in  three 
different  ohaiaoters,  the  "sacred  characters,"  "  those  of  the  country" 
or  the  "  enchorial,'*  and  the  "  Qreek."  In  ita  present  state  the  stone 
is  mudli  mutikted,  chiefly  at  the  top  and  at  the  right  aids.  Its 
^eataat  length,  in  ita  fniat  condition,  is  about  three  feet,  measured 
•a  the  flat  aiirfsce  which  contaias  the  writing;  its  breadth,  which  in 
•OBM 'parts  is  entire,  is  about  two  feet  five  iod^eai  A  laige  jpart  of  Ae 
hieroglyphia  inaeription  is  broken  off,  but  it  prbbaUy  contained  in  its 
entire  atate  about  twenty  or  at  the  ntmoat  twen^-one  lines;  tbe 
ancbodal  or  seoond  inacnption  oooaiata  of  thir^-two  linea,  but  the 
beginning  of  the  flrat  fifteen  linea  are  wanting,  and  the  Greek  text 
oontainMi,  when  entii;e,  fifty-four  lines,  bat  the  end  of  it  is  at  present 
mutilated.  We  learn  from  the  Qreek  text  that  the  Rcaetta  stone  was 
•Noted  in  the  reign  of  Ptolemy  V.,  Epiidianes,  aad  probably  about 
mJe.  US.  Epiphanea  suoceeded  to  the  throne  on  the  death  of  his 
&ther  Philopator,  B.o.  206,  when  he  waa  a  child  only  four  or  five  years 
old.  In  thirmonument  the  acts  done  during  the  prince's  minority 
are  attributed  to  him,  and  he  ia  commended  for  his  piety,  his  liberality 
to  the  temples,  his  reminsion  of  the  siremB  of  taxea  and  diminution 
of  the  imposts,  his  victories  over  the  rebels,  and  his  protection  of  the 
lands  fay  dams  uaiast  the  inundations  of  the  Kile. 

It  amears  to  have  been  placed  in  a  temple  dedicated  by  Necho  to 
the  gt^Tcum,  the  setting  sun.  The  Bosetta  stone  waa  the  key  to  Ihe 
interwetation  to  the  hieroglyphs,  the  first  attempts  of  De  Saoy  to 
dedpher  the- demotic  or  enchorial  having  been  followed  by  the  more 
snocessfnl  resnlta  of  Toung  and  duunpoBion,  in  d^phering  the  hiero. 
glyphio  text.  Lately  a  critical  translation  of  the  hieroglyphical  portion 
haa  been  made  by  M:  Brugach. 

A  critical  examination  and  restorations  of  the  Greek  text  have  been 
made  by  Ameilhon,  Heyne,  Villoison,  Drumann,  Porson,  and  Letronne, 
The  endiorial  text  has  been  also  publidied  and  translated  by  Young 
and  Brugach.  '  As  the  inseriptiona  are  paraphrases  and  not  litem 
translations,  and  the  hieroglyphical  portion  is  much  mutilated.  It  does 
not  add  a  great  deal  to  the  hieroj^ypUcal  rocabulair.  [Hiebooltfbios.] 
(Brugsch,  H., '  Die  Insohrift  von  Roaette,'  fo.  Berlin,  IdfiO ;  '  Inscriptio 
Bosettans,'  4to,  Berlm,  1861;  Letronno,  'Insoiption  Oreoque  de 
Roaette,'  8vo,  Paris,  1840.) 

BOSICBUCIANS  is  tne  name  of  a  secret  society  whose  existence 
1)ecame  first  known  to  the  public  in  the  17th  centunr,  by  means  of 
■everal  publications  which  have  been  attributed  to  John  Valentine 
Andren,  a  German  scholar,  bom  at  Horrenberg,  in  the  duchy  of  WUr- 
temben,  in  1686,  who,  after  studying  at  Tttbingen,  became  a  minister 
of  the  Lutheran  chunii,  and  in  course  of  time  was  made  almoner  of 
the  Duke  of  Wtirtembeig  and  abbot  of  Adelberg.  Anch-eai  died  in 
1664.  He  was  a  man  of  a  mystical  ttmi  of  mind,  who  had  conceived 
the  idea  of  effecting  a  general  reform  of  mankind.  He  wrote  many 
works,  chieflv  on  mystic  subjects.  It  is  doubtful,  however,  whether 
those  particular  works  which  would  establish  his  connection  with  the 
Boeicruoian  Society  are  really  his.  The  following  are  the  titiea  of 
three  of  his  werks : — 1.  '  Eleuciduius  Major,  iiber  die  ReformaTion 
der  ganxen  weiten  Welt,  F.  C.  B.  aua  ihren  chymischen  Hochzelt,' 
1017,  in  which  there  is  a  mixture  of  precepts  of  alchemy  with  maxims 
of  ethics.  2.  'Foma  Fratemitatis  dea  ISblichen ,  Ordena  dee  Bosen- 
kreuxes,'  Frankfort,  1617,  in  whidi  there  is  a  story  of  a  certain 
Christian  Rcaenkreue,  a  German  noble  o(  the  14th  century,  who,  after 


travelling  long  in  the  East,  returned  to  Germany,  and  there  established 
a  fraternity,  or  secret  society,  of  a  few  adepts,  under  certain  regu- 
lations, living  together  in  a  building  which  he  raised  under  the  name 
of  Sancti  Spnitus,  where  he  died,  at  106  years  of  age.  The  place  of 
his  burial  was  kept  a  profound  secret  by  the  adepts,  and  tiie  society 
renewed  itself  by  the  admission  of  successive  new  members  in  silence 
and  obscurity,  aeoonUng  to  the  last  injunction  of  its  founder,  who 
directed  the  fdlowing  mseription  to  be  placed  on  a  door  of  SanoU 
Spiritua  •.—f  Post  CXX.  annos  patebo."  8.  '  Confeorio  Fnttemitatia 
Roeeee  Cmeia  ad  Bruditoe  Buropee,'  whidi  ia  appended  to  the  pre- 
ceding, and  in  which  it  is  stated  that  the  order  does  not  intOTfere  with 
the  rdiglon  or  polity  of  states,  but  only  seeks  for  the  true  philosophy ; 
that  many  abstud  rabies  have  been  told  of  the  fraternity,  either  by  its  . 
enemies  or  by  fantastic  people.  It  states  alao  that  once  a  year  the 
membera  are  to  meet  at  appointed  plaoea  to  converse  together  upon 
secret  matters,  aad  that  new  membera  are  to  be  admitt^  to  supply 
the  place  of  those  who  sre  deceased,  and  to  work  for  the  common  pur- 
pose of  tbe  order,  giving  no  clue  however  for  discovering  what  that 
purpose  waa.  In  fact  the  secret,  if  secret  there  was,  has  been  effectually 
kept  to  the  present  day.  The  Bosicrudans  have  not  been  heard  of  as 
a  separate  order  for  a  eentury  past;  but  some  have  thought  that 
they  eontinned  to  exist  under  the  name  of  the  lUuminati,  who  were 
mudi  talked  of  in  Gennany  and  France  in  the  latter  part  of  the  18th 
century ;  and  a  connection  haa  been  supposed  by  some  writers  to  exist 
between  the  Bosierudana  and  the  Templars  and  Freemasons.  The 
reader  who  wishes,  to  investigate  this  obscure  subject  may  consult 
F.  Kicolai,  'On  the  Crimes  ascribed  to  the  Templars;'  Chr.  Hiirr, 
'On  the  True  Origin  of  the  Bceieruclans,'  1808;  and  J.  G.  Buhle, 
'  Ueber  den  tJrsprung  und  die  vomehmsten  Bchickaale  der  Orden^er 
'Boaenkreuser  und  Freymaurer,'  Gdttingen,  1804. 

BOSIK.    [Bisnoj.] 

BOSMABI'NUS  OFFICINA'LI3,tiio*eiiMry,  a  t«im  irtiich  is  apt 
to  lead  to  the  confounding  of  Bosemaiy  with  the  Ledum  palottrto  or 
wild  marah-roeemary,  which  has  very  different  and  even  dangeroos 
OTopertiee.  Genuine  roeemary  is  a  shrub,  a  native  of  the  south  of 
Europe,  Asia  Minor,  and  China.  To  the  bees  feeding  on  the  flowers, 
the  navour  of  Narbonne  honey  is  said  to  be  owing.  The  officinal 
part  is  the  top  or  upper  part  of  the  twigs.  The  flowers  were  termed 
Anthioi,  being  so  highly  esteemed,  as  if  it  were  the  flower  of  flowers. 
This  name  it  is  necessary  to  know,  as  many  of  the  earlier  prepa- 
rations come  under  it,  rather  than  under  rosmarinus.  The  leaves  are 
about  an  inch  long,  lineilr,  slighUy  revolute  at  the  margins,  dork 
green  and  reticulate  on  the  upper  surface,  hoary  and  white  on  the 
under.  The  leaves  and  calyces  of  tiie  flowers  have  a  strong,  pene- 
trating, aromatic  odour,  which  is  rendered  stnmger  by  bruising  them ; 
and  a  bitter,  burning,  camphor-like  taste.  They  swe  this  to  the  pre- 
sence of  taainio  add,  bitter  matter,  perhaps  resin,  and  especially  to  a 
volatile  o3,  of  which  one  drachm  may,  by  distillation,  be  obtained  from 
one  pound  of  the  leaves. 

Ou  of  rosemary  (Oleum  Borismarini,  or  OL  Anthos)  is  chiefly  pre- 
pared in  Spain  and  the  south  of  France,  by  distillation  of  the  leaves 
and  flowers.  At  first  it  is  nearly  transparent  and  very  limpid,  but  by- 
time  it  becomes  both  yellowish  and  tiiicker.  It  possesses  the  strong 
penetirating  odour  of  rosemary,  with  a  camphor-lijte  intermixture,  and 
a  burning  tasta  It  baa  an  add  redaction.  The  specific  gravity  raries 
with  the  purity  and  ue  of  the  apecimen;  it  ia  commonly  Oill,  but  by 
rectification  with  alcohol  it  is  brought  to  0-89  or  0'85.  It  mixes  with 
alcohol  of  'S8  ih  every  proportion.  By  shaking  with  potass,  or-by  the 
evaporation  and  absorption  of  oxygen  which  time  effects,  it  deposits 
a  stearopten,  or  roeemaiy-camphor,  to  the  extent  of  a  tenth  part. 
Hydioahlorio  acid  gas  blackens  it,  but  does  not  form  an  artificial 
camphor.    With  iodine  it  partially  explodes. 

The  oil  of  roaemaiy  of  commerce  is  an  artificial  preparation  of  oil 
of  tunientine  distilled  with  roaemaiy ;  it  is  alao  adulterated  with  spike 
oil,  obtained  from  the  Lavandula  Sjaca.  Thia  may  alwaya  be  dia- 
tiiwmahed  from  the  genuine  by  not  reddening  litmus-paper. 

Boaematy  poaaeases  valuable  stimulant  and  carminative  properties ; 
but  it  is  chiefly  em^oyed aa  aperfume,  entering  into  the  composition 
of  tiie  Queen  of  Hungaiy's  Water,  Eau  de  Cologne,  and  aromatic 
vinegar.  Properiy  diluted  it  forms  a  useful  evaporating  lotion.  It 
ia  also  used  m  preparations  for  promoting  the  growth  of  hair  and 
preventing  baldneas. 

BOSOLIC  ACID  T?as  discovered  by  Bunge  in  1884,  and  was 
so  called  from  the  roey-red  colour  of  its  salts.  It  is  formed  occasionally 
in  gas  works  when  Cabbouc  Acid  is  exposed  to  the  air  in  contact  with 
lime.  Bosolic  add  may  be  artificially  prepared  by  heating  together  a 
mixture  of  manganate  of  soda  and  crude  carbolic  acid.  On  decom- 
poaing  the  dark  red  rosolate  of  soda  by  hydrochloric  acid,  the  roaolic 
acid  is  predpitated  in  reainoua  flakes  which  unite  to  an  amorphous 


Twre  rosolic  adid  is  a  dark  green  lustrous  resin.  Its  powder  is  of  a 
bright  red  colour,  soluble  in  ether,  alcohol,  creosote,  the  alkaliea,  and 
in  concentrated  adds.  Its  add  characters  ore  very  feeble,  and  its 
compounds  unstable.  Were  it  less  fugitive  it  would  be  valuable  as  a 
dyeing  agent. 

Bosolic  add  haa  lately  been  examined  by  Hugo  MttUer  and  by 
Angus  Smith,  with  tiie  following  results  in  regard  to  per>centago 
composition ; — 
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At  preMiit  the  data  are  inauffioient  for  the  calculation  of  Ua  formula. 

BOSTRUM,  or,  morOiproperly,  ROSTRA,  waa  a  platform  or  devated 
apace  of  ground  in  the  Roman  forum,  from  which  the  orators  used  to 
address  the  people,  and  which  derived  its  name  fnim  the  circumiitance 
that  after  the  conquest  of  Latiimi  the  beaks  (rostra)  of  the  Autiatian 
ships  were  affixed  to  the  front  of  it.  (Liv.,  vilL  14.)  The  rostra  was 
between  the  Comitium,  or  place  of  assembly  for  the  Curiai,  and  the 
Forum,  properly  so  called,  or  place  of  assembly  for  the  Comitia  Tributa. 
Bunaen,  in  his  work  on  the  Roman  Forum,  quoted  by  Arnold 
('  History  of  Borne,'  toL  it,  p.  165),  judging  from  the  views  of  the 
rostra  given  on  coins,  supposes  that  "  it  was  a  circular- building,  raised 
-on  arches,  with  a  stand  or  platform  on  the  top,  bordered  by  a  parapet, 
tiie  access  to  it  being  by  two .  flights  of  steps,  one  on  each  Bide.  It 
fronted  towards  the  comitium,  and  the  rostra  ware  af&xed  to  the  front 
of  it,  just  under  the  arches.  Its  form  has  been,  in  all  the  main  points, 
{•reserved  in  the  ambones,  or  circular  pulpits,  of  the  most  ancient 
churdies,  which  also  had  two  flights  of  steps  leading  up  to  them,  one 
on  the  east  side,  by  which  the  preacher  ascended,  and  another  on  the 
west  side,  for  his  descent.  Specimens  of  these  old  pulpits  are  still  to 
be  seen  at  Rome,  in  the  churches  of  S.  Clement  and  S.  Lorenzo  fuori 
le  Mure."  The  orators  appear  to  have  walked  up  and  down  the  rostra 
in  addressing  the  people,  and  did  not,  like  modem  speakers,  remain 
standing  in  one  spot.  Down  to  the  thne  of  Caius  Gracchus  even  the 
tribunes  in  speaUng  used  to  front  the  comitium ;  but  he  turned  his 
back  to  it,  and  spoke  with  his  face  towards  the  forum.  (Kiebuhr, 
'History  of  Rome,  voL  i,  note  990;  voL  iii.,  note  268.) 

ROTATION  {liota,  a  wheel).  The  popular  conception  of  a  body  in 
rotation  is  vague,  except  only  in  the  case  in  which  the  rotation  is  made 
about  an  immoveable  axis.  This  subject  has  accordingly  been  usually 
treated  by  mathematical  methods ;  and  mathematicians  content  with 
their  results,  and  with  theit  power  of  interpreting  them,  did  nothing 
towards  the  improvement  of  the  manner  of  presenting  the  elementary 
view  of  rotation.  M.  Poinsot  first  divested  the  subject  of  its  previous 
complexity,  in  a  Hemcnr  read  to  the  Academy  of  Sciences,  May  19, 
1884. 

There  is  this  parallel  between  the  conception  we  form  of  the  simple 
motion  of  a  point  and  that  of  a  boU4  body,  namely,  that  each  has  a  case 
of  peculiar  simplicity,  by  which  othetv  are  rendered  more  easy  to 
describe.  A  poipt  may  move  in  a  straight  line,  or  may  preserve  its 
direction  unaltered;  a  body  may  revolve  round  a  fixed  axis,  or  each 
point  may  preserve  its  circle  of  revolution  unaltered.  But  o^ving  to  the 
comparative  simplicity  of  the  motion  of  a  point,  it  is  easy  [Dibectiok] 
to  cany  with  us,  when  it  moves  in  a  curve,  the  idea  of  its  still  having 
a  different  direction  at  every  point  of  the  motion,  namely,  that  of  the 
TAXOEUT  of  the  curve.  It  is  not  so  easy  to  see  that  whenever  a  body 
moves  about  a  fixed  point,  no  matter  how  irregularly,  there  la  always, 
at  every  instant  of  the  motion,  some  one  axis  which  is,  for  that  instant, 
at  rest.  This  notion  of  an  instantaneous  axis  of  repose,  not  continuing 
to  be  such  for  any  finite  time— answering  to  that  of  an  instantaneous 
direction  in  ourvuinear  motion,  which  does  not  continue  for  any  finite 
time  to  represent  the  direction — must  be  first  diatinctiy  formed,  before 
any  satisfactory  account  of  the  rotation  of  a  body  can  be  given. 

Let  us  suppose  a  uniform  sphere,  with  a  fixed  centre,  but  otherwise 
free  to  move  in  any  way.  Let  a  succession  of  lorces.  act  upon  it, 
gradual  or  not,  in  such  a  manner  that  it  will  never  move  round  one 
axis  for  any  finite  time  during  the  continuance  of  their  action.  At  a 
certain  moment,  let  all  the  forces  cease  entirely,  leaving  the  sphere  to 
itself.  It  is  easy  enough  to  see  that  fk'om  and  after  the  moment  of 
discontinuance,  the  sphere  will  move  round  an  axis  which  remains 
unaltered.  There  must  then,  at  the  very  moment  of  discontinuance 
of  the  forces,  have  been  an  axis  which  was  for  that  moment  at  rest, 
namely,  the  axis  on  which  the  motion  is  to  continue.af ter  the  forces 
cease.  In  this  way,  knowing  that  curvilinear  motion  would  become 
rectilinear  the  moment  that  the  deflecting  forces  are  removed,  we  may 
form  an  idea  of  the  tangent  of  a  curve,  the  line  of  direction  for  the 
time  being. 

One  of  M,  Poinsot's  remarkable  propositions  is  the  following : — Any 
motion  of  a  system  round  a  fixed  point  may  be  attained  by  cutting  a 
cone  (in  the  most  general  sense  of  the  word)  out  of  tiie  body,  with 
the  fixed  point  for  a  vertex,  and  fixing  in  space  another  cone  for  it  to 
roll  upon,  also  with  the  fixed  point  for  a  vertex. 

Thus  if,  in  the  adjoining  diagram,  the  cone  A  be  made  to  roll 
upon  the  cone  B,  both  being  supposed  destitute  of  impenetrability,  so 
that  the  contact  of  the  curves  of  a  and  b  can  always  be  mode,  and  if 
the  system  out  of  which  a  is  cut  be  that  restored  (also  without  im- 
penetrability), there  will  be  a  complete  geometrical  representation  of 
one  possible  motion  of  the  system  about  c.  Moreover,  there  is  no 
posaible  motion  which  might  not  be  represented  in  the  same  manner 
by  properly  dioosing  the  cones  a  and  B,  and  the  axis  of  rex>ose  for  the 
instant  is  the  line  in  wjiich  the  two  cones  touch. 

If  we  suppose  no  fixed  point  in  the  system,  so  that  motion  of  trans- 
lation, as  well  08  of  rotation,  is  possible,  M.  Poinsot  has  given  another 


equally  distinct  notion  of  the  state  of  the  motion  during  an  infinitely 
small  time.    The  most  simple  notion  which  we  can  lorm  of  a  com- 


bined translation  and  rotation  is  the  screw-like  motion,  in  which  • 
uniform  motion  -of  translation  ia  accompanied  by  a  uniform  motion  of 
rotation  round  a  line  paltallal  to  the  motion  of  translation.  M.  Poinsot 
has  shown  that  every  motion  of  a  system  must  be,  at  any  one  instant, 
either  a  simple  motion  of  ttaoalation,  or  one  of  rotation,  or  the  screw- 
like  motion  above  described.  That  is  to  say,  at  every  point  of  time  in 
the  motion  of  a  system  there  exists  a  line  (whether  intenial  or  external 
to  the  material  system  matters  not,  so  long  as  th^  are  immoveably 
connected)  along  which  the  system  is  at  that  instant  sliding,  while  all 
the  rest  of  the  motion  at  that  instant  is  simple  rotation  about  that 
dipping  axis. 

Let  us  now  suppose  a  system  to  reodve  at  the  same  time  two 
motions,  round  two  difiiarent  axes  of  repose  :  that  is  to  say,  given  two 
different  motions,  required  the  motion  which  will  result  from  the  two 
motions  impressed  on  the  system  at  once.  There  will  be  at  the  first 
instant  an  instantaneous  axis  of  repose,  which  it  is  required  to  find. 
Fiist  1st  the  two  axes  pass  through  the  same  point  a  (Fig.  1),  and 
B  D 
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choose  the  angle  B  A  0  out  of  the  four'  anglea  inade  by  the  two  axes, 
in  sudi  manner  that  points  of  the  system  lying  in  the  angle  B  a  o 
wodld  be  elevated  by  tiie  rotation  round  B  a,  and  depressed  by  that 
round  o  a,  or  vies  vend.  On  the  axes  take  a  b  and  a  o,  lines  propor- 
tional to  the  angular  velocities  about  those  axes,  complete  the  paral- 
lelogram A  D,  and  draw  tiie  diagonal  a  d.  Then  a  D  is  the  axis  of 
repose  at  startiug  (whidi  however  it  may  not  continue  to  be),  and  a  d 
represents  the  angular  velocity  ^und  that  axis  at  starting,  in  the  same 
manner  as  a  B  and  a  o  represent  the  impressed  angular  vdocities  about 
A  B  and  A  0.    [C!oiiposrrioir.] 

Next  let  the  axes  be  parallel  to  one  another,  say  perpendicular  to  the 
plane  of  the  paper,  passing  through  A  and  B  {Fig.  2).    If  the  rotations 
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C  'A  D,  B 

be  such  that  A  and  B  would  both  rise,  or  both  bll,  on  the  paper, 
each  by  t^ie  rotation  about  the  other,  take  a  point  c  in  B  a  produced, 
nearest  to  the  axis  abdut  which  the  angular  velocity  is  greatest  (say 
that  of  a),  and  such  that  o  a  is  to  c  B  as  the  angular  velocity  about  b 
to  the  angular  velocity  about  a.  Then  the  axis  of  repose  at  starting 
is  a  line  passing  through  c  parallel  to  the  former  axes,  and  the  angular 
velocity  is  the  difference  of  the  angular  velocities  about  A  and  B,  and  in 
the  direction  of  the  greater.  In  tMs  case  the  directions  of  the  rotations 
about  A  and  n  [Diiiection  of  Motion]  are  different  There  is  one 
remarkable  cose,  namely,  when  the  rotations  about  a  and  b  an;  equal. 
In  .this  case  the  rule  would  lead  us  to  a  rotation  equal  to  nothing 
mado  about  a  point  at  an  infinite  distance — one  of  those  extreme  con- 
clusions which  require  interpretation.  The  fAct  is  that  these  two 
rotations  give  only  a  simple  motion  of  translation  =  a  B  x  Angular 
Velocity  per  second,  and  suoh  as  to  make  the  system  move  upwards  or 
downwards  on  the  paper  according  as  the  separate  rotations  would 
make  the  points  A  and  B  move  upwards  or  downwards.  This  parti- 
cular case  will  be  more  intelligible  when  looked  at  with  the  help  of 
the  Theory  of  Couples. 

But  if  the  rotations  be  in  the  same  direction,  so  that  A  will  b« 
lowered  aud  B  raised,  or  vice  vend,  each  by  the  rotation  about  tho 
other : — Take  a  point  D,  dividing  a B  so  that  ad  is  to  D B  as  the 
angular  velocity  about  B  is  to  that  about  a.  Then  will  the  axis  of 
repose  at  starting  bo  a  parallel  drawn  through  d  to  the  axes  p,issing 
through  A  and  B,  and  the  angular  velocity  will  be  the  sum  of  the 
angular  velocities  about  a  and  B,  its  direction  being  that  which  lowers 
A  on  the  paper  and  raises  B,  or  vice  vend,  according  as  is  done  by  tho 
g^ven  angular  velocities. 

Lastly,  let  the  axes  be  neither  parallel  nor  intersecting  {Kg.  3),  as 
A  B  and  c  s  : — ^Through  the  point  m,  in  which  c  D  meets  the  common 
perpendicular,  in  n,  draw  f.  f  parallel  to  a  B,  and  at  the  instant  at 
which  the  rotations  round  a  b  and  c  D  commence,  impress  two  equal 
and  contrary  rotations  about  E  F,  each  equal  to  that  about  A  B.  These 
produce  no  effect,  so  that  the  composition  of  the  four  rotations  gives 
the  same  result  as  that  of  the  two.    Now,  as  above  stated,  tho  rotation 
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round  A  B,  and  its  equal  and  contrary  round  £  F,  produce  noUiing  but 
amotion  of  translation,  while  the  remaining  rotation  about  £jr, oom- 


««.$. 


ponnded  by  the  first, rule  with  that  about  OD,  gives  what  would  be 
an  axis  of  repose,  if  it  were  not  for  that  translation.  The  whole  result 
th^n  is,  that  the  system  begins  to  move  about  an  axis,  which  axis 
Ibegins  to  undergo  a  translation  in  space. 

For  higher  theoretical  iavesti^tions  in  this  subject,  tlbe  reader  is 
referred  to  the  writings  of  M.  Poinsot.  The  best  practical  view  will 
be  derived  from  experiments  with  the  Otboscofe.  See  also  an 
article  on  the  Gyroscope  by  Mr.  John  Bridge  in  the  '  Pbiloaophical 
Magazine"*  for  November,  1857. 

ROTATION  OF  CROPS.  It  has  been  observed  in  a  former  article 
[Abable  Land]  that  a  repetition  of  the  same  crops  in  succession  has  a 
peculiar  effect  on  the  soil,  so  that  if  grain  of  the  same  nature  be  sown 
year  after  year  in  the  same  ground,  it  will  not  produce  ihe  same 
return  of  the  seed,  even  when  abundantly  manured.  The  reason  of 
this  is  not  satis&ctorily  explained,  but  the  experiments  which  have 
been  made  by  men  of  science  lead  us  to  conclude  that  the  real  cause 
will  be  gradually  discovered;  and  considerable  advances  have  been 
made  towards  a  rational  solution  of  the  question.  It  has  been  observed 
that  it  is  the  formation  of  the  seed  which  principally  causes  the 
deterioration  of  the  soil ;  for  if  the  crop  be  fed  off  in  a  green  state,  or 
mown  before  the  seed  is  formed,  the  same  may  be  safely  repeated,  and 
no  diminution  of  the  plants  is  apparent,  Thus  grasses  in  a  meadow 
which  are  mown  before  the  blossom  is  faded  or  the  seed  formed,  will 
spring  up  again  vigorously ;  but  if  the  seed  be  allowed  to  ripen,  the 
roots  die  away,  and  the  best  grasses  gradually  disappear.  It  is  thus 
that  when  a  meadow  is  mown  year  after  year  for  hay,  and  the  earliest 
grasses  are  allowed  to  ripen  their  seed,  the  crop  will  be  later  and  later, 
and  all  the  earliest  grasses  will  disappear.  Irrigation  prevents  this, 
and  seems  to  restore  to  the  land  whatever  the  grasses  require  for  their 
continuance.  Feeding  off  the  meadows  does  the  same ;  and  this  leads 
to  the  conclusion  that  water  restores  the  power  of  production ;  and 
that  the  glasses  not  being  permitted  to  run  to  seed,  the  deteriorating 
effect  is  not  produced. 

It  it  had  been  a  mere  exhaustion  of  the  nutritious  particles  m  the 
soil  which  caused  the  deterioration  of  the  subsequent  crops,  some  kind 
of  manure  might  restore  the  fertility ;  but  this  is  not  the  case.  How- 
ever judiciously  the  land  may  be  manured,  it  is  not  practicaUe  to 
raise  a  crop  of  wheat  or  clover,  or  of  many  other  plants,  on  a  soil 
which  has  uiown  thatj  as  the  farmers  say,  it  is  tired  of  that  crop ;  bat 
clover  grows  well  after  wheat,  and  wheat  after  clover,  so  that  the  same 
effect  is  not  produced  in  the  soil  by  these  two  crops.  A  plant  which 
has  fibrous  roots,  and  throws  up  a  seed-stem  with  few  leaves,  thrives 
best  after  one  which  has  a  fieehy  root  and  many  succulent  leaves  on  a 
branching  stem.  Thus,  wheat  and  oats  thrive  after  beans  or  clover ; 
barley  and  oats  after  turnips,  carrots,  or  potatoes.  Independently  of 
the  manure  which  may  be  put  into  the  ground,  the  crops  will  be  better 
where  the  proper  suocesaion  is  attended  to,  than  where  plants  of  a 
similar  kind  are  made  to  follow  each  other. 

In  all  countries  where  peculiar  attention  has  been  paid  to  agriculture, 
the  most  advantageous  succession  of  crops  is  generally  known ;  and  if 
any  deviation  takes  place,  it  is  as  an  exception  to  the  rule,  and  is  not 
looked  upon  as  a  model  for  imitation,  but  rather  as  an  experiment  of  a 
doubtful  result.  Certain  general  principles  are  commonly  admitted  as 
fully  established ;  the  chief  of  these  is,  that  a  plant  with  a  naked  stem 
and  farinaceous  seed  should  follow  one  with  a  branching  stem  and  a 
fleshy  root,  which  has  been  taken  from  the  ground  by  mowing  or 
f eeduig  before  the  seed  was  ripe ;  or  if  all  these  conditions  cannot  be 
obtained,  that  some  of  them  at  least  should  be  complied  with.  Wheat 
sown  after  clover,  which  is  allowed  to  be  the  beet  succession  on  light 
soils,  fulfils  all  the  conditions  :  when  it  is  sown  after  beans,  the  con- 
dition of  the  preceding  crop  not  ripening  its  seed  is  given  up;  and 
consequently  this  succession  is  inferior  to  tile  other,  but  it  is  admirably 
effective  nevertheless  on  all  heavy  soils.  Potatoes,  at  first  sight,  appear 
to  fulfil  all  the  necessary  conditions ;  but  although  they  do  not  often 
ripen  the  seed  above  ground,  in  the  formation  of  the  tubers  the  soil  is 
notoriously  deteriorated. 

In  order  to  find  the  crops  whi(^  may  advantageously  succeed  each 
other  in  rotation,  many  circumstances  must  be  taken  mto  considera- 
tion. First  of  all  the  quality  of  the  soil,  and  its  fitness  for  particular 
crops ;  next  the  wants  of  the  farmer  and  his  family,  and  the  mainte- 
nance of  the  stock  required  to  produce  a  sufficient  supply  of  manure. 
It  is  unreasonable  to  expect  poor  light  land  to  produce  wheat  and 
beans,  although  by  high  cultivation  these  crops  may  be  forced.  Rye, 
oats,  and  roots  may  give  the  farmer  a  better  profit,  by  being  raised  at 
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a  less  expense  than  more  valuable  crops,  which  must  be  forced  with 
manure,  and  at  best  ore  precarious  in  soils  not  adapted  to  their  gi-owth. 
In  moderate  loams  wheat  may  recur  every  fourth  or  fifth  year, 
whereas  in  very  rich  compact  loams  it  may  recur  every  third,  and  even 
every  alternate  year.  Clover  and  many  artificial  grasses  do  not  succeed 
well  if  theySrecur  oftener  than  every  sixth  year,  or  with  even  a  longer 
intervaL  Rape,  flax,  and  potatoes  require  a  still  more  distant  recur- 
rence on  the  same  ground.  All  these  consideratioiis  lead  the  fiumer 
to  the  selection  of  the  most  advantageous  rotation  for  the  soil  of  his 
farm ;  and  where  the  land  in  a  considerable  district  is  nearly  of  an 
uniform  quality  experience  soon  establishes  a  course  which  no  one 
finds  it  prudent  to  deviate  from.  It  happens  frequently  however  Uiat 
a  great  variety  of  soils,  very  different  in  their  nature  and  fertility,  are 
intermixed ;  and  then,  unless  the  farmer  can  apply  the  true  principlee 
of  rotations,  he  may  greatiy  err  by  following  the  course,  whi(^  may  be 
very  judicious  for  the  prevailing  soil  of  the  distiict,  but  not  at  all 
suited  to  some  of  his  fields.  Hence  a  knowledge  of  the  crops  suited  to 
any  particular  soil,  and  the  order  in  which  these  crops  should  succeed 
each  other,  is  indispensable  to  the  advantageous  cultivation  of  a  farm. 

That  which  foims  the  food  of  man  is  always  the  principal  object  in 
the  cultivation;  and,  excepting  rice,  which  only  grows  in  warm 
climates,  there  is  no  food  more  universally  used  than  that  which  is 
made  from  wheat.  Rye,  barley,  oats,  and  pulse  are  only  substitutes 
where  wheat  cannot  be  rais^  in  sufficient  quantities.  Next  to  grain 
comes  meat,  chiefly  beef,  mutton,  and  pork,  of  which  the  consumption 
increases  with  the  wealth  of  a  nation  and  the  advance  of  its  agricul- 
ture. Wheat  and  fat  cattie  are  therefore  primary  objects  with  every 
good  fanner ;  and  he  who  can  raise  most  wheat  and  fatten  most  oxen 
or  sheep  or  pigs  will  realise  the  greatest  profit. 

Many  circumstances  may  indicate  a  deviation  from  the  course  which, 
as  a  general  rule,  is  most  advantageous.  The  facility  of  purchasing 
manure  from  neighbouring  towns  may  allow  of  more  frequent  crops  of 
com,  and  of  nutritious  roots  which  require  much  manure,  such  as 
potatoes,  and  which  give  no  return  to  the  land  in  the  shape  of  dung. 
But  we  must  lay  down  roles  for  those  who  are  to  rely  on  their  own 
resources  to  recruit  the  land  with  manure,  so  that  it  may  give  the 
greatest  produce  without  diminishing  in  fei-tility ;  and  this  can  only  be 
done  by  a  judicious  feeding  of  livestoclc 

The  simple  rotation  of  wheat  atid  beans  alternately  would  be  by  far 
the  most  profitable  in  rich  clay  soil,  as  both  these  crops  always  obtain 
•  good  price  in  the  market;  but  if  a  whole  farm  were  so  cropped, 
nearly  all  the  manure  must  be  purchased;  for,  after  a  few  crops,  the 
wheat-straw  and  bean-halm  would  not  produce  half  the  manure  re- 
quired for  the  land.  Hay  and  oats  must  be  purchased  for  the  horses 
required  for  the  tillage,  which  might  not  be  procured  so  readily  or  so 
cheap  as  they  may  be  raised  on  the  farm.  On  very  light  sands  wheat 
or  beans  cannot  be  raised,  except  by  a  very  expensive  mode  of  culti- 
vation ;  but  rye,  oats,  peas,  buckwheat,  and  roots  for  cattle  must  be 
substituted.  On  chalky  loams  the  principal  crops  are  barley  and 
artificial  grasses  for  sheep.  In  short,  no  particular  rotation  can  be 
prescribed  without  a  complete  knowledge  of  the  soil,  th^  locality,  and 
every  circumstance  connected  with  any  particular  farm.  As  the  most 
universal  rule,  it  may  be  laid  down  that  every  alternate  crop  should 
be  consumed  by  animals  on  the  farm,  and  that,  as  much  as  possible, 
the  plants  which  succeed  each  other  should  be  of  different  natural 
botanic  families.  Experience  hss  generally  shown  'the  time  that  should 
be  allowed  to  intervene  between  the  recurrence  of  the  SEune  kind  of 
crop,  and  we  have  only  to  form  our  plans  accordingly. 

Of  the  old  triennial  course  (fallow,  wheat,  barley  or  oats)  it  must  be 
observed  that  the  two  corn-crops  so  rapidly  deteriorate  the  soil,  that  a 
complete  year  of  fallow  is  required  to  purify  it,  and.  a  good  manuring 
to  keep  tne  land  in  heart,  and  that  all  Uie  industry  of  the  farmer 
cannot  keep  up  the  fertility  of  the  land  without  extraneous  help, 
either  from  the  manure  made  in  towns,  or  in  the  form-yard  by  cattle 
bred  and  kept  in  commons  or  pasture-grounds.  This  system,  which 
prevailed  so  long,  cannot  be  called  a  rotation ;  and  no  real  improve- 
ment was  introduced  into  agriculture  until  the  notion  of  its  perfection 
was  exploded,  and  tenants  were  permitted  to  deviate  from  it^  The 
rotations  adopted  in  the  place  of  this  old  system  necessarily  partook  at 
first  of  its  main  defects.  Oreon  crops  were  introduced  of  necessity  to 
supply  the  loss  of  the  commons  and  pastures,  which,  as  the  population 
increased,  were  gradually  cultivated  as  arable  land :  but  the  two  white 
crops  remained  in  succession,  and  even  now,  such  is  the  force  of  habit 
and  early  impression,  that  one  of  the  most  difficult  points  to  be  gained 
with  practical  formers,  accustomed  to  the  old  rotations,  is  to  make 
them  have  patience  when  their  land  is  in  a  good  state,  and  to  prevent 
their  sowing  a  white  crop,  which  is  immediately  profitable,  instead 
of  a  green  crop,  which  will  keep  the  land  in  heart  and  improve  it  for 
future  crops,  but  which  does  not  figure  in  the  account  of  sales.  Yet 
it  can  be  clearly  shown,  that  in  most  cases  the  second  com  crop  is 
dearly  purshased  by  the  expense  required  to  restore  the  land  to  the 
state  in  which  it  was  when  the  seed  was  sown  a  second  time :  manure 
alone  will  not  do  this ;  fallowing  and  repeated  plougliing  can  alone  - 
effect  it :  and  whether  you  plough  several  times  before  a  crop,  or  arc 
forced  to  do  so  after  it,  there  is  no  difference  in  the  expense  of  labour, 
although  there  may  be  much  in  the  value  of  the  subsequent  crops. 

The  Norfolk  course  (turnips,  barley,  clover,  wheat),  which  is  so  well 
known  and  deservedly  in  repute  for  light  sands,  has  only  one  defect, 
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which  i»  the  too  frequent  recnirance  o£  doTer.  Rye  grata,  the  nBual 
Buhetitute  in  sandy  soils,  unless  it  be  fed  off  young,  is  far  inferior 
to  clover  as  a  preparation  for  wheat,  and  this  accords  with  theory ; 
for  wheat  and  rye  grass  are  both  of  the  natural  family  of  the  gnanaucs. 
Tares  or  vetches  are  a  good  substitute  in  heavy  soils,  as  well  as  beans, 
both  of  which  are  leffunUaoia,  but  not  well  suited  to  light  sandy  soils. 
Peas  are  somatimes  introduced ;  but  they  are  apt  to  euoouraga  weeds, 
unless  the  crop  be  very  heavy,  amd  then  they  exhaust  -the  soil,  and 
leave  little  vegetable  matter  behind  them  in  their  rOots. 

In  many  countries  there  are  other  vegetable  products,  which  are 
required  for  the  food  of  the  inhabitants,  or  supply  the  raw  materials  of 
BumiifacfarM  :  these  must  be  introduced  into  the  rotations,  according 
to  their  effect  on  the  soil  and  the  cultivation  they  require.  Indian 
'com,  or  maize,  and  French  beans,  for  their  seed, are  cultivated  in  more 
southern  climates  as  field  crops.  Potatoes  are  now  an  essential  product 
jin  some  districts,  and  one  which,  after  maize,  produces  the  greatest 
quantity  of  food  for  man  from  a  given  portion  of  land.  But  potatoes 
require  much  manuie,  and  cannot  profitably  be  cultivated  to  a  vety 
'great  extent  as  a  form  produce,  nor  rep>cated  on  the  same  land,  for  any 
pnngbh  of  time,  oftener  than  once  in  eight  or  ten  years ;  ihey  should 
however  always  enter  into  the  rotation  in  that  portion  of  the  lan4 
iwhidi  is  to  be  much  worked,  cleaned,  and  manured  after  a  crop  of 
com. 

W«  have  ourselves  for  many  years  adopted  a  rotation  without  being 
tied  down  to  any  positive  rule,  which  has  been  suggested  by  oiroum- 
.staoces,  and  in  some  measure  regulated  by  our  conviction  of  the  truth 
of  the  theory  we  have  attempted  to  elucidate.  In  a  clayey  loam  on  an 
'impervious  subsoil,  but  mostly  completely  drained,'we  have  bad 
turnips  and  swedes  on  high  rid^,  tares,  mangel-wurzel,  potatoes,  and 
*  portion  of  rye  to  cut  up  green ;  succeeded  by  barley  and  oats  sown 
with  dover,  rye-grass,  and  other  biennial  grass  seeds.  These  were 
mown  for  hay  the  first  year,  and  sometimeB  the  second  also,  but 
generally  depastured  one  year  at  least;  then  followed  beans,  and  after 
■meae  wheat.  The  green  crops  were  put  in  after  repeated  and  deep 
tillage,  and  with  on  ample  allowanoe  of  mamire.  The  whole  of  the 
layer  was  top-dressed  with  peat  or  coal  ashes  in  the  first  year,  and 
what  manore  could  be  got  or  spared  was  put  on  the  seoond  year  before 
^winter,  when  it  was  ploughed  up.  All  the  com  crops  were  put  in 
npon  one  shallow  ploughing.  We  have  had  no  reason  ro  repent  of 
pursuing  this  course  :  but  we  allow  that  one  year  only  in  clover  would 
probably  be  more  profitable.  The  land  is  not  sufficiently  fertile  by 
nature  to  bear  wheat  after  the  first  year  of  clover,  instead  of  feeding  or 
making  it  into  hay.  This  would  bring  it  to  some  of  the  rotations 
adopted  in  rich  alluvial  soils.  It  is  a  rule  which  should  never  b« 
transgressed,  that  after  every  crop  reaped  there  should  be  a  remnant 
of  manure  sufficient  to  ensure  a  good  crop  the  next  year ;  and  that  this 
should  always  be  in  the  land,  and  considered  aa  stock  in  trade  or 
raipjtal  invested  at  good  interest.  By  means  of  judicious  rotations  and 
tillage  a  much  greater  quantity  of  produce  may  be  raised  at  a  certain 
expense  of  labour  and  capital,  than  hy  any  desultory  and  experimental 
mode  of  cropping.  The  farmer  should  find  it  his  own  interest  to 
cultivate  his  land  according  to  the  most  approved  principles,  and  the 
landlord  should  impose  only  such  restriction  as  will  prevent  the  tenant 
from  injuring  himself  by  diminishing  the  produce  of  his  farm. 

It  is  in  the  relation  of  crops  to  manure— to  tiie  needof  it  tot  thelU, 
and  the  supply  of  it  through  them,  that  the  practical  man  sees  the 
advantage  of  rotations.  There  is  a  need  of  rotations  arising  otit  of  our 
relations  to  our  labourers  who  want  constant  employment-'-to  our  live 
stock,  which  need  constant  food— to  the  soil,  which  will  not  continue  to 
produce  the  same  plant  perpetually— to  the  plants  we  onltivnte,  whidi 
grow  more  luxuriantly  in  rotation  than  in  constant  sueceBsion.  And 
tile  explanation  of  this  last  fact  has  been  founded  en  the  ideas  that  (1) 
crops  poison  the  land  for  themsdves ;  (2)  that  tht^eshaust  the  land 
for  themselves ;  (3)  that  they  improve  the  ground  for  their  successors. 
Turnips  for  instance  consumed  on  the  land  bring  on  it  more  nitro- 
genous matter  than  was  given  them  in  their  manure ,-  and  so  the  land 
is  enriched  by  this  practice  and  rendered  fit  ior  groin,  which  on  the 
other  hand  uses  more  nitrogenous  matter  than  it  can  in  general 
naturally  obtain. 

The  f  oUowing  are  our  common  rotations — 


1. 

2. 

3. 

4. 

6, 

1.  ^ITbeat. 

1.  -Wheat. 

1.  Wheat. 

1.  Wheat. 

I.  Wheat. 

a.  Turnips. 

3.  Tornips. 

3.  Tnnips. 

3.  Tnraips. 

3.  Tomlpe. 

i.  Barley. 

3,  Bailey. 

3,  Wheat. 

i.  Bailey. 

3.  Barley. 

4.  Clover. 

1,  Graae. 

4.  Barley.  . 

.    (  Clover, 
'•  I  Beans. 

4:  Clover. 

6.  Groat. 

5.  Clover. 

i.  Oata. 

,    f  Potatoes. 
*  I  Bean*. 

6. 

7. 

8. 

9. 

1.  Wlieat 

1.  Wheat, 

I.  Wheat 

1.  Wheat. 

3.  Turnips. 

3.  Deans. 

3.  Bye  followed 

3.  Oat*. 

S.  FoUtoet. 

».  Wheat. 

by  toraip*. 

».  Turnips. 

4.  yrtieat, 

4.  Clover. 

».  Barley. 

4.  Barley. 

f.  Clover. 

5.  Wheat. 

4.  Clorer. 

f.  Clover. 

S.  Oats. 

6.  Swedes. 

5.  Oatior 

7.  Beans. 

y.  Wheat, 

wheat. 

S.  Mangold. 

.   f  Beans. 

6.  J  J 

'nmlps. 

1 

10. 
1.  Wheat 
3.  liape. 

3.  Oata. 

4.  Wheat. 

5.  Clover. 
C,  Wheat 
7.  Bean*. 


11. 

1.  Fallow.   • 

2,  Wheot 

3.  C;over. 

4.  Oata. 

5,  Bcana, 

6,  Barley  or 
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1,  is  the  Norfolk  rotation — 2,  the  North  of  England  modification  of  it 
— 3,  Mr.  Thomas's,  of  Lidlington,  modification  of  it — 4,  a  common 
modification  of  it  in  Norfolk — 5,  the  East  Lothian  6-field  rotation — 6, 
a  common  modification  of  it — 7,  the  Whitfield  8-field  course — 8, 
Hewitt  Davis's  light  land  rotation — 9,  the  rotation  of  tiie  Cotteswold 
district,  Glouceetershire — 10,  common  in  the  fens  of  Lincolnshire — 11, 
in  clay-lands.  East  Lothian — 12,  carse-lands  of  Scotland — 13,  clay-lands 
of  Essex.  These  rotations  vary  greatly  in  their  manure  producing 
power.  By  some  one  cwt.  of  meat  may  be  made  per  acre — by  others 
not  a  quarter  of  a  cwt. — By  some  therefore  there  is  food  per  acre  for 
an  ox,  making  20  tons  of  dung  for  every  4  acres,  and  on  otiiers  hardly 
one  for  every  16  acres, 

ROTATORY   OR   dRCULAR  POLARIZATION.     [Polabka- 

TION,] 

ROTE,  a  musical  instrument  of  former  times,  mentioned  by  the 
early  French  writers  of  romance,  amd  by  Chaucer,  as  well  as  others 
among  our  early  poets  :  it  seems  to  have  been  similar  to  what  tho 
French  call  a  vidU,  and  the  Blnglish  a  hurdy-gunH-, 

ROTTENSTONE.    [Emebt;  Tripoli  Poicder.] 

ROTUNDA,  a  term  applied  to  buildings  which  are  circular  in  their 
plan  both  externally  and  internally,  or  else  to  halls  and  otW  apart- 
ments of  that  shape,  included  within  and  forming  merely  a  portion  of 
the  edifice  containing  them.  The  technical  application  of  the  term  is 
however  resiiicted  to  circular  buildings  whose  height  does  not  mucb 
exceed  their  diameto-,  for  we  should  not  describe  a  lofty  cylindrical 
edifice,  such  as  a  round  tower,  by  the  term  rotunda ;  while  on  the 
contrary  it  is  frequently  employed  to  designate  polygonal  btiildings 
which  approach  in  their  genend  form  to  the  circle. 

In  ecclesiastical  architecture  circular  and  polygonal  structures  were  " 
by  no  means  uncommon  among  the  early  Christiana,  especially  for 
baptisteries  and  sepulchral  chapels.  The  tomb  of  Theodoric,  or  what 
is  now  ealled  Santa  Maria  Rotunda,  at  Ravenna,  is  a  singular  example, 
having  a^flattish  or  segmental  dome  (about  84  feet  in  diameter)  cut 
out  of  a  single  block  of  stone.  Of  San  Stefano  Rotundo  and  Santa 
Oostanza  mention  has  been  made  under  Romah  Abchitkcture,  and  to 
them  may  be  here  added  the  Rotunda  or  Chun:h  of  Santa  Maria 
Maggiore  at  Nocers,  a  work  of  about  the  same  period.  While  it 
greatly  resembles  Santa  Costanza  in  plan,  having  coupled  columns 
placed  on  the  radiating  lines  from  the  centre,  and  with  arches  springing 
from  them,  it  differs  altogether  in  section  from  both  those  examples, 
there  being  no  cylindrical  wall  or  tambour  above  the  colonnade,  but 
the  dome  springs  immediately  from  the  columns,  and  the  arches 
groining  into  it  Consequently  the  proportions  are  much  lower,  the 
diameter  of  the  space  endosed  by  the  columns  being  39  feet,  and  the 
height  to  the  top  of  the  dome  42, — proportions  differing  very  littlo 
from  those  of  the  Pantheon.  The  extreme  internal  diameter  is  78  feet' 
The  earlier  edifices  of  this  class  are,  for  the  most  part  of  moderato 
dimensionB,  but  others  were  afterwards  erected  on  a  lat^r  scale,  and 
among  them  is  the  celebrated  baptistery  at  Pisa  [Baptistery],  which 
is  externally  abottt  120  feet  in  diameter,  and  100  in  height,  exclusive 
of  the  dome.  Circular  churches,  or  baptisteries,  are  also  of  frequent 
occurrence  in  Germany  and  Prance ;  and  in  England  are  throe  or  four 
round  churches  of  semi-Normim  (12th  century)  character  which  are 
supposed  to  have  been  designed  in  imitation  of  the  Church  of  the 
Holy  Sepulchre  at  Jerusalem:  such  axe  the  round  churches  at 
Cambridge  and  Northampton,  and  the  Temple  Cliurch,  London. 

The  rotunda  became  afterwards  in  a  manner  incorporated  with  (jr 
added  to  the  crudform  plan,  being  raised  aloft  and  placed  over  that 
part  of  it  where  the  transepts  intersect  the  body  of  the  edifice. 
Nearly  all  modem  cupolas  may  be  described  aa  rotundas  elevated 
above  the  rest  of  theouilding  and  viewed  by  looking  up  into  them' 
from  b^low.  Thus  supposing  there  was  a  floor  at  the  level  of  tho 
whispering  gallery  at  St.  Paul  s,  the  dome  and  space  beneath  it  would 
form  a  perfect  and  well  proportioned  rotunda,  whose  height  and 
diameter  would  very  nearly  be  the  same. 

In  itself  alone  the  rotunda  form  does  not  accommodate  itself  to  the 
purposes  of  a  church :  it  does  not  afford  space  for  the  processions  and 
occasional  ceremonies  required  by  the  Roman  Catholic  worship  f  Uor 
is  it  better  fitted  for  the  'ProtOTtant  service  from  its  requiring  an 
amphitheatrical  arrangement  of  seats  in  concentric  curves.  Rotundas 
are  accordingly  rare  even  in  Roman  Catholic  churches,  yet  although 
such  structures  are  neceflsarily  limited  by  their  form  to  a  moderato 
size,  they  derive  from  it  also  a  grandeur  which  would  not  be  produced 
by  the  same  scale  according  to  any  other  plan.  Neither  grandeur  nor 
beauty  however  results  as  matter  of  course  ^m  the  plan  alone, 
because  whatever  charm  that  possesses  may  be  nullified  by  other 
circumstances.  There  is,  for  instance,  nothing  of  the  one  and  not 
very  much  more  of  the  other  in  the  rotunda  interior  of  St.  Peter-le- 
Poor's,  London,  one  of  the  tew  instances  we  are  acquainted  with  of 
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sucli  pUn  being  adopted  for  a  Protestant  Cli^itch.  The  arrangement 
of  the  pewB  and  aeats  in  x>!u'ajlel  rows,  stiilFes  aa  a  diaagrecable  con- 
tmdiutiou  to  the  diape  0/  tlie  builtling;  and  in  this  caae  the  vaulted 
dome,  vr^ich  ia  alnioat  ceaeutial  to  snch  plan,  ia  wanting,  a  ooro  and 
lantei-u  with  ivindowB  being  substituted  for  it.  Sonie  few  digsenting 
chi^x:l8  have  been  built  of  a  circular  fomij  but  they  are  equally 
unsatisfactory,  whether  regiurded  as  architectural  objects^  or  for  coa- 
gregational  purposes. 

Instead  of  attempting  to  describe  these  and  other  examples  6l 
rotundas,  we  shall  put  our  notices  relative  to  them  into  a  condensed 
form,,  and  for  cosTOmenoe  sake  shsJl  inoludo  those  already  mentioned, 
as  their  relative  sizes  can  thereby  be  more  readily  compared. 
'  Pantheon^  Same.  External  diameter  188  feet,  internal  142,  internal 
height  142.  [Rohan  Auoh^tectube.j 

Temple  9/  Minerva  Sfedica.  Eztei-nal  diameter  110  feet.  Interior  a 
deeagon  78  feet  in  diameter  tnd  105  high. 

Sania  OoHama,  Rome.  Extreme  iutomal  diameter  140  feet; 
diameter  of  rotunda  within  the  peristyle  ao^  beneath  dome  70  j  height 
of  dome  ISO. 

Nocera,  Santa  Maria,  Extreme  internal  diameter  78  feet,  diameter 
6i  dome  and  peristyle  8S,  height  42. 

Rofunda,  ^omm  Caraealia.  Exterior  diameter  about  100  feet. 
Corinthian  portico  hexaatyle,  ttiprostyle.  Interior  diameter  80  feet, 
height  of  Older  48,  entire  height  90. 

HoUmda  at  S.  Pietrg  tn  Uontoria,  Some.  (Bramante.)  Exterior 
enclosed  by  a  Doric  peristyle  of  16  columns.  Internal  diameter  22 
feet,  height  48.  This  ediflce'is  generally  admired  as  a  classical  piece 
of  orohitectnre,  but  it  has  many  striking  defects,  and  the  balustrade 
(without  pedestals)  over  the  peristyle  is  intolerable. 

Itadonna  di  Campagha,  V^erona,  (Bamuicbeli.)  Exterior  74  feet  in 
diameter,  oeaily  anrrviibded  by  a  low  Doric  peristyle  of  28  columns, 
making  tiie  entire  diameter  below  118  feet.  Interior  an  ootagon  G4 
feet  in  diameter  and  101  high. 

Capdla  PdHgrvn,  Ytrma.  (Sanmidheli.)  Elegant  ia  plan,  but 
enormously  dispropertioned  in  section.  External  diameter  40  feet, 
internal  80.  Two  ddeta  witiijn.  Height  to  tpring  of  dome  4S  feet, 
entire  height -64. 

Im  MaddeUna,  Veniee.  (Temamsa.)  Internal  diameter.  55}  feet, 
height  to  spring  of  dome  86,  entire  height  68,  or  7i  more  than  dia- 
meter.   Arrangement  hexagonal,  that  is,  six  arched  compartments. 

Hall*  da  BUt,  Paris.  (De  Meei^tm)  External  diameter  228  feet, 
interior  diameter  of  the  rotunda  beneath  the  donie  127,  height  to  spring 
of  dome  42J,  to  summit  lOfi. 

Pottagno.  (Canova.)  External  diameter  116  feet;  width  of  portico 
90,  projection  of  poitioo  56,  height  of  stylobate  lOJ,  internal  diameter 
90,  hei^t  90. 

MaSre  di  Iddia,  Tvait.  (Buonsignore.)  A  rotunda  about  130  feet 
in  diameter,  with  hexaatyle,  diprostyle,  Corinthian  portico.  Internal 
diameter  74  feet,  height  100 ;  plan  four  semicircular  tribunes,  with 
two  Corinthian  columns  in  front  of  each,  bearing  the  entablature 
oomtinued  over  tfaoaer  spaoea.  Attic  with  a  long  panel  over  each  of  the 
four  recesses. 

Jlfttteuin  0/  As  Fatieas,  Botanda.  (Simonettl)  Divided  into  ten 
recessed  eompartmtnitB :  diameter  96  feet. 

BadeUffe  Library,  Oxford.  (Qibbs.)  Basement  a  polygon  of  16 
sides,  and  104  feet  in  diameter.  Extreme  exterior  height  140  feet, 
interior  diameter  88,  interior  diameter  of  central  space  and  dome  62, 
height  90. 

Berliii  Xvtum,  Central  Ball.  (Snfainkel.)  Diameter  67  feet,  height 
of  gallery  supported  by  a  peristyle  of  twenty  Corinthian  columns, 
sroumd  the  Icmer  port  81 ;  hei^t  to  spring  of  dome  42  feet,  entire 
he^ht  70. . 

Otttkolie  OhmrA,  Damutadt.  (MoUer.)  Extreme  internal  diameter 
186  feet,  poistyla  of  twenty-eight  Corinthian  oolunms  supporting 
dome;  diameter  of  dome  and  peristole  102  feet,  height  to  spring  of 
dome  48  feet,  *o  (ummlt  102. 

Heading  JUnm,  firitM  Maeeum.  (S.  Smirke.)  DiaBMter-140  feet; 
keight  106  feet.  [fomsH  Mcsbum.] 

ROUOB.    [Metals.    Ironiperoikdeofinm.'] 

ROUKD  (roiitndue,  from  rota,  a  wheal)  is  a  term  which  is  indis- 
sriminately  applied  in  common  language  to  everything  whi(di  has  no 
very  sharp  oomeit.  A  cylinder  and  a  sphere,  a  wheel  and  a  ball,  are 
eqtmlly  styled  rflH/nd.  In  geometry,  the  sphere,  cylinder,  and  cone,  are 
tome  times  deneiminattd  the  "  three  round  bodies,"  and  it  would  certainly 
add  much  M  many  persons'  power  of  desoribing  rihi^tes  if  they  would 
learti  the  meaning  of  the  terms  drcuiar,  cylindrical,  conical,  spherical, 
sphwoidd,  (uid  annular,  f or  aU  of  which  the  term  rovmd  is  employecl 
without  any  distinciioB. 

ROUIVD,  a  short  vocal  compostUon  In  three  or  lAore  ptCrts,  in  the 
performance  of  which  the  first  voice  begins  alone,  tinging  to  the  end  of 
the  first  part,  then  passes  on  to  the  second,and  afterward  to  the  third, 
&c.,  the  other  voices  following  successively  the  same  routine,  till  all 

•re  joined  together,  tiie  round  ending  at  the  mark  of  a  pause  (xf^^ 

or  at  a  rignal  agreed  on.    This  Is  frequent\y,  but  most  erroneoosly, 
called  a  catA,  and  sometimes,  not  less  incorrectly,  a  "  Canon  in  the 

unison."  
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bnso  to  a  conical  cap  or  Toof,  which  crowns  the  summit,  are  found  in 
Iroloud,  and  are  almost  peculiar  to  that  coimtry.  That  they  are  of 
great  antiquity  appears  from  their  having  been  considered  ancient  even 
in  the  12th  century,  when  the  BritLjh  connection  with  Ireland  began. 
Had  they  been  then  in  actual  use,  it  a  not  probable  that  so  acournte  a 
writer  OS  Oiraldua  Cambrensis,  who  had  been  in  Ireland,  «nd  circum- 
stantially describes  them,  shoul(t  not  aluo  have  mentioned  to  what 
purpose  they  were  applied.  Dr.  Petrie, '  Ecclesiastical  Architecture  of 
Iretand,'  however,  quotes  several  records  between  the  years  943  and 
1170,  in  which  bell  towers  are  referred  to,  which  he  seems  to  be  able 
to  identify,  in  some  instances  at  least,  with  the  existing  round-towers. 

There  are  117  of  these  towers,  or  of  the  sites  where  they  once  stood, 
now  known,  and  there  ia  reason  to  believe  they  were  formerly  mora 
numerous.  Some  of  them  are  still  perfect,  and  preserve  their  conical 
roofs;  but  only  one,  the  tower  of  Devenish,  possesses  the  singular 
ornament  of  ia  obtuse  crescent  rising  from  t^e  cone,  and  somewhat 
resembling  what  is  called  the  tridont  of  Seeva. 

Ardmoi-e  tower,  near  Waterford,  had  also,  within  the  memory  of 
man,  this  finishing  ornament.  In  the  otiier  towers,  the  conical  ca^ 
aru  either  more  or  less  injured,  or  have  altogether  vanished.  Some 
few  are  topped  by  l>attlements,  but  these  are  all  of  more  modem 
construction  than  the  towers,  ' 

Though  most  of  these  round  towers  were  evidently  divided  into 
stories,  yet  Caahel  tower  is  smooth,  and  even  polished  on  the  inside 
from  top  to  bottom.  That  at  Ardmore  was  plastered  with  a  very  fine 
and  dui-able  cement  The  divisions  are  usually  formed  by  projeoting 
ledges  for  the  flooring  joists,  which  however  in  come  instances  were 
inserted  in  square  holee  in  tlie  wall,  where  the  ends  were  still  visible 
not  many  years  ago. 

On  each  floor  there  ia  one  reiy  small  window,  and  immadiately 
below  the  conical  cap  four  windows  may  be  traced  in  the  greater 
number  of  towers ;  in  one  there  are  five  and  in  a  few  nx  windows ; 
and  BO  many  48  eight  appear  in  one  or  two  of  the  towers.  In  a  few 
of  these  buildings  no  windows  appear  in  the  upper  story. — only  one  small 
loophole.  In  most  of  the  towers  the  doqrs  ;u:e  at  a  oonaiderable  height 
above  the  ground,  in  one  even  twenty-fonr  feet,  in  several  fourteen, 
and  in  others  only  eight,  seven,  or  six  feet,  but  in  none  of  them  are 
there  any  traces  to  assist  conjecture  as  to  the  mods  of  reaching  those 
doors,  except  iu  those  where  tJie  door  is  on  the  ground,  or  raised  from 
it  by  a  couple  of  steps. 

The  height  of  these  towers  varies  greatly,  one  being  only  thirty-five 
feet,  while  the  loftiest  is  one  himdred  and  thirty,  but  the  common 
range  is  between  eighty  and  a  hundred  feet  Borne  stand  on  circular 
baaea,  which  form  one  or  two  deep  steps  round  the  tower.  Thus 
Uonoughmore  has  a  two-step  liase,  each  step  or  plinth  being  com- 
posed of  very  laige  blocks  of  stone.  The  basement  of  Keifs  tower  is 
square,  and  the  stones  are  of  great  size.  Killree  and  Agfaa^lflr,  both 
in  the  county  o^  Kilkenny,  have  circular  plinths  fourteen  inches  deep, 
projecting  six  inches  and  resting  upon  a  square  base  formed  of  great 
blocks  of  steue.  The  tower  of  Clondalkin,  about  five  miles  from  Dublin, 
stands  on  massive  stone-work;  and  St.  Colun^'s  tower,  at  Londonderry, 
rises  from  a  vaulted  crypt.  So  also  does  that  at  Oaghterard,  in  tiie 
county  of  Kilkenny. 

In  external  character  all  the  towers  may  be  said  to  agree,  since  tiiers 
is  only  one  which  does  not  taper,  and  in  that  case  the  tower  is  cylin- 
drical throughout  its  entire  heitght.  It  is  nicely  faced,  ipcdde  and  out, 
with  coggle-stones,  and  filled  up  with  rubble.  Thoa^  aH  bear  to 
each  other  the  strongest  family  likeness,  there  are  many  striking 
differences  in  the  mason-wodc  and  in  the  minor  details.  The  stones  in 
some  ore  truly  diiselled,  aiid  dosely  and  beautifully  laid  in  fine  cement. 
Some  are  only  coarsely  bammeced,  otheie  merely  faced,  and  of  various 
shapes  and  sizes,  but  still  well  fitted  to  each  other.  Some  towers  are 
built  of  round  coggle-stemss.  In  all  tiie  aiortar  is  as  hard  as  the 
imbedded  stones. 

The  above  and  vsrious  other  litUe  diversities  prove  that  these 
remarkable  structures  were  erected  by  various  workmen  and  at  very 
different  times,  and,  as  Giisldus  Cambieiisis  says,  "  according  to  the 
manner  of  the  country."  Some  exceUent  Irish  archeeologists  imagine 
that  they  range  m  date  from  tiie  6th  «  <th  to  the  10th  or  12th 
century. 

Their  situation  on  hill  or  dale  is  equally  variaUe,  nor  does  any  one 
circumstance  respecting  their  situations  Seem  to  be  common  to  all, 
except  their  immediate  vicinity  to  a  nnali  and  very  ancient  church, 
though  in  some  instances  this  andent  building  has  been  replaced  by  a 
more  modem  fabric. 

It  is  a  well  known  fact  that  the  early  missionaHes  usually  choM  ttis 
sites  of  Pagan  places  of  worship  for  their  churches,  and  the  undoubted 
relics  of  Pagan  places  of  worship  still  remain  in  close  association  wiUi 
these  towers,  and  even  in  the  same  churchyard ;  the  pillar  stone  of 
witndaa,  the  tapering  sun-stone,  the  crombac,  Ibe  fire-house,  and  the 
holy  spring  of  sacred  water  necessary  in  tiie  mystic  rites,  all  ftCsei 
aocordlni;  to  some  Irish  archseologiste,  are  found  along  with  the  tourer} 
and  the  little  ancient  church,  within  the  same  narrow  boundary. 

The  speculations  of  antiquaries  as  to  the  objects  of  rearing  these, 
mysterious  towers  have  indeed  been  manifold— penitentianes,  the 
abode  of  anchorites,  beacon-towers,  alarm-posts,  places  of  safety  for 
goods,  sepulchral  stelse,  bell-towers,  trumpet-towers,  from  whence,  by 
means  of  the  great  braaen  trumpet,  the  people  were  invited  to  worship 
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fire-towers,  Tvhcre  the  eocrad  fires  of  Bel  or  Baal,  who  was  undoubtedly 
worshipped  in  Ireland  and  Scotland,  were  kept  alive,  the  tower  itself 
being  an  emblem  of  the  sun-beam  or  ray  of  heavenly  fire,  or  finally 
that  they  were  Buddhic  in  their  origin,  and  sepulchral  in  their 
immediate  application,  they  having  been  erected  over  the  bonaa  or 
relioB  of  saints.  It  now  seems  to  be  the  opinion  of  the  best  autho- 
ritiea  that  they  are  the  work  of  Christian  architects,  and  were  built 
for  ecoleeiastiaJ  purposes.  They  appear  to  have  always  stood  in  proz- 
imity  to  a  church  or  monastery,  and  in  &ct  to  have  been  employed 
both  for  bell-towers  and  as  keeps,  or  strongholds,  into  which  the  eccle- 
siastics might  retreat  with  the  church  plate  and  records,  in  case  of  an 
attack.  Their  origin,  or  the  type  from  which  they  were  in  the  first 
instance  imitated,  is  however  stUl  matter  of  conjecture. 

Before  closing  this  article,  it  should  be  mentioned  that  though 
these  towers  are  almost  peculiar  to  Ireland,  there  are  two  in  Scotland, 
.but  in  that  district  which,  in  .the  very  early  ages,  was  in  close,  and 
constant  connection  with  Ireland. 

In  other  parts  of  the  world,  as  Andalusia,  the  Caucasus,  Persia,  and 
port  of  India,  towers  of  all  sizes  and  shapes,  and  in  various  situations, 
nave  been  discovered.  As  in  all  these  there  are  some  points  of  resem- 
blance, they  may  all  perhaps  prove  to  be  successive  links  of  that  long 
chain  of  evidence  by  which  these  remarkable  buildings  may  even  yet 
be  traced  downwards  from  their  origin  to  the  pagan  rites  of  the  Sooti 
or  Irish. 

ROUNDHEADS,  a  name  given  to  the  republicans  in  England,  at 
the  end  of  the  reign  of  Charles  I.  and  during  the  Commonwealth. 
The  name  seems  to  have  been  first  applied  to  the  Puritans  because 
they  wore  their  hair  cut  close,  but  to  have  been  afterwards  extended 
to  the  whole  republican  party.  The  Cavalleis,  or  royal  party,  wore 
their  hair  in  long  ringlets.    [Catalier.3 

ROUT.    [Riot.  J 

«OYAL  ACADEMY  OF  ARTS  IN  LONDON.  At  the  accession 
of  Oeorge  III.,  painting,  sculpture,  and  architecture,  notwithstanding 
there  were  eminent  artists  in  all  these  branches,  were  in  a  lower  state 
in  Great  Britain  than  in  most  parts  of  Europe,  Foreign  critics  did 
not  hesitate  to  assert,  that  the  ungenial  climate  or  the  physical  defects 
of  the  English  presented  insuperable  obstacles  to  the  attainment  of 
excellence  in  the  arts.  Whether  these  opinions  induced  the  young 
king  to  turn  his  attention  to  the  subject,  and  endeavour  to  remove 
this  national  stigma,  cannot  now  be  Icnown^  but  it  is  certain  that  he 
soon  began  to  show  a  strong  disposition  to  encourage  the  arts. 

This  avowed  disposition  of  the  king  encouraged  the  artists  of  the 
metropolis  to  endeavour  to  establish  an  academy  of  art  somewhat 
•imilar  to  that  which  had  long  been  in  successful  operation  in  France.  A 
private  academy  or  association  of  painters  had  been  formed  as  early  as 
1711,  under  the  presidency  of  Sir  Qodfrey  Kneller ;  but  differences  arose 
between  the  foreign  (Uttists  (then  an  important  and  comparatively  nume- 
rous body  in  London)  and  the  English  members,  when  the  latter,  with  Sir 
JamesThomhill  at  their  head.seoeded  and  opened  in  1 724  a  new  academy. 
On  the  death  of  Thomhill,  ten  years  later,  his  son-in-law  proposed  to 
ike  old  society  to  reunite,  and  the  two  bodies  formed  the  well-known 
"Academy  in  St.  Martin's  Lane."  All  these  were,  however,  rather 
schools  for  drawing  from  the  living  model  and  the  antique,  and  pro- 
moting mutual  intercourse  among  Uie  artists,  tlum  academies  on  the 
ocmtiiuntal  model :  that  is,  in  which  instruction  should  be  given  in 
pointing,  sculpture,  and  architecture,  and  certain  marks  of  distinction 
be  conferred  on  the  most  successful  professors  of  those  arts.  Several 
projects  had,  however,  been  put  forward  for  the  foundation  of  a  royal 
academy :  among  others  one  by  Sir  James  Thomhill,  prior  to  the 
eBtablishment  of  the  private  one  above  mentioned ;  one  by  Owynn,  the 
architect,  in  1749 ;  one  in  1763  by  the  members  of  the  St.  Martin's 
Lane  Academy,  which  probably  feU  to  the  ground  throu^  the  oppo- 
■ition  of  Kogsrtix ;  and  another,  of  which  the  proposals  were  issued  in 
17S6.  The  next  effort  was  more  successfuL  An  institution  which 
had  been  formed  in  17S4,  called  "A  Society  for  the  Encouragement 
of  Arts,  Manufactures,  and  Commerce  in  Oreat  Britain,"  was  the 
first  which  included  among  its  objects  the  offering  of  rewards  to  the 
fine  arts.  In  1760,  with  the  assistance  of  the  above-mentioned  Society, 
who  liberally  allowed  the  use  of  their  great  room  for  the  purpose,  the 
artists  were  enabled  to  open  the  first  public  exhibition,  which  though 
not  entirely  satisfactory  to  the  promotens,  attracted  great  attention, 
and  was  for  several  seasons  successfully  followed  by  a  similar  display 
of  their  talents  at  a  large  room  of  their  own  in  Spring  Qardens.  The 
aaiociated  artists  were  in  consequence  induced  to  apply  to  the  king 
for  a  charter,  which  they  readily  obtained,  cmd  in  1766  they  were  con- 
datuted  a  boidy  corporate  under  the  title  of  "  The  Incorporated  Society 
of  Artists,"  The  way  was  thus  paved  for  the  institution  of  the  Boyal 
Academy;  but  its  immediate  cause  was  a  schism  which  took  place  in 
the  "  Society  "  soon  after  their  incorporation.  It  arose  from  the  claim 
set  up  by  the  directors  to  fill  up  all  vacancies  in  their  own  body ;  this 
the  members  refused  to  allow,  and  the  directors  seceded.  They  were 
all  men  of  position  and  influence,  and  they  at  once  determined  to 
establish  a  new  and  mors  restricted  institution  on  the  model  of  the 
fVench  Academy,  if  they  could  obtain  the  protection  sod  patronage  of 
the  king.  W.  Chambers,  F.  Cotes,  O.  M.  Moser,  and  B.  West  pre- 
■ented  to  him  a  memoriaLfigned  by  twenty-two  artists,  the  purport  of 
which  was  to  show  tiie  probability  that  with  his  royal  sanction  and 
encouragement,  and  by  means  of  an  annual  exhibition  of  4Jh^  yroijat, 


they  would  soon  be  able  to  raise  sufficient  funds  for  the  support  of  a 
gratuitous  national  school  of  art.  The  memorial  stated,  "The  two 
principal  objects  which  we  have  in  view  are  the  establishing  a  well- 
regulated' school  or  academy  of  design,  and  an  annual  exhibition  open 
to  all  artists  of  distinguished  merit ;  we  apprehending  that  the  profits 
arising  from  the  lost  of  these  institutions  will  fully  aaawer  ul  the 
expenses  of  the  first ;  we  even  flatter  ourselves  that  they  will  be  more 
than  necessary  for  that  purpose,  and  that  we  shall  be  enabled  annually 
to'  distribute  somewhat  in  useful  charitdes."  The  proposal  waa 
graciously  received.  The  plan  of  a  constitution  was  drawn  up  by 
Mr.  Chambers,  and  laid  before  the  king,  which  he  approved,  and 
signed  on  the  10th  of  December,  1768.  Thus  was  founded  "The 
Royal  Academy  of  Aria  in  London,  for  the  purpose  of  cultivating  and 
improving  the  arts  of  painting,  sculpture,  and  architecture." 

The  artists  who  signed  tliis  memorial  were :  Benjamin  West, 
Francesco  Zuccarelli,  Nathaniel  Dance,  Richard  Wilson,  George  Michael 
Moser,  Samuel  Wale,  J.  Baptist  Cipriani,  Jeremiah  Meyer,  Angelica 
Kaufihian,  Charles  Cotton,  Francesco  Bartoloczi,  Francis  Cotes,  Edward 
Penny,  George  Barrett,  Paul  Sandby,  Richard  Yeo,  Mary  Moser, 
Agostino  Carlini,  William  Chambers,  Joseph  Wilton,  Francis  Milaer 
Newton,  Francis  Hayman.  These,  with  John  Baker,  Mason  Cbamberlin, 
John  Gwynn,  Thomas  Gainsborough,  Dominick  Serres,  Peter  Tuna, 
Nathaniel  Hone,  Joshua  Reynolds,  John  Richards,  Thomas  Sandby, 
George  Dance,  Francis  Hayman,  William  Hoare  of  Bath,  and  Johut 
Zoffimi,  composed  the  origmal  thirty-six  academicians.  The  number 
forty  was  not  completed  ml  1780 — ^by  the  addition  of  Edward  Burch, 
Richard  Coaway,  Joseph  Nollekens,  and  James  Barry.  Their  first 
meeting  waa  held  on  the  14th  of  December,  when  the  following  officers 
were  elected,  namely;  J.  Reynolds,  PresWent,-  G.  M.  Moser,  JTeqMr / 
F.  M.  Newton,  Sea-etary;  E.  Veoaj,Profa»or<^Paii»tu»g;  T.  Sandby, 
Profator  of  Arekiteeture  ;  J.  Wall,  Profinar  ofPertptiAvt :  Dr.  William 
Hunter,  Profmar  gf  AwOimy.  The  king  appointed  William  Chambers 
TreaxuiKr,  and  R.  Wilson  JAirranam,. 

The  other  academies  of  Europe  which  have  been  established  for  the 
advancement  of  the  fine  arts  and  the  promotion  of  public  taste,  are 
supported  entirely  at  the  expense  of  their  respective  governments  as 
nafionoj  objects,  and  are  usually  under  the  control  of  some  person  of 
distinction.  Such  is  the  Royal  Academy  of  Paris,  foimded  just  a 
century  before.  The  Royal  Academy  of  London  is  essentially  different 
£com  these,  inasmuch  aa  it  originated  in  the  private  muaifioenoe  of  the 
reigning  king,  and,  since  the  first  years  of  its  existence,  has  been 
entirely  maintained  by  the  proceeds  of  the  annual  exhlHUoiL 

The  king's  adoption  of  the  artists  was  immediately  followed  by  the 
most  liberal  and  effective  support.  He  caused  apartments  for  the 
schools  to  be  fitted  up  in  his  own  palace  of  Somerset  House,  supplied 
the  Society  with  rooms  in  Poll  Mall  for  their  exhibitions,  and  for 
several  years  made  up  every  deficienoy  in  their  expenditure  from 
his  privy  purse ;  at  the  some  lime  he  allowed  them  to  reserve  lOOJL 
a-year  to  form  a  fund  for  neoeasitouB  members  or  their  widows,  and 
twice  that  sum  to  administer  occasional  relief  to  artists  in  distress, 
whether  they  were  members  of  the  Society  or  not.  When  Old  Somerset 
House  was  purohased  by  the  nation  as  a  site  for  a  number  of  public 
offices,  ihe  king  took  care  to  reserve  a  portion  of  the  new  building  for 
the  Academy.  In  1766  the  plana  of  a  new  site  were  submitted  to  the 
approval  of  the  president  and  council,  and  the  apartments  devoted  to 
thk  purpose  were  fitted  up  with  a  degree  of  magnificence  worthy  of  a 
royal  paucs,  the  talents  of  many  of  the  principal  members  having  been 
employed  in  their  decoration.  In  July,  1780,  the  preparations  being 
completed,  the  Royal  Academy  obtained  possession  of  their  new 
residence,  by  an  raider  from  the  Treasury  to  the  surveyor-general  of 
the  works,  and  their  first  exhibition  in  Somerset  House  took  place  in 
the  following  year.  This  friendly  superintendence  of  its  afioirs  sod 
anxious  desire  to  promote  the  welfare  and  utility  of  the  Society  con- 
tinued till  the  unfortunate  illness  of  the  king;  and  a  like  patrouaga 
has  been  vouchsafed  by  his  suooeasors. 

In  1834,  a  proposal  having  been  made  by  Lord  Grey  and  the  existing 
ministry  to  trvosfer  the  establishment  from  Somerset  House  to 
Trafalgar  Square,  where  an  edifice  was  proposed  to  be  raised  which 
would  be  USD  large  enough  for  a  national  gallery  of  paintings,  tiis 
sanction  of  the  king  (William  IV .)  was  obtained,and  the  necessary  arrange- 
ments were  made  with  the  president  and  council  of  the  Academy.  The 
wartments,  whidi  comprise  the  whole  of  the  east  wing  of  the  National 
Gallery,  were  put  into  their  possession  in  1836 ;  and  they  are  still 
occupied  by  the  Aotdemy,  tkougu  formal  notice  has  been  more  than  once 
given  by  the  government  of  Uieir  intention  to  resume  possession  of 
them,  in  order  to  appropriato  them  to  the  use  of  the  National  Galleiy. 
'  The  Royal  Academy  consists  of  forty  academidans,  painters,  scalptOTS, 
and  architeota.  There  is  a  second  order  of  members,  styled  associates, 
twenty  in  number,  &om  whom  alone  the  vacancies  thiU.  ooour  among 
the  aoulemicians  are  supplied.  The  body  of  academioians  elect,  but 
the  approbation  and  signature  of  Her  Majesty  are  neoessaiy  to  make 
this  election  valid. 

There  are  also  six  assodato  engravers,  who  are  classed — ^two  as 
"academidan  engravers,"  two  as  "associate  engravers  of  the  new 
doss,"  and  two  as  "  aaaooiate  engravers."  Assodatea  are  eled»d  by  the 
body  of  academicians,  front  a  list  of  exhibitors  who  declare  themselves 
candidate)  for  this  honour. 

There  are  a  treasurer,  a  Ubcarian,  a  keeper,  and  a  secretary.    A  bye- 
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low  of  the  Academy  requires  that  they  ehall  be  academiniang.    These 
oflScea  are  filled  by  Her  Majesty's  nozniiiation. 

There  are  four  professors,  academicians,  elected  by  the  general 
■Membly,  and  approved  by  the  queen,  -who  read  lectures  on  painting, 
sculpture,  architecture,  and  perspective. 

There  ia  also  a  professor  of  tuiatomy,  elected  by  the  academidana,  with 
the  approbaUon  of  Her  Majesty. 

There  an  tfaiee  aohools :  a  school  for  study  from  casta  from  oale- 
Imted  wotks  of  latiqoily ;  a  school  for  study  from  living  models ;  and 
«  painting  sohooL  The  first  is  under  the  care  and  direction  of  the 
kaeper;  uid  the  other  two  are  under  the  care  of  viaitorsj  annually 
appointed. 

The  oounoi]  consists  of  nine  members,  including  the  president,  and 
has  the  management  of  all  the  ooncenia  of  the  Society.'  All  bye-laws 
of  the  Academy  must  originate  in  the  council,  and  have  the  appro- 
bation of  the  general  assembly,  and  the  sanction  of  Her  Majesty's 
signature  to  give  them  effect.  The  president,  council,  and  visitors  are 
annnally  elected,  and  confirmed  by  Her  Majesty's  signature. 

There  are  also  several  honorary  members  of  the  Royal  Academy, 
namely,  a  professor  of  ancient  literature,  a  professor  of  audent  history, 
a  ehaplain  of  high  rank  in  the  church,  an  antiquary,  and  aseoretaiy  for 
fweign  oorrespondeitce ;  these,  who  are  always  persons  of  eminence  in 
Uteratore,  are  elected  by  the  general  assembly  and  approved  by  the 
queen. 

All  persons  are  admissible  as  students  of  the  Academy.  Nothing 
but  indication  of  talent  and  a  respectable  character  are  required  from 
them.  Their  names  remain  unknown  till  judgment  is  passed  on  the 
qpecimena  which  they  send  in,  and  when  admitted  they  receive  a 
gratuitous  education  from  the  best  masters.  All  painters,  sculptors, 
or  architects,  whose  wOTks  show  sufficient  merit,  are  allowed  to  exhibit 
with  the  Academy,  and,  being  admitted  exhibitors,  they  are  immediately 
digble  as  associates. 

'  The  executive  government  of  the  Academy  passes  in  rotation  to  all 
the  academicians,  and  half  the  oounoU  retires,  and  is  renewed  annually. 

The  schools  of  drawing,  painting,  and  modelling  are  open  daily  from 
ten  to  three  and  from  six  to  eight,  under  the  direction  of  the  keeper 
and  vhdtota.  A  practical  course  of  lectures  on  perspective' is  given 
during  the  spring.  The  lectures  on  anatomy  are  delivered  before  the 
Christmas  recess ;  those  on  painting,  sculpture,  and  architecture  are 
given  twice  a  week,  from  January  to  liiB  end  of  March.  The  library  is 
open  three  times  a  week. 

Frizes  -are  annually  given  to  encourage  meritorious  students,  and 
those  who  have  gained  tiie  biennial  gold  medal  have  from  time  to  time 
an  opportunity  of  being  sent  abroad  to  study  for  three  yeiurs  at  the 
comnse  of  the  Academy. 

Onie  library  of  the  Academy  contains  all  the  best  works  en  art, 
frOTJdiw  a  considerable  number  of  modem  prints  and  a  valuable  collection 
of  engravings  of  the  Italian  school  from  the  earliest  period,  formed  by 
George  Cumberland,  for  which  they  paid  8002.  On  the  death  of  Sir 
Thomas  Lawrence,  the  Academy  purchased  his  collection  of  archi- 
tectural casts  for  2B0U  (althou^  their  apartments  could  not  aooom- 
ntodata  them)  :  they  are  at  present  deposited  in  the  South  Kensington 

Considerably  over  two  thousand  students  have  been  reared  under 
the  tuition  and  auspices  of  the  Royal  Academy,  and  among  them  are 
included  by  far  the  greater  number  of  those  who  have  dutinguished 
themselves  as  painters  and  sculptors  in  this  country. 

The  attention  which  the  Royal  Academy  has  imiformly  Aown  to 
unfortunate  artists  in  general,  and  the  liberal  assistance  they  have 
bestowed  to  such  out  of  their  funds,  should  not  be  omitted. .  It 
appeared  in  evidence  before  a  committee  of  the  House  of  Commons,  in 
1836,  that  the  gross  sum  which  they  had  enended  in  pensions  to  dis- 
tressed membffis  amounted  to  ll,106i.,  and  the  donations  to  artists, 
not  members,  and  their  families,  to  19,2492.;  and  since  then,  with 
increased  funds,  the  Academy  has  acted  with  still  greater  liberali^. 
With  this  generosity  the  Academy  has  combined  a  prudent  degree  of 
economy  in  the  management  of  its  funds,  both  for  the  purpose  of 
providing  against  casutdties  and  for  the  gradual  improvement  of  the 
sstabluhment.  Notwithstanding  the  large  sum  they  have  expended 
in  earning  out  the  objects  for  which  they  were  associated,  the 
academicians  have  accumulated  a  reserve  fund  sufficient,  as  they 
informed  the  Chancellor  of  the  Exchequer  when  the  question  was 
Biooted  of  the  removal  of  the  Academy  to  Burlington  House,  to  erect 
'a  new  building  more  adequate  to  their  requirements  than  their  present 
Mpartmsnts,  provided  the  government  would  furnish  the  neoessaiy 

It  win  i^pear  from  what  has  been  stated,  that  the  Royal  Academy 
owes  its  corporate  existence  entirehr  to  the  crown,  and  is  neither  sup- 
ported nor  aided  by  any  public  nmds.  It  has  also  been  shown  in 
what  manner  it  became  entitled  to  accommodation  in  the  National 
Galleiy.  Though  the  exertions  of  the  Academy  have  been  directed  to 
a  public  object — the  improvement  of  the  arts — it  differs  in  no  respect 
from  sny  other  body  incorpoiated  for  Uteraiy  or  scientific  purposes, 
mch  as  the  Astronomical  Society  for  instaooe,  and  others,  which  sup- 
port themselves  by  their  own  funds. 

Accordingly  when  in  the  year  1884  the  House  of  Commons  had 
•ddi«saed  Oub  king,  William  IV.,  requaiting  him  to  direct  the  Royal 
Aeademy  to  lumishthemwUhoeriitii)  r^tanu  expliuMtoryof  the  constitu- 


tion of  the  body  and  its  proceedings,  the  Academy,  though  protesting 
against  the  attempt  to  withdraw  the  Royal  Academy  from  its  immediato 
connection  with  tne  crown  and  to  bring  it  under  the  control  of  the  House 
of  Common^having  first  askbd  the  permission  of  the  king,  gave  the  House 
all  the  information  that  was  desired.  But  in  1839,  when  an  order  was 
made  to  furnish  the  House  with  similar  returns  in  continuation,  as  well 
as  with  the  particulars  of  their  domestic  expenditure,  these  returns 
wero  not  made,  and  a  petition  was  presented  to  the  House,  in  which 
the  position  and  claims  of  the  Royal  Academy  were  fully  explained. 
The  petition  seems  to  have  produced  its  effect,  and  the  order  was 
rescinded. 

Within  the  last  few  years  it  has  seemed  on  more  than  one  occasion 
probable  that  the  question  of  the  position  of  the  Academy,  both  as  a 
private  institution  and  with  reference  to  the  public  benefit,  would 
come  under  discussion  in  parliament,  but  it  has  been  deferred.  This 
question  it  does  not  fall  within  our  province  to  consider,  nor  to  notice 
tiie  various  attacks  made  on  its  constitution  and  odmuiistration.  It 
is  sufficient  here  to  have  stated  what  these  are. 

ROYAL  SOCIKTY  (of  London),  consists  of  a  number  of  persons 
associated  together  for  the  purpose  of  promoting  mathematical  and 
physical  science.  At  its  formation  the  more  particular  object  of  the 
members  was  to  assiBt  each  other  in  extendmg  their  knowledge  of 
natural  and  experimental  philosophy. 

Philoeophicid  societies  for  the  cultivation  or  advancement  of  par- 
ticular branches  of  human  knowledge  existed,  both  on  the  Continent 
and  in  this  country,  before  the  end  of  the  16th  century.  In  Italy,  the 
Florentine  Academy  and  the  Academia  della  Crusca  hod  been  founded 
with  the  view  of  improving  the  language  and  literature  of  that  country. 
France  had  its  Academy  of  Painting  and  Sculpture,  and  its  Royal 
Academy  of  Inscriptions ;  and  the  Antiquarian  Society  in  England  was 
founded  in  1572. 

England  appears  to  have  led  the  way  to  the  formation  of  a  body  of 
men  who  sought  by  mutual  co-operation  to  advance  the  new  philotopkg, 
as  it  was  called ;  for  Dr.  Wallis,  in  an  account  of  his  own  life,  relates  that 
in  1643,  which  must  therefore  have  been  while  the  civil  war  was  raging 
in  the  country,  several  persons  who  then  resided  in  London,  at  the 
'  suggestion  of  a  Mr.  Haak,  a  native  of  Germany,  joined  themselves  into 
a  dub,  in  which,  purposely  excluding  politics  and  theology,  they 
agreed  to  communicate  to  each  other  the  results  of  their  researdies  in 
chemistry,  nifsdioine,  geometry,  astronomy,  mechanics,  magnetism, 
navigation,  and  experimental  philosophy  in  general.  Among  thoeo 
who  first  met  for  this  worthy  purpose  were  Drs.  Wilkins,  Wallis, 
Gh)ddard,  Ent,  and  Glisson,  and  Messrs.  Haak  and  Forster  (the  pro- 
fessor of  astronomy  at  Oresham  College) ;  and  the  place  of  their 
meeting  was  generally  at  Dr.  Qoddard's  lodgings,  but  they  occasionally 
assembled  in  Oresham  College  or  in  its  neighbourhood.  This  is  sup- 
posed to  be  the  club  which  Mr.  Boyle,  in  a  letter  (1646),  designates  the 
invisible  or  philosophical  society. 

Before  the  year  1651,  Drs.  Wilkins,  Wallis,  and  Qoddard,  having 
obtained  appointments  at  Oxford,  went  to  reside  in  that  city,  where, 
being  joined  by  Drs.  Seth  Ward,  Bathurst,  Petty,  and  Willis  (the  Isst 
an  eminent  physician),  and  Mr.  Rooke,  they  constituted  themselves  a 
society  similar  to  that  which  they  had  left  in  London.  They  met  at 
first  at  Dr.  Petty's  lodgings,  which  were  in  the  house  of  an  apothecary, 
where  they  hod  access  to  such  drugs  as  they  wished  to  examine ;  and  as 
often  as  any  of  the  members  had  occasion  to  visit  the  metropolis,  they 
did  not  fail  to  attend  the  meetings  of  their  former  associates.  When 
Dr.  Petty  went  to  Ireland  in  1652,  th^  meetings  at  Oxford  appear  to 
have  bee^  for  a  time  suspended ;  for  that  gentieman,  writing  from 
Dublin  to  Mr.  Boyle,  in  the  beginning  of  1658,  expresses  his  gratdfica- 
tion  that  the  club  .was  revived ;  and  in  the  sameyear  the  members 
met  either  at  the  apartments  of  Dr.  Wilkins,  in  Wadhsm  Collqje,  or 
at  the  lodgings  of  Mr.  Boyle  :  the  Oxford  society  continued  to  exist 
till  1690,  when  the  meetings  terminated.  It  appears,  however,  that, 
in  the  beginning  of  1659,  all  of  them,  except  Mr.  Boyle,  who  con- 
tinued to  reside  at  Oxfcnd  till  1668,  came  to  London,  where  they 
rejoined  the  friends  who  had  remained  there,  and  where  the  united 
clubs  were  almost  immediately  strengthened  by  the  accession  of 
several  new  members.  At  that  time  the  lectures  on  astronomy  and 
geometry  in  Oresham  College  were  delivered,  the  former  by  Mr. 
Christopher  Wren,  on  every  Wednesday,  and  the  latter  by  Mr.  Rooke 
(who  had  been  appointed  in  1662),  on  every  Thursday ;  and  these 
gentiemen,  together  with  Viscount  Brouncker,  Mr.  Brereton  (after- 
wards Lord  Brereton),  Sir  Paul  NeUe,  Mr.  John  Evelyn,  Mr.  B^,  Dr. 
Croone,  and  others,  besides  the  Oxford  members,  used  after  tho 
lectures  to  assemble  for  philo8<^bioal  conversation  in  an  adjoining 
room.  This  state  of  things  did  not,  however,  continue  long,  for  dur- 
ing the  same  year,  in  consequence  of  the  troubles  which  ensued  on 
the  resignation  of  the  Proteotoiship  by  Richard  Cromwell,  the  apart- 
ments which  had  been  occupied  for  acientifio  purposes  were  converted 
into  quarters  for  soldiers,  and  the  ntemboa  of  the  soeiety  were 
obliged  to  disperse. 

We  learn  also  from  Dr.  Wallis  that,  upon  the  restoration  in  1660, 
the  meetings  were  revived ;  and  on  the  28th  of  November,  in  that 
year,  the  members  came  to  a  resolution  that  they  would  assemble  during 
term-time  in  Mr.  Rooke's  chambers  at  Oresham  College,  and  during 
the  vacation  at  Mr.  Ball's  chambers  in  the  Temple.  It  was  further 
resolTed  that  the  meiqbers  should  oonsUtute  themselres  a  mciety  for 
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promotiiig  phyaioo-mathematical  learning,  Bimilar  to  the  voluntary 
aaaociationa  of  Oien  for  other  branches  of  knowledge  in  foreign 
countries.  At  this  time  also  a  series  of  resolutions  relating  to  the 
objects  proposed  by  the  society  Ttas  drawn  up,  of  whioh  the  follow- 
ing is  a  brief  outline : — It  was  agreed  that  records  ahovud  be  xtade 
of  all  the  works  of  nature  and  art  of  which  any  account  could 
be  obtained ;  so  tliat  the  present  age  and  posterity  might  be  able  to 
mark  the  errors  which  have  been  strengthened  by  long  prescription, 
to  restore  truths  which  have  long  been  neglected,  and  to  extend  the 
usee  of  those  already  known ;  thus  making  the  way  easier  to  those 
which  are  yet  unknown.  It  was  also  resolved  to  admit  men  of  different 
religions,  professions,  and  nations,  in  order  that  the  knowledge  of 
nature  might  be  freed  from  the  prejudices  of  sects,  and  from  a  bias  in 
'  favour  of  any  particular  branch  of  learning,  and  that  all  mankind 
might  as  much  as  possible  be  engaged  in  the  pvirsuit  of  philosophy, 
which  it  was  proposed  to  i-eform,  not  by  laws  and  ceremonies,  but  by 
practiie  and  example.  It  was  further  resolved  that  the  society  should 
not  be  a  school  where  some  might  teach  and  others  be  taught,  but 
rather  a  aort  of  laboratory  where  all  persons  might  operate  iudepen-' 
dently  of  one  another.  Lastly,  it  was  resqjved  iiat  each  member 
should  subscribe  his  name  to  an  agreement  that  ho  would  constantly 
attend  the  society's  meetings,  if  not  prevented  by  illness  or  some 
indispensable  business;  that  he  should  pay  10>.  on  his  admission,  and 
that  he  should  subscribe  1>.  weekly  while  he  continued  to  belong  to 
the  society ;  but  from  this  obligation  he  was  to  be  freed  if  he  chose 
to  withdraw.  At  the  some  time  Dr.  Wilkins  was  choaen  chairman, 
Mr.  Ball,  treasiirer,  and  Mr.  Croone,  registrar.  It  was  agreed  to  meet 
every  Wednesday,  from  3  to  6  o'clock  in  the  afternoon. 

The  revenue  thus  raised  from  the  membens  was  intended  to  enaUe 
ihe  sodety  to  accomplish  the  various  objects  for  which  it  was  insti- 
tuted, and  particularly  to  defray  the  expenses  of  the  philosophical 
experiments  which  it  was  proposed  to  make.  The  intention  was,  that 
persons  should  be  sent  to  travel  abroad,  for  the  purpose  of  coHecting 
information,  while  others  should  remain  in  London,  and  present  the 
results  of  their  researches  at  the  weekly  meetings.  If  was  determined 
that  the  members  should  be  formed  into  committees  for  the  con- 
sideration of  the  subjects  which  were  to  b«  illustrated  by  experiments, 
and  that  the  performance  of  the  latter  should  be  assigned  to  persons 
who,  by  their  particular  talents,  were  best  qualified  for  the  duty. 
Some  of  the  members  also  were  to  be  appointed  to  examine  all  works 
on  the  natural  history  of  foreign  countries,  that  out  of  them  they 
might  prepare  directions  as  a  guide  in  making  inquiries  concerning 
the  phenomena  of  the  atmosphere  and  the  currents  of  the  sea,  and  in 
p^forming  experiments  on  light,  magnetism,  &o.  It  was  proposed  to 
bring  the  results  of  the  researches  into  one  common  stock,  and  to  con- 
sign them  in  public  registers  for  the  benefit  of  future  generations, 
without  repaid  to  any  order  in  the  arrangement ;  it  bring  considered, 
that  if  subjects  of  a  like  nature  were  brought  together,  persons  might 
be  tempted  too  early  to  ■  form  general  systems,  which  might  be 
detrimental  to  the  progress  of  philosophy.  (Dr.  Sprat,  '  History  of 
the  Boyal  Society.') 

Such  were  the  plan  and  constitution  of  the  infant  society,  whioh 
was  destined,  in  its  maturity,  to  hold  so  distinguished  a  place  in  the 
annals  of  scienoe.  Its  first  recorded  steps,  which  took  place  Detf.  5, 
1660,  consisted  in  appointing  Mr.  Wren,  at  the  next  weekly  meeting, 
to  perform  an  experiment  on  the  vibrations  of  pendulums,  and  Loi-d 
Brounoker  to  bring  in  a  series  of  instructions  for  conducting  some 
experiments  (relating  to  the  temperature,  moisture,  &o.,  of  the  air), 
the  performance  of  which  on  the  Peak  of  Teneriffe  it  was  intended 
to  procure. 

A  week  afterwards  it  was  resolved  that  persons  desiring  to  be 
admitted  should  be  recommended  by  some  member,  and  that  the 
election  should  take  phico  by  ballot.  No  one  below  the  rank  of  a 
baron  was  to  bo  admitted  without  a  scrutiny;  and  the  number  of 
members  was  to  be  limited  to  fl%-five,  of  whom  twenly-one  wore  to 
be  a  quOTum  for  elections  and  nine  for  other  matters.  It  was  ogreed 
also  that  the  fellows  of  the  Royal  College  of  Pbyrficiaua  and  the  pro- 
fessors of  mathematics  and  natural  philosophy  in  both  universities 
should,  if  they  desu^d,  be  admitted  as  supemumerariea  on  paying  the 
fees  and  lending  their  assistance  when  convenient.  The  restriction 
respecting  the  number  of  members  was  however  soon  afterwards  taken 
oiT;  and,  at  this  time,  candidates  who  were  proposed  on  one  evaning 
were  often  admitted  at  the  next,  or  at  the  second  following  meeting, 
thourii  the  practice  respecting  the  interval  between  the  application 
and  the  admission  seems  to  have  been  very  variable.  The  president  or 
chairman  held  his  post  sometimes  durmg  the  evening  only,  sometimes 
he  was  appointed  for  a  month,  and  he  was  occasionally  re-elected. 
Two  pei-sons  were  appointed  to  superintend  the  arrangements  for  pei-- 
formmg  the  proposed  experiments,  and  one  of  the  members  acted  as  a 
reporter  at  the  meetings.  An  amanuensis  for  oopjing  minutes,  and  an 
operator  under  the  superintendents,  were  engaged  as  servants,  and 
received  salaries. 

In  that  age,  the  constitution  and  qualities  of  material  bodies  being 
very  unperfectly  known,  suggestions  founded  on  iU-observed  pheno- 
mena, and  the  marvellous  relations  of  credulous  traveUers,  were  often 
thoiight  deservmg  of  consideration  from  the  bore  possibility  that  th^y 
might  lead  to  the  discovery  of  useful  truths ;  and  this  circumstance 
may  serve  to  wcount  for  the  j^parently  absurd  inquiries  and  expert. 


ments  which  appear  in  the  notices  of  the  society's  first  laboura.  Thus, 
in  1C61,  Mr.  Boyle  was  requested  to  ascertain  the  name  of  the  place  in 
Brazil  where  there  was  said  to  have  been  a  kind  of  wood  which  attracts 
fishes ;  he  was  also  desired  to  inquire  into  the  trutb  of  Qi4  eircum- 
stance  mentioned  by  Sohotter — ^tliat  a  fish  suspended  by  a  thread 
would  turn  towards  the  wind.  And  in  the  same  year,  the  opinion 
that  a  spider  could  not  get  out  of  a  space  enclosed  within  y  circle 
formed  of  powdered  unicorn's  horn  was  actually  made  the  subject  of 
an  experiment.  The  philosopher  will  however  forget  these  early 
occupations  of  the  sosiety  when  he  meditates  on  Uie  works  of  a 
Newton  and  a  Davy,  wuch  are  alao  recorded  in  tkt  pages  of  its 
history. 

The  society  having  presented  an  address  to  the  king  (Charlea  II.)  on 
his  restoration,  his  majesty  expressed  much  satisfaction  that  the 
institution  had  originated  in  his  reign,  and  promised  to  support  it 
with  his  influence.  And  in  1662,  by  the  concurrence,  it  is  said,  of 
Lord  Clarendon,  the  chancellor.  Sir  OteoBrj  Palmer,  the  attorney- 
general,  and  Sir  Heneage  Finch,  the  Bolicitoi>general,  he  granted  • 
charter,  by  whioh  the  members  were  incorporated  into  a  society  con- 
sisting of  a  president,  council,  and  fellows,  under  the  name  of  the 
Boyal  Society.  In  tins  they  were  declared  capable  of  holding  lands, 
tenements,  to.  in  perpetuity  or  otherwise,  and  of  suing  or  defending 
in  any  court  of  law ;  a  coat  of  arms  was  given  them,  and  they  were 
allowed  to  have  a  common  seal  for  their  use.  William  Viaoount 
Brouncker  was  appointed  president,  and  twenty-one  persona  were 
appointed  by  name  to  form  a  oounoiL  It  waa  further  regulated  that 
the  president  should  be  elected  annually  on  St,  Andrew's  day,  and  that 
ten  of  the  council  should,  at  the  same  time,  be  replaced  by  ten  other 
persons  chosen  from  among  the  fellows.  (Birch,  'History  of  the 
Hoyal  Society,'  voL  I;  Weld,  '  BUst.  of  Boyal  Soo,'  voL  i.)  Thii 
charter  being  found  not  sufficiently  explixut,  in  the  following  year 
another  was  obtained,  in  which  the  president  and  fellows  are  desig- 
nated the  president  of  the  council  and  the  fellows  of  the  Boyal  Socnety 
of  London  for  promoting  natural  knowledge;  and  in  which,  after 
declaring  that  tiie  society  might  hold  lands,  &c,,  Hxere  is  added 
"  Statute  de  alienatione  in  manvm  mortuam  non  obstante,"  (Birch,  «< 
sup.)  Between  1661  and  1664,  the  king  made  several  visits  to  the 
society,  and  on  those  occasions  experiments  were  exhibited,  for  the 
preparation  of  which  coqamittees  of  the  members  were  appointed.  In 
1663  his  majesty  bestowed  a  mace  on  Hxe  society,  and  in  1C64  he 
signed  himself,  in  the  Charter-book,  its  founder ;  at  the  same  time  &» 
duke  of  York  (afterwards  James  II.)  signed  hiniself  a  fellow. 

I'he  Boyal  Society  of  London  may  now  be  said  to  have  been  com- 
pletely formed,  and  it  must  be  considered  as  the  oldest  of  its  kind  in 
Europe,  if  we  except  the  Academy  of  the  Lyncei  at  Borne,  The 
Academie  Fran9aiBe,  which,  in  1635,  hod  been  established  by  Bichelieu, 
had  for  ii»  object  only  the  improvement  of  the  French  language ;  and 
though,  in  1657,  a  number  of  learned  men,  among  whom  were 
Descartes,  Qassendi,  and  Boberval,  were  aocustomed  to  assemble  at 
the  apartments  of  F^  Mersenne  in  Paris,  for  the  purpose  of  making 
philosophical  experiments,  and  of  reading  the  soluti<»ia  of  such 
mathematical  problems  as,  according  to  the  general  practice  of  that 
age,  had  been  proposed  to  them,  yet  it  was  not  till  1666  that  Louis 
XIV,,  at  the  suggestion  of  H.  Colbert,  founded  what  was  then  odied 
the  Boyal  Academy  of  Sciences  for  purposes  similar  to  those  which 
engaged  the  attention  of  the  Boyal  Society.  To  the  latter  therefore 
belongs  the  honour  of  having  preceded  the  former  io  time,  and 
probably  that  of  having  in  some  measure  led  to  its  formation.  It 
must  also  be  considered  as  having  been  the  parent  of  the  numerous 
scientific  institutions  which  have  since  been  farmed  in  tbe  Btitiah 
Isles  as  well  as  on  the  continent. 

From  the  time  of  the  charter  being  granted,  the  buaineBB  of  the 
society  asssmed  more  importance,  uid  in  1661  Mr.  Hooke  was 
apiwiated  curator,  with  a  salary  of  802.  per  annum.  The  west  gallery 
of  Uresham  College  was  appointed  as  a  repository  for  the  instruments' 
which  were  under  his  charge;  and  for  a  museum  of  natural  curioaties 
which  hod  been  given  by  Mr.  Colwal,  one  of  the  members,  ^ir  Jobjx  ■ 
Cutler  also  settled  on  Mr.  Hooke  502.  per  aimum,  in  conaideiation  of 
his  delivering  a  course  of  lectures  on  tiie  History  of  Nature  and  Art; 
under  the  regulation  of  the  society;  and  the  latter,  in  the  same  year, 
formed  itself  into  seven  committees  for  the  puiroiae  of  considering  the 
difBsrent  subjcols  of  which  it  was  cognizanti  These  were  mechanics, 
astronomy  and  optica,  anatomy,  chemistry,  agriculture,  the  history  ot 
trade,  natural  phenomena ;  and  there  was,  besides,  a  committee  t» 
manage  the  correspondence.  The  Boyal  Society  early  received  many 
tokens  of  approbation  from  foreign  nations,  as  well  as  from  the 
nobility  and  the  learned  in  this  country.  It  corresponded  frequently 
with  tile  scientific  men  in  France,  and  it  was  invited  by  Prince 
Leopold,  the  brother  of  the  grand-duke  of  Tuscany,  to  keep  up  a 
mutual  communication  with  the  philosophers  of  Florence.  The 
Germans  published  in  their  books  favourable  testimonials  of  its 
labours,  and  foreignen  of  distinction  often  attended  its  weddy 
meetings. 

The  first  portion,  or  number,  of  the  '  Philosophical  Transactions,"  » 
the  work  which  the  society  published  was  designated,  appeared  oA 
Monday,  March  6, 1666.  It  contained  sixteen  quarto  pages,  with  an 
introduction  by  the  secretary  of  the  society,  Mr.  Oldenburg,  who  wa* 
ooneidered  oa  tbe  editor ;  and  it  was  intended  that  one  suoh  number 
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■hooM  be  published  oiv  the  fint  Monday  of  every  month.  Alter  the 
fifth  number  came  out  (June,  ,1665),  the  pnbuo  meetings  of  the 
members  were  discontinued  on  account  of  the  plague  which  then 
raged ;  but  it  appears  from  a  letter  written  by  Mr.  Boyle,  at  Oxford, 
to  Oldenburg,  who  remained  in  London,  that  several  of  tiie  members 
were  then  in  the  former  city,  and  that  they  met  and  made  experi- 
ments at  his  lodgings.  From  these  experiments  and  the  communica- 
tions made  by  some  of  the  members,  were  were  formed  three  more 
numbers  of  the  '  Transactions ; '  these  were  published  at  Oxford ;  but 
the  ninth  and  all  the  succeeding  numbers  came  out  in  London.  The 
title  of  th»  work  was  changed  in  1679  to  that  of  '  PhUosophical 
Collections,'  when  Dr.  Hooke  became  tiie  editor ;  but  the  former  title 
'was  restored  in  January,  1683,  with  Kp.  143,  which  was  published  by 
Dr.  Plot,  who  was  then  the  secretary. 

The  council  met  again  in  Greaham  College,  in  February,  1666,  but 
the  public  meetings  of  the  society  did  not  take  place  till  June  in  that 
year.  In  the  same  year  the  great  fire,  which  laid  nearly  all  London  in 
ashes,  having  compelled  the  authorities  of  the  city  to  take  po&sesaion 
of  the  rooms  hitherto  occupied  by  the  society,  Uie  latter  gi-atefully 
accepted  the  offer  of  apartments  in  Arundel  House,  and  it  met  there 
for  the  first  time  in  January,  1667.  The  mimiflcent  owner  of  the 
mansion,  Ur.  Henry  Howard  of  Korfolk  (afterwards  earl  marshal  of 
England),  at  the  same  time  presented  the  society  with  the  library 
which  bad  been  purchased  by  bis  grandfather,  Thomas,  earl  of  Arundel, 
and  which  had  formerly  belonged  to  Matthew  Corrinus,  king  of  Hun- 
gary. This  valuable  Ubrary,  consisting  of  several  thousand  printed 
volumes  and  numerous  manuscripts,  thus  became  the  property  of  the 
society,  which  immediately  took  measures  to  put  it  under  the  care  of 
its  own  officers,  and  it  has  been  subsequenuy  greatly  increased  by 
donations  and  purchases.  Being  probably  anxious  to  trespass  as  little 
as  possible  on  the  hospitality  of  the  noble  family  to  whom  the  mansion 
belonged,  the  society  proposed  (November,  1667)  to  raise,  by  subscrip- 
tion among  its  members,  money  to  build  a  college  for  itself ;  and  by 
May  in  the  following  year  lOOO/.  were  subscribed.  Mr.  Howard  at  the 
same  time  generously  promised  to  give  the  groimd  for  the  purpose. 
The  same  gentleman  also  offered  a  design  for  the  building,  and  both 
Dr.  Christopher  Wren  and  Mr.  Hooke  gave  plans ;  but  it  does  not 
appear  that  the  project  was  carried  any  further.  In  October,  1674,  at 
the  invitation  of  the  Greaham  professors,  the  society  returned  to  its 
former  apartments  in  that  college,  which  had  now  the  name  of  the 
Royal  Exchange.  -  The  west  gallery  was  oleared  out  for  the  society  as 
a  repository,  and  the  long  gallery  as  a  library  for  the  reception  of  the 
books,  which  hod  till  then  remained  at  Arundel  House. 

Soon  after  this  time  the  prosperity  of  the  society  seems  to  have 
suffered  some  diminution,  ui  1667, when  Dr.  Sprat's  'History' was 
published,  there  were  nearly  200  members;  in  1673,  it  appears  that 
the  number  was  only  146,  and  of  these  79  were  persons  who  had  long 
neglected  to  pay  their  subscriptions.  This  great  number  of  defaulters 
gave  much  uneasiness  to  those  wbo  wished  well  to  t^e  society ;  and 
the  latter,  besides  making  pressing  applioations  for  the  arrears,  seriously 
contemplated  an  attempt  to  enforce  payment  by  legal  processes.  It 
does  n^  appear  that  Utis  last  measure  was  ever  put  in  practice,  and 
the  council  adopted  a  more  effectual  means  of  promoting  the  welfare 
of  the  society  in  charging  themselves  with  the  duty  of  delivering 
lectures  on  philosophical  subjects,  and  in  providing  a  number  of  good 
experiments.  The  first  lecture,  in  pursuance  of  tiiia  plan,  appears  to 
have  been  delivered  in  1074,  by  Sir  William  Petty,  and  it  was  ordered 
to  be  printed.  The  president  (Lord  Brounoker)  also  prpposed,  in  1668, 
that  a  silver  ntedol,  worth  about  twenbr  sbillinga,  should  be  given  to 
any  fellow,  not  a  curator,  who  should  make  before  the  society  any 
particular!;  meritorious  experiment. 

Dame  Lady  Sadleir,  the  relict  of  Dr.  Croone,  one  of  the  earliest 
members,  left  by  her  will,  in  1706,  a  sum  of  money  for  the  purpose  of 
founding  a  lecture  /or  the  advancement  of  natural  knowledge,  to  be  read  j 
before  the  Boyal  Society ;  this,  did  not  however  come  into  operation  I 
till  1738,  when  the  first  was  delivered  by  Dr.  Stuart    The  Bakcrian  j 
lecture  on  electro-chemistry  was  foundeS  in  1774,  and  the  first  was 
delivered  in  1775,  by  Mr,  Peter  Woulfe. 

In  the  infancy  of  the  society  a  duo  attention  to  the  characters  of 
the  persons  admitted  as  fellows  does  not  appear  to  have  been  always 
given;  and,  in  consequence,  many  joined  who  neither  paid  the  fees 
nor  contributed  any  information  at  the  meetings,  and,  at  the  same 
time,  the  number  of  those  who  were  excused  the  payments  was 
found  to  bear  too  great  a  proportion  to  the  wholei  In  order  to  remedy 
these  evils,  in  1682,  the  president,  Sir  Christopher  Wren,  brought  in 
the  draught  of  a  statute  in  which  it  was  provided  that  any  person  pro- 

C'ng  a  candidate  for  admission  should  give  his  name  to. some  mem- 
of  the  council ;  at  the  next  or  at  some  following  meeting  of  the 
council,  it  was  to  be  considered  whether  the  proposed  candidate  was 
likely  to  be  useful  to  the  society  or  not;  if  the  members  were  satisfied 
on  this  head,  the  candidate  was  to  be  formally  proposed  at  the  next 
meeting,  and  afterwards  balloted  for  as  jisuol.  On  his  election  he  was 
to  sign  the  statute  book,  and  on  or  before  being  admitted,  he  was  to 
pay  the  presoribed  fees.  In  the  same  year  .it  was  agreed  that  none 
except  foreigners  should  be  exempted  from  the  payments.  It  is  to 
be  presumed  that  the  persons  who  were  excused  the  payment  of  the 
admission-fees  or  the  weekly  subscriptions  were  such  as,  from  the 
pressure  of  their  circumstances,  were  unable  to  incur  the  expense,  or 


snch  as,  from  the  services  which  they  rendered  to  the  society,  might 
justly  claim  the  exemption:  among  those  who  petitioned  to  be 
excused  on  the  former  ground  is  to  be  found  the  name  of  Newton, 
then  resident  at  Cambridge. 

It  was  proposed,  in  October,  1674,  to  refuse  to  strangers  the  per^ 
mission,  which  had  been  before  granted,  to  be  present  at  the  meetmgi 
of  the  society,  from  an  opinion  that  members,  might  be  unwilling  to 
bring  forward  their  communications  in  the  presence  of  such  persons. 
And  at  the  same  time  it  was  proposed  that  the  members  should  bind 
themselves  not  to  divulge  what  passed  in  their  meetings,  it  being 
thought  prejudicial  to  the  interests  of  the  society  that  the  particulars 
of  the  eipenmenta  and  communications  should  be  made  known  bofore 
they  appeared  in  the  printed  '  Transactions.'  We  read  that,  ob  one 
occasion  only,  a  lady  was  permitted  to  be  present  at  the  meetings  of 
the  society ;  this  was  in  1687,  when  the  Duchess  of  Newcastle,  having 
expressed  awish  to  that  elTect,  it  was  agreed  to  invite  her  grace,  and 
some  experiments,  which  had  been  prepared  for  ^e  purpose,  were 
repeated  in  her  presence.  , 

B^  the  death  of  Dr.  Wilkins  (then  bishop  of  Chester),  one  of  the 
earhest  members,  the  society  obtained  a  legacy  of  400/.,  which,  in 
January,  1675,  was  laid  out  in  the  purchase  of  an  annual  income  of  241. 
from  certain  fee  farm  rents  at  Lewes,  in  Sussex ;  and  in  January,  1682, 
the  college  and  lands  in  Chelsea,  which  had  been  g^ted  to  the  society, 
were  sold  to  the  king  for  13002. ;  this  sum  was  soon  afterwards  vested 
in  African  and  East  Indian  stock,  and  from  that  time  the  society  began 
to  possess  a  permanent  revenue.  Till  the  year  1668  no  fixed  salaiy 
was  allowed  to  the  secretary ;  but  Mr.  Oldenburg,  who  had  long  hdd 
that  post,  received  BOL  oocssionally,  and  in  that  year  it  was  agreed  to 
allow  him  iOl.  per  annum.  After  his  death  (1677)  two  secretaries  were 
appointed,  with  salaries ;  but  in  1685,  Mr.  Aston  and  Mr.  Robinson 
declining  on  a  sudden  to  serve  the  society,  the  council  resolved,  in 
order  to  avoid  the  inconvenience  of  being  so  deserted  in  future,  to 
have  two  honor.iry  secretaries ;  it  was  agreed  also  to  have  a  secretary 
with  a  fixed  salary  to  transact  the  business,  and  tile  qualifioatians 
required  in  the  person  who  should  fill  the  latter  post  are  stated  at 
length  in  Birch's  '  History,'  vol.  iv.  Of  the  former.  Sir  John  Hoakyns 
and  Dr.  Gale  were  the  two  first;  and  in  January,  1686,  Mr.  Edmund 
Halley  was  appointed  the  paid  secretary,  at  SOL  per  annum. 

In  1701,  iiie  society,  ^ich  till  this  time  liad  continued  to  hold  its 
meetings  in  Oresham  College,  removed  to  a  spacious  house  whiclk  it 
purchasied  in  Crane  Court,  Fleet  Street.  This  house  afforded  room  for 
the  meetings,  for  the  library,  and  for  the  museum  of  curiositieil ;  and 
hero  the  reading  of  p.pcrs  and  the  exhibition  of  experiments  took 
place,  OS  before,  till  the  year  1782,-  when  the  government  assigned  to 
the  society  apartments  in  Somerset  House.  On  removing  to  the  latter 
place,  it  became  necessary  to  dispose  of  the  museum  for  want  of  room ; 
but  this  inconvenience  was  obviated  in  1826,  when  the  rooms  formerly 
used  by  the  commissioners  of  the  lottery  were  given  up  to  the  society. 
The  rooms  in  Somerset  House  were  resumed  by  the  government  in 
1857,  other  and  more  commodious  apartments  lielng  granted  in  their 
stead  in  Burlington  House,  Piccadilly. 

In  1703  Sir  Isaac  Newton  was  appointed  president  of  the  society, 
and  this  honourable  post  was  held  I^  the  greatest  of  philosophers  tUl 
his  death,  which  happened  in  1727.  The  experiments  of  Newton  on 
telescopes  and  on  hght  and  colours  were  amongst  the  first  subjects 
which  gave  a  value  to  the  '  Transactions '  of  the  society ;  and  the  latter 
showed  its  sense  of  the  honour  which  it  derived  from  being  able  to 
number  him  among  its  fellows,  by  publishing  in  1686,  the  first  edition 
of  the  Trincipia.'     [Pbiscipia.] 

The  service  rendered  to  the  cause  of  science  from  the  beginning  of 
Uio  18th  century  has  earned  for  the  society  the  respect  and  gratitude 
of  every  man  to  whom  the  advancement  of  the  human  intellect  is  an 
object  of  high  consideration.  The  society  numbers  among  those  who 
are  and  who  have  been  its  members  some  of  the  brightest  omamenta 
of  philosophy  and  human  nature ;  and  it  may  be  said  that  a  large  pro- 
portion of  the  discoveries  by  which  the  face  of  science  has  beoi 
clianged  have  been  made  known  to  the  world  through  the  papers 
published  in  the  volumes  of  its  '  Transactions.' 

It  has  been  said  above  that  the  '  Philosophical  Transactions '  were  at 
first  published  in  monthly  numbers :  these  were  afterwards  collected  into 
volumea,and,from  the  commencement  in  1665  to  the  year  1800,  the  work 
consisted  of  90  volumes.  From  that  time  a  volume  has  come  out  annually, 
and,  up  to  the  present  year  (1861),  160  volumes  have  been  published. 
It  appears  that,  till  the  47th  volume  was  published,  the  printing 
of  the  '  Transactions '  was  entirely  the  act  of  the  seveial  secretaries, 
the  society  never  interesting  itself  further  in  that  matter  than  by 
occasiuually  recommending  the  revival  of  the  publication,  when  from 
any  circumstance  it  appeared  to  be  suspended,  But  in  1752  a  com- 
mittee was  appointed  to  consider  the  papers  which  were  read  before  ° 
the  society,  and  to  select  such  as  should  be  judged  most  proper  to 
appear  in  the  future  '  Tranaaotions,'  and  this  practice  has  ever  sinoe 
been  followed.  The  society,  however,  constantly  declares  that  it 
never,  as  a  body,  gives  its  opinion  on  any  subject,  whether  of  nature  or 
art,  which  comes  before  it,  the  facta  and  reasonings  stated  in  their 
papers  resting  entirely  on  the  credit  and  judgment  of  their  respective 
authors. 

Honorary  reoompenses  have  been  liberally  bestowed  by  the  society 
on  persons  distinguished  by  their  discoveries  in  pu<*>  «Maace  or  in  phi- 
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loBOphy.  The  first  occssion  on  wbieh  the  society  became  poaseased  of 
the  means  of  so  rewarding  merit  arose  from  a  bequest  of  Sir  Godfrey 
Copley,  one  of  its  members;  this  gentleman,  at  his  death  in  1709,  left 
100/.,  the  interest  of  which,  or  51.,  was  to  be  given  annually  to  the 
person  who,  in  the  course  of  the  preceding  year,  had  written  the  beat 
jwper  on  any  subject  relating  to  experimentij  philosophy.  The  dona- 
tion has  since  been  put  in  ine  more  liberal  form  of  a  gold  medal,  and 
it  is  awarded  indifferently  either  to  foreigners  or  Englishmen,  for  the 
sake  of  encouraging  an  honourable  competition  among  the  philosophers 
of  all  countries. 

In  1796,  Sir  Benjamin  Thomson  (Cotmt  Rumford)  presented  to  the 
Eociety  lOOOi.  in  the  8  per  cent,  stock,  for  the  purpose  of  forming,  with 
the  interest  for  two  years  (601),  a  biennial  prize  to  be  given  for  the 
most  important  discover,  or  tiie  most  useful  improvement,  made 
during  the  two  preceding  years  on  heat  or  on  light.  The  prize  is  given 
in  the  form  of  a  gold  and  a  silver  medal,  both  of  which  are  struck  in 
the  same  die.  During  several  of  the  biennial  periods  no  opportunity 
.occurred  of  awaiting  the  prize,  and  at  l^ese  times  the  interest  was 
added  to  the  principal  sum.  The  interest  of  this  additional  sum  is 
always  given  with  the  two  medals;  and  the  first  who  received  the 
prize  was  Count  Rumford  himself,  in  1800,  and  the  second  was 
Professor  Leslie  (1804).  In  1825  his  Majesty  Qeoige  IV.,  for  the  pur- 
pose of  further  promoting  the  objects  and  progress  of  science,  made  to 
the  society  on  annual  grant  of  100  guineas  in  order  to  establish  two 
prize  medals,  which  are  t<>  be  presented  to  the  persons  who  during  the 
year  shall  make  the  most  important  discovery  in  science  or  art ;  and  in 
1828  the  medals  were  awarded  to  Mr.  John  Dalton  and  Mr.  James 
Ivory. 

_  On  delivering  to  a  gentleman  the  medal  which  had  been  awarded  to 
him  for  his  discoveries  in  science.  Sir  John  Pringle,  who  held  the 
office  of  president  from  1772  to  1778,  made  it  a  rule  to  deliver  a 
speech,  in  which,  after  touching  on  the  history  of  that  branch  of  phi- 
losophy to  which  the  discovery  or  communication  referred,  he  stated 
the  particular  points  in  which  the  individual  had  distinguished  himself. 
The  first  of  these  speeches  was  made  on  presenting  to  Dr.  Priestley 
the  gold  medal  for  his  paper  entitled  '  Observations  on  the  Different 
Kinds  of  Air,'  which  had  been  read  before  tiie  society  in  March,  1772. 
This  liberal  practice,  by  which  the  vijue  of  tiie  testimonial  to  the 
receiver  is  so  much  enhanced,  is  still  continned;  and  it  is  also  become 
customary,  at  every  anniversary  meeting,  to  notice,  in  an  appropriate 
speech,  uie  principal  circimistances  in  the  life  of  any  distinguished 
member  who  may  have  died  during  the  year. 

_  It  is  perhaps  impossible  that,  in  a  large  body  of  men  engird  in 
similar  pursuits,  differences  should  not  arise ;  and  the  Royal  Society 
has  not  been  entirely  free  from  the  evils  attending  disagreements 
among  its  membeia.  It  will  be  enough  to  refer  to  the  dispute  about 
the  comparative  advantages  of  blunt  and  pointed  conductors  for  pro- 
tecting buildings  from  the  effects  of  lightning,  which  in  1778  arose  to 
such  a  height  that  the  president.  Sir  John  Pringle,  felt  himself  com- 
pelled to  resign  [Pbinole,  Johw,  in  Bioo.  Div!] ;  ond  to  the  accu- 
sations at  a  later  period  against  Sir  Joseph  Banks  of  partiality  in  the 
4]isposal  of  the  medals  and  oven  in  the  election  of  members.  In  the 
first  instance,  the  president  may  have  erred  in  putting  himself  at  the 
head  of  a  party  in  the  society ;  but  it  is  probable  that  most  of 
the  grievances  subsequently  complained  of  originated  mainly  in  the 
disappointed  expectations  of  ambitious  individuals.  If  at  any  time, 
however,  the  complaints  have  not  been  without'  foundation,  the  ele- 
vated character  of  the  papers  which  for  many  years  have  been  published 
in  the  '  Tranaaotiona '  ahows  that  the  interests  of  science  have  been 
generously  placed  above  every  private  consideration. 

Accordmg  to  the  present  statutes  of  the  society,  every  candidate  for 
admission  must  be  recommended  by  a  certificate  in  writing  signed  by 
six  or  more  fellows,  of  whom  three  at  least  must  certify  that  the 
recommendation  ia  from  personal  knowledge ;  and  the  name,  quaM- 
cations,  4c,  of  the  candidate  must  be  entered  in  a  book  kept  for  the 
purpose.  At  the  first  ordinary  meeting  in  March  of  each  year  a  list  of 
the  names  of  all  candidates  proposed  subsequently  to  March  1  of  the 
preceding  year,  is  suspended  in  the  meeting-room  till  the  day  of 
election  ;  and  a  printed  list  is  forwarded  to  every  fellow  of  the  so<aety. 
From  this  list  the  council  select  by  ballot  fifteen  names  to  be  recom- 
mended to  the  aociety  for  election.  The  election  takes  place  on  the 
first  Thursday  in  June,  when  the  person  elected  must  appear  for 
admission  on  or  before  the  fourth  ordinary  meeting  of  the  society 
after  his  election  ;  and  previously  to  such  appearance  he  must  pay  the 
sum  of  101.  for  admission  money;  ho  must  olso  pay  41.  per  annum  as 
long  as  he  continues  a  fellow  of  the  society;  but  the  annual  payments 
may  be  compounded  for  by  paying  at  once  the  sum  of  60L  Fellows 
are  entitled  gratis  to  a  copy  of  the  '  Philosophical  Transactions,'  com- 
mencing with  that  volume  which  is  published  next  after  their  admission. 
Any  fellow  disobeying  the  statutes  or  orders  of  the  society  or  council, 
or  dclommg  the  society  by  speaking,  writing,  or  printing,  or  doing  any- 
thing detrimental  or  dishonourable  to  the  aociety.  will  be  ejected 
from  It.  '  ' 

A  prince  of  the  blood,  a  peer  of  the  United  Kingdom,  a  member  of 
the  privy  council,  any  foreign  sovereign  prince,  or  the  son  of  such 
pnnce,  may  be  proposed  at  one  of  the  ordiiuiry  meetings  of  the  society 
and  voted  for  on  the  same  day,  notice  having  been  given  of  such  pro- 
posal at  the  preceding  meeting  of  the  society.    Foreign  members  are 


exempted  from  the  obligations  which  ordinary  fellows  are  enjoined  to 
perform  ;  but  their  number  is  not  to  exceed  fifty. 

The  council  and  ofBcers  for  the  ensuing  year  ore  elected  on  the  SOtlx 
of  November ;  the  latter  consist  of  the  president,  treasurer,  principal 
secretaries,  and  foreign  secretory.  The  new  council  consists  of  eleven 
members  of  the  existing  coimcil  and  of  ten  fellowa  who  are  not  so. 
These  are  nominated  previously  to  the  aaniversarr  meeting. 

The  ordinary  meetings  of  the  society  are  held  once  a  week,  from 
the  third  Thursday  in  November  till  the  third  Thuraday  in  June,  at 
half-past  8  r.u.,  in  the  apartments  at  Burlington  House. 

ROYALTY.  The  French  words  rot  and  royal  correspond  to  the 
Latin  words  rex  and  regaXii ;  and  from  rm/al  has  been  formed  rogiiUi 
(now  royavU) ;  whence  has  been  borrowed  the  English  word  royalty. 
The  corresponding  Latin  word  ia  rtgalUai,  which  occurs  in  the  Latin 
of  the  middle  ages.    (Ducange,  n>  v.) 

Royalty  properly  denotes  t£e  conation  or  ttatu*  at  a  penon  of  royal 
rank,  such  as  a  king  or  queen,  or  reigning  prince  or  duke,  or  any  of 
their  kindred.  [£ko.]  The  possession  of  the  royal  ttattu  at  con- 
dition does  not  indicate  that  the  poaaeaaor  of  it  is  inveated  with  any 
determinate  political  powers ;  and  therefore  royalty  is  not  equivalent 
to  monarchy  or  lovtreignty.  The  powers  possessed  by  persons  of  royal 
dignity  have  been  very  diSerent  in  different  times  and  places ;  and 
have  varied  from  the  performance  of  some  merely  honorary  functions  to 
the  exercise  of  the  entire  sovereignty.  The  kmgt  (tamnrts,  jSoiriA^Ei) 
of  the  Homeric  age  were  properly  a  governing  class  of  nobles.  (See 
Miiller,  'Hist,  of  Liter,  of  Greece,'  ch.  iv,  §  1.)  Thus  Telemochua  says 
that  there  are  many  kings  in  Ithaca,  both  old  and  young,  besides 
himself  ('Od.',  L  894);  and  Alcinous  says  that  he  rules  over  the 
Pheeaciona,  with  twelve  other  kings  ('  Od.,'  viii.  S90).  As  popular 
institutions  were  developed  in  Greece,  the  ofBce  of  king  became,  in 
several  states,  merely  honorary,  and  waa  particularly  connected  with 
the  performance  of  certain  ancient  religious  rites.  Thus  at  Athen*, 
the  king-archon  (ipx"*  0a<riAc2ri)  was  an  annual  officer,  who  had  the 
superintendence  of  religious  affairs ;  his  wife  was  called,  during  the 
year  of  office,  0airl\ur<ra,  or  guem.  (Compare  Hermann,  '  Or.  Ant/ 
§  56.)  Rome  likewise  retained,  after  the  ezpulaiou  of  its  kings,  a  high 
sacerdotal  officer,  named  the  ting  of  the  tacnfieet  (rex  sacrificulus),  who 
performed  the  sacred  rites  whidi  had  formerly  been  performed  by  the 
kings.  In  like  manner  the  Teutonic  kings  were  only  the  chieb  of  the 
military  and  sacerdotal  aristocracy  of  me  tribe,  and  did  not  possess 
the  entire  sovereign  power  ("neo  r^bus  infinita  ac  liber*  potestas,") 
says  Tacitus, '  Germ.,'  7.    [KlKO.] 

In  popular  diacourEe  royalty  is  made  equivalent  to  monardvy  or  jore- 
reignty  ;  and  a  king  ia  call^  monarch  or  aovereigQ  without  any  re- 
ference to  the  fact  whether  he  possessea  (be  entire  sovereign  power 
or  only  a  portion  of  it. 

It  may  be  added,  that  the  attribute  of  royalty  is  sometimes  ttans- 
ferred  metaphorically  to  certain  animals  or  spedea  of  animals,  in  order 
to  denote  pre-eminence.  Thua  the  principal  bee  in  the  hive  is  called 
the  queen-bee ;  the  lion  is  known  (particularly  in  &blea)  as  the  king 
of  animals ;  and  a  species  of  tiger  is  styled  the  royal  tiger.    Compare 

SOVEBEIONTT. 

Royalty  is  also  used  to  describe  certain  rights  in  property.  Thus  on 
the  worUng  of  mines  of  gold  and  silver  in  the  Unit^  Kingdom,  the 
sovereign  is  entitled  to  a  royalty,  as  ia  also  the  Prince  of  Wales,  as 
Duke  of  Cornwall,  on  the  working  of  tin^  mines.  The  term  ia  likewiae 
applied  to  the  aum  paid  for  the  use  of  a  patent  or  a  copyright. 

RUBEFACIENTS  are  external  agents  which  cause  redness  of  the 
part  to  which  they  are  applied.  If  long  continued,  they  may,  according 
to  their  nature,  produce  mflammation  and  some  of  ita  consequences. 
In  such  drcumstaucee  they  are  termed  Blistzbb,  or  EscB,utoncs. 
It  is  however  a  degree  of  action  short  of  what  entities  them  to  these 
appellations  which  is  now  contemplated.  Thus  friction  with  the  hand 
or  warm  cloths  often  relieves  spasmodic  or  neuralgic  pains ;  and  a  hot 
poultice  or  warm  fomentations  lessen  inflammation  of  auperficiol  or 
even  deep-seated  parts.  Embrocations,  when  of  a  stimulating  kind, 
aot  as  rubefacients ;  and  blisters  kept  in  contact  with  the  sur&ce  for 
a  short  time  only,  cause  redness  of  the  part,  and  some  remote  secondary 
effects  of  a  very  beneficial  kind.  Many  cases  of  fever  in  the  sinking 
stage  may  be  recovered  by  a  succession  of  flying  blisters,  aa  these  tem- 
porary applications  are  termed,  placed  on  different  parts  of  the  body, 
particularly  over  parts  where  tiie  akin  ia  thin.  Their  aotion  may  be 
expedited  by  previously  rubbing  the  part  with  proof  spirit  or  oil  of 
turpentine,  or  by  using  a  portion  of  linen  steeped  in  the  acetum  can- 
tharidis  instead  of  the  common  blister.  By  diligent  employment  of 
such  means  many  valuable  lives  may  be  saved.  Rubefacients  are 
also  very  usefully  applied  to  the  spine  in  many  nervous,  and  some 
cutaneous  diseases. 

RUBEOLA  is  the  name  given  by  Sauvages,  in  1768,  to  the  disease 
known  as  measles  [Measles].  He  wos  followed  by  Willui,  Bateman, 
and  other  writers  on  exanthematous  diseases.  Previous  to  the  time 
of  Sauvages  the  measles  was  called  morUUi,  a  name  which  is  at  present 
adopted  by  many  medical  writers.  The  term  rubeola  has  been  re- 
cently applied  by  Dr.  Copland  and  other  vpriters,  to  a  disease  which 
has  been  called  by  Hildebrand  and  other  German  writers  Rotheln. 
This  disease  possesses  characters  in  common  with  measles  and  scarlet 
fever,  and  is  supposed  to  be  a  hybrid  disease  originating  in  the  fraisona 
of  these  two  diseases.    However  much  such  a  £eory  may  be  open  to 
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criticism,  there  seems  to  be  no  doubt  in  the  minds  of  many  writers 
that  the  disease  is  very  frequent,  and  that  it  is  confounded  with  its 
two  parent  diseases.  The  following  definition  of  this  disease  is  given 
by  Dr.  Aitken,  in  his  '  Science  and  Practice  of  Medicine.'  "  A  specific 
eruptive  disease  preceded  by  and  accompanied  with  fever,  watery  dis- 
(dutrges  from  the  eyes  and  nose,  sneezing,  and  sore  throat.  The  erup- 
tion appears  on  the  third  or  fourth  day,  and  consists  of  crimson 
stigmata,  rapidly  running  together  into  patches  of  an  iireguUr  shape, 
with  obtuse  angles,  and  of  sizes  varying  from  a  threepeimy  to  a  crown 
piece,  according  to  the  severity  of  the  case.  The  eruption  continues 
from  six  to  ten  days,  and  terminates  in  desquamation  by  furf uraceous 
Males." 

The  distinction  between  this  disease  and  scarlet  fever  and  measles 
has  been  pointed  oat  by  Dr.  Paterson  of  Edinburgh,  and  by  Dr.  Heim 
of  Berlin.  The  premonitory  fever  is  longer  than  in  ataxlet  fever,  and 
•bout  the  same  time  as  measles ;  scarlet  fever  appearing  on  the  second 
day,  rubeola  and  moi^illi  on  the  third  or  fourth.  The  rash  is  more 
eadly  confounded  with  scarlatina  than  morbillL  It  seldom  however 
is  of  a  uniform  red  as  in  the  first,  and  the  spots  are  larger  than  in 
measles.  The  eruption  in  scarlatina  and  m^sles  remains  but  three 
days,  whilst  in  rubeola  it  remains  from  five  to  ten  days.  The  sore 
throat  is  a  marked  symptom  of  rubeola  in  its  mildest  forms,  whilst 
this  symptom  is  very  slight  in  mild  oases  of  scarlatina,  and  altogether 
absent  in  measles.  Dropsy  is  a  frequent  attendant  on  scarlatina,  but 
▼e>y  rare  in  rubeola,  whijst  afibctions  of  the  hxagt  are  common  in 
measles  but  not  in  rubeola. 

Like  scarlet  fever  it  is  sometimes  a  rapidly  fatal  disorder.  The 
treatment  of  this  disease  must  be  similar  to  that  of  scarlet  fever.  In 
mild  oases  little  needs  to  be  done.    [Soablatisa  ;  Measle^.] 

RTTBERYTHRIC  ACID.    [Maddbb,  Colourinq  Matters  of.] 

RUBIACIC  ACID.    [Maddkb,  Colouriwo  Matters  of.] 

RUBIACIN.    [Madder,  CoLorRrao  Matters  of.] 

RUBIADIPIN.    A  resinous  substance  contained  in  madder  root. 

EUBIAFIN.    [Madder,  Colodrinq  Matters  of.] 

BUBIAN.    [Madder,  CoLouRiKd  Matters  of.] 

RUBIANIN.    [Madder,  CoLOCBisa  Matters  of.] 

BUBICHLORIC  ACID.    [Maddbb,  CoLOCBiKa  Matters  of.] 

RUBINDINIC  ACID,    [Imdioo.] 

RUBINIC  ACID.    [Tanhio  Aoidb.] 

RDBIRETIN.    [Madder,  Colourimo  Matters  of.] 

RUBITANNIC  ACID.    [Taicmio  Acids.] 

BURLE,    [Monet.]  ' 

RUBRIC  (from  the  Latin  ruber,  red),  a  name  given  to  the  titles  of 
ohtqpten  in  oortain  ancient  law-bookii ;  and  more  especially  to  the  rules 
and  directions  laid  down  in  our  Liturgy  for  regulating  the  order  of  the 
service.  These,  in  both  instances,  were  formerly  written  or  printed,  as 
the  case  might  be,  for  distinction's  sake,  in  red  characters,  and  have 
retained  tlie  name  Uiough  now  printed  in  black. 

RUDDER.    [Ship.] 

RDDOLPHIKE  TABLES.    [Kepler,  in  Bioo.  Div.] 

RUB  (Ruta  graveolau),  a  phmt,  native  of  the  south  of  Europe, 
intennediate  between  a  herb  and  a  shrub,  of  a  peculiar  yellowish- 
g^een  colour.  Every  part  of  it  is  marked  by  transparent  dots,  filled 
with  volatile  oiL  The  leaves  and  immature  fruits  are  officinal,  and 
owe  their  virtue  to  the  volatile  oi)  and-  a  bitter  extractive.  The  odour 
is  peculiar,  strong,  and  penetrating;  the  taste  intensely  bitter,  aromatic, 
and  stimulating.  One  hundred  parts  of  the  fresn  herb  dry  into 
twenty-two  parts.  The  quantity  of  oil  obtuned  by  distillation  with 
water  varies  much  according  to  tiie  period  of  growth  when  it  is  col- 
lected. Thirty  pounds  of  the  fresh  herb  before  flowering  scarcely 
yield  one  drachm,  while  twelve  pounds  with  the  fruits  almost  ripo 
yield  nearly  one  ounce.  Rue  possesses  powerful,  stimulant,  anti- 
spasmodic, and  tonic  properties.  The  careless  handling  Of  the  fresh 
plant  sometimes  causes  rube&ction  and  vesication,  and  its  improper 
employment  internally  has  produced  serious  results.  When  judi- 
ciously used,  it  is  very  serviceable  m  hysteria  and  other  convulsive 
disorders ;  but  its  incautious  administration  by  nurses  to  infants  should 
be  guarded  against. 

Oil  of  rue  obtained  from  the  fresh  herb  is  green,  from  the  dried 
herb  yellow.  It  has  the  peculiar  odour  of  rue,  and  a  bitterish,  acrid, 
cardamum-like  taste.  Its  specific  gravity  is  0'911.  It  does  not  redden 
Utmus-paper.  The  oil  met  with  in  commerce  is  rarely  genuine,  being 
an  artifidal  compoimd  of  oil  of  turpentine  with  petroleum  and  oU 
of  me. 

The  pollen  of  the  flowers  produces  inflammation  of  the  skin,  and  any 
of  it  received  into  the  eyes  catues  violent  lachrymation  and  other  painful 
etfeota 

Rue  is  frequentiy  cultivated  as  an  «mamental  plant,  for  which  its 
enriously  cut  leaves,  their  glaucous  hue,  and  the  profusion  of  fine  dark 
yellow  flowers  appearing  for  several  months  in  succession,  adapt  it 
exceedingly  well.  It  may  be  increased  by  seeds,  sUps,  or  cuttings. 
The  seed  should  be  S)wn  in  March,  and  when  the  young  plants  are 
two  or  three  inches  high  they  should  be  put  out  in  niusery  rows ;  but 
propagating  by  slips  or  cuttings  is  best,  especially  for  continuing 
varietiee,  of  which  there  are  three  or  four. 

RUFIQALLIC  ACID.    [Qaluc  Acid.] 

RUFIN,    [Phlorizin.] 

RUFINIORIC  ACID.    [Taknio  Acids.] 
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-   RULE  OP  THREE.    [Three,  Rule  of.] 

RULE  (in  Law)  is  an  order  of  one  of  the  three  superior  courts  of 
Common  Law.    R^es  are  either  general  or  particular. 

Qenerol  rules  are  such  orders  relating  to  matters  of  practice  as  are 
laid  down  and  promulgated  by  the  court  for  the  general  guidance  of 
the  suitors;  the  power  of  issuing  rules  for  regulating  its  practice  being 
considsredincident  to  the  jurisdiction  of  the  court.  By  recent  acts 
of  Parliament,  the  judges  are  authorised  to  make  rules  of  a  more  com- 
prehensive nature,  relating  as  well  to  pleading  as  to  practice.  Formerly 
each  court  issued  its  own  general  rules,  without  much  consideration  as 
to  what  was  the  practice  in  other  courts.  Of  late  the  object  has  been 
to  assimilate  the  practice  in  all  the  courts  of  common  law. 

Rules  not  general  are  such  as  are  ponfined  to  the  particular  case  in 
reference  to  which  they  have  been  granted.  Of  these,  some,  which 
are  said  to  be  "  of  course,"  are  drawn  up  by  the  proper  officers  on  the 
authority  of  the  mere  signature  of  counsel,  without  any  formal  appli- 
cation to  the  court;  <5r  in  some  instances — as  upon  a  judge's  fiat  or 
allowance  by  the  master,  &c. — without  any  signature  by  counsel; 
others  require  to  be  handed  in  as  well  as  signS  by  counsel  Rules 
which  are  not  of  course  are  grantable  on  the  application,  or,  as  it  is 
technically  termed,  "  the  motion,"  either  of  the  party  nctualfy  interested 
or  of  his  counsel.  Where  the  grounds  of  the  motion  are  required  to 
be  particularised,  the  facts  neceasary  to  support  it  must  be  stated  in  an 
affidavit  by  competent  witnesses.  After  the  motion  is  heard,  the  court 
either  grants  or  refuses  the  rule,  A  rule,  when  granted,  may,  according 
to  the  circumstances,  be  either  "to  show  cause,"  or  it  may  be  "absolute 
in  the  firB]t  instance."  The  term  "rule  to  show  cause,  also  called  a 
"  rule  nisi,"  means  that  unless  the  party  against  whom  it  has  been 
obtained  shows  sufficient  cause  to  the  contrary,  the  rule,  which  is  yet 
conditional,  will  become  absolute.  After  a  rule  nisi  has  been  obtained, 
it  is  drawn  up  in  form  by  the  proper  officer,  and  served  by  the  party 
obtaining  it'upon  the  party  against  whom  it  has  been  obtained,  and 
notice  is  given  him  to  appear  in  court  on  a  certain  day  and  show  canse 
against  it.  He  may  do  this  either  by  showing  that  the  facts  already 
disclosed  do  not  justify  the  granting  of  the  application,  or  he  may  con- 
tradict those  facts  by  further  affidavits.  The  counsel  who  obtained 
the  rule  is  then  heard  in  reply.  If  the  court  think  proper  to  grant  th<> 
application,  or  if  no  one  appears  to  oppose  it,  the  rule  is  said  to  bo 
made  "  absolute."  If  they  refuse  the  application,  the  rule  is  said  to 
be  "  discharged." 

Rules  may  be  moved  for  either  in  reference  to  any  matter  already 
pending  before  the  court,  as  for  a  change  of  venue  in  an  action  already 
commenced,  or  for  a  new  trial,  Sus.;  or  in  respect  of  matters  not 
pending  before  the  court,  as  for  a  criminal  information,  a  mandamus, 
&c. 

,  A  copy  of  a  rule  obtained  from  the  proper  officer  is  legal  proof  of 
the  existence  of  such  a  rule. 

RULE,  RULER.  In  a  mechanical  sense  these  words  are  both  used 
for  a  straight  piece  of  wood,  brass,  or  ivory,  from  which  a  straight 
line  is  drawn  on  paper  by  guiding  a  pen  or  pencil  along  the  edge. 
These  rules  or  rulers  are  convenient  for  the  laying  down  of  scales,  on 
which  point  see  Scale  ;  Sector  ;  SLmiNa-RcLE. 

The  word  rule,  in  its  more  common  sense,  means  a  set  of  directions 
for  the  attainment  of  anj  required  object,  and  various  rules  will  be 
found  in  this  work,  scattered  under  many  heads.  The  word  rule  is 
generally  dropped ;  thus  we  do  not  speak  of  the  rule  of  addition,  or 
.the  rule  of  subtraction,  but  simply  of  addition  or  subtraction.  In 
some  isolated  cases  the  word  rule  is  most  usually  retained,  aa  in  the 
rule  of  three  [Thkee,  Rule  of]  and  the  rule  of  false.  [False 
Position.] 

A  rule  differs  from  an  algebraical  formula  only  in  the  language 
employed ;  both  the  former  and  the  latter  indicate  processes  to  the 
mind.  The  rule  describes  its  data  at  length,  and  requires  many  more 
signs  than  the  formula,  which  however  is  much  more  intelligible  than 
the  rule,  so  soon  as  its  symbols  are  well  understood.  For  example, 
when  it  is  known  that  a,  b,  e  are  the  units  in  the  sides  of  a  ri^t- 
angled  trian^e,  the  formula  for  determining  «  is — 

«  =  V'(o'-h  »»): 

the  rule  is — To  find  the  hypothenuse  of  a  right-angled  triangle, 
multiply  the  number  of  units  in  each  side  by  itself,  add  the  products, 
and  extract  the  square  root  of  the  sum :  this  square  root  is  the  number 
of  units  in  the  hypothenuse  required.  It  might  perhaps  be  thought 
that  the  preceding  nile  might  have  been  expressed  more  briefly,  but 
the  practice  of  abbreviating  the  Linguoge  of  rules  is  almost  sure  to 
destroy  the  sort  of  advantage  which,  in  one  point  of  view,  they  possess 
over  a  formula.  A  rule  should  embody  a  description  of  the  object 
to  be  gained,  and  the  process  by  which  it  is  to  be  gained ;  it  should 
also  point  out  the  step  at  which  it  is  gained,  and  everything  neceeaaiy 
to  describe  the  result.  It  should  even  specify  the  case  in  which  the 
rule  is  to  be  used,  or  that  in  which  it  becomes  necessary  rather  than 
any  other;  and  should  be  so  complete  in  itself,  that  any  reader  of 
that  class  to  whom  the  book  is  addressed  might  leam  all  it  teaches 
(that  is,  everything  but  the  demonstration)  by  reading  only  what  comes 
between  the  word  Rule  and  the  full  stop  at  the  end  of  it.  Thus, 
though  we  have  described  the  preceding  rule  in  words  which  some 
persons  may  think  too  many,  we  should  say  that  they  are  not  too  many 
for  the  student  who  is  somewhat  of  a  mathematician,  and  too  few  fur 
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the  beginner.  For  the  latter  we  ^ould  state  as  follows :— To  find  the 
hjpothenoBe  of  a  right-angled  triangle  of  which  the  two  sides  are 
given,  reduce  the  two  aides  to  the  same  denomination  if  necessary 
(feet  and  decimals  of  a  foot,  inches  and  decimals  ef  an  inch,  &c.,  as 
most  convenient),  multiply  ike  units  in  each  side  by  itself,  add  the 
results,  and  extruit  the  square  root  of  the  sum  :  this  square  root  ia 
the  number  of  such  units  in  the  bypothenuse  as  were  psed  in  the 
expression  of  the  sides. 

if  however  numy  rules  are  to  be  learned,  it  would  in  all  probability 
he  found  more  easy  to  learn  the  symbols  of  alegbra,  th^t  is,  to  learn  to 
read  an  algebraic  expression  and  to  use  formula,  than  to  recur 
frequently  to  rules. 

KULER,  PARALLEL.  A  good  form  of  this  instrument  ia 
explained  under  Marquoi's  Rulebs,  which  is  particularly  applicable  to 
the  case  in  which  numerous  and  related  parallels  or  perpendiculars  are 
to  be  drawn.  The  ordinary  instruments  are  of  two  kmos,  which  might 
well  be  called  parallel  rulers  and  parallel  roUerf. 

The  principle  of  the  donuuon  parallel  ruler  is  a  parallelogram  of 
constant  sides  and  changeable  angles :  one  side  being  fixed  and  the 
angles  altered,  the  other  side  changes  position,  it  and  its  parallels 
always  remaining  parallel  to  the  first  side  and  its  parallels.  Two 
rectangular  rulers  are  connected  by  two  cross-bars  of  equal  lengths, 
which  more  on  pivots  in  the  rulers  in  such  manner  that  the  four  pivots, 
two  in  each  ruler,  shall  be  the  four  points  of  a  parallelogram.  The 
line  joining  two  pivots  on  the  same  ruler  is  always  made  parallel  to 
jthe  length  of  the  ruler.  One  ruler  being  held  fixed,  and  a  hne  drawn 
.with  <£e  edge  of  the  other  ruler  in  any  position,  then  any  motion 
given  to  the  other  ruler  by  the  rotation  of  the  cross-bars  gives,  on  the 
{edge  of  the  moving  ruler,  a  line  parallel  to  the  first  line.  The  defects 
'ot  this  construction  are,  that  the  four  pivots  may  not  make  an  accurate 
parallelogram,  in  which  case  the  instrument  is  worthless :  and  the 
sides  of  the  two  rulers,  when  the  instrument  is  closed,  may  not  be 
parallel  to  one  another,  in  which  case  all  the  lines  must  always  be 
taken  ofT  the  same  ruler.  Moreover,  one  ruler  remaining  fixed,  there 
is  but  a  small  command  of  distance  from  it;  so  that,  to  gain  the 
parallel  required,  it  may  happen  that  the  first  ruler  has  to  be  advanced, 
the  second  brought  up  to  it,  the  tkst  ruler  advanced  again,  and  so  on. 
Now,  owing  to  uie  rotation  of  the  pivots,  this  gives  an  oblique  motion 
to  the  inslxument;  so  that  it  often  happens,  by  the  time  that  the 
required  parallel  is  gained,  that  the  point  through  which  it  is  to  be 
drawn  is  off  the  ruler.  To  meet  this  disadvantage,  and  to  give  the 
instrument  more  extent,  three  rulers  are  sometimes  put  together,  each 
connected  with  the  next  by  cross-bars  in  such  manner  that  the  cross- 
bars connecting  the  first  snd  second  have  an  opposite  revolution  to 
those  connecting  the  second  and  third.  At  its  best  however  this 
instrument  is  rather  clumsy ;  but,  such  as  it  is,  it  is  safe  and  easily 
eamt,  when  well  made. 

The  simplest  kind  of  roller  is  the  common  round  ruler,  which,  with 
a  little  practice,  will  draw  parallels  for  ordinary  use  very  well.  It  is 
good  practice  in  the  use  of  instruments  to  draw  parallels  in  this  way ; 
the  ruler  being  held  in  the  middle  and  gently  allowed  to'  take  its  own 
rolling  motion.  If  a  ring  be  well  di'awn  round  the  ruler,  it  is  good 
practice  in  drawing  perpendiculars  to  adjust  the  ruler  so  that  the  ring 
may  roU  over  the  line  to  which  perpendiculars  are  to  be  drawn.  But  a 
roller  which  is  more  easily  used  is  sold  in  all  the  shops.  It  consists  of 
an  ordinary  ruler  of  rectangular  form,  both  edges  of  which  are 
bevelled  and  divided  into  equal  parts  :  one  mde  into  inches  and  tentiis, 
the  other  into  inches  and  twelfths ;  the  inch  divisions  being  mode  to 
come  exactly  opposite  each  other.  A  roller  is  let  into  a  space  cut  out 
of  the  middle  of  the  ruler,  in  such  manner  as  to  project  a  very  little 
way  from  the  under  and  upper  faces  of  the  ruler.  When  the  instru- 
ment is  put  down  on  the  paper,  either  of  the  bevelled  edges  may  be " 
brought  down  on  the  paper,  or  both  may  be  clear  of  it.  In  this  last 
case  the  roller  (the  efficient  ends  of  wMch  are  toothed  cylinders,  the 
middU  part  being  in  a  frame)  rolls  easily,  and  additional  stability  is 
given  if,  while  it  roUs,  one  of  the  bevelled  edges  be  kept  slightly  on 
the  paper.  The  ends  of  the  roller  are  graduated  and  a  fixed  index  is 
in  the  frame,  so  that  by  allowing  equal  numbers  of  divisions  to  pass 
the  index  at  each  roll,  a  good  approximation  (though  not  quite  with  a 
draugbtman's  accuracy)  may  be  made  to  equidistant  parallels. 
Perpendiculars  to  a  given  line  are  drawn  by  adjusting  the  ruler  so  thjit 
opposite  divisiona.of  the  bevelled  edges  may  travel  on  the  given  line. 
With  a  very  little  practice  this  is  an  instrument  of  great  power  and 
accuracy.  Before  using  it,  draw  a  line  with  it,  roll  it  away,  and  then 
roll  it  up  again  to  that  line,  and  see  if  the  coincidence  is  as  perfect  as 
before.  Various  other  modes  of  trial  will  suggest  themselves  :  indeed 
no  one  should  use  a  parallel  ruler  at  all  until  he  has  drawn  pairs  of 
parallels  across  each  other,  and  satisfied  himself  that  he  can  get  the 
opposite  sides  quite  equal 

A  rough  construction  of  this  kind  was  (perhaps  is)  sold  under  the  title 
of '  Schlesinger's  Patent,'  in  which  a  round  ruler  of  wood  is  simply  con- 
nected vrith  a  flat  bevelled  ruler,  so  as  to  carry  it  when  it  rolls.  This 
is  meant  to  nde  lines  for  writing,  but  it  may  be  made  to  do  good 
service  as  a  parallel  ruler  for  other  purposes. 

BUM  is  a  spirit  distilled  from  the  sugar-cane,  that  is,  from  cane- 
juice;  or  from  the  acumminga  of  the  juice  from  the  boiling-house ;  or 
from  treacle,  or  molasses;  or  from  "  dunder,"  the  lees  of  former  distil- 
lations.   What  is  called  J)^>K•.(i>2>fe  rum  is  not  distUled  from  difTei^nt 


substances :  it  is  simply  flavoured  with  dices  of  pine-^>ple  put  into  the 
puncheon.  As  the  entire  juice  of  the  cane  is  not  necessary  for  making 
rum,  the  distillation  is  carried  on  in  conjunction  with  the  manuftctnrB 
of  sugar.  The  best  rum  is  made  from  the  unorystallised  svrup 
called  molasses.  [Molasses.]  The  proportion  of  molasses  made  in 
crystallisiDg .  a  cwt.  of  sugar  varies  from  50  to  90  gallons,  and 
depends  boU^  upon  the  climate  and  the  season;  being  lowest  in  the 
Leeward  Islands,  which  have  a  dry  climate,  and  highest  in  Domerara 
and  Trinidad.  It  is  in  the  latter  that  in  fine  seasons  the  proportion 
reaches  90  gallons  per  cwt.  Nearly  one  gallon  of  proof  rum  may 
be  made  from  one  gallon  of  molasses. 

The  rum  consumed  in  the  United  Kingdom  is  entirely  the  prodnes 
Of  the  West  Indies,  and  to  a  great  extent  of  the  island  of  Jamaica, 
which  is  of  a  superior  quality.  For  many  yean  the  home  demand  has 
not  taken  off  the  whole  supply ;  and  the  surplus,  which  consists  chiefly 
of  the  Leeward  Islands  rum,  and  other  idnds  of  inferior  qoali^,  is 
exported. 

British  spirits  are  said  to  be  extensively  sold  f or  mm,  the  ilaTour 
being  imitated  by  the  rectifier. 

The  equalisation  of  the  duties  on  East  and  West  India  sugar, 
by  6  Wm.  IV.  c.  26,  rendered  it  expedient  to  give  a  practical  equuity 
to  all  the  producta  of  the  sugar-cane,  without  which  the  cultivation  of 
sugar  plantations  in  India  could  not  have  been  so  profitably  extended, 
as  the  molasses  would  have  been  oomparativdy  vrasted.  The  rum  oon- 
sumed  in  the  navy  is  exempt  from  duty.  That  which  we  re-axport  is 
chiefly  sent  to  Qermony,  Prussia,  Holland,  Italy,  and  Australia,  After 
various  changes  in  the  mode  of  arranging  tiie  duty,  it  was  determined 
in  1847  that  rum  should  pay  the  same  amount  of  Customs'  duty  as 
British  spirits  paid  of  Excise  duty.  There  still  remained  a  few 
anomalies,  arising  out  of  the  excise  duty  being  unequal  in  diffisrent 
parts  of  the  United  Kingdom ;  but  this  inequality  was  removed  in 
1858,  and  in  1860  the  State  was  jmt  in  the  receipt  of  lOi,  id.  per 
gallon  on  all  rum,  gin,  whiskey,  and  British  spirit  of  erery  kind, 
consumed  in  the  United  Kingdom ;  and  an  additiooal  Sd.  per  g^on  on 
rum  not  the  production  of  the  country  whence  imported. 

The  rum  imported  in  four  equidistant  years  will  show  the  recent 
progress  of  the  trade : — 


1844 
1819 
18S4 
186» 


S,lSO,Oie  taUons. 
6,s«<,8ir     „ 
t,tis,8or     „ 

e,8T«,6«7       „ 


The  eompiUed  real  value  in  1851  (the  firat  year  in  which  inch  values 
were  calculated  by  the  Customs),  was  l,490,661i. ;  from  which  the 
values  for  the  other  years  named  may  easily  be  calculated,  suppoeing 
the  price  to  have  remained  unchanged.  In  looking  at  the  above 
numbers,  it  would  seem  as  if  rum  had  been  rapidlv  increasing  in  con- 
sumption in  England  about  the  year  1854 ;  but  such  vfas  not  the  case. 
Of  the  whole  quantity  imported,  only  the  following  (in  each  year)  was 
retained  for  Jiomt  eonsumjition  i— 

1844  ......  S,188,t(l  galknu. 

1848  .,;;..  8,089,861       „ 

US4 8,988,(94      „ 

18J9  ......  3,679,679      „ 

The  large  excess  beyond  these  quantities  was  either  re-exported,  or 
consumed  on  shipboard. 

RUMB  or  RHUMB  Vitalis  ('  Lex  Math.')  calls  this  a  Fortugnese 
word,  and  no  doubt  it  might  iiave  been  introduced  into  navigation  by 
the  Portuguese,  but  we  suspect  it  to  be  the  Latin  "  rhombus ;  "  lie 
says  it  signified  originally  the  meridian,  or  the  principal  meridian  of  a 
map ;  perhaps  it  came  to  signify  this  from  such  meridian  being  usually 
ornamented  by  a  distinotiye  rhombus,  such  as  is  added  toUe  norta 
direction  on  a  compass-card.  However  this  may  be,  a  rumb  certainly 
cams  to  mean  any  vertical  circle,  meridian  or  not,  and  hence  any  point 
of  the  compass ;  so  that,  in  modem  phraseology,  a  rumb  is  one  of  the 
thirty-tWo  principal  compass  direotions,  and  to  sail  on  any  rumb  is  to 
sail  continually  on  one  course.  Hence  a  rumb-line  is  a  li"*^  drawn  is 
the  sphere,  such  as  would  be  described  by  a  moving  point  which  always 
keeps  one  course ;  it  is  therefore  the  spiral  of  Uaicator's  pMJection, 
and  is  tliat  which  is  also  called  the  loxodromio  spiral. 

The  mathematical  properties  of  the  rumb-line  maybe  easily  deduced. 
Let  r  be  the  radius  of  the  earth,  A,  and  i^  the  longitude  and  latitude  of 


A„  and  A,  and  I,  those  ot  a^\  and  {  being  those  of  any  intenoediata 
point  F  :  and  let  i  be  the  length  of  a^p.  If  then  we  increase  i  by  the 
infinitely  small  arc  dt,  increasing  A  and  2  at  tite  same  time  by  d\  and 
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dl,  we  have  the  differential  triangle  pQB.in'whioh  t<i='di,  ps=ril\> 
IlQ=f  cil .  COB  X,  while  the  angle  BPQ,  which  is  the  same  throughont 
tiie  curve,  may  be  called  p.  We  hare  then  dt .  coa  p=rdx,  or  • .  coa  p 
=r{A— X,)  integrating  from  A,  to  P.  Again,  d* .  gin  p=rdl ,  oob  X, 
K  that  the  two  equationl  give 

^jj-^  =  <i{  est  p,  or  log  cot  ^j  —  2)=l  oot  p  +  o; 

the  logarithm  being  Kapwian,  and  the  angle*  being  arcually  measured. 
li  L  be  the  length  of  the  arc  of  a  degree  of  longitude  at  the  equator, 
and  if  we  now  tue  degrees,  and  extend  the  preceding  integration  from 
A^  to  iL„  wa  have — 

,     eot(4S°-ix^      „     ,^,     ^ 

'''°8cot(4s--tx,) = c-y  «•  "»*'•• 

an  equatiotk  from  which  p  can  be  found  for  any  two  prices,  that  U, 
the  angle  which  the  oourae  in  aailing  from  one  place  to  the  other  makes 
with  the  meridian.  And  instead  of  r  :  L  may  he  put  ita  value  57-29578. 
The  diatance  from  one  plaoe  to  the  other  on  the  romb-line  sailed  over 
may  be  found  from  t  coa  p=''(X,— AJ,  which,  when  X,  and  X,  are 
measured  in  degrees,  becomes  i  cos  p=(X«— Xj)  L,  negleetiiig  the  small 
correction  for  the  earth's  eccentricity. 

The  first  of  these  processes  can  be  done  by  Meroator's  chart,  the 
principle  of  which,  mathematically  described,  is  as  follows : — Let  equal 
arcs  of  longitude  remain  equal  throughout  the  map,  but  as  increments 
of  latitude  are  to  their  corresponding  increments  of  longitude  aa  1  to 
the  cosines  of  the  latitudea,  let  the  dmerential  triangle  F()li  be  rimilar 
in  the  chart  to  that  on  the  sphere,  which  gives  ad\  :  cos  X,  for  the 
representation  of  <f  X  on  the  chart,  provided  a  represent  the  length  of 
the  degree  of  longitude  on  the  chart.  Hence  a  log  cot  (45°— tx)  is  the 
length  of  X  degrees  of  latitude  measured  from  the  equator;  and 
a  table  of  values  of  log  oot  (45°  —  4  X)  is  called  a  table  of  meridional 
parU. 

In  such  a  chart  all  nuub-lines  are  projected  into  straight  lines ;  but 
equal  parts  on  any  such  straight  line  do  not  represent  equal  distances 
on  the  earth  :  and  the  distance  sailed  must  be  found  by  the  formula  in 
terms  of  the  extreme  latitudes  and  the  angle  of  the  course, 
RUUICIN.    [Chrtsopbanio  Actj.] 

BUNES,  the  letters  of  alphabetn  in  use  amongst  the  ancient  Clothic  or 
Teutonic  nations  of  the  north  of  Europe.  The  word  has  been  derived 
variously  from  ty»,  the  Gothic  for  "to  cut ; "  rin,  or  rm, "  a  furrow," 
or  "  channel,"  from  the  resemblance  of  the  letters  to  those  objects ; 
raimeo,  the  Qennan  for  "  to  whisper ;  *'  and  ryne  or  rUn,  a  "  mystery  " 
or  "secret  art."  The  two  latter  derivatioba  are  baaed  upon  the  idea 
that  the  Bunic  characters  were  taught  perfectly  only  to  the  priests  and 
ministers  of  religion ;  or  that  thqr  were  used  as  lota  when  inscribed  on 
small  sticks  or  stones,  which,  when  shaken  together  and  drawn  out, 
served  for  purposes  of  augury  and  divination. 

By  some  writers  the  invention  of  Bunea  haa  been  ascribed  to  tTlphilaa, 
a  Qothic  bishop,  who  flouriahed  about  A.D.  350 ;  but  more  modern  investi- 
gations have  shown  that  they  were  &r  anterior  to  his  time.  The  cir- 
cumstance which  led  to  the  supposition  that  Ulphilas  had  invented 
Bunea,  arose  from  the  fact  that  he  introduced  Qreek  characters  among 
the  Goths.  These  he  amalgamated  with  the  already  existing  Bunic 
letters,  and  formed  an  alphabet  which  ia  now  known  as  the  McUogothie, 
as  the  Latin  characters  introduced  into  England,  probably  by  Augustine, 
are  known  as  the  Anglo-Saxon.  Othen  again  nave  attributed  to  the 
Bunes  a  Bomaa  origin ;  but  Tacitus  says  that  the  Teutonic  tribes 
possessed  letters  of  the  alphabet  when  the  Bomans  first  became 
acquainted  with  them,  although  he  calls  them  "  secreta  literarum," 
and  thus  seems  to  intimate  that  the  knowledge  of  letteia  and  their 
powers  was  confined  to  certain  dasses  only  of  the  people.  Moreover 
the  pureBimic  alphabet  consists  only  of  sixteen  letters,  and  these  have 
nothing  in  common,  either  in  their  names  or  ordCT,  with  the  Oreek, 
the  Boman,  or  the  Gothic  characters  of  Ulphilas,  The  probability  is 
that,  according  to  the  opinion  of  Fr.  Schlegel,  the  alphabet  was  origin- 
ally introduced  amongst  the  inhabitants  of  the  coasts  of  the  Baltic  by 
the  Fhoenician  merchants  who  traded  there ;  that  it  was  only  revealed 
partially  to  the  general  body  of  the  people,  whilst  the  priesta  reserved 
the  full  knowledge  of  it  to  themselveB,  in  order  to  establish  their  claim 
to  superior  power  and  intelligence  by  the  exercise  of  magic  arts  and 
the  employment  of  mystic  signs.  These  signs  were  frequently  cut 
upon  smooth  sticks,  called  rtbs-siabs,  mysterioui  itava,  and  were  used 
for  Uie  purpose  of  divination  and  priestcraft. 

There  is  a  legend  which  attributes  the  invention  of  Bunes  to  the  god 
Odin  or  Woden,  and  which  states  that  he  migrated  from  Asia  about 
the  time  of  the  invasion  of  Darius  Hystaspes  (b.o.  608) ;  and,  having 
settled  in  Scandinavia,  established  temples,  a  priesthood  (to  whom  he 
communicated  the  Bunic  letters,  together  with  the  mywology  of  the 
Edda),  and  became  both  the  legislator  and  dviliser  of  the  north  of 
Europe.  Others  again  plaoe  the  migration  of  Odin  at  the  period  of  the 
overthrow  of  Mithridates  by  Pompey  (B.C.  66),  and  assert  that  he  fled 
from  the  coimtry  of  the  Caucasus,  settled  in  Upsala,  and,  having 
distributed  Norway,  Denmark,  and  Gothland  amongst  his  sons,  was 
worshipped  as  a  god  after  his  death.  Notwithstanding  the  obscurity 
oi  these  myths,  wey  seem  undoubtedly  to  point  to  the  fact  that  the 
pure  Bunea  were  introduced  into  tbe  North  from  the  East,  and  that  the 
'  opinion  of  Grimm/  SoUegd,  and  those  who  attribute  to  them  an 


Oriental  origin,  is  more  correct  than  that  of  those  who  suppose  them 
to  have  been  derived  from  the  Qreek  or  Boman  alphabets,  although 
there  is  but  little  doubt  that  they  became  afterwards  modified  by  tita 
introduction  of  Qreek  and  Boman  characters. 

The  three  classes  into  which  Bunic  letters  and  inscriptions  may  be 
divided  are,  1,  the  Scandinavian  or  Norse;  2,  the  Oerman;  S,  the 
Anglo-Saxon ;  and  of  these  each  haa  its  own  peculiar  alphabet.  The 
origin  of  the  first  of  them  is,  as  has  been  already  observed,  involved  in 
considerable  obscurity;  the  second  stands  between  the  ancient 
Northern,  or  Scandinavian,  and  the  Anglo-Saxon,  and  is  thus  con- 
sidered by  Qrimm  to  have  sprung  from  we  former,  and  to  have  been 
the  parent  of  the  latter.  The  Anglo-Saxon  Bunes  were  in  all  probability 
derived  from  the  Marcomannic  or  Norman  runic  alphabets,  that  is,  from 
the  characten  used  by  the  Nordalbingii,  er  Saxons  north  of  the  Elbe, 
who  were  the  progenitors  of  the  Anglo-Saxon  race.  The  Marcomannio 
Bunes  resemble  the  Anglo-Saxon,  but  they  do  not  at  all  resemble  the, 
Norse  in  form ;  but  all  the  three  nations  agreed  in  attributing  the' 
primary  invention  of  Bunea  to  Woden  (the  Mercury  of  the  Anglo- 
Saxons),  and  all  of  them  shared  in  the  belief  of  the  magical  properties 
and  powers  appertaining  to  and  supposed  to  be  inherent  in  runic 
lettera  and  inscriptions. 

The  &ct  that  Bunes  were  generally  considered  to  have  been  the 
invention  of  a  pogan  deity,  that  they  were  used  by  pagan  priests  and 
prophetesses  for  purposes  of  augury  and  divination,  and  that  these 
priests  and  prophetesses  were  regarded  by  the  people  with  religious 
veneration  and  awe,  accounts  for  the  proscription  of  Bunes  by  the 
primitive  Christian  priesthood  throughout  Europe.  Hence  the  Chnstiaa 
missionaries  laboured  everywhere  to  introduce  Qreek  or  Latin  characters 
and  endeavoured  with  the  utmost  zeal  to  suppress  Bunes.  Notwith> 
standing  this,  however,  Bunic  characten  were  used  in  England  at  the 
very  earliest  period  after  the  introduction  of  Christianity,  for  Christian 
inscriptions — a  circumstanoe  that  is  incontrovertibly  proved  by  those 
discovered  at  BewcasUe  in  Cumberland,  and. Hartlepool  in  North- 
umberland, and  elsewhere.  This  has  been  accounted  for  by  the 
supposition  that  the  earliest  converts  to  Christianity  were  the  pagan 
priests  themselves,  and  that  they,  knowing  the  really  woitiilees 
character  of  Bunic  letten,  had  not  the  slightest  objection  to  using 
them,  either  by  themselves,  or  in  combination  with  Roman  or  other 
letters,  either  in  manuscript  or  for  inscriptions.  It  is  said,  however, 
that  by  the  year  1001  the  Bunic  characters  were  quite  laid  aside  in 
Sweden,  and  were  officially  condemned  in  Spain  at  the  council  of 
Toledo  in  1115. 

The  Norse  Bvmic  alphabet  conmsted  of  sixteen  letters,  called  re- 
spectively, fi,  ur,  thun,  OS,  nid,  tavm,  hagl,  naud,  it,  ar,  $ol,  tj/r,  bidrh, 
tauffr,  madr,  yr,  and  answering  in  sound  to  our  letters  f,  u.  A,  o,  r,  k, 
h,  n,  i,  a,  t,  t,  b,  I,  m,  y  i  from  which  it  will  be  seen  tLat  there  were 
no  letters  corresponding  to  our  d,  e,g,p,  q,  v,  v,  x,  z.  Hence  the  sign 
of  k  acted  also  for  g,  d  for  (,  b  for  p,  u  and  y  for  v.  0  was  expressed 
by  au  ;  and  <  by  t,  a,  to,  or  oi,  J7  was  sometimes  used  as  a  substitute  for 
^oraA,  andu  foroorv,  Fr  and  or  or  «r  were  used  as  the  final  r.  When 
the  insufficiency  of  the  Bunic  alphabet  became  apparent,  the  letten 
e,  g,  p,  V  were  added,  but  they  received  no  special  names  as  the  old 
letten  did,  nor  were  they  expressed  by  any  new  ijgns,  but  were  mere 
modifications  of  the  old  characten  i,  k,  h,  f.  This  alteration  was 
efiected  by  means  of  one  or  more  dots  added  to  the  original  letter,  and 
the  new  characten  were  called  stangruiT  runtr,  or  "  dotted  Bunes." 
And  lastly,  when  the  Boman  alphabet  became  general  throughout  the 
North,  new  chamctera  were  formed  for  expressing  the  sounds  of  ae, 
oe,  ue,  and  the  letten  e,  ;,  x,  and  t;  but  these  cannot  be  regarded  as 
genuine  Bunes,  and  the  same  remark  will  apply  to  the  three  double 
Bunes,  al,  mm,  and  U. 

The  Bimio  lUphabet  was  also  used  to  express  numerals,  the  old  letten 
being  employed  as  far  as  sixteen ;  the  double  lettera,  al,  miN,  and  U, 
for  tetentem,  eighteen,  and  nineteen;  tuxnty,  and  over  thal^  being 
expressed  by  two  letten:  for  example,  thun,thurt=SO,l}ttirt,tKiin, 
o<  =  34,  The  Bunic  characten  were  most  commonly  written  from  left 
to  right,  and'ore  seldom  found  running  from  right  to  left.  Sometimes 
they  are  written  from  the  top  to  the  bottom,  and  then  turn  up  again ; 
sometimes  from  left  to  right,  and  so  back  to  the  left  again ;  and 
numerous  examples  of  them,  written  in  various  ways,  may  be  seen 
engraved  in  the  '  Arclueologia,'  especially  in  vol,  28,  pp,  3SS-S>, 

Kunic  inscriptions  or  writings  were  divided  into  different  classes, 
from  the  subjects  of  which  they  treated.  Thus,  Bunes  imprecating 
wrath  or  vengeance  upon  enemies  were  called  noxiout  or  bitter  Runet; 
those  which  were  used  for  deprecating  misfortune  or  disgrace  were 
styled  propilioiu  Bunes ;  those  which  invoked  victory  were  known  as 
victorious  Bunea,  and  those  which  applied  to  the  healing  art  were 
medicinal  Bunes.  All  these  Bunes  were  considered  powerful  in  pro- 
ducing  the  effect  sought  by  them ;  and  they  were  consequently 
employed,  not  only  for  the  purposes  mentioned,  but  also  as  antidotes 
against  poison,  as  love  charms,  as  efficacious  in  preventing  accident^  by 
land  or  sea,  as  dispellen  of  unhappy  thoughts  and  gloomy  forebodlngB, 
fia  foretellera  of  future  events,  as  guards  against  the  evil  eye  and  the 
jealousies  and  snares  of  enemies — in  a  word,  for  whatever  end  might 
be  desired  for  the  penon  who  inscribed  them.  In  order,  however,  to 
render  them  suited  to  their  respective  purposes,  various  ceremonies 
were  observed  in  writing  them,  each  kind  oJE  Bune  having  its  proper 
material  and  place  for  inscription;  the  shapes  of  their anangemeot 
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being  those  o£  serpents,  oirdes,  triangles,  and  simiUr  mystic  figures, 
according  to  the  event  TChich  they  were  intended  and  expected  to  bring 
to  pass. 

Below  is  the  Norse  Runic  alphabet.  The  reader  is  referred  to 
ToL  xxTiii.,  pp.  338,  8S0,  352,  866,  of  the  '  Archseologia,'  for  examples 
of  various  forma  of  Runic  letters  and  inscriptions,  which  are  inserted 
in  an  able  essay  of  the  late  John  M.  Kemble  updn  Anglo-Saxon  Runes. 
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Vt       Thors 


OS 


Beld 


Kaua        Hagl        Nand 


If  t\  ^ 


k     K     *     K 


th 


8oI 


Tjt       Bietk       tngt     Madr 


Tr 


I    /I    H    t    ^    h   r   4. 


Runio  inscriptions  exjst  upon  rings,  medals,  coins,  montmiental 
stones,  croses,  and  sides  of  rocks,  and  a  curious  one  may  be  seen  upon 
a  sword-blade  in  the  Department  of  Antiquities  in  the  British  Museum. 
iThey  have  been  discovered  in  Norway,  Sweden,  Denmark,  in  parte  of 
'the  British  Isles,  Germany,  France,  tmd  Spain,  in  fact  wherever  the 
Teutonic  race  settled  itself  during  the  early  period  of  its  migrations  in 
the  4th  and  5th  centuries  after  Chri^. 

I  The  most  \isef ul  information  with  regard  to  Runes  and  Runic  inscrip- 
tions will  bo  found  fully  given  in  Planta's  '  Essay  on  the  Runic  or 
Scandinavian  Language ; '  Olaus  Wormius, '  Lexicon  Runicum ; '  W.  C. 
'Grimm's  work,  '  Uber  Deutsche  Rnnen ; '  Mallet's  '  Northern  Anti- 
quities;' Hicke'a  'Thesaurus  Lingum  Septentrionalis;'  articles  in  the 
'  Archseologia,'  the  '  Journal  of  Philosophical  Transactions,'  and  several 
other  philological  journals,  in  which  the  references  required  will  be 
found  by  consulting  their  respective  indexes. 

RUPTURE.    [Hernia.] 

RURAL  DEAN.    [Dean.] 

RURAL  ECONOMY.  The  whole  subject  of  agriculture,  with 
all  its  details,  might  properly  be  discussed  under  this  heading : 
most  of  it  is,  however,  referred  to  piecemeal  in  the  various  agri- 
cultural articles  which  will  be  found  throughout  the  Cyclopsodia, 
and  it  remains  here  to  do  little  more  than  enumerate  those  more 
pneral  relations  of  country  life,  and  of  the  several  classes  interested 
va  the  ownership  and  cultivation  of  the  land,  which  have  not  yet  been 
named. 

The  common  weal  depends  in  great  measure  on  these  relations 
tending  to  the  highest  productiveness  of  the  land.  We  want  wealthy 
landowners  in  order  that  any  hindrance  to  the  proper  cultivation  of 
the  land,  which  stagnant  water,  defective  farm-buildings,  and  poor 
cottages  present,  may  be  removed.  We  want  enterprising,  Intelligent, 
and  wealthy  farmers,  in  order  that  a  good  machine,  which  an  estate 
properly  equipped  undoubtedly  is,  may  be  worked  to  its  utmost  capa- 
bilities; and  we  want  steady,  domestic,  intelligent,  and  well-condi- 
tioned labourers,  because  without  them  it  is  impossible  to  carry  out 
the  cultivation  of  the  land  perfectly. 

Under  the  first  head  the  legislature  has  granted  facilities  to  the 
owners  of  land,  and  even  to  the  owners  of  a  limited  interest  in  it— as 
in  the  case  of  the  life-tenants  of  settled  estates — for  borrowing  money 
on  land  in  order  to  the  execution  of  'such  works  as  may  tend  to  its 
permanent  improvement,  in  the  way  of  draining,  roads,  fences,  farm 
buildings,  cottages,  &c. ;  and  there  are  many  companies  and  associa- 
tions prepared  to  carry  out  such  improvements,  in  return  for  a 
rentoharge  on  the  property  during  a  sufficient  term  of  years  for  their 
repa^ent.  The  legislature  has  not  yet,  however,  conferred  all  the 
facihties  required ;  for  landowners  are  often  disabled  by  the  refusal 
of  neighbouring  proprietors  to  concur  in  schemes  for  their  mutual 
benefit.  This  is  especially  the  case  where  an  outfall  is  needed  for  the 
drainage  of  the  property,  and  can  only  be  obtained  through  the  fields 
of  another.  A  refusal  by  a  neighbouring  proprietor  can  at  present 
be  overruled  only  by  an  exceedingly  costly  and  litigious  process,  and 
no  such  difficulties  ought  to  exist  in  the  way  of  anything  which 
so  much  concerns  the  general  interest.  It  is  anticipated  that  a  measure 
will,  during  the  curreut  session  of  parliament  (1861),  be  introduced  by 
government  for  granting  the  facilities  required. 

Leaving  the  subject  of  the  relations  of  landowners  to  each  other, 
we  come  to  those  existing  between  them  and  the  tenantry  on  their 
estates.  Under  this  head  the  relative  merits  of  tenancy-at-will  and  of 
leases  for  perio<1s  of  varying  duration,  of  the  provisions  for  ensuring 
to  the  tenant  the  retiuii  of  all  hia  property  spent  in  cultivation  in 
the  event  of  his  leaving,  and  the  conditions  generally  under  which 
land  is  "let"  to  the  cultivator  of  it,  would  need  to  be  con- 
sidered. But  on  these  points  we  have  merely  to  remark  in  general, 
that  provision  for  the  security  of  the  tenant's  capital  when  invested 
on  another's  land  is  obviously  necesary  to  the  prosperity  of 
agriculture.  Such  provision  is  in  many  districts  believed  to  exist 
in  a  long  family  connection  between  owuers  of  land  and  their  I 
tenantry,  which  neither  of  them  willingly  break,  though  instances 
every  now  and  then  occur  to  show  the  instability  of  such  arrange- 
ments;   it   ip   fy-7r^is*  made  by  so-called  "teuaotright"    agree- 


ments, which,  co-existent  with  the  right  of  the  owner  to  give  his 
tenant  six  months'  notice  to  quit,  ensure  that  the  latter  should  receiva 
on  leaving  a  certain  proportion  of  his  expenditure  under  many  diflbrent 
heads,  varying  in  quantity  with  the  period  which  has  elapsed  sinoa 
such  expenditure  has  been  incurred.  This  is  (he  system  which  jirs- 
vails  in  Linoolnshira^  and  imder  which  h^ge  portions  of  that  county 
have  wonderfully  increased  in  fertility.  Ilie  most  efficient  way,  how- 
ever, in  which  the  property  of  the  tenant  is  secured  to  him,  is  bjr  a 
lease  of  the  land  for  a  sufficiently  long  period  to  ensure  the  full  froitum 
of  all  his  plans  of  improvement  and  good  cultivation.  It  is  in  this  way 
that  Scottish  agriculture  is  generally  so  good  and  Scottish  rents  or* 
so  high. 

Liutly,  there  exists  ihe  relation  between  the  labourer  and  his  em- 
ployer, on  which  good  agriculture  very  materially  depends.  The 
landlord  should  provide  adequate  cottage  accommodation,  and  it  is  Hio 
interest  of  the  farmer  to  attach  his  labourers  to  him  by  personal  interest 
in  their  welfare,  by  the  payment  of  wages  according  to  the  real  merit 
of  the  men,  and  the  value  of  the  work  they  do,  ratiier  than  by  a  oooX' 
mon  rate  per  diem,  including  all  alike  without  regard  to  differences  of 
merit,  and  thus  discouraging  individual  effort  at  improvement.  The 
adoption  of  the  allotment  system,  by  which  each  cottager  becomes,  at 
a  moderate  rent,  the  tenant  of  a  large  garden,  either  close  to  hia 
dwelling  or  in  common-field,  along  with  all  the  others  in  the  village, 
has  the  best  influence  on  the  character  and  comforts  of  the  labourer. 

RUSH;  RUSHES.  This  material,  which  ia  used  to  some  small 
extent  in  the  arts,  is  the  Hquitetum  hyemale.  The  stem  is  very  rough, 
with  from  fourteen  to  twenty  slender  furrows.  It  is  a  native  of 
England,  Scotland,  and  Ireland,  as  well  as  the  continent  of  Europe ; 
but  is  almost  unknown  in  the  middle  and  southern  English  counties, 
and  is  only  sparingly  distributed  anywhere.  It  appears  to  pcaaeas 
tannin,  and  to.act  as  an  astringent.  It  is  supposed  to  be  injurious  to 
cows,  and  is  sEud  to  cause  their  teeth  to  drop  out ;  Jaut  hones  eat  it 
with  impunity.  This  plant,  more  than  any  other  species,  is  used  for 
the  purposes  of  polishing.  Lightfoot  says,  that  in  Northumberland 
the  milk-maids  ecour  their  pails  with  it.  Rush  is  also  used  for  the 
purpose  of  polishing  wood,  bone,  ivory,  and  various  metals,  particularly 
brass.  It  is  brought  into  this  oounlnry  from  Holland,  where  it  grows 
abundantly,  and  is  sold  in  the  shops  of  London  under  the  name  of 
Duteh  Rush. 

The  well-known  riuhei  of  country  places  belong  to  a  different  genus  of 
plants  from  the  Dutch  rush.  They  come  under  the  genus  Janeut;  of 
which  one  species,  the  common  soft  rush,  is  to  be  found  in  most  moist 
pastures,  by  the  sides  of  streams,  and  under  hedges.  In  some  districts 
these  rushes  are  used  by  the  poor  as  a  substitute  for  candles.  They 
are  gathered  in  summer  and  autumn ;  the  largest  and  longest  being 
deemed  the  best.  They  are  kept  in  water  until  they  are  to  be  peeled ; 
which  process  consists  in  divestiDg  the  rush  of  its  peel  or  rind,  so  as  to 
leave  one  regular  narrow  rib  from  top  to  bottom,  to  support  the  pith. 
The  rushes  are  then  bleached  on  the  dewy  grass,  and  driol  in  the  sun. 
These  rush-piths  are  finally  dipped  into  any  kind  of  &t  or  grease,  until 
they  acquire  a  coating  aniJogous  to  that  of  a  candle.  In  the  bacon 
districts  of  Hampshire,  hog's  fat  is  employed  for  this  purpose.  When 
White  wrote  his  weU-known  '  Natural  History  of  Selboume,'  he 
strongly  recommended  this  feature  in  domestic  economy;  but  it  is 
possible  that  the  cheapening  of  candles  has  lessened  the  relative 
advantage  of  the  more  primitive  system.  Rushes  ore,  however,  mora 
ordinarily  used  for  plaiting  into  mats  and  chair-bottoms,  and  for  con- 
structing small  toy  baskets.  The  wicks  of  rushlights  are  made  of 
the  pith. 

RUSH-BEARINO,anothername  in  some  parts  of  England  for  the 
country  wake.  It  appears  that  in  ancient  times  the  parishioners  brought 
rushes  at  the  Feast  of  Dedication,  wherewith  to  strew  the  church, 
and  from  that  circumstance  the  festivity  itself  obtained  the  name  of 
Rush-bearing.  The  country  wake  occurs  by  this  name  in  the  glossaiy 
of  the  Lancashire  dialect.  In  the  parish  accounts  of  St.  Margaret's,  West- 
minster, is  this  item,  imder  the  year  1544  : — "  Paid  for  rushes  aga^ist  the 
Dedication  Day,  wMch  is  always  the  first  Sunday  of  October,  It.  Sd." 
Notices  of  the  custom  of  rush-bearing,  as  used  in  various  parts  of 
Derbyshire,  will  be  found  in  Glover's '  History  and  Qacetteer  *  of  that 
coimty,  voL  i.    (Brand's '  Popular  Antiq.,'  vol.  i) 

RUSHES  are  weU-known  plants  which  appear  in  all  soils,  especially 
those  which  are  fertile,  when  the  water  which  cannot  be  evaporated 
remains  in  a  stagnant  state  under  the  surface.  They  are  most  common 
on  moist  meadows  with  a  retentive  subsoil ;  and  as  they  not  only  occupy 
a  space  which  might  produce  good  herbage,  but  also  greatly  detorioni^ 
the  hay  with  which  they  are  mixed,  every  means  to  destroy  them  are 
employed  by  industrious  farmers.  Formerly  in  this,  as  in  most  other 
iniitanceB  of  defect  in  the  soil,  only  a  temporary  remedy  was  generally 
thought  of.  The  rushes  were  mown  down  at  particular  times  of  the 
year,  alkaline  ashes  and  salt  were  spread  over  them,  and  in~  some  cases 
they  were  destroyed  by  pouring  boiling  water  on  the  roots.  But  all 
these  only  killed  the  incUvidual  rushes,  without  removing  the  imme- 
diate cause  of  them,  or  correcting  the  stagnation  of  water  which 
invariably  reproduced  them.  The  only  effectual  cure  for  rushy  grounds 
is  a  complete  system  of  draining.  The  truth  of  this  assertion  is  so 
generally  admitted,  that  it  ia  imneoessary  to  dwell  upon  it.  Wherever 
the  laud  can  be  effectually  under-drained,  rushes  will  ^erally  dis- 
appear as  by  magic.    If  they  are  sti-ougly  established  m  the  soil,  it 
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may  take  some  time  before  they  completely  die  away,  even  aftor 
drainage,  at  lea«t  in  partures  which  are  not  broken  tip ;  but  if  the  land 
is  ploughed  and  has  a  proper  tillage,  they  will  not  survive  the  first 
year.  In  rich  old  meadows,  which  it  would  not  be  prudent  to  plough 
up,  they  may  be  destroyed  by  mowing  them  when  they  are  in  bloom, 
and  immediately  spreading  ashes  or  salt  over  the  place  where  they 
grew.  This  repeated  twice  will  clear  the  ground  entirely,  and  the 
draining  will  prevent  their  reappearing. 

In  heavy  grounds  which  have  been  laid  up  in  high  ndges  Vfithout 
thorou^y  draining  the  land,  and  sown  with  grass-seeds  to  remain  in 
pasture  two  or  three  years,  it  is  not  uncommon  to  see  every  interval 
between  the  stetches  filled  with  rushes,  especiaUy  if  the  land  be 
reduced  in  fertility  by  overcropping.  This  mdicates  a  wet  subsoil, 
and  suggests  under-dnuning ;  but  the  rushes  are  often  caused  by  the 
very  roundness  of  the  ridges,  which  is  supposed  to  keep  the  land  dry, 
but  which  accumulates  the  water  in  the  furrows.  H  the  land  had 
been  laid  quite  flat,  it  might  have  been  too  wet  to  produce  good  crops 
of  wheat,  but  nishes  would  not  have  appeared.  In  very  flat  meadows 
rushes  are  only  found  where  the  land  hes  very  low,  with  an  impervious 
subsoil,  or  a  want  of  inclination  in  the  sur&oe  to  carry  off  the  super- 
fluous water.  What  might  at  first  sight  bo  considered  as  an  anomaly, 
is  yet  perfectly  true— no  rushes  are  found  in  the  best  water-meadows, 
although  they  are  for  a  considerable  portion  of  the  year  entirely  soaked 
in  water ;  but  the  water  is  never  allowed  to  stagnate  for  a  moment, 
and  is  always  kept  running  on  and  off. 

The  great  advantage  which  has  been  obtained  by  the  system  of 
thoroughly  draining  compact  soils,  or  those  which  rest  on  impervious 
subsoils,  has  induced  proprietors  and  fanners  of  land  to  employ  their 
capital  in  this  most  certain  of  all  improvements,  and  the  consequence 
will  be,  that  in  a  few  years  rushes  will  only  be  seen  in  those  low  and 
unprofitable  spots  from  which  the  water  cannot  be  drawn  off  by 
drains,  and  where  they  will  supply  some  small  resource  to  the  maker 
of  mats  and  the  repairer  of  rush-bottomed  chairs. 
EU8SIAN  CHURCH.    [Gbkek  Chdbch.] 

BUST,  in  the  common  acceptation  of  the  term,  is  the  red  pulverulent 
substance  which  is  formed  on  the  surface  of  iron  when  exposed  to  air 
and  moisture.  It  is  an  oxide  of  iron,  and  in  point  of  fact  other  metallic 
ozidea  may  be  considered  as  rusts  of  the  peculiar  metals  which  they 
contain;  the  term  is  however  limited  in  application  to  the  red  oxide 
or  per-  or  sesqui-oxide  of  iron.    [Mktals,    Iron,  peroxide  of.] 

RUSTIC  or  RUSTICATED  WOBK,  in  "architecture,  a  species  of 
decoration  for  walls,  wherein  the  joints  between  the  courses,  and 
between  the  separate  stones  in  each  course,  are  strongly  defined  by 
sunk  channels  or  grooves.  Although  an  imitation  of  what  would  in 
itself  be  offensive,  and  therefore  at  first  apparently  quite  at  variance 
with  good  taste,  this  mode  is  only  a  legitimate,  artistical,  or  sesthetical 
imitation,  suggested  by  accident  or  defects.  The  expression,  originally 
derived  from  rudeness  and  coarseness  of  execution,  from  large  stones 
irregularly  put  together,  without  their  edges  being  smoothed  and 
fitted  to  each  other,  is  hero  only  partially  retained  so  as  to  indicate 
boldness  and  strength,  and  also  a  certain  attention  to  finish  and  to 
regularity  in  the  symmetrical  arrangement  of  the  courses  and  stones. 
There  is  a  studied  intention  manifested,  which  prevents  our  con- 
founding the  imitation  with  what  furnished  the  hint  for  it.  In  reality 
rustiwi^n  contributes  in  an  eminent  degree  to  richness  of  surface, 
and  it  was  accordingly  frequently  employed  by  the  ancients— bytio 
Bomans  at  least,  not  only  in  those  works  which  were  charactenseJby 
masBveness  and  by  a  certain  degree  of  rudeness,  such  as  amphiUieatres, 
bridges,  &c,  but  on  the  exterior  of  temples  and  other  edifices,  on 
Whi3i  the  most  finished  decoration  was  bestowed.  For  not  only  does 
rusticating  the  face  of  the  walls  occasion  contrast,  and  thereby  tend  to 
set  off  columns  or  pilasters  to  greater  advantage,  but  the  lines  and 
shadows  so  produced  remove  that  blankness  which  might  otherwise 
attend  too  much  imiform  plain  surface.  _         ,    ■,.     m 

Besides  being  different  from  plain  masonry,  rustication  admits  ot 
great  variety,  both  in  r^ard  to  design  and  execution,  and  of  great 
diversity  of  character,  fh)m  severity  and  heaviness  Jo  studied  elef^oe. 
The  most  obvious  distinction  is  that  arising  from  the  surfaces  of  the 
rustics,  according  as  they  are  either  plain  or  rough  ;  and  if^e  former, 
they  may  be  either  imooth,  or  hammer-drested,  that  is,  left  aligntly 
chipped ,-  else  tooled,  or  with  the  marks  of  the  chisel  Or  if  mtended 
to  be  rough,  the  rustics  may  be  veitnicuUUed,  luUdted,  or  fr^ta- 
The  first  of  these  modes  is  produced  by  cutting  deep  hoUows 
into  the  surface,  the  second  by  making  It  jagged  a«d  rugged,  while 
the  third  consists  in  giving  a  deUcate  orispness  hke  frost-work  to 

As  r^rds  jointing,  there  are  two  modes :  one  in  which  the  channds 
between  the  stones  are  grooved,  or  form  rectangular  sinkings;  the 
other  in  which  they  are  chancered,  that  is,  the  edges  of  the  stones  aie 
bevelled  off  in  such  manner  that  the  section  of  the  jomts  forms  a 
rectanguhir  triangle.  Neither  are  the  above  by  any  means  aU  the 
varieties,  as  will  be  seen  by  some  examples  at  the  end  of  this  article 
which  cinnot  be  very  weU  explained  without  cuts.  Great  vanety  of 
character  and  design  may  further  be  produced  by  an  "'*f'-"'^*""/« 
the  different  modes,-for  instance,  by  smooth  and  rough  rusto  t^ 
celher,  or  by  different  kinds  of  rusticating  for  different  stones,  the 
bolder  and  coni-ser  being  placed  below  and  the  more  delicate  above. 

lUl  an  architecture  presents  many  fine  studies  and  examples  ot 


rusticated  work.  The  Florentine  style— which,  it  may  be  observed,  is 
the  direct  antithesis  of  the  Palladian — shows  what  may  be  accom- 
plished by  little  more  than  rustication  alone.  If  it  be  severe,  it  is  also 
simple,  yet  rich  and  dignified. 

In  this  coxmtry  we  have  very  few  examples  of  rusticated  work  upon 
a  grand  scale :  for  here  it.is  almost  entirely  confined  to  basements.  It 
is  scarcely  ever  employed  as  the  general  decoration  of  an  entire  front, 
except  it  be  ocoasiorudly  for  prisons,  for  which  it  is  certainly  appro- 
priate, though  it  dees  not  therefore  follow  that  it  is  unsuitable  where 
richness  and  magnificence  are  more  required  than  severity. 

Much  of  the  beauty  of  rusticated  fronts  depends  upon  the  form  and 
proportions  of  the  arches  or  openings,  and  on  the  arrangement,  &o.,  of 
the  rustics  which  form  the  voussoirs  either  to  arched  or  straight-headed 
windows.  Occasionally,  moulded  archivolts  are  substituted  for 
radiating  voussoirs,  but  the  effect  is  not  good,  because  they  cut  the 
horizontal  joints  of  the  courses  very  disagreeably;  which,  it  maybe 
observed,  is  likewise  the  oase  where  the  voussoirs  form  an  extradot 
either  concentric  with  the  arch,  or  making  a  more  elevated  curve,  as  in 
most  of  the  Florentine  examples.  It  is  far  better  to  make  the  voussoirs 
elbowed,  so  as  to  unite  with  the  horizontal  courses,  whereby  the  whole 
looks  firmly  bonded  together.  Sometimes  imposts  to  arches  are 
omitted  altogether,  or  if  there  be  such  member,  it  is  usually  a  mere 
plat-band,  although  occasionally  it  is  moulded. '  In  arches  the  keystone 
may  either  be  similar  or  distinguished  from  the  other  voussoirs;  which 
last  may  be  done  in  a  variety  of  ways,  although  the  most  usual  one  is 
to  cut  it  into  the  form  of  a  console,  or  else  enrich  it  vrith  a  mask 
sculptured  upon  it,  of  which  kind  are  the  keystones  to  the  arches  of 
the  Strand  front  of  Somerset  House,  representing  the  nine  principal 
rivers  of  England,  personified  as  old  men.  Bouaget  is  a  term  mora 
particularly  applied  to  rusticated  cinctures  on  the  shafts  of  columns, 
which  may  be  either  square  or  cyUndrical,  but  should  not  greatly 
exceed  the  diameter  of  tiie  shaft  itself,  more  especially  in  the  former 
casa  Columns  of  this  kind  ought  invariably  to  be  engaged,  and  the 
won  behind  them  of  course  rusticated  also.  In  such  case  tiie  cinctures 
serve  as  ligatures  to  bind  and  incorporate  them  with  the  rest,  whereas 
insulated  columns  with  blocks  upon  their  shafts  are  equally  unmean- 
ing and  uncouth.  The  same  Vemark  applies  to  rustic  blocks  stuck 'at 
intervals  upon  the  architraves  of  doors  and  windows,  as,  for  instance, 
those  of  St.  Martin's  Church,  London,  although  there  is  no  rusticating 
in  that  biJlding.  Of  columns  with  bossages  or  rusticated  cinctures, 
the  two  arches  within  the  court  of  Somerset  House  are  a  tastefully- 
designed  and  well-executed  example. 

The  following  arfi  some  of  the  varieties  of  rusticating  above  referred 
to,  drawn  sufficientiy  large  to  show  the  precise  form  and  section  of  the  ■ 
joints  or  grooves : — 

No.  1.  Bustics  with  rectangular  joints  or  channels, 

No.1. 
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Rustics  of  this  kind  have  always  plain  faces.  French  or  horizontal 
rusticating,  without  vertical  joints,  has  generally  rectangular  channels ; 
this  sort  of  rusticating,  or  pseudo-rusticating  with  horizontal  joints 

No.  2. 
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only,  has  in  t'  is  country  been  still  further  impoverished  by  making 
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the  channek  brood  and  aballow,  and  the  courses  so  deep  ihat  there  are 
only  a  few  horizontal  streaks  along  the  face  of  a  wall. 

No.  2  is  an  instance  of  chamfered  joinbt  and  vermioulated  rustics, 
bordered,  that  is,  having  a  plain  surface  around  their  faces. 

Uto.  3  shows  an  example  of  Florentine  rusticating  with  moulded 
channels,  the  efibct  of  which  is  particularljr  rich.  One  of  the  rustics 
iafacttted  in  the  cut,  in  order  to  give  an  example  of  that  mode  in 
rusticated  quoins. 


Mo.  4. 


No.  S. 


No.  4  is  another  mode  peculiar  to  the  Florentine  style,  in  which  the 
rustics  are  facetted,  or  cut  so  as  to  form  four  triangular  surfaces.  It 
is  not  used  throughout,  but  only  in  the  lower  course,  forming  a  sort  of 


dado  to  the  building.  This  example  is  from  the  same  buildiog  as  the 
preceding. 

No.  6  shows  one-half  of  a  rusticated  arch  having  dbovctd  voussoirB 
running  into  the  horizontal  coursea. 

No.  6  represents  half  of  another  arch  with  voussoirs  whoM  extndot 
form  an  eccentric  curve  from  that  of  the  arch  itself,  or  else  a  pointed 
arch,  while  the  intradoi  form  a  semicircular  one. 


RUTAMIDE.    [RtJTio  Gbocp.] 

RUTATES.    rRuTic  QBorp.] 

RUTH,  BOOK  OF,  an  acknowledged  ouonical  book  of  the  Old 
Testament,  though  Boiiholdt  and  some  other  German  writers  have 
considered  it  a  fiction  or  poraMe.  The  history  of  Ruth  seem*  to  bars 
been  inserted  in  the  sacred  canon  aa  a  necessary  link  in  establishing 
the  pure  genealogy  of  David,  and  consequently  of  the  HeosiBh ;  and 
perhaps  also  to  furnish  a  record  of  the  fact  tiiat  one  of  the  Messiah's 
ancestors  woa  a  Gentile,  thus  intimating  the  truth  that  the  Gentiles 
were  to  have  a  part  in  the  highest  privileges  of  the  Jews.  In  the 
ancient  Jewish  caoon  this  book  ionns  a  part  of  the  Book  of  Judges, 
because  the  events  recorded  in  it  happened  during  the  rule  of  the 
Judges.  Its  exact  date  is  however  uncertain,  but  moat  probably  the 
famine  mentioned  in  vene  1  is  that  which  hi^)pened  in  the  time  of 
Gideon,  about  B.o.  1241.  It  is  generally  supposed  to  have  been  written 
by  the  prophet  Samuel.  The  style  is  marked  by  a  touching  simplicity, 
and  some  parte  of  it  are  very  pathetic,  (The  InlroductioKt  of  Jahn, 
Eichhom,  De  Wette,  and  Home ;  Umbreit,  Ueher  Geat  und  Zweck  da 
BuHkei  StUh,  1834.) 

RUTHBNIC  ACID.     [Rcihekiuii.] 

RUTHENIUM  (Ru).  This  met^  was  shown  to  exist  in  platinum 
ores  by  Clause  in  184S.  According  to  Deville  and  Debray,  who  have 
speciaUy  studied  the  metala  associated  with  platinum,  ruthenium  niay 
he  pre{nred  from  the  native  osmide  by  mixing  it,  in  fine  powder,  with 
three  parts  of  binoxide  of  barium  and  one  of  nitrate  of  baiyta ;  heating 
the  whole  to  redness  in  a  (;rucible  for  an  hour ;  treating  the  product 
with  hydrochloric,  nitric,  and  sulphuric  acids  consecutively ;  precipi- 
tating with  chloride  of  ammonium ;  igniting  the  precipitate ;  and 
finally  fusing  the  residue  with  nitrate  and  hydrate  M  potash.  From 
the  rutheniate  of  potash  thus  formed,  the  tenxidt  of  tttM^nucm,  or 
nUhmic  acid  (RuO,),  may  be  precipitated  by  carbonic  or  uitria  acids, 
and  then  reduced  to  the  metallic  state  by  heating  in  a  current  of 
hydrogen. 

Ruthenium  is  only  fusible  with  extreme  difficulty.  It  has  a  blackish- 
brown  surface,  and  is  hard  and  brittle  like  iridium.  Its  specific  gravity 
is  11  to  11'4,  and  its  equivalent  S2'll. 

SuthaUum  and  oxygen  unite  in  foui-  diOerent  proportions.  Protoxide 
(RuO) ;  tetqvioxide  (Ru,0,),  ih.e  most  stable  of  these  oxides,  formed 
on  igniting  the  metal  in  a  current  of  air ;  binoxide  (RuO,),  obtained  by 
roasting  and  igniting  the  bisulphide ;  and  ruihetuc  eicid  (RuO,),  pre- 
pared aa  already  described, 

Jiutheniam  and  eulphur.  The  sulphides  of  this  metal  are  probably 
as  numerous  as  the  oxides,  but  they  are  very  diflicult  of  preparation. 

Jluthmium^aDd  chlorine  form  three  compounds.  The  protochloridt 
(RuCl)  results  from  the  ignition  of  the  metal  in  chlorine  gas ;  it  is 
insoluble  in  water  or  acids.  The  KtquuMoride  (Ru,Cl,)  is  formed  on 
dissolving  the  sesquioxide  in  hydrochloric  acid;  and  the  bxMoride 
(RuClf ),  which  exists  aa  a  rose-coloured  double  salt  with  chloride  of 
potassium.  ^ 

The  talti  of  rtUhaUum,  are  chiefly  those  of  the  sesquioxide.  They 
have  a  yellow  colour,  and  alkalies  re-precipitate  from  their  solutions 
the  sesquioxide  as  a  black  powder.  A  tulphate,  containing  RuOa,2SO„ 
has  been  obtained. 

RUTIC  ACID.    [RuTio  Gboot.] 

RUTIC  GROUP.  A  cluster  of  chemical  substances  oostaining  tha 
electro-negative  radical  rutyl  (CJS„OJ. 
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Mydride  of  niti/l  (C„H,,0„  H)  ruH^  or  Oapric  cUdehyd. .  This  body 
forms  the  greater  part  of  the  TolatOe  oil  of  the  oomtnon  rue.  [ButAi 
gnxtdlmt,  in  Nat.  Hist.  Diy.]  Its  gpeoific  gravity  is  '887 ;  twiling 
point  from  442*  Fahr.  to  446°  Fahr. ;  vapour  density  6-88.  It  crystal- 
Uses  in  transparent  plates  at  a  few  degrees  Mlow  the  freezing 
point  of  water;  give^  Qtystalline  oombinatliais  with  the  alkaline  bisul- 
phites ;  is  bat  little  acted  upon  by  sulphuric  or  hydrochloric  acids, 
but  is  converted  into  rutic  add  when  placed  in  contact  with  nitric 
acid. 

BntU  add  (C^H^OJ  or  eofria  acid.  This  acid  may  be  obtained 
from  sources,  other  than  just  mentioned.  It  is  one  of  the  products  of 
the  saponification  of  butter ;  it  may  be  formed  by  the  action  of  nitric 
acid  upon  oleic  acid ;  it  is  contained  in  small  quantity  in  cocoa-nut  oil, 
and  is  also  found  in  the  oily  matters  that  accompany  the  distillation 
of  Scotclr  whiskey.  From  the  latter  source  it  is  most  conveniently 
obtained,  though  the  operation  is  tedious  and  somewhat  difficult. 

Rutic  acid  Is  crystalline  and  eolourless;  it  baa  an  odour  recalling 
that  emitted  from  the  akin  of  a  goat,  melts  at  81*  Fahr.,  is  very  solu- 
Ue  in  alcohol  or  ether,  is  not  soluUe  in  cold  water,  but  is  uightly 
so  in  hot  water.  It  is  monobasic  and  fomu  crystalline  salts  termed 
rutata. 

Rutie  ilher  (C„H,.(C«H,)0,)  separates  as  an  oily  liquid  on  passing 
dry  hydrochloric  acid  through  a  solution  of  mtic  add  in  absolute 
alcohol.  Its  density  is  0'862.  AmmoQia  converts  it  Into  nUamide. 
The  latter  body  crystallises  in  brilliant  platea. 

RUTILE.    [TrrAWtCM.] 

HUTILIN.    [Sauotlio  Oroop.] 

KUTINIQ  ACID.  (C,,H,0,)  A  crystalUne  acid  contained  in  the 
stems  and  leaves  of  rue.  It  is  insoluble  in  cold  water  and  ether,  but 
readily  dissolves  in  boiling  water  or  alcohol.  When  an  alcoholic  solu- 
tion of  chloride  of  calcium  is  added  to  an  alcoholic  solution  of  rutinio 
acid,  a  bright  green  precipitate  is  thrown  down: 

BYB  is  a  plant  of  the  family  of  the  Qraminets,  and  bean  naked 
seeds  on  a  ^t  ear  furnished  with  awns  like  barley.  The  straw  is  solid, 
the  internal  part  being  filled  with  a  pith,  which,  if  it  causes  it  to  be 
inferior  as  fodder,  makes  it  more  valuable  for  litter,  and  particularly 
for  thatching.  The  value  of  the  straw  is  often  nearly  equu  to  that  of 
the  grain.  Bye  grows  on  poor  light  soils  which  are  altogether  unfit 
for  wheat,  and  hence  tracts  of  light  sands  are  often  denominated  rye- 
lands.  On  these  soils  this  grain  is  far  more  profitable  than  wheat, 
which  can  only  be  raised  there  at  a  great  en)ense  of  marling  and  man- 
nring.  The  value  of  ire  in  those  countries  where  it  forms  a  considerable 
portion  of  the  food  of  the  labouring  classes,  is  from  two-thirds  to  three- 
fourths  of  that  of  wheat.  From  expeiimenta  made  to  ascertain  the 
quantities  of  nutritions  matter  in  rye  and  wheat,  Thaer  states  their 
real  comparative  value  to  be  as  64  to  71.  It  was  formerly  raised  in 
considerable  quantities  in  England,  either  alone  or  mixed  with  wheat, 
and  was  then  called  malin,  from  the  old  French  word  maU,  whidi 
means  mixed.  The  meslin  when  ground  produced  a  very  wholesome 
and  palatable  household  bread,  and  it  was"  thought  advantageous  to 
sow  ue  two  sorta  together,  from  the  notion  that  if  either  failed  there 
would  still  be  a  crop  of  the  other.  This,  however,  was  an  error.  Ko 
doubt  the  wheat  would  often  fail  on  inferior  soils  when  the  rye  would 
thrive ;  but  the  reverse  was  seldom  or  never  the  case ;  and  besides  the 
rye  comes  to  maturity  at  least  a  fortnight  before  the  wheat.  If  the 
soil  is  capable  of  bearing  a  moderate  crop  of  wheat,  it  would  be  much 
more  advantageous  to  sow  one  portion  of  a  field  with  rye  and  another 
with  wheat ;  and  if  meslin  bread  is  desired,  the  two  grains  may  be 
mixed  in  any  required  proportion.  Excellent  bread  is  made  of  two 
ports  of  wheat  and  one  of  rye  ground  together,  with  only  the  coarse 
bran  sifted  out. 

Rye  is  at  present  raised  in  very  small  quantities  in  England.  It 
is  however  extensively  cultivated  on  the  Continent,  especially  in  the 
Netherlands,  where  it  is  the  chief  erain  frcnn  which  the  spirit 
commonly  called  Hollands  is  distilled,  wnich  is  flavoured  with  juniper, 
in  Dutch  called  OtTuver,  whence  the  name  of  geneva  and  ito  contrac- 
tion gin.  When  malted  it  mokes  excellent  beer,  one  bushel  of  rye 
malt  being  equal  to  at  least  one  and  a  quarter  of  barley  malt.  The 
eoltivation  of  rye  is  very  simple ;  it  is  usually  sown  2  or  3  bushels 
per  acre  after  wheat,  where  the  soil  is  light  and  rich,  or  after  turnips 
and  potatoes,  in  those  soils  which  are  not  strong  enough  for  wheat. 
As  it  is  ripe  in  Jvme  or  July,  turnips  are  often  sown  immediately 
after ;  and  by  the  manure  produced  by  these,  as  well  as  their  effect  on 
the  soil,  a  second  crop  of  rye  can  be  obtained  the  ensuing  year. 
This  is  no  doubt  contrary  to  -all  sound  theory;  but  such  is  the 
practice  in  Flandns,  and  they  do  not  find  that  their  crops  iliminiiih 
m  consequence. 

In  England  rye  is  mostly  sown  as  a  green  crop,  and  when  fed  off 
early  in  spring  with  sheep,  the  land  is  invigorated,  and  will  bear  excel- 
lent potatoes  or  turnips  the  same  year.  This  practice  cannot  be 
sufficiently  recommended ;  and  if  the  rye  is  sown  very  early  in 
autumn,  it  may  be  fed  off  in  October  and  November,  when  sheep-feed 
is  beginning  to  fail  and  the  turnips  have  not  yet  attained  their  full 
size,  with  little  detriment  to  the  succeeding  spring  produce. 

Winter  barley  and  winter  oata  have  been  substituted  for  rye  as 
spring  fodder  by  some  farmers;  but  on  land  of  moderate  quali^ 
rye  is  generally  preferred.  It  bears  the  severeet  winters,  which  is 
not  the  case  with  barley  w  oats. 


The  preparation  ot  the  land  for  rre  is  the  same  as  for  wheat,  exoept 
that  in  very  light  soils  no  more  ploughingS  are  required  than  will 
dear  the  ground  of  weeds.  If  rye  is  sown  after  harvest,  one  plough- 
ing only  is  usually  given.  It  wul  thrive  upon  rich  wheat  soils,  as  well 
as  upon  lighter,  and,  as  it  throws  out  numerous  stems  in  rich  land,  it 
is  the  more  profitable  as  fodder,  although  the  crop  of  grain  might  not 
be  so  abundant  when  the  plonta  are  too  much  crowded.  To  have  as 
much  green  food  as  possible,  the  rye  is  always'  sown  broadcast,  three 
bushels  at  least  to  on  acre ;  some  sow  a  sack,  and  with  advantage. 
It  is  also  usually  sown  amongst  winter  tares,  which  the  stems  of  the, 
rye  help  to  keep  up  from  the  ground  :  half  a  bushel  of  rye  to  three 
bushels  of  tares  is  a  &ir  proportion ;  some  farmers  soW  wheat  instead 
of  rye,  as  being  stronger  in  the  stem,  but  besides  ita  being  mora 
expensive,  it  does  not  shoot  so  early  as  rye,  nor  is  it  so  much  stronger 
in  the  green  stem,  as  is  supposed.  Oats  are  invariably  sown  amongst 
spring  tores,  and  answer  the  purpose  well. 

There  is  a  variety  of  rye  mentioned  l^  oontineDtal  authors  by  the 
name  of  Seigle  de  la  St.  Jean,  or  St.  John  s-day  rye,  because  it  grows 
so  rapidly  that  if  sown  about  St.  John's  Day  (24tb  June),  it  will  be 
fit  to  mow  green  by  the  middle  of  September,  and  iu  favourable  seasons 
may  be  fed  off  again  in  November,  without  preventing  its  giving  ample 
feed  in  spring,  and  a  good  crop  of  groin  at  the  next  harvest.  It  ha* 
been  introduced  into  England,  but  whether  or  not  owing  to  iU 
character  not  being  maintained,  it  has  not  maintained  ita  reputation. 
There  is  no  doubt  that  there  are  varieties  of  the  same  kind  of  plants 
which  have  a  much  more  vigorous  vegetation  than  those  commonly 
cultivated ;  and  the  introduction  of  them  where  they  are  not  known 
is  on  important  benefit  to  agriculture.  The  celebrated  agriculturist 
Du  Hamel  du  Monceau  mentions  an  individual  who  had  obtained,  from 
one  sowing,  five  abundant  cuta  of  green  rye  for  cattle  in  two  years.  If 
any  ^reen  pla^t  is  cut  down  before  the  fructification  is  completed,  it 
wul  m  general  throw  out  fresh  stems ;  and  in  very  rich  soiU  ita 
blossoming  may  thus  be  continually  retarded,  until  the  roota  become 
too  weak  to  force  successive  stems. 

When  the  land  is  in  good  heart  and  clean  after  wheat-harvest,'  i( 
may  be  expeditiously  cultivated  by  means  of  a  strong  scarifier,  or  some 
similar  instrument,  which  opens  the  soil  several  inches  deep,  without 
turning  it  over ;  and  rye  may  be  sown  immediately,  ?rithout  using  the 
plough.  This  is  an  immense  saving  of  time  and  labour,  as  four  or  at 
most  six  horses  will  completely  stir  ten  acres  of  land  in  a  day,  which 
may  thus  be  immediately  sown  before  the  wheat  is  out  of  the  field,  or 
fit  to  be  carried.  A  week  gained  in  the  time  of  sowing  may  make  all 
the  difference  between  a  crop  which  can  be  eaten  off  before  winter  and 
one  which  wiU  only  be  fit  for  the  sheep  in  the  succeeding  spring.  The 
weeds  which  may  spring  up  with  the  rye  will  either  be  choked  by  ito 
luxuriance,  or  at  all  eventa  will  never  shed  their  seeds,  being  mown  or 
fed  off  with  the  rye,  and  the  roota  ploughed  in  the  next  year.  The 
large  perennial  roota  will  thus  be  more  easily  taken  out  by  the  harrows, 
and  aU  the  annual  weeds  will  be  destroyed. 

Althouj^  the  value  of  rye  as  a  green  crop  is  fully  admitted  in 
England,  very  little  is  grown  for  food  or  distillation ;  yet  on  some  poor 
soils,  where  wheat  and  barley  are  now  often  sown  with  a  very  poor 
return,  and  at  a  great  expense  of  manure,  rye  and  buckwheat  would 
give  a  much  greater  clear  profit,  and  wi^uld'  require  much  less  manu- 
Ting :  and  where  there  are  not  ready  means  of  improving  the  soil  by 
claying  or  marling,  the  cultivation  of  rye  would  be  found  most  advan- 
tageous ;  and,  by  means  of  sheep,  very  poor  sandy  soils  might  thus  be 
made  profitable. 

Bye  is  subject  to  most  of  the  diseases  which  attaok  the  planto  of  the 
famUy  of  the  Gramiuea),  such  ^s  rust,  uilduw,  burnt-ear,  and  smut- 
balL  These  diseases  are  described  in  the  article  Wheat.  But  there 
is  one  remarkable  disease,  ^diich,  although  sometimes  found  in  wheat, 
is  much  more  commonly  observed  in  rye.  It  is  called  the  ergot,  the 
French  name  of  a  cock's  spur,  which  the  diseased  grain  resembles  in 
shape.    [Eboot.] 

RYE-GRASS,  sometimes  called  Say-Oram,  is  one  of  the  most  com- 
mon of  the  artificial  grasses;  it  is  of  the  fomily  of  tlio  (iraminea  of 
the  genus  Ldlium,  There  are  several  varieties,  some  ai  nu  il  and  others 
perennial,  some  producing  a  strong  juicy  grass,  and  others  a  small 
diminutive  plant.  These  varieties  arise  chiefly  from  difference  of  soil, 
climate,  and  cultivation.  In  the  convertible  system  of  husbandry, 
rye-grass  performs  a  very  essential  part,  especially  the  perennial  sort, 
which,  mixed  with  different  varieties  of  clover  and  other  grass-seeds, 
produces  a  rich  and  close  herbage,  which  may  be  either  mown  for  hay 
or  depastured.  In  the  course  of  two  or  three  years  the  land  is  so 
much  recruited  by  the  extension  of  the  roota,  and  by  the  dung  and 
urine  of  the  animals,  that,  without  dung  from  the  yard,  it  will  produce 
one  or  two  very  good  crops.  When  clover  is  sown  to  remain  only  ono 
year,  the  annuU  variety  of  rye-grass  is  frequently  sown  with  it.  It 
adds  te  the  weight  of  the  hay,  and  the  stems  of  the  rye-grass  are  a 
good  corrective  to  the  richness  of  the  clover,  when  they  ore  given  to 
horses  in  a  green  state ;  but  when  the  hay  is  intended  for  tho  London 
market,  or  that  of  any  of  the  great  mercantile  towns,  the  tradesmen 
and  carmen  prefer  the  pure  clover  hay,  thinking  it  more  nutritious. 
Those  who  cultivato  their  land  on  the  Norfolk  sf  stem  have  a  prejudice 
against  rye-grass,  as  being  unfavourable  te  the  succeeding  crop  of 
wheat,  Aocordiiigly,  when  they  have  a  layer  of  rye-grass,  instead  of 
doyer  (bwavw*  the  doTW,  bATing  been  too  often  repeated,  fails  in  the 
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end),  they  often  take  peaa  or  beans  between  the  I7e-gnaa  and  the 
wheat.  Thia  aocorda  with  theory ;  for  when  the  lye-gnua  oompletea 
its  fructification,  even  if  the  seed  is  not  ripe,  it  has  a  deteriorating 
effect  on  the  soil  similar  to  that  of  a  white  crop,  and  therefore  a  legu- 
minous crop  should  suooeed  it. 

Different  varieties  of  rye-grass  have  been  recommended  at  various 
times;  one  which  goes  by  the  name  of  Pace^t  rye-grau  has  kept 
its  reputation  as  a  perennial  grass  for  a  long  time.  The  ItcUum  rj/t- 
grau,  wdl  known  in  the  south  of  France,  in  Switcerland,  and  in 
Germany,  is  a  native  of  Lombardy,  where  it  grows  most  luxuriantly 
and  rapidly  by  means  of  irrigation.  There  is  no  grass  which  so  soon 
forms  a  water-meadow ;  and  it  bears  well  the  cold  and  wet  winters  of 
Britain.  On  rich  moist  land  it  grows  most  rapidly  and  luxuriantly.  It 
will  bear  several  cuttings  in  a  season.  Those  who  have  paid  attention  to 
the  cultivation  of  rye-grass  think  highly  of  it.  It  grows  muoh  more 
r^iidly  in  spring  than  any  other  grass,  and  is  so  mudi  relished  by  cattle, 
that  iixej  scarcely  allow  a  single  stem  to  spring  up.  A  small  space  in  a 
layer  bemg  sown  with  Italian  rye-grass,  may  be  distinguished  in  the 
pasture  by  its  superior  green  colour  and  its  very  dose  pile;  and 
the  cattle  will  always  be  found  there,  as  long  as  there  is  the  least 
bite  for  them.  It  may  be  advantageously  sown  in  autumn  with  the 
Trifolium  incamatum,  and  together  they  will  give  much  early  green 
food  in  spring.  It  may  be  a  question  whether  this  is  preferable  to 
sowing  rye ;  but  it  affords  a  variety,  and  on  some  soils  may  produce 
.earlier  and  more  abundant  feed  for  lambs.  When  Italian  rye-grass  is 
sown  by  itself,  and  allowed  to  go  to  seed,  it  becomes  thin  after  the 
flnt  year,  from  many  of  the  plants  dying  off:  it  may  therefore  be 
prudent  to  mix  some  other  kinds  of  grasses  with  it,  which  will  supply 
Its  place  where  it  is  worn  out.  It  is  a  most  excellent  practice  to  sow 
Italian  rye-gniss  on  old  meadows  and  pastures,  at  the  time  when  they 
are  recruited  with  compost  or  earth.  If  they  are  well  harrowed  or 
scarified,  and  the  rye-gross  be  sown  before  the  roller  goes  over  them, 
,the  succeeding  crop  of  hay  will  be  much  increased  in  quantity  and 
iinfnroved  in  quality.  On  water-meadows,  which  require  renovation, 
this  giaas  is  invaluable,  being  early,  rapid  in  growth,  and  very  abundant 
when  irrigated.  We  have  seen  hay  mode  in  July  from  a  newly-made 
water-meadow  sown  with  Italian  rye-grass  in  March.  This  was  at  Mr. 
De  Fellenberg's,  at  Hofwyl,  near  Berne,  in  Switzerland.  No  plant  will 
more  fully  use  abundant  dressings  of  manure  than  Italian  rye-grass. 
If  richly  manured  and  irrigated  after  each  cutting  it  will  yield  18  to 
20  tons  of  green  food  per  acre,  three  Or  four  times  in  the  year. 
When  sown  by  itself  8  bushels  per  acre  are  sown  broadcast  in  August 
or  September,  and  the  next  year  the  crop  will  be  in  full  bearing,  A 
first  or  second  cutting  may  be  taken  in  the  following  year,  and  being 
then  ploughed  down  a  crop  of  late  turnips  or  rape  may  be  taken  pre- 
vious to  a  eucoeeding  spring-sown  com  crop. 

KTE,  SPURRED.    [Eboot.] 

RYOTS,  the  name  by  which  the  cultivators  of  the  soil  in  Hindustan 
are  designated.  The  ryots  pay  rent  out  of  the  produce  of  their  land  to 
a  sovereign  proprietor,  and,  so  long  as  they  pay  the  rent  demanded  of 
them,  have  a  claim  to  the  continued  occupation  of  the  land. 

The  economical  condition  of  the  Asiatic  cultivator  may  be  described 
as  being  nude  up  of  the  three  following  circumstances : — 1.  He  is  an 
hereditary  occupier,  or,  in  other  words,  has  on  hereditary  claim  to  the 
oocupation  of  the  land  which  he  cultivates.  2.  The  amount  of  rent 
which  he  pays  is,  in  practice,  determined  by  the  sovereign  power. 
,8.  There  exists  a  number  of  classes  intermediate  between  the  hereditary 
occupier  and  the  sovereign,  all  entitled  to  various  portions  of  the 
revenue  which  is  yielded  by  the  land,  but  none  having  any  proprietary 
right.  The  number  of  these  intermediate  classes,  arising  out  of  the 
tendency  of  all  of&ces  connected  with  the  land  to  become  hereditary, 
has  contributed  greatly  to  the  ignorance  prevalent  among  Europeans 
of  the  position  of  Asiatic  cultivators. 

Such  being  the  general  features  of  the  economical  condition  of  the 
lyot,  his  actual  position  necessarily  depends  most  on  the  amount  of 
rent  paid  by  l)im  to  the  sovereign,  and  the  manner  in  which  the  rent 
is  paid. 

The  amount  of  rent  was  fixed  by  the  laws  of  Menu  at  a  sixth,  an 


eighth,  or  a  twelfth  of  the  crops,  according  to  differences  in  (he  soil,  in 
the  degree  of  labour  necessary  to  cultivate  it,  and  in  the  ganetal  pros- 
perity of  dislricts;  but  in  times  of  urgent  necessity,  of  war  or  invasion, 
the  same  laws  allowed  the  king  to  take  even  so  much  as  a  fourth. 
('Institutes  of  Menu,'  o.  iii.,  180;  x.  118,  120.)  A  sixth  part  of  the 
produce  had  oome  to  be  the  uniform  tex  in  Hindustan  when  the 
Mohammedails  became  its  masters.  (' Saoontala.')  But  we  find  in 
Strabo,  that  when  Alexander  invaded  India,  a  fourth  of  the  produce 
was  generally  taken  as  rent.  The  despotic  sovereigns  of  the  East  did 
not  long  continue  to  observe  their  ancient  laws,  sometimes^  openly 
violating  them,  at  other  times  evading  them  by  a  resort  to  indirect 
taxation.  Indeed  before  the  Mohammedan  period  there  are  instwiowi 
of  oppression  by  Hindu  gavemments,  under  which  the  ryots  were 
allowed  to  retain  no  more  than  a  fifth  or  sixth  of  their  crops. 

The  form  in  which  the  rent  is  paid  has  even  a  greater  influence  on 
the  condition  of  the  ryot  than  its  amount.  In  ancient  times  the  rent  was 
always  paid  in  produce.  Whenever,  in  later  times,  it  has  been  deman- 
ded m  money,  the  oonsequenoes  have  been  ruinous  to  the  lyot,  chiefly 
owing  to  the  want  of  markets.  When  the  ryot  is  compelled  to  p«y  in 
money,  which,  owing  to  the  wont  of  a  ready  market,  he  has  a  difficulty 
in  doing,  his  obvious  resort  is  to  a  money-lender.  The  money  which 
he  borrows  for  the  purpose  of  relieving  himself  of  immediate  difficulty 
is  borrowed  at  a  high  rate  of  interest.  The  immediate  difficulty  is 
thus  got  rid  of  at  a  greet  sacrifice,  and  the  ryot  becomes  dependent  on 
the  money-lender.  In  1860  considerable  discontent  was  created  among 
the  ryots  in  Bengal  by  the  system  asserted  to  have  been  adopted  by 
the  European  indigo  manufoctnrers :  these,  it  was  at  least  asserted  by 
the  lyots,  mode  agreements  with  the  zemindon  that  certain  portions 
of  the  land  should  be  devoted  to  the  cultivation  of  the  indigo  plant,  to 
be  sold  to  them,  in  consideration  of  certain  advancements  of  money  at 
a  rate  which  was  ruinous  to  the  cultivator.  The  attempt  to  enforce 
these  agreements  by  law  occasioned  several  tumults,  and  the  dispute  is 
not  yet  (1861)  settled. 

The  agency  by  means  of  which  the  rents  are  collected,  though  less 
important  than  the  form  of  pimnent,  has  also  a  considerable  influence 
on  the  condition  of  the  ryot.  Under  the  ancient  Indian  governments, 
the  agents  of  the  prince  to  whom  districts  were  assigned  transacted 
immediately  with  the  ryots,  mther  singly  or  in  villages.  The  latter 
mode  was  the  more  general,  by  which  the  government  levied  a  certain 
sum  on  each  village,  and  left  it  to  the  villages  to  settle  the  individual 
quotas  among  themselves. 

As  regards  the  payment  of  rents,  there  were  two  kinds  of  arrange- 
ment prevailing  in  the  villages.  In  some  villages  the  land  was  culti- 
vated in  common,  and  each  cultivator  hod  a  share  of  the  produce 
assigned,  according  to  certun  fixed  rules ;  these  were  called  hyachcary 
(brotherhood)  villages.  In  others,  each  ryot  cultivated  separately  his 
own  spot  of  land,  and  paid  rent  for  it  separately :  these  went  by  the 
name  oiputterday  (partnership)  villages. 

The  heads  of  villages  paid  the  rents  collected  to  the  heads  of  dis- 
tricts (<U$  adiiart);  these  again  to  the  heads  of  larger  tracts  of  country. 
The  system  pf  government  detailed  in  the  '  Institutes  of  Menu ' 
enaCberates  lords  of  one  town  or  district,  of  ten  towns,  of  twenty 
towns,  of  a  hundred  towns,  and  a  thousand,  towns.  All  these  lords 
received  assignments  of  land,  and  a  per  centage  on  their  collections 
besides. 

The  heads  of  districts  (des  adiiart)  came  afterwards  to  be  represented 
by  one  class  of  zemindars,  namely,  those  whose  duties  were  confined  to 
the  superintendence  of  police.  The  class  of  zemindars  however 
which  is  the  best  known  is  that  class  in  which  the  duty  of  collecting 
the  revenue  was  added  to  the  superintendence  of  police.  This  is  not 
the  place  to  speak  of  these  functionaries,  or  to  trace  the  changes  in 
their  duties  and  position  until  the  commencement  of  the  British 
dominion,    [Zexixdab.] 

A  full  and  interesting  account  of  ryot  rents  will  be  found  in  Mr. 
Jones's  Sitay  'on  the  IMxtribuUun.  of  Wealth  and  on  the  Sourcee  of 
Taxation.  The  reader  is  referred  also  to  Mr.  Mill's  Hittory  of  India, 
by  Wilson,  vol.  L 
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C  ii  tbe  chief  aibilant  of  the  EngligH  alphabet,  and  is  employed  to 
'-'  represent  two  different  sounda,  as  in  tJua  and  these.  The  word 
i»gar  would  seem  to  justify  the  addition  of  a  third  sound,  th  ;  but  in 
this  word  the  vowel  «,  bo  often  pronounced  yn,  has  modified  the  pro- 
nunciation of  the  preceding  consonant.  Syugar  would  easily  glide  into 
ihugar.  In  the  Hebrew  alplmbet,  whence  those  of  Europe  are  derived, 
a  common  symbol  is  employed,  with  and  without  an  affixed  dot,  to 
denote  (  and  th.  The  symbol  referred  to  has  for  its  name  a  word 
which  also  signifies  toolh  or  teeth  ;  and  if  we  call  to  mind  that  the  ao- 
oalled  Fhoenician  and  Samaritan  alphabets  give  older  forms  of  the 
Hebrew  letters  than  those  now  used,  it  will  be  easily  believed  that  the 
symbol  in  its  original  shape  [Alphabet]  was  the  representation  of  two 
or  three  teeth :  an  origin  which  would  agree  with  the  fact  that  the 
^bilants  are  all  formed  by  means  of  the  upper  teeth,  and  the  sound 
(A  by  the  upper  and  lower  brought  together.  This  explanation  is  con- 
firmed by  the  consideration  that  in  emitting  the  last-named  sound  the 
teeth  are  not  only  the  sole  organs  employed,  but  mote  than  usually 
exposed  to  view  by  the  retraction  of  the  lips.  But  for  the  strong 
CTidence  thus  furnished  by  the  Hebrew  alphabet,  the  form  and  power 
of  the  letter  might  have  been  readily  derived  from  an  imitation  of 
a  hissing  snake. 

The  letter  <  is  subject  to  the  following  interchanges,  many  of  which 
have  been  previously  noted. 

1, 1  with  d.    See  D. 

2,  s  with  th  and  tth,  as  in  the  Laconian  dialect  of  the  Greek  language, 
in  which  0c«i,  TinoStos,  AOijfoio,  take  the  forms  aiop,  Tiiuxrtof,  Atraraia. 
Hence  too  nnrro/tnrOa,  ko.,  readily  glided  into  rvwroiuta,  ftc.  The 
English  language  formerly  wrote  loveth,  hateth,  but  now  prefers  lova, 
hatet. 

3, 1  with  t.  Thus  again  the  Attic  forms  <frr]<ri,  nttaa/,  TlortiSty,  av, 
were  by  the  Dorians  written  ^ari,  rrtroti  -(regularly  enough  from  the 
present  >riir(f )tu),  IlmrfiSw,  tv.  In  like  manner  the  German  words  dot, 
KOI,  a,  iRMwr,  haam,  eaten,  appear  in  English  as  that,  «luU,  it,  water, 
hate,  eat. 

.  4,  (  with  s.  Thus  the  Greek  island  ZaKvrtforwas  the  mother  city  of 
Saguntum  in  Spain,  and  no  doubt  gave  its  name  to  it.  In  fact  the 
manuscripts  of  Livy  (xxi.  7),  with  one  exception,  scarcely  worth  men- 
tioning, appear  to  have  all  got  Oriundi  a  Sagunto  imitla  dicuntur,  not 
Zaeyntho.  But  the  most  abundant  evidence  of  the  interchange  is  to 
be  found  in  the  Somersetshire  dialect  of  our  own  tongue. 

6,  *  with  th.  Witness  the  Berlin  pronunciation  of  all  German  words 
beginning  with  st.  Moreover,  the  English  words  iletp,  day,  tmear, 
snow,  have  for  their  German  equivalents  tddaf,  leUag-ta,  tehmier-en, 
scJUee. 

8, «  with  e,  g,  and  h.    See  those  letters. 

7,  la  with  g.  .  See  X. 

8,  «  with  n.     See  N. 

9,  *  with  r.    See  B. 

10,  S  often  appears  before  an  initial  consonant,  where  it  is  doubtful 
whether  the  older  form  be  that  with  or  that  without  the  sibilant.  Thus 
the  Greek  mytt,  irpiiiSoyri,  <r<tn)(,  correspond  to  the  Latin  tego,  fiinda, 
vipa.  So  CM\ot  and  cricoXaif  would  be  found  upon  close  examination  to 
be  tho  equivalents  of  the  Latin  erne  and  crujc,  and  axaKtw  to  differ  from 
•CTK-fo-n  only  in  the  fact  that  the  latter  is  a  frequentative  verb. 
Again  the  Greek  possesses  within  itself  the  double  forms  ff/wtpot  and 
fUKfoi,  arpt^  and  Tfwirw.  The  English  language  contains  numerous 
examples  of  the  same  variation,  as  in  mdi  and  mult,  tumble  and  ttumile, 
pike  and  ^pike.  The  German  as  well  as  our  own  tongue  not  \infre- 
quently  prefixes  an  t  when  the  Greek  and  often  tho  Latin  are  without 
toat  letter.  Thus  the  Greek  kA«-«  (root  KAf  m  or  KKut),  the  L.-itin 
daud-o  or  clud-o,  and  davit,  the  German  ichUet^en,  and  the  English 
s&ut  are  all  of  one  kin.  Compare  too  the  various  forms  of  the  words 
signifying  mow. 

11,  The  sound  no  at  the  beginning  of  words  is  often  degraded  by 
the  loss  of  the  sibilant  or  w,  or  both.  Thus  to  the  Latin  tuavit  and 
tuadeo  correspond  the  Greek  oJui,  &c.,  the  German  itttt,  and  the 
English  tweet.  Those  who  doubt  the  connection  here  assumed  between 
murit  and  tuadto,  may,  aa  regards  form,  compare  davit  and  daudo,  or 
viijinti  with  what  must^have  been  its  older  form,  duiginti,  while  the 
connection  in  meaning  will  be  readily  established  by  the  common 
comparison  of  advice  with  medicine,  unpalatable  but  talatary,  as  in 
Lucretius  (i.  935),  Sed  rduti  puerit  ahnnlhia;  to.  Again,  top-or 
and  somniM  (top-nut)  of  the  Latin  correspond  to  the  Greek  tnr-vos, 
to  the  Gothic  verb  in-tuepp-an,  the  German  tchlaf,  and  the  English 
deep  ;  tocer  and  lacrut  in  Latin,  to  the  Greek  iievfos  and  txiipa,  and  the 
German  lehideger  as  prefixed  to  lohn,  rater,  &c. ;  the  Latin  tud-or,  to  the 
Greek  iS^t,  iSpait,  &C.,  to  the  German  tchweitt  and  English  avKat ;  the 
Latin  tui,  tiU,  te,  to  the  Greek  oi,  ot,  i,  although  the  Greek  has  also 
allied  words  begioning  with  a-^.  The  Latin  toror,  German  ichwetter, 
English  litter,  have  lost  their  correlative  in  Greek.    Lastly  this  inter- 
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chants  will  perhaps  aocount  for  the  fact  that  the  river  Oder  has  two 
ancient  names,  Suevut  and  Viadnu,  which  have  been  the  cause  of 
much  confusion  in  the  geography  of  ancient  Germany.  Indeed  the 
mouth  of  the  river  is  still  called  SmnemUnde. 

12.  Sp  is  interchangeable  with  pt,  ds  with  la,  and  id  with  di.  For 
the  last  we  need  only  refer  to  the  Doric  use  of  aS  for  (.  Instances  ot 
the  second  interchange  occur  occasionally  in  Greek  and  Latin,  fiffit, 
the  misletoe,  is  written  in  Latin  rucui  /  ttrxarot,  ludicrously  put  down 
88  a  primitive  in  some  lexicons,  is  of  course  only  the  superlative  of  the 
preposition  <{,  for  <{aTot.  The  Latin  miiceo  has  for  its  participle 
mixtut  as  well  as  fltutus  ( =  mitctui).  The  tendency  to  this  interchange 
accounts  too  for  the  form  tetcenti,  for  texcenti  is  never  ftiund  in  the 
best  manuBoripts  of  the  best  authors.  But  the  Anglo-Saxon  and 
English  afford  the  most  numerous  instances  of  this  metathesis. 
Thus  the  former  language  has  the  double  forms  ti^  or  vSip,  a  wasp; 
apte  or  Stpe,  tremulous  (whence  the  name  of  t)ie  <upe»  tree) ;  hApie 
or  hSape,a,  lock  (Orimm,  'Deutsche  Orammatik,'  p.  261);  oJso/rose 
or  frox,  a  frog ;  fiacaa  or  Jlxat,  a  fish ;  tuac  or  tux,  a  tusk ;  atce  or  axe, 
cinder ;  atejan  or  ajcjan,  to  ask  {ibid,  p.  25G).  Hence  it  will  be  seen  that 
it  is  a  mere  accident  if  in  our  own  tongue  axe  and  ux^t  have  been 
rejected  as  vulgarisms  in  favour  of  atk  and  wasp.  The  provinces  still 
prefer  the  ki  and  pt.  Thus  a  Kentish  couutryman  talks  of  a  whipt 
rather  than  ahiap  of  hay.  May  we  not  in  this  way  establish  the 
identity  in  name  of  several  of  our  rivers,  as  i4ze,  Bxe,  Esk,  and  UikJ 

18.  S  is  often  lost.  Inattention  to  this  fact  is  the  cause  of  much 
confusion  in  the  grammars  of  the  Greek  language.  Thus  the  neuter 
nouns  in  oi  must  once  have  had  a  corresponding  <r  in  the  genitive, 
yeytt,  ytywot,  &c.,  afterwards  yyot,  ytytos.  Henoe  the  retention  of 
the  s  in  the  vocatives  of  proper  names  formed  from  neuter  nouns  of 
this  okas,  as  Aioyutt,  Aviuxrems,  Zvitparf  >.  (See  '  Journal  of  Educa- 
tion,' vol.  iv.,  333.)  Above  all,  the  neglect  of  this  letter  in  the  original 
(as  here  assumed)  forms  of  certain  present  tenses  leads  to  apparent 
anomalies  in  the  derived  forms.  Thus  from  icAfi(o')u  we  should  have 
without  any  irregularity  KtitKturnevot ;  from  ytu(<r)iuti  without  difficulty ' 
ytmr-TiKos,  as  welt  as  the  Latin  gut-tut,  gut-ta-re;  from  t»(a)u,  ttaiiot, 
in  which  the  sibilant  corresponds,  as  it  so  often  does,  to  tho  guttural 
in  Uga-re,  dica-rt,  and  the  English  tighi  from  lie.  The  Latin  language 
in  such  coses  changes  the  sibilant  into  an  r;  but  even  this  language  is 
not  at  all  unwilling  to  discard  an  i,  particularly  at  the  end  of  words, 
as  in  the  double  forms  magit  and  mage,  vidcrii  and  videre,  iptua  and 
ipie,  puer  for  pxurut.  Nay,  even  the  neuters  of  adjectives  seem  to  have 
lost  the  final  t  of  the  nominative  in  this  way.  At  any  rate  polia  is  used 
for  a  neuter  nominative  as  well  as  pote.  The  third  person  of  the  Latin 
perfect  may  possibly  owe  its  occasional  long  quantity  {perruptl,  Hor. ; 
mibilt,  Hor.;  rediXt,  Ovid,  ftc.,  &c.)  to  an  older  orthography  ending  in 
itt ;  tot  as  the  other  perfects  of  the  indicative  as  well  as  those  of  the 
subjunctive  and  infinitive  of  the  active  verb,  to  aay  nothing  of  all  the 
passive  perfects,  are  evidently  formed  by  the  addition  of  the  tenses  of 
the  verb  ettt,  so  perrupiitil  and  perruperunt  contain  in  the  two  last 
syllables  the  almost  unaltered  forms  of  ctiit  and  eaunt,  and  seem  to 
justify  the  idea  that  pcrrupit  is  a  corruption  of  perrupitt,  that  is, 
petTupetL  As  to  form,  we  might  compare  this  corruption  with  what 
we  know  has  occurred  in  the  French  subjunctive  perfect,  fuaae,  futtet, 
f'tx,  that  is,  fuat.  The  French  language  abounds  in  examples  of  the  - 
loss  of  the  sibilant.  Thus  from  the  Latin  on'ritu,  magiatcr,  noater, 
quadragetima,  are  derived,  first,  atne,  tnaitlre,  noatre,  eareame,  and  then, 
according  to  the  modem  orthography,  dne,  mditre,  notre,  carime,  to  say 
nothing  of  the  silent  >  in  such  words  as  mai>,  voua,  ide,  eat,  &c. 

SABADILLIC  ACID,  a  name  sometimes  given  to  cevadic  acid. 
[Cevadio  Acid.] 

SABADILLINE  (Sabadillia).  A  poisonous  alkaloid,  found  along 
with  jervine,  colchicme,  and  veratrine  in  white  hellebore.  Its  com- 
position is  not  known. 

SABAEI  (2o3aioi),  a  people  of  Arabia  Felix,  on  the  borders  of  the 
Red  Sea,  iu  the  northern  part  of  the  modem  Yemen.  They  are 
described  by  Diodonis  and  Strabo  as  the  moat  numerous,  and,  toge- 
ther with  the  Gerrhaei,  as  the  richest  people  in  Arabia.  Their 
country  produced  frankincense,  myrrh,  cinnamon,  and  balsam  in 
abundance,  but  was  also  infested  by  deadly  serpents.  The  inhabitants 
are  represented  as  living  an  idle  lUe,  on  account  of  the  abundance  of 
the  produce  of  the  country,  but  are  at  the  same  time  said  to  have 
carried  on  an  extensive  commerce  with  Syria  and  Mesopotamia,  both 
with  the  productions  of  their  own  country  and  also  with  those  of 
Ethiopia,  to  which  they  sailed  in  boats  made  of  skins. 

The  country  of  the  Sabaei  is  mentioned  iu  the  Uid  Testament  nnder 
the  name  of  Sheba  (H3Q7),  and  is  spoken  of  as  rich  iu  incense,  spices, 

precious  stones,  and  gold  (1  Kings  x.  2;  Jer.  vi.  20;  Isa.  Ix.  8;  Ps* 
Ixxii.  15),  and  as  carrying  on  on  extensive  commerce  with  the  other 
nations  of  Asia  (Ezek,  xxvii,  22 ;  Job  vi.  19 ;  Joel  iUJ).    The  queen 
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of  Sheba  who  Tisited  Solomon  (1  Kings  z.  1)  ia  generally  allowed  to 
lave  come  from  this  country,  and  not  fronr  Ethiopia,  as  JosephuB 
tolatcB  ('  Ant.  Jud.,'  viii.  6,  sec.  5),  who  haa  confounded  Sheba  with 
Seba  (K30),  which,  aa  he  tells  ns  in  another  part  of  ^i^  work  (iL  10, 
sec.  2),  was  the  ancient  name  of  Meroe. 

Kordn,  o.  31;  Sale's  PreKmtnory  Diieovne  to  the  Eordn,  sect.  1 ; 
Edrisi,  Gevjraphia  Nubimtli.) 

SABAISM  was  the  name  pven  to  a  religious  system  which  anciently 
prevailed  to  a  great  extent  in  Arabia  and  Mesopotamia.  Sabaiam  is 
frequently  confounded  with  the  Sabaei,  and  is  sometimes  described  as 
the  religion  of  the  latter  people ;  but  the  two  words  are  quite  distinct, 
and  are  written  differently  in  the  Semitic  languages.  The  fiist  letter 
in  Sabaism  is  Tsade  (y),  and  consequently  the  word  would  be  written 
more  correctly  Tsabaism. 

Tsabaism  was  derived,  according  to  its  followers,  from  Taabi,  the 
son  or  brother  of  Enoch,  but  is  more  probably  derived  from  their 

worshipping  the  "Host  of  Heaven"  (D^OaJn  N^?).    According  to 

the  Arabic  writers,  Tsabaism  was  the  same  as  the  religion  of  the 
ancient  Chaldtcans,  and  appears  to  have  been  one  of  the  earliest  and 
simplest  forma  of  idolatry.  They  believed  in  the  unity  of  the  Deity, 
but  at  the  same  time  paid  adoration  to  the  stars,  or  the  angels  and 
intelligences,  which  they  supposed  to  reside  in  them  and  to  govern  the 
world  under  the  supreme  Deity.  In  the  course  of  time  images  were 
made  to  represent  the  angels  or  intelligences  dwelling  in  the  stars ;  and 
the  consequence  of  this  would  naturally  be,  that  t^e  common  people 
would  eventually  worship  them,  as  if  they  were  gods.  That  the  tmity 
of  the  Deity  was  however  still  acknowledged  in  the  reh'gious  system  of 
the  Tsabians  is  manifest  from  the  way  this  religion  is  spoken  of  in  the 
Kor^ ;  m  which  it  ia  distinguished  from  polytheism,  and  is  allowed  to 
exist  on  the  paym^t  of  tribute. 

I  The  religious  books  of  Tsabaism  were  written  in  Syriao,  and  are 
referred  to  by  early  Arabic  writers,  but  none  of  them  are  known  in 
Europe.  It  appears  that  the  Tsabians  believed  that  the  souls  of 
wicked  men  would  be  punished  for  nine  thousand  years,  and  would 
afterwards  be  received  to  meroy.  They  were  obliged  to  pray  three 
times  a  day,  at  sunrise,  noon,  and  sunset;  and  to  observe  three  annual 
fasts,  one  of  thirty  difys,  another  of  nine,  and  a  third  of  seven.  They 
offered  many  aacnfices,  but  ate  no  port  of  them.  They  abstained  from 
beans,  garlick,  and  some  other  pulse  and  vegetables.  They  were 
a^ustomed  to  go  on  pilgrimage  to  Haron  in  Mesopotamia. 

Tsabaiam  as  a  religious  system  no  longer  exists,  but  the  name  has 
been  frequently,  but  incorrectly,  applied  to  the  Mondaites,  or  Christians 
of  St.  John,  aa  they  have  been  called.  The  name  of-Tsabians  haa  been 
given  to  thia  sect  by  the  Arabs,  aa  they  are  acouatomed  to  apply  the 
term  of  Tsabians  to  many  different  reUgioua  sects.  The  Mandaites 
are  found  principally  at  the  mouths  of  the  Euphrates  and  near  Bagdad, 
but  they  are  not  Christians,  and  the  name  of  '  Chriatiana  of  St.  John ' 
has  been  given  to  them  in  consequence  of  John  being  the  name  of  the 
founder  of  their  sect.  From  the  manner  in  which  John  the  Baptist  is 
mentioned  in  the  sacred  booka  of  the  Mandaitea,  it  appears  that  they 
supposed  him  to  have  been  the  founder  of  their  religious  system, 
and  that  his  doctrinea  were  corrupted  by  Christ  Their  sacred  books 
have  been  brought  over  to  Europe ;  and  on  account  of  them  is  given 
by  Silvestre  de  Sacy,  in  the  'Journal  des  Savans,'  Paris,  1819 ;  but 
they  are  written  in  such  a  myatical  style  that  it  is  exceedingly  difficult 
to  understand  their  meaning.  There  are  three  booka :  1.  '  The  Book 
of  Adam ; '  2. '  The  Book  of  Yahya,  or  John  the  Baptiat ; '  and  3. '  The 
Kholasteh,'  or  Bitual.  They  are  written  in  a  pecnhar  character,  which 
beara  gnat  resemblance  to  the  Syriac  or  Weste^  Aramsean ;  but  the 
language  in  which  they  are  composed  more  nearly  resembles  the 
Chaldaio  or  Eastern  Aramrean.  The  greater  part  of  the  '  Book  of 
Adam "  was  published  by  Norberg,  under  the  title  of  '  Codox  Naaa- 
rscuB,  Liber  Adami  appellatus,'  5  vola.  4to,  Lond.  Goth.,  1816-17.  In 
the '  Book  of  Adam '  the  Chriatiana,  Jews,  and  Mohammedans  are 
equally  attacked;  but  the  Mandaites  appear  lo  have  adopted  many 
things  from  Christianity,  and  they  probably  owe  their  origin  to  some 
of  the  Gnostic  sects,  which  extenaively  prevailed  in  Asia. 

SABBATH.  The  narrative  in  the  book  of  Genesis  of  the  creation 
of  the  world  in  six  days  ia  followed  by  these  worda :  '  And  on  the 
seventh  day  God  ended  hia  work  which  he  had  made ;  and  he  rested  on 
tho  scveuth  day  from  all  his  work  which  he  had  made.  And  God 
blf  Bsod  the  seventh  day,  and  set  it  aport ;  because  that  in  it  he  had 
rested  from  all  hia  work  which  God  created  and  made."  (Gen.  ii.  2,  8,) 
These  words  aecm  to  imply  that  the  seventh  day  ia  to  be  obaerred'  by 
I'M  the  rational  creatures  of  God  as  a  day  of  worship  in  acknowledge- 
ment of  theh-  Creator,  and  as  a  day  of  rest  in  imitation  of  hia  rest  after 
the  creation.  We  find  no  further  mention  of  this  ordinance  during 
the  patriarchal  iwriod,  though  some  have  supposed  that  there  is  a 
reference  to  it  in  the  intervals  of  ioxm  days  obser\ed  by  Noah  in  send- 
ing the  raven  and  the  dove  out  of  the  ark.  (Gen.  viii.)  It  is  next 
met  with  at  the  time  of  the  Exodus,  under  the  name  of  the  Sabbath 
<natt',  fromnjiy,  to  ee<uefr<m  labour),  wher«  rest  from  Ubour  is 
the  peculiar  character  attached  to  the  day.  (Exod.  xvL)  In  the 
passage  referred  to,  it  appears  to  be  spoken  of  as  an  institution  already 
known,  but  this  haa  been  disputed.  It  was  still  more  expressly  en- 
joined upon  the  Jews  at  the  givmg  of  the  law  on  Mount  Sinai,  when 


the  reason  assigned  in  Genesis  for  its  institution  was  repeated.  (Ezod. 
zz.  8-11.)  The  Mosaic  Uwa  respecting  tho  Sabbath  are  contained  in 
the  following  passages,  besides  the  two  just  quoted :  Exod.  zziiL  12 ; 
xxzi.  12-17;  zxxiv.  21;  xxxv.  1-3;  Levit.  xix.  S,  SO;  xxiii.  8;  xxvL 
2 ;  Numb.  zv.  32-36 ;  xzviii.  9, 10 ;  Deut.  v.  12-15.  It  was  a  day  of 
divine  worship,  though  as  to  what  that  worship  consisted  in,  we  only 
know  that  there  was  to  be  an  additional  sacrifice  besides  the  daily  one, 
and  a  holy  convocation  of  the  people.  This  part  of  the  institution 
was  intended,  like  many  others  of  the  Mosaio  laws,  to  keep  in  the 
remembrance  of  the  people  their  allegiance  to  the  true  God,  and  to 
distinguish  them  from  the  idolatrous  nations  among  whom  they  dwelt. 
(Ezod.  zxxi  13, 17.)  Its  other  feature  was  rest  from  labour,  which 
was  to  be  observed  not  only  by  every  laraelite,  but  by  resident 
atrangers  and  beasts  of  buitlen.  This  rest  had  partly  a  religious 
character,  as  it  was  an  acknowledgment  of  belief  m  the  God  whv 
created  the  heavens  and  earth  iq  six  days,  and  rested  on  the  seventh. 
For  this  reason  a  wilful  violation  of  the  rest  of  the  Sabbath  was 
punished  by  death,  aa  it  waa  an  act  of  rebellion  againat  God.  A 
second  object  of  tlus  rest  wss,  of  course,  to  afford  leisure  for  the  reh- 
gious  services  of  the  day ;  and  a  third  was  the  refreshment  of  man  and 
beast  after  the  labour  of  the  week.  (Exod.  xxiiL  12.)  Moeea  does  not 
however  define  the  meaning  of  the  term  leorh  in  tiie  Law ;  but  it  it 
evident  from  several  passages  in  the  Pentateuch  that  it  was  peculiarly 
all  work  of  a  servile  character  that  was  forbidden.  Thus  there  is  a 
special  commandment  to  rest  on  the  Sabbath  in  seed-time  and  harvest, 
as  well  as  at  other  seasons  (Exod.  zzziy.  21),  and  there  woe  prohibi- 
tions againat  kindling  fire  (Exod.  zzzv.  4)  or  prepoiing  food  on  the 
Sabbath  (Ezod.  zvi.  5,  22-30) ;  the  people  were  severely  reprimanded 
by  Moses  for  going  out  of  their  tents  to  gather  manna  (Ezod.  Und.), 
and  a  man  vras  put  to  death  by  the  ezpress  command  of  God  for 
gathering  sticks  on  the  Sabbath.  (Numb.  zv.  32-36.)  This  peculiar 
feature  of  the  Jewish  Sabbath  was  itatended  ooutantly  to  remind  the 
people  of  their  deliverance  from  their  servile  condition  in  the  land  of 
Egypt,  as  Mosee  states  in  his  rehearsal  of  the  Law,  where  the  reason 
annexed  to  the  fourth  oommandment  in  Exodus  ia  omitted,  and  its 
place  ia  supplied  by  the  following  words  :  "  And  remember  that  thou 
wast  a  servant  in  the  land  of  Egypt,  and  that  the  Lord  thy  God  brought 
thee  out  thence  through  a  mighty  hand  and  by  a  stretched-out  arm ; 
therefore  the  Lord  thy  God  commanded  thee  to  keep  the  Sabbath- 
day."  (Deut.  ▼.  16.)  All  bodily  labour  which  was  necessary  for  the 
service  of  God  formed  an  exception  to  the  statute.  Thua  the  sacrifices 
were  doubled  on  that  day,  and  the  animals  had  to  be  killed ;  the  per- 
petual fire  on  the  altar  of  burnt  offering  was  to  be  supplied  with  wood 
every  day ;  and  a  child  was  circumcised  on  the  Sabbath,  if  that  day 
happened  to  be  the  eighth  from  its  birth.  (Numb.  zzviiL  8-10; 
Levit  vl  8-13 ;  Matt  ziL  6 ;  John  viL  22-23.)  It  seems  to  be  aatis- 
factorily  proved  by  Michaelis  that  the  unwillingness  to  fight  on  the 
Sabbaw,  which  we  meet  with  in  the  later  periods  of  the  Jewish 
history,  was  never  felt  before  the  Babylonish  captivity.  The  genersl 
spirit  of  the  Jewish  law  concemiug  the  Sabbath  may  be  gathered 
from  the  following  words  of  Isaiah  (chap.  Iviii.  IS) : — "  IS  thou  restrain 
thy  foot  from  the  Sabbath,  from  doing  thy  lileaaure  on  my  holy  day ; 
and  call  the  Sabbath  a  delight,  and  the  holy  leaat  of  the  Lord  honour- 
able ;  and  ahalt  honour  him  (or  it),  not  doing  thine  own  ways,  nor 
finding  thine  own  pleaaure,  nor  speaking  thine  own  words:"  then 
follows  a  promise.  The  Sabbath  was  redconed,  like  the  Jeinsh  day 
in  general,  from  sunset  to  sunset 

The  Babbins  of  later  times  added  many  superstitious  and  vexations 
observances  to  the  Mosaic  law  of  the  Sabbath,  such  as  the  prohibition 
of  travelling  further  on  that  d^y  than  twelve  miles,  or,  as  it  was  after- 
wards settled,  two  thousand  cubits,  that  is,  about  one  mile.  For 
further  information  on  these  points  the  reader  is  referred  to  Ligfatfoot 
('  Works,'  ed.  Pitman,  Index,  art '  Sabbath '). 

The  word  Sabbath  was  also  used  by  the  Jews  as  a  general  name  for 
their  religious  festivals,  and  also  as  equivalent  to  the  word  Kcde. 
(Levit  xxiii.  15 ;  Deut  xvi,  9 ;  Matt  zxviiL  1 ;  Luke  xviii  12.) 

The  first  teachers  of  Christianity  abolished  the  Sabbath,  but  intro- 
duced a  similar  institution  in  its  plaoe,  the  observance,  namely,  of  the 
finl  day  of  the  week  aa  a  day  of  rest  and  of  religious  worship,  in 
commemoration  of  God's  restilig  on  the  seventh  day,  and  also  more 
especially  of  the  resurrection  of  Christ  Hence  it  was  called  "  the 
Lord's  day"  (^  Kvpuudi  fiiiipa),  just  as  the  ordinance  by  which  Christ's 
death  was  commemorated  was  called  "  the  Lord's  Supper."  It  has 
been  held  by  many  eminent  divines  that  there  is  not  sufficient  evidence 
in  the  New  Testament  for  such  an  institution,  that  the  change  of  the 
day  from  the  seventh  to  the  first  day  of  the  week  is  an  insuperable 
difficulty,  that  the  Sabbath  was  a  purely  Jewish  institution,  and  there- 
fore that  it  LB  not  binding  upon  Christians.  The  chief  difficulties  in 
thia  discussion  ap|>ear  to  have  arisen  from  a  mistaken  view  of  the 
queation,  as  if  it  were,  not  whether  the  Christian  church  poasesses  anf 
Sabbatioil  inatitution,  but  whether  the  Jeaith  Sabbath  is  binding  upon 
Christians.  The  ^reat  fact  of  Christianity  is  the  resurrection  of  Christ, 
which  was  effect^  by  the  power  of  the  same  God  who  created  the 
world :  this  occurrence  took  place  on  the  fint  day  of  the  week ;  and 
to  keep  it  in  remembrance,  we  observe  that  day  oa  our  stated  time  of 
religious  worship ;  or,  as  Bishop  Horsley  states  the  matter,  "  By  keep- 
ing a  Sabbath,  we  acknowledge  a  God,  and  declare  that  we  are  not 
atheists :  by  keeping  one  day  in  seven,  we  protest  against  idolatry,  and 
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acknowledge  that  Qod  who  in  the  begmmng  taade  the  heavens  and  the 
earth  :  and  by  keeping  our  Sabbath  on  the  fint  ditf  of  the  week,  we 
protest  againat  Judaism,  and  acknowledge  that  Qod  who,  having  made 
the  world,  sent  hia  only  begotten  Son  to  redeem  mankind." 

In  its  very  nature  the  Sabbath  appears  to  be  intended  for  the  whole 
human  race.  As  a  reli^ous  institution,  designed  to  keep  in  reraem- 
btance  the  God  who  created  the  world,  it  belongs  equally  to  all  men, 
■Inoe  all  are  the  creatvires  of  the  same  Qod,  and  all  are  prone  to  forget 
every  religlouB  truth  which  is  not  continually  and  rtgtdariy  forced 
vpon  thdr  attention.  A»  a  day  of  rest,  if  needed  at  all  (and  it  is 
generally  granted  that  such  rest  ia  necessary),  it  is  needed  b^  every 
one  who  wears  the  hunum  body.  Its  appointment  is  coeval  with  the 
creation  of  man,  and  long  before  the  giving  of  the  Jewish  law.  These 
facts  seem  to  prove  that  it  was  intended  to  be  perpetual,  which 
appear*  also  to  be  indicated  by  those  words  of  Christ  (Mark  ii  27), 
"  The  Sabbath  was  made  for  man,"  that  is,  not  for  the  jews  merely, 
bat  for  the  benefit  of  the  whole  human  race. 

The  Sabbath  is  used  in  the  New  Testament  as  a  type  of  the  eternal 
rest  of  heaven :  "  There  remaineth  a  rest  (or  Sabbath-keeping, 
cafifianaiihs)  to  the  people  of  Qod."  (Heb.  iv.  9.)  Some  understand 
tUs  passage  of  the  Christian  Sabbath. 

(Hichaelis,  On  the  Zowi  of  Mout,  arts  194, 196 ;  Lightfoot's  Worla, 
see  the  Index  ;  Hoisley's  Serrnom,  21,  28 ;  Wardlaw,  On  the  Sabbath; 
Heasey,  Sampton  Lecture— Sanday :  ite  Origin,  Sietory,  and  preieiU 
Obligatiau;  Winer's  Bibliiehe$  BealwOrterbuch,  art. '  Sabbath.') 

SABELLIANS,  an  heretical  Christian  sect,  which  arose  about  the 
middle  of  the  8rd  century.  They  were  the  followers  of  dabellius,  an 
African  bishop  or  presbyter,  who  resided  in  -  the  Pentapolis  of  Cyre- 
naica.  Tbey  neld  that  there  was  only  one  person  in  the  Godhead, 
aamclr,  the  Father;  that  Christ  was  a  mere  man,  bnt  that  there 
rended  in  him  a  oertidn  energy  proceeding  from  Qod,  or  a  portion  of 
the  divine  natvire ;  and  they  likewise  deemed  the  Holy  Spirit  merely  a 
divine  energy,  or  an  emanation  proceeding  from  God.  They  illustrated 
their  doctrines  by  comparing  God  to  the  sun,  the  Word  to  its  illumi- 
natiog  power,  and  the  Holy  Ghost  to  its  warming  energy,  Tbey  were 
sacceesnlly  opposed  by  Dionysius  of  Alexandria,  but  continued  for  a 
long  time  to  bia  an  important  sect.  (Lardner's  Credibility  and  Biitory 
of  Herttia ;  Keandra's  Kircheugeichichtt ;  Moeheim's  Eedenattical 
Hiitory^) 

SACBUT  (Saquebute,  Fr.)  the  name  formerly  given  in  England  to 
the  Trohbone,  which  see. 

SACCHARIC  ACID  (2H0,Cj,H,0„).  When  sugar  ia  gently  heated 
witla  nitric  acid  of  specific  gravity  1*25,  and  tlie  Uquid  subsequently 
boUed  and  evaporated,  a  colourless,  deliquescent,  sticky  mass  ia  obtained, 
to  which  the  name  of  saccharic  acid  has  been  given.  It  is  only  slightly 
soluble  in  ether,  but  very  soluble  in  alcohol  or  water ;  has  a^disagreeable 
acid  taste,  and  has  not  yet  been  obtained  in  a  crystalline  condition. 

Saccharic  acid  is  isomeric  with  mucic  acid.  Like  the  latter  acid,  it 
is  bibasic,  forming,  with  bases,  salts  that  ore  mostly  crystalline.  The 
neutral  taccharate  of  palaih  contains  (2K0,C,,H,U,,) ;  the  acid  salt 
having  the  composition  (KO,HO,C,,H,0,,),  and  occurring  in  acicular 
or  oblique  prismatic  crystalB, 

SACCHARIHETRT.  A  generic  term  for  certain  operations  under- 
taken with  the  view  of  ascertaining  the  quantity  of  sugar  x'resent  in 
any  matter  that  may  contain  it. 

Saccharimetry  ia  frequently  performed  upon  solutions  which  are 
known  to  contain  cane  (ordinary)  sugar  only,  the  object  being  merely 
to  ascertain  the  amount  present.  In  such  a  case  it  is  only  necessary 
to  take  the  specific  gravity  of  the  liquid  by  a  hydrometer,  and  then 
refer  to  a  previously  prepared  table  of  densities  and  per-centagea.  If 
Baum^'s  hydrometer  be  used,  the  degrees  of  specific  gravity  marked 
on  its  stem  indicate  the  following  centesimal  proportions  of  sugar : — 


Degrees. 


Sagar 
percent, 
.      1-8 

.  as 

.  7-0 

.  ft 

,  10-4 

,  lJ-4 

.  14-4 

.  16*3 

.  18>t 

.  .lO-O 

.  11-8 


Degrees. 

IS  . 

14  . 

15  . 
IC  . 

17  . 

18  . 

19  . 
10  . 
31  . 

•   it  . 

it  . 

S4  . 


Sugar 
per  cent. 

.  2S'7 

.  2S0 

.  27-8 

.  29-4 

.  M-S 

.  33-4 

.  35-2 

.  J7-0 

.  88-8 

.  40-6 

.  421 

.  44-3 


Degrees. 

23  . 

28  . 

27  . 

28  . 
2»  . 

30  . 

31  . 
82  . 

33  . 

34  . 
33  . 


Bugnr 
per  cent, 

•  46'2 

.  48-1 

.  30-0 

.  33-1 

.  34-1 

.  380 

.  38-0 

S  60-1 

.  62-2 

.  84-4 

.  86-a 


1*  Baum^  corresponds  to  sp.  gr.  1-007;   10°  to  sp.  gr.  1-070;  20*  to 
1-152;  80*  to  1-246;  85"  to  1-299';  &o. 

If  a  liquid  contain  other  substances  besides  cane-sugar,  the  test  of 
specific  gravity  is  of  no  value.  In  such  a  case  advantage  may  be  taken 
of  the  fact  that  syrup  causes  right-handed  twisting  in  a  ray  of  plane 
polarized  Ught,  to  an  extent  ezactiy  proportionate  to  the  amount  of 
sugar  in  solution.  The  saccharine  fluid  is  placed  in  a  long  tube  having 
opaque  sides  and  transparent  ends ;  and  a  ray  of  homogeneous  light, 
polarized  by  reflection  from  a  black  gloss  mirror  [Folarization  or 
Liobt],  is  sent  through  the  liquid  and  optically  examined  by  a  plate  of 
tounnaline,  Niool's  prisiB/  or  otiier  polarizing  oye-ptece.    Attached  to 


the  eye-piece  is  a  short  arm  which  traverses  a  circle  divided  into 
degrees.  The  eye-piece  and  arm  are  previously  so  adjusted  that  when 
the  ray  is  no  longer  visible  the  arm  points  to  the  zero  of  the  scale  of 
deg^roes.  The  saccharine  solution,  however,  so  twists  the  ray  as  to 
a^ain  render  it  visible ;  and  the  number  of  degrees  which  the  eye* 
piece  has  to  be  rotated  before  the  ray  is  onoe  more  invisible  is  exactly 
proportionate  to  the  streiigth  of  the  solution.  The  valme  of  the 
degrees  having  been  ascertained  by  direct  experiment  and  the  results 
tabulated,  a  reference  to  the  table  at  once  indicates  the  per-centage  of 
sugar  in  the  liquid  under  examination.  Grape-sugar  also  posseues  the 
property  of  dextro-rotation,  but  less  powerfully  than  cane-sugar; 
moreover  the  former  variety  does  not,  like  cane-sugar,  suffer  inversion 
of  the  direction  of  rotation  on  the  addition  of  hydrochloric  acid  to  its 
solution :  an  operation  that  furnishes  data  for  ascertaining  the  amounts 
of  cane  and  of  grape-sugar,  or  of  crystallisable  and  non-dyttallisabla 
sugar,  present  in  a  mixture.  In  using  the  polariscopo-saMharometer, 
it  ia  convenient  to  use  tubes  of  uniform  size,  tad  always  to  operate  at 
the  same  temperature. 

Cane-sugar  is  readily  converted  into  grape-sugar  by  boiling  for  two 
or  three  hours  with  dilute  solution  of  sulphuric  acid,  and  the  grape- 
sugar  may  then  be  estimated  by  the  depth  of  colour  which  results  on 
boiling  it  with  solutions  of  caustic  soda  or  potash ;  comparison  being 
made  with  standard  coloured  solutions  prepared  from  known  quantities 
of  grape-sugar.  The  q\iantity  of  grape-sugar,  and  indirectly  of  cane- 
sugar,  may  also  be  determined  by  the  amount  of  its  solution  which  ia 
required  to  be  added  to  a  given  volume  of  a  standard  alkaline  solu- 
tion of  tartrate  of  copper  and  jpotash,  before  complete  precipitation  of 
the  copper  (as  suboxide,  Cu,0)  is  efiected.  The  standu^  solution 
referred  to  is  known  as  Fehling's,  and  is  thus  prepared :  —1  ounce  of 
crystallised  sulphate  of  copper,  8  onnces  of  bitartate  of  potash, 
14  ounces  of  pure  carbonate  of  potash,  and  14  or  16  ounces  of  a  solu- 
tion of  caustic  soda  of  sp.  gr.  1-12  are  mixed  together,  and  water  added 
imtil  the  whole  measures  16,160  grains :  200  measures  of  titis  solution 
contain  an  amotmt  of  copper  that  ia  jperfectly  precipitated  by  one 
grain  of  grape-sugar  (C„H,,0„).  In  using  Fehling's  solution,  a  tem- 
peratu^  approaching  the  boiling  point  should  be  maintained,  and  the 
saochanne  liquid  should  be  slowly  added  from  a  graduated  burette. 
By  either  of  the  above  processes  the  separate  amounts  of  cane  and  of 
grape-sugar  in  a  mixture  of  the  two  may  be  ascertained  by  two 
operations;  one  performed  before  boiling  with  dilute  acid  and  the 
other  after :  the  quantity  flrst  indicated  will  be  the  grape-sugar,  and 
that,  being  subtracted  from  the  numbera  obtained  in  the  second  experi- 
ment, gives  the  proportion  of  cane-sugar.  One-eightecsth  of  the  latter 
number  must,  however,  be  deducted;  the  equivalent  of  grape-sugar 
being  higher  by  tluit  amount  than  cane-sugar, 

SACCHAROHETER,  an  instrument  used  principally  in  the  opera- 
tions of  brewing,  and  making  sugar.  It  serves  to  indicate  the  density 
of  the  liquid  extracted  from  molt,  or  the  degrees  to  which  the  juice 
expressed  from  the  sugar-cane  is  concentrated  previously  to  under- 
going the  process  of  crystallization.  An  instrument  of  the  like  kind, 
called  a  lactometer,  is  employed  to  exhibit  the  density  of  milk.  Both 
of  them  are  formed  on  the  same-  principle  as  the  hydixuneter  [Htdbo- 
meteb],  and  such  instruments  are  sometimes  comprehended  under  the 
word  arccometer,  or  grarimeter.  Their  general  use  is  to  determine, 
when  extreme  accuracy  ia  not  required,  the  specific  gravities  of  Uquids 
which  are  of  greater  density  than  water,  and  even  those  of  solid  bodies 
in  small  quantities.  [Specific  Gravitt.] 

SACCUULMIN,  the  brown  substance  produced  by  the  action  of 
sulphuric  acid  upon  sugar, 

SACER  MORBUS  ('I^  N^rot),  a  term  applied  apparently  by  the 
ancients  to  more  than  one  disease,  ss  Athenxus  ('  Deipnosoph.,'  lib.  vii. 
$  33,  p.  289)  speaks  of  rit  hphs  KoKovfityas  y6aovs,  and  Heraclitus  is 
said  by  Diogenes  Loortins  ('  De  Vit.  Philosoph.,'  lib.  ix.,  cap.  i.,  §  6 
and  7)  to  have  called  Arrogance  by  that  name  :  r^y  rt  &lri<rty  Uplw 
viaw  t\tyt.  Generally  however  it  is  merely  used  as  one  of  the  nume- 
rous names  of  epilepsy  [Epilefst],  and  tms  is  the  explanation  given 
by  Hesychius  and  Suidas  t»  voe.  It  is  first  used  by  the  author  of  the 
treatise  IIcpl  'Itprjs  K6sou, '  De  Morbo  Socro,'  which  is  published  among 
the  works  of  Hippocrates  (torn,  i.,  p.  587,  ed.  Kilhn),  though  it  was 
probably  written  by  one  of  his  successors  in  the  Dogmatic  schooL  (See 
Gruner,  '  Censura  libr.  Hippocr.,'  Vratislav.,  1772,  8vo.,  §  44,  p.  162; 
and  Ackermaun,  '  Hist  Liter.  Hippocr.,  ap.  Fabricii  Biblioth.  Gr.,'  ed. 
Harles,  and  Kiihn's  '  Hippocr.,'  tom.  L)  The  term  is  also  found  in 
AretsBus ('De  Cans,  et  Sign.  Diutum.  Morb.,'lib.  1., cap.  4).  Theophanes 
KonnuB  ('  Epit.  de  Curat.  Morb.,'  cap.  36),  Artemidurus  ('  Onoirocrit,' 
lib.  ii.,  cap.  12,  where  see  Reiff's  note  35),  and  others.-  The  meaning 
of  the  term  is  obscure  and-uncertain,  and  several  derivations  of  it  are 
mentioned  by  Aretajus  {loco  cit.) :  "  There  is,"  says  he,  in  Dr.  liey- 
nolds'a  translation,  "  a  sort  of  ignominy  too  in  the  character  of  epilepsy, 
for  it  seems  to  attack  those  who  offend  the  moon,  and  hence  tbo 
disease  is  termed  '  sacred ; '  or  it  may  be  from  other  reasons,  either 
from  its  magnitude  (for  what  is  great  is  '  sacred  '),  or  from  Uie  cure 
not  being  in  the  power  of  man  but  of  Qod,  or  from  the  notionthat  a 
demon  has  entered  the  patient,  or  from  all  put  together,  that  it  has 
been  so  called."  The  author  of  a  treatise '  De  Morbo  Sacro,'  seems  to 
have  considered  the  origin  of  the  term  to  have  arisen  from  the  belief 
either  that  this  disease  proceeds  more  immediately  from  the  anger  of 
the  gods,  or  that  it  is  more  wonderful  than  others,  or  that  its  cure 
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dependa  more  entirely  upon  divine  aaaistance ;  aa  he  refutes  all  these 
opinions  at  aome  length.  (See  also  Oalen, '  Comment.'  tL,  in  Hippocr. 
'  Kpidem.,'  lib.  vi.,  torn.  xviL  B.,  p.  S41,  ed.  Kiifan.)  The  other  reason 
that  is  given,  namely,  "  the  magnitude  of  the  disease,"  is  supported  by 
the  auwor  of  the  '  SchoL  MS.  in  Qregor.  Nazianz.  in  Bastii  Excerptia,' 
quoted  in  Gaisford's  Suldas  :  nyis  Upim  Mpay  rira  Xiymm  rivor  t^ 
M/ian  roir^,  rV  iitii^rirru^i/  oX/uu'  Upa  Si  aSm  Hvpuirtpor  i»  K\fi6iiii, 
tmpifovaa  TcurSy  rf  kokAvw  hti  ica)  M^yo  "^^  I'pliP  roTi  y\tnrtniiueTiKois 
Mitim  KaXtidrAoi.  It  is  also  indirectly  supported  br  the  analogous 
expressions  hpiy  pJvot  'A)uia>iou>  {Homer,  '  Odyss.,'  lib.  vii.,  v.  167), 
It^s  Ix^is  (see  Athemeus,  '  Deipnoaoph.,'  lib.  viL,  §  17-20,  pp.  282-4), 
and  especially  by  the  anatomical  name  Upkr  aatovv,  "  os  sacrum,"  of 
which  this  seems  to  be  the  most  probable  interpretation.  Ctelius 
Aurehanus  gives  the  following  interpretations  :  "  Appellatur  Epilepsia 
'  ncra  passio,'  sive  quod  divinitus  putetur  immissa ;  sive  quod  sacram 
oontaminet  animam  [which  is  supported  by  Apuleius, '  Apolog.,'  p.  58, 
ed.  Price] ;  sive  quod  in  capite  fiat,  quod  multorum  philosophorum 
judicio  sacrum  templum  est  partis  animso  in  oorpore  natie  [which  is 
the  reason  given  by  Theophanes  Nonnus,  loeo  cit.] ;  sive  ob  magni- 
tudinem  paasionis,  majora  snim  vulgus  lacra  vocavit."  ('  De  Morb. 
Chron.,'  lib.  i.,  cap.  i.  p.  291,  ed.  Amman.)  Of  all  the  explanations 
that  have  been  proposed,  perhaps  that  which  derives  the  term  from 
the  disease  being  supposed  to  be  under  the  more  immediate  direction 
of  the  gods  is  the  most  likely  to  be  thet  true  one,  both  aa  being  the 
most  ancient  and  also  aa  being  that  which  Galen  preferred :  it  is  also 
indirectly  confirmed  by  two  popular  names  mentioned  by  Leo  in  his 
'  Synopsis  Medioinoo,  lib.  ii.,  cap.  2  (ap.  Ermerins,  '  Anecd.  Med.  Gr.,' 
IiUgd.  Bat.,  8vo.,  1840),  namely,  Sat/uiy  and  atXriniunis.  If  this  is 
not  the  real  meaning  of  the  term,  it  must  have  been  applied  "  ob 
magnitudinem  paitionit,"  for  none  of  the  other  derivations  bear  the 
slightest  marks  of  probability. 

'  SACK,  a  Spanish  wine  of  the  dry  kind ;  in  French,  Yin  ire.  It  is 
the  same  wine  which  is  now  named  Sherry.  Falstaff  calls  it  Sherni 
$aet,  that  is,  sack  from  Xeres  in  Spain.  Ritson  supposed  that  the 
old  sack  of  FalBtafl"B  time  was  a  compound  of  sherry,  cider,  and  sugar; 
bilt  be  produced  no  good  authority  for  the  assertion.  The  chief 
difficulty  about  sack  has  arisen  from  the  later  importation  of  sweet 
wines  from  Malaga,  the  Canaries,  ftc,  which  were  at  first  called 
Malaga,  or  Canary  sacks ;  sack  being  by  that  time  conaidered  as  a  name 
applicable  to  all  sweet  wines.  One  of  these  sweet  wines  still  retains 
the  name  of  sock.  It  is  little  used,  but  being  proverbial  for  sweetness, 
it  haa  caused  some  misunderstanding  as  to  the  original  dry  sack. 

SACRAMENTS  and  TRANSUBSTANTIATION.  The  Christian 
Sacraments  are  not  merely  certain  high  forms,  but  the  highest  acts  of 
church  membership.  For  the  Christian  Church  being  but  the 
outward  visible  representation  of  the  internal  feIlow£lp  of  the 
fiuthful  with  Christ,  and  with  one  another ;  this  twofold  element  of 
the  church  is  most  fitly  corresponded  to  by  the  institution  of  external 
Tiaible  actions,  intended  to  express  an  internal  spiritual  effect  or  grace. 
Such  are  the  Sacraments,  a  term  used  to  express  "  Sacramentum,"  by 
which  the  Greek  mytterion  is  rendered  in  the  old  Italic  versions,  and 
also  in  the  Vulgate. 

With  regard  to  the  number  of  the  Sacraments,  as  ia  well  known, 
two  spinions'  are  current  among  Christian  communities,— the  Greek 
and  Romish  Churches'  holding  .the  number  of  seven,  while  all  other 
Catholic '  bodies  limit  the  number  to  two.  The  history  of  this 
difference  may  be  briefly  stated  as  follow-  The  term  Saoram«nt  was 
applied  by  the  Fathers  to  the  mysterious  doctrines  of  religion,  as  the 
Trinity,  the  Incarnation,  and,  in  some  instances,  to  the  ordinances  of 
Teligi,on  in  a  wide  sense.  In  a  certain  sense  the  seven-fold  «ystem  of 
the  Church  of  Rome  may  be  considered  as  an  abatement  of  the  lax 
terminology  of  some  of  the  Fathers.  The  title  ol  sacraments  is  by  her 
limited  to  seven  actions— baptism,  or  the  sign  of  our  spiritual  birth; 
the  euchorist,  in  which  our  spiritual  life  is  nourished  ;  confirmation, 
for  the  strengthening  of  the  same ;  penance,  for  the  restoration  of  tho 
lapsed ;  extreme  unction,  as  a  preparation  for  death ;  matrimony,  for 
maintenance  of  the  race  of  mankind  in  general ;  and  orders,  for  that  of 
the  race  of  God's  ministers. 

Without  entering  into  the  controversy  on  this  subject,  it  will  be 
sufficient  to  observe  that  the  number  of  seven,  as  asserted  by  the 
Church  of  Rome,  is  very  far  from  being  sanctioned  by  the  imiform 
assent  of  ecclesiastical  practice^  Antecedently  to  a  very  modem  synod 
(that  of  Florence)  the  number  of  seven  had  never  been  positivelv 
settled.  ^         ' 

The  two  sacramenta  then,  to  which,  in  the  judgment  of  all  Catholic 
bodiea  (save  the  Greek  and  Romish  communions)  the  number  is 
jiroperly  limited,  ore  those  of  baptism  and  the  Lord's  supper,'  It  is 
asserted  that  on  the  basis  of  two  Jewish  rites  of  recognised  typical 
import  our  Lord  established,  by  direct  command,  those  two  sacra- 
ments, of  which  atone  the  authority  ia  unquestionable.  An  indirect 
argument  in  favour  of  this  more  restricted  view  may  be  drawn  from 
the.  Romanist  stotements  respecting  the  relative  value  of  the  several 
sacraments.  For  although  the  authorities  of  that  church  are  con- 
sistently anxious  to  prove  the  entire  n\imber  of  seven  to  bo  equal  in 
rank,  the  dignity  which  they  directly  attribute  to  the'  eucharist,  and 
that  which  they  cannot  'withhold  from  baptism,  may  be  in  some  sort 
alleged  as  an  involuntary  assent  to  the  doctrine  of  the  oppoaite  party. 

The  principal  feature  of  the  scheme  of  salvation  providentiuly 


offered  to  man  is  faith  in  the  Saviour ;  that  is.  that  throu|;fa  Christ  a 
path  is  opened  to  heaven.  The  eye  of  this  Christian  faith  la  not  con- 
fined exclusively  to  the  doctrine,  or  the  person,  or  the  sufferings  and 
death  of  Christ ;  but  it  compiises  within  its  range  the  eutii-e  system. 
It  consista  iaa  perfect  devotion  to  Jeaua ;  in  an  internal  union  with 
him,  and  spiritual  imitation  of  him,  in  which  man  appears  aa  a  new 
creature,  alike  aa  regards  knowledge,  feeling,  and  action.  The  aymbola 
of  this  faith,  and  the  acts  by  which  an  obligation  to  it  is  ezpreased,  are 
the  two  Christian  sacramenta — baptism^nd  the  Lord's  Supper.  Baptism 
will  be  found  fully  treated  under  that  nead. 

The  various  opinions  respecting  the  exact  import  and  H>|>roiHiate 
benefits  of  the  Lord's  Supper  ara^  of  high  antiquity.  A  history  of 
these  will  be  found  in  the  article  Couhunion.  The  diffiou!tJes  con- 
nected with  the  question  are  increased  by  thn  general  adherence  to 
the  words  of  Scripture,  observable  in  the  liturgical  formuUriea.  The 
non-existence  of  a  dogmatical  theology  during  the  first  ages  of  the 
Church  is  well  known,  which  renders  it  unnecessary  to  look  for  exact 
acientifio  definitions  tiiroughout  that  period.  But,  eoncurrently  with 
the  uniformity  of  practice,  there  ia  to  be  found  a  threefold  variety  of 
interpretation,  corresponding  with  the  peculiar  views  of  what  may  be 
considered  the  three  principal  schoob  of  early  Christian  theology. 

The  Church  of  Asia  Minor,  as  also  some  great  Urigenists  in  Uie 
West,  professed  views  of  the  holy  euoharist  which  the  Church  of  Rome 
and  tiie  Lutheran  have  (to  a  certain  extent,)  pleaded  as  the  sentiments 
of  antiquity  supporting  their  own.  Such  were  those  of  Ignatius, 
Justin  Martyr,  Irenious,  Hilary  of  Poitiers,  Cyril  of  Jerusalem,  Gregory 
of  Nyasa,  Ambrose,  Chrysostom,  and  Theoduret.  The  common  point 
of  agreement  among  these  writers  is  the  communion  of  the  body  and 
blood  of  Christ  in  a  high  spiritual  sense  gtneraUy.  But  a  considerablo 
difference  of  statement  regarding  details  is  observable  among  them. 
For  example,  some  expressiona  of  Cyril  of  Jerusidem  are  directly  and 
atrongly  opposed  to  the  tenet  of  transubstantiation,  which  Gregory  of 
Nyasa  is  not  unfairly  quoted  as  supporting. 

The  views  of  the  Church  of  North  Africa,  as  expressed  by  Teitullian, 
Cyprian,  and  Augustihe,  differed  as  a  whole  from  those  just  named. 
The  African  doctors  may  be  considered  as  regarding  the  euoharist  as 
an  active  and  efficacious  symbol. 

A  third  }iarty,  that  of  the  achool  of  Alexandria,  applied  in  aome 
measure  its  usu^  allegorismg  views  to  this  sacrament.  But  even  in 
the  absence  of  sll  approach  on  the  part  of  thvse  Fathers  to  corporeal 
views,  a  leaning  to  the  sentiments  of  the  first-mentioned  party  ia 
observable  in  some  portions  of  their  writings. 

Each  of  the  many  designations  by  which  this  sacrament  'waa  known 
until  the  close  of  the  4th  century,  bore  some  reference  to  the  original 
object  of  its  institution.  This  may  be  traced  throughout  the  various 
expressions — breaking  of  bread,  communion.  Lord's  supper,  eucharist, 
oblation,  commemoration,  and  nuaover.  Kocleaiaatical  antiquity  can- 
not be  adduced  with  foimeas  m  support  of  the  literal  iaterpretation 
applied  by  a  large  body  of  Christiana  to  the  worda  used  by  our  Lord 
in  His  institution  of  the  sacrament,  John  of  Damascus,  the  principal 
writer  of  the  Eastern  Church,  maintained  (it  is  true),  on  the  authority 
of  some  of  the  Fathers,  a  Uteral  change  of  the  bread  and  wine  into  the 
body  and  blood  of  Christ.  The  figurative  interpretation  put  upon  the 
wotds  of  Christ  by  a  council  at  Constantinople  in  a.d.  764  waa  denied 
at  the  second  council  of  Nice  in  787,  when  it  was  ruled  that  the  sacred 
symbols  are  not  figures  or  images  at  all,  but  the  real  body  and  blood. 
Theophylact  and  Euthymius  Zigabenus  coincide  with  John  of  Damas- 
cus. But  it  was  reserved  for  the -Western  Church  to  carry  out  into  its 
remote  consequences  the  doctrine  of  a  material  change,  which,  in 
common  with  her  Eastern  sister,  she  ultimately  came  to  maintain. 
This  doctrine  was  maintained  during  the  9th  century  by  Pasohasiua 
Badbert  more  preciaely  and  authoritatively  than  before.  He  waa 
opposed,  however,  by  Rabonus  Maurus,  and  Ratiamn  or  Bertram  (whose 
sounder  and  more  scriptural  'views  many  oentmies  later  found  an  echo 
in  our  own  Ridley),  and  also  by  the  suspected  ingenuity  of  Scotua 
Erigena. 

Varioua  inatancea  of  oppoaition  to  the  doctrine  of  tronsubetantiation 
subsequently  occurred  ;  but,  supported  by  authority  like  that  of 
Sylvester  II.  (the  famous  Oerbert),  it  continued  to  gain  ground. 
During  the  11th  century  it  had  become  an  article,  to  disaent  from 
which  was  heretical ;  although  a  doctrine  substantially  the  same  with 
that  held  by  the  Anglican  Church  at  the  present  day  was  preached  by 
doctors  such  as  Alfric,  and  although  an  archbishop  ot  Sens,  Leutberic, 
advocated  opinions  regarding  the  euoharist  similar  to  uioae  which 
involved  Berengar  of  (Tours  in  controversy  vrith  Lanfranc,  and  drew 
upon  him  the  hostility  and  condemnation  of  popes  and  councils. 

Among  the  numerous  controversies  connected  with  the  different 
theories  on  the  subject,  the  more  modem  opinions  ara  mailed  by  a 
tendency  to  regard  tho  eucharist  as  a  purely  symbolical  rita  For 
transubst-^ntiatiun  Luther  substituted  a  corporal  local  presence,  com- 
monly called  consubetantiation.  There  appears  an  inconsistency  in  the 
obstinacy  with  which  Luther  contended  for  his  theory.  He  had  aban- 
doned the  sacrifice  of  the  mass  and  the  theu^gic  pretensions  c<smected 
with  the  real  presence  which  made  thia  dogma  of  such  importance  to 
the  Church  of  Rome.  Luther's  great  object  waa  to  preaerve  thia 
aacrament  from  being  degraded  by  the  same  unspiritual  tubjectivt  viewa 
(aa  he  conceived)  with  which  it  waa  menaced  by  Carlatadt  and  hia  party. 
Thia  evil  would  be  best  remedied  by  a  bold  aaertion  of  the  UJeetiM 
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'  dignity  of  this  mcrament,  diveatecl  of  the  BupenUtioua  addittona  with 
which  it  was  encumbered  in  the  Chnroh  of  Rome.  Hence  the  Lutheran 
doctrine  of  the  euchoriart.  What  has  been  said  will  suffice  to  ahowhow 
ungroanded  is  the  charge  sometimes  brought  against  Luther — that  he 
threw  away  the  suhetanee  while  he  retained  the  shell.  But  his  tena- 
cious adherence  to  scholasticism  in  thia  respect  contrasts  strangely  with 
his  uncompromising  hostility  to  that  philosophy  respecting  the  funda- 
meatal  dogma  of  justification  by  faith,  Zwingli,  on  the  other  hand, 
together  with  a  corporal  and  local  praaence,  rejected  all  notion  of  a 
apiritiuJ  presence  and  graces.  But  the  opinions  of  Calvin  shortly 
aiterwards  superseded  the  colder  ones  of  Zwingli,  many  of  whose 
foUowen,  to  quote  from  Waterland,  abandoned  the  "  notion  of  naked 
■igna  and  figures  to  the  Anabaptists  of  those  times,  where  they  rested, 
till  again  reriTed  by  the  Soclnuns,  who  afterwarda  handed  them  down 
to  the  Remonstrants." 

The  point  of  divergence  between  the  adherents  of  Luther  and  Calvin 
respecting  the  euohanst  may  be  stated  thus : — The  former  party  held, 
according  to  the  earlier  Augsburg  Confession  and  the  Form  of  Concord, 
that  the  body  of  Christ  was  contained  in,  with,  and  under,  the  sacra- 
mental bread.  The  others  held  the  doctrine  only  of  a  real  spiritual 
feeding  on  the  body  of  Christ,  which  took  place  in  the  faithful  contem- 
poraneously with  the  reception  of  the  outward  elements.  In  the 
opinion  of  Waterland, "  Calvm  refined  upon  Zwingli's  scheme,  steering 
ft  kind  of  middle  course  between  the  extremes.  He  appears  to  have 
set  out  light,  taking  his  ground  with  good  judgment ;  and  had  he  but 
built  as  carefully  upon  it  afterwards,  no  fault  could  have  been  justly 
found." 

Bishop  Lloyd  considered  that  the  Anglican  doctrine  was  borrowed 
from  that  of  Calvin.  The  third  and  fourth  clauses  of  the  twenty- 
eighth  article,  respecting  the  manner  and  means  after  and  by  which 
the  body  of  Christ  is  token  in  that  sacrament,  would  seem  to  support 
this  view.  But  the  words  of  Waterland  may  be  fairly  quoted  as 
expressing  briefly  the  opinion  held  by  the  majority  of  Anglican 
teachers  on  this  subject :  "  Our  divines  who  came  after  Calvin  had 
some- advantage  in  point  of  time,  and  a  greater  still  in  the  rule  or 
method  which  they  pitched  upon  as  moat  proper  to  proceed  by.  The 
aum  of  all  is,  that  saeiameatsl  or  symbdical  feeding  in  the  eadiaiist 
ia  feeding  upon  the  body  broken  and  the  blood  shed  under  the  signs 
•ad  symbols  of  bread  and  wine;  the  resntt  of  such  feeding  is  the 
■trensthening  or  perfecting  our  mystical  union  with  the  bpdy  glorified, 
■nd  so,  properly  speaking,  we  feed  upon  the  body  as  dead,  and  we 
receive  it  into  closer  union  as  living,  and  boMi  in  the  eucharist  when 
duly  celebrated." 

SACBIFICE,  an  offering  made  to  Qod,  in  whioh  the  thing  offered  is 
trhoUy  or  partially  destroyed.  It  is  generally  supposed  that  sacrifices 
were  mstitated  immediately  after  the  bJl  of  Adun,  when  God  made 
nith  him  what  is  called  "  the  covenant  of  graoe ;  "  and  that  on  this 
occasion  the  sacrifice  was  partly  an  atonement  for  Adam's  sin,  partly  a 
latiflcation  of  the  covenant.  This  sappoeition  is  founded  on  the  &at 
that  Ood  clad  Adam  and  Eve  with  the  skins  of  beasts;  and  since 
uumol  food  had  not  yet  been  given  to  nun,  it  is  thought  that  these  beasts 
most  have  been  slam  as  sacrifices.  (QenesiB,  chap,  iii.)  In  the  next 
generation  we  meet  with  sacrifices  as  a  divine  appointment.  (Oen.  iv. 
1-5.)  All  over  the  world  sacrifices  have  been  found  in  some  form  or 
•ther,  which  is  another  proof  of  their  great  antiquity.  Their  chief 
object  is  to  atoqe  for  sin  [Atohekkiit]  ;  but  they  have  also  been 
oSbred  as  the  means  of  gaining  the  favour  and  assistance  of  Qed,  and 
of  expressing  submission  and  gratitude  to  him.  They  may  be  divided 
into  two  classes,  bloody  and  unbloody.  In  the  heathen  worid  human 
aocrifices  have  been  very  generally  prevalent,  apparently  from  a  notion 
that  human  life  is  the  most  precious  thing  that  can  he  offered  to 
the  divine  Being,  Sacrifices  form  a  large  port  of  the  Jewish  law. 
Christians  believe  them  to  be  abolished  since  the  death  of  Christ, 
aince,  as  Paul  argues  in  his  Epistle  to  the  Hebrews,  that  W38  the 
one  great  sacrifice  which  has  for  ever  mode  atonement  for  the  sins 
of  men. 

SACRILEQB  is  "the  felonious  taking  of  any  goods  oat  of  any 
paiish-chuich  or  other  church  or  chapeL"    By  the  common  law  it  was 

•  cental  offence,  though  the  offender  seems  to  have  been  entitled  to  the 
iJeneflt  of  eletgj  at  the  discretion  of  the  ordinary.  But  even  if  it  were 
not  clergyable  at  the  common  law,  yet  the  statute  25  Edw.  III.  o.  4, 

*  Be  deto,"  comprehended  this  ss  well  as  other  crimes,  and  gave  "  the 
privilege  of  holy  church  to  all  manner  of  clerks,  as  weH  secular  as 
religious."  Afterwards,  by  the  statutes  of  23  Hen.  YIII.,  c  1,  and 
25  Hen.  VIIL,  o.  S,  revived  W  6  ft  6  Edw.  VI.,  c  10,  all  persons  not 
in  holy  orden  were  excluded  from  the  benefit  of  clergy  who  on  an 
indictment  for  nMing  any  church,  clu^iel,  or  other  holy  place  were 
convicted,  stood  mute,  or  peremptorily  challenged  more  than  twenty 
of  the  Jurors ;  and  by  3  &  4  Will  ft  Mary,  c  9,  the  same  consequences 
followed  upon  their  outlawry.  It  seems,  however,  that  no  sacrilege 
came  withm  these  statutes  whidi  was  not  accompanied  by  an  actual 
breakUg  of  a  ehurch,  ftc.  But  by  1  Edw,  VI.,  a  12,  all  persona  in 
general  were  deprived  of  their  clergy  for  the  felonious  taking  of  any 
goods  out  of  any  parish-church  or  other  church  or  chapel  in  all  cases, 
except  that  of  challenging  more  than  twenty  jurors :  and  by  3  ft  4  WilL 
k  mrj,  c  9,  upon  mieh  a  challenging,  as  well  as  upon  conviction,  ftc, 
upon  aa  indictment,  whether  in  the  some  county  wherein  the  sacrilege 
was  committed,  or  in  a  diHisrent  one.    It  seems  that  sacrilege  ma  the 


only  felony  at  common  law  which  deprived  the  offender  of  the  privilege 
of  sanctuary. 

The  present  state  of  the  law  of  soorilege  depends  on  the  statute  7  ft 
8  Goo.  IV.,  0.  29,  B.  10,  which  enacts  that  "  if  any  penon  shall  break 
and  enter  an^  church  or  chapel,  and  steal  therein  any  chattel,  or 
having  stolen  any  chattel  in  any  churoh  or  chapel,  shall  break  out  of 
the  same,  every  such  offender,  being  convicted  thereof,  shall  suffer 
death  as  a  felon." 

By_9  Geo.'  IV.,  o.  65,  s.  10,  the  same  protection  was  extended  to 
meeting-houses  and  all  plaoes  of  divine  worship. 

By  the  statute  6  ft  6  WilL  IV.,  c.  81,  the  punishment  of  death  Was 
abolished,  and  transportation  for  life  or  for  any  term'  not  less  than 
seven  years,  or  imprisonment  with  or  without  hard  labour  for  any 
term  not  exceeding  four  years,  was  substituted  in  its  place.  These 
penalties  were  sgam  altered  by  6  Will.  IV.,  o.  4,  which  limited  the 
term  of  imprisonment  to  three  years,  and  gave  to  the  court  a  disraro- 
tionory  power  of  awarding  any  period  of  soUtary  confinement  during 
such  term.  But  now,  by  the  statute  7  WilL  IV.  and  1  Vio.  c.  90,  s.  5, 
no  offender  may  be  kept  in  solitoiy  confinement  for  *more  than  one 
moi^th  at  a  time,  or  three  months  in  the  space  of  one  year.  And  see 
le  ft  17  Viet  c  99. 

SADDLERY.    [LkaTher  Manotactube,] 

SADDUCEES  (ZaSSomauu),  one  of  the  four  Jewish  sects  at  the  time 
of  Chriat.  The  Rabbinical  ttodition  makes  them  the  foUowets  of 
Sadoc,  a  disciple  of  Antigonus  Sochos.  They  defined  the  existence  of 
any  spiritual  beings  except  Ood,  and  believed  that  the  soul  died  with 
the  body,  and  therefore  that  there  was  no  resurrection.  (Matt.  xxii. 
28 ;  Acts,  xxiii  8.)  In  consequence  of  this  disbelief  in  a  future  state 
of  rewards  and  punishments,  they  were  inexorable  in  punishing  crimes. 
They  rejected  the  doctrines  of  predestination  and  providenee,  main- 
taining that  men  were  left  to  determine  their  own  course  without 
assistance  or  hindimnce  from  God.  They  rejected  the  traditions  of  the 
Pharisees,  and  adhered  to  the  text  of  the  Mosaic  law.  They  have  been 
accused  of  rejecting  oil  the  books  ot  the  Old  Testament  except  the 
Pentateuch ;  but  the  passsge  of  Joeephus,  on  which  this  charge  is 
founded,  does  not  sustain  it.  Though  inveterately  opposed  to  the 
Pharisees,  they  united  with  them  against  Christ.,  During  the  period 
to  which  the  New  Testament  refers,  though  leas  numerous  and  less 
popular  than  the  Pharisees,  they  seem  to  have  been  superior  by  the 
eminent  men  they  had  in  the  Sanhedrim,  and  some  of  their  body  were 
hi(^-priestaL  as  Caiaphsa  and  Ananias.  It  seems  that  thOT  consider- 
ably modified  their  opinions  in  progress  of  time,  and  received 
the  doctrines  of  angelic  beings  and  of  the  resurrection ;  so  that  at  lost 
they  were  only  distinguished  by  their  rejection  of  tradition;  from  whioh 
eircumstanee  they  obtained  the  name  of  Caraites,  in  the  8th  century 
A.D.  (Joeephus, '  Antiq.,'  xiiL  fi,  6,  9, 10;  xvUL  1,  4;  Jahn's  'Biblical 
Antiquities;  Winer's  '  Biblisches  Realworterbuch.') 
^  SAFES.    [FiRiFBoor  CoNSTBccnoH;  FiBEFKoornio.1 

SAFETTLAMP.    [Lamp,  SjirETT.] 

SAFETY-VALVE.  An  opening  in  a  steam-boiler  loaded  with  a 
oertoin  weight,  whioh  ia  raised  by  ijie  steam  when  the  latter  acquires 
a  certain  ehsticity,  so  that  a  portion  of  the  steam  esci^>ing  relieves  the 
boiler  from  internal  pressure  and  danger  of  bursting.  In  the  locomo- 
tive engine  the  boiler  is  furnished  with  two  loaded  ralves,  one  of  which 
is  beyond  the  engine-man's  control,  and  is  called  the  loek-up  valve, 
while  the  other,  at  a  somewhat  lower  pressure,  con  be  regulated  l^  f 

him,  by  means  of  a  lever  and  spring  bahmoe.  By  making  the  aperture 
iatfp  enough,  the  whole  of  the  steam  can  be  let  off  as  soon  as  it  is 
generated,  by  which  means  the  engine  is  put  out  of  woik.  The  valve 
may  be  loaded  by  means  of  a  weight  placed  upon  it,  or  by  means  of 
a  lever  with  an  adjustable  weight  according  to  the  pressure  required.   _ 

8AFFL0WEB,  or  Sailard  Saffrm,  is  noticed  under  the  botonicar 
name  of  the  plant  [Cabthaxub  tineloriia,  in  Nat.  Hist.  Dit.]  yielding 
it.  This  plant  has  been  cultivated  in  Eastiamcoimtries  from  ttieesrliest 
times,  both  on  account  of  the  oil  expressed  from  its  seeds  and  for  the 
colouring  matter  procurable  from  its  flowers,  which  in  their  dried  state 
form  the  salBower  of  commerce.  The  oil  of  the  seeds  of  carthamua  was 
vklued  by  the  ancients  as  a  laxative 'medicine,  and  is  still  employed  by 
the  Asiatics  for  the  same  purpose,  as  well  an  for  external  application. 
It  is  most  extensively  used  as  a  lamp-oil.  The  seeds  ore  eaten  by  some 
birds,  especially  parrots,  whence  they  are  called  "  groines  de  perroquets." 
The  plant  is,  however,  chiefiy  cultivated  on  account  of  its  flowers,  not 
only  in  China,  India,  and  Egypt,  but  also  in  the  south  of  Europe. 
That  from  China  is  the  most  valued,  and  the  Bengal  sofilower  con- 
sidered the  most  inferior.  This  might  be  remedied  .probably  by  select- 
ing and  sowing  only  the  seed  of  the  most  highly  coloured  Sowers,  and 
then  adopting  the  Chinese  method  of  gathering  the  crop  when  the 
flower  is  in  the  highest  perfection,  and  only  picking  off  the  upper  and 
coloured  parts  of  the  floret,  instead  of  the  whole  aont,  of  whioh  the 
lower  port  ia  whitish-coloured.  Besides  this,  careful  drying  is  essential 
to  the  preservation  of  the  colour,  or,  as  Mr.  E.  Selly  has  recommended, 
gradual  drying  "in  close  chambers  with  some  organic  substance,  or 
perhaps  with  hot  sand;"  but  the  natural  heat  of  the  climate  in 
darkened  chamlMra  would  probal^ly  be  sufficient. 

SAFFRON  consists  of  the  dried  stigmas  of  the  Oroeu*  uUina,  a 
plant  native  of  Qnece  and  Asia  Minor,  but  extensively  cultivated  in 
Austria,  France,  Spain,  and  also  formeriy  in  Bagland.  The  Sicilian 
saffron  ia  said  to  be  the  produce  of  the  Orfou  odorai,  but  botil  in 
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ancient  snd  modem  times  thia  sort  has  lieen  little  etiteemed.  England 
is  chiefly  supplied  from  France  and  Spain ;  that  of  Spain  being  pre- 
feired.  In  Germany,  however,  Spanish  aafiron  is  not  in  such  repute  as 
the  Austriaii,  great  pains  being  t^en  in  the  cultiTation  of  the  plant  in 
that  country.  The  cormi  or  stems  are  subject  to  the  attacks  of  a 
fungus,  Sdavlium  Croeorum,  by  which  they  are  extensively  destroyed. 
'When  the  flowers  expand,  and  are  thoroug^y  open  under  the  influence 
of  the  sun,  the  stigmas,  of  which  there  are  three,  are  plucked  out,  a 
portion  of  one  s^le  remaining  attached  to  them,  and  spread  upon 
paper,  to  be  dried  either  by  means  of  portable  kilns  over  which  a  hair- 
cloth or  fine  sieve  is  stretched,  or  in  a  room  by  the  sun.  The  stigmas 
are  from  an  inch  to  an  inch  and  a  half  long,  narrow  and  roundish 
where  they  are  attached  to  the  style,  but  spreading  out  and  club-shaped 
towards  the  apex,  which  is  truncate.  The  upper  part  is  of  an  orange 
or  brownish  red ;  the  part  of  the  style  termed  fominelle  is  yellowish. 
The  stizmas  have  a  penetrating,  aromatic,  and,  when  in  large  quantity, 
stupifymg  odour,  and  a  bitter  aromatic  taste ;  by  mastication  the  mouth 
and  saliva  are  rendered  yellow.  By  long  internal  use  of  them  many  of 
the  secretions  acquire  a  yellow  colour.  The  stigmas  of  Oociu  PalUtsii, 
C.  loaffijlonu,  and  C,  Siaiamu,  are  not  so  long  as  those  of  the  genuine 
saSron  crocus,  and  are  altogether  devoid  of  the  strong  odour.  They 
and  many  other  articles,  such  as  the  florets  of  the  mSiovr^T {Carliamut 
ttnetoraa),  those  of  the  marigold  (Calendula  officiTialu),  akees  of  the 
flowen  of  the  Puniea  grtmatum,  and  pieees  of  dried  flesh,  are  used  to 
adulterate  the  true  safiron.  The  saflron  of  English  commerce  is 
generally  very  pure;  but  the  high  price  oflers  much  temptation  to 
sophistication,  which  might  be  diminished  by  collecting  the  stigmas  of 
the  Crocus  vemut,  which  are  litUe  inferior  in  colour  or  ^tenoy  to 
those  of  ^e  autumnal  crocus.  According  to  Mr.  Fereira,  one  grain  of 
good  saSix)n  contains  the  stigmata  and  styles  of  nine  flowers ;  hence 
4320  flowers  ore  required  to  yield  one  ounce  of  saffron.  Safi!ron  was 
formerly  met  with  in  two  forms,  Aay  taffron  and  caie  saffron,  the 
former  is  now  alone  in  demand,  the  latter  being  entirely  an  artificial 
compound  of  the  florets  of  the  safflower,  gum,  and  some  other  materials. 
Genuine  sa£fh>n  is  often  moistened  with  oil,  which  gives  an  appearance 
of  freshness  to  old  and  dry  sarron ;  but  the  mixture  is  easily  detected. 
SaBron  consists  of  a  volatile  oil,  in  variable  proportion,  which  is  heavier 
than  water,  of  polychroite,  which  is  a  compound  of  a  volatile  oil  and  a 
bitter  red  substance  (or  polychroite  properly  so  called),  gum',  and  other 
principles.    [SAFBANnr.j 

Saffi-on  had  formerly  many  powerful  and  imix>rtant  properties  mis- 
takenly assigned  to  it.  On  the  Continent  it  is  much  used  as  a  condi- 
ment with  food.  In  England  it  is  used  in  medicine,  chiefly  as  a 
colouring  pQncipIe.  It  is  also  employed  as  a  pigment  for  water  colours, 
and  OS  a  dye,  for  which  purpose  considerable  quantities  are  imported 
from  France. 

SAFRAKIN.  (PoIycAroite.)  Alcohol  takes  up  from  the  aqueous 
extract  of  saffron  a  peculiar  colouring  matter  to  which  these  names 
have  been  given.  On  the  evaporation  of  the  alcohol  it  forms  an  un- 
crystallisable  mass,  very  soluble  In  water  and  alcohol,  but  almost 
insoluble  in  ether  and  in  oils.  Its  composition  has  not  been 
ascertained. 

SAQAPENUM,  said  by  Willdenow  to  be  yielded  by  Feyula  Perrica 
which  no  one  regards  as  certain,  though  it  is  generally  believed  to  be 
furnished  by  some  sijecies  of  Ferula.  The  plant  (or  plants)  which 
yield  it  grow  in  Persia  and  other  regions  of  the  East.  It  is  procured 
in  the  same  way  as  assafoetida.  It  occurs  cither  in  tears  or  irregular 
maasfes,  of  a  dirty  brownish  colour,  containing  in  the  interior  white  or 
yellowish  grains.  It  is  difBcult  to  break  (unless  when  very  old),  is 
tenacious,  and  not  easily  powdered,  except  in  winter.  It  has  the  same 
alliaceous  odour,  but  less  powerful,  as  assafcetida,  with  a  nauseously 
bitter,  acrid,  guttural  taste. 

It  consists  of,  in  the  100  ports,  according  to  Felletier  : — 

Koia      •••••••••     S4'26 

Gum 31-9« 

Bauorin  •••••••        .1*0 

Pecoliu  lubatonce       ••.••,.      0-60 
Acidulous  mslate  of  Umo  ,        ,        ,        ,        , '  0'40 

'\'oblile  oil,  Including  lots  ••••..    11-80 

100- 

Brande*  found  only  373  per  cent,  of  volatile  oil,  and  less  resin  than 
in  the  above ;  and  Geiger  says  it  has  less  volatile  oil  than  assafcotida ; 
while  Pelletier's  analysis  £iveB  nearly  three  times  as  much.  The  resin, 
by  the  action  of  hot  hydrochloric  acid,  becomes  first  reddish,  then 
blue,  and  at  last  brown.  The  resin  appears  to  be  a  mixture  of  two 
kinds,  one  soluble,  the  other  insoluble,  in  ether.  Formerly  there  were 
two  kiuds  of  Sagapenum  in  commerce,  but  at  present  only  the  worst 
of  the  two  is  met  with.  It  is  said  to  be  adulterated  with  asafoctida 
,  and  bdellium.  Its  action  on  the  human  system  is  the  same  as  that  of 
asafoctida  and  other  fetid  gum-resins.  [Asaf<etida.] 

SAGITTA  (the  Arrow).  This  const«llation  is  one  of  the  old  ones, 
and  is  situated  over  the  back  of  Aquila.  In  Comstellatioh  it  is 
stated  that  Sagitta  is  a  part  of  Aquila  in  Aratus ;  but  this,  though 
very  commonly  stated,  is  erroneous,  as  is  noticed  by  Qrotius  in  his 
notes  on  Aratus ;  though  the  edition  of  Grotius  himself  coimtenonces 
the  error  in  the  plates.  Grotiua  traces  the  mistake  to  Qermanicus  in 
Ilia  Latin  r«nk>n. 


The  principal  stars  ore  as  follows :- 
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SAGITTARIUS  (the  Archer),  one  of  the  constellations  of  the 
zodiac,  the  figure  of  which  is  that  of  a  centaur  drawing  the  bow,  and 
situated  below  Aquila,  between  Scorpiua  and  Capricomus :  it  must 
not  be  confounded  with  Cektadrus.  The  mythological  account  of 
this  constellation  is  very  meagre,  and  confirmatory  of  the  reason  given 
in  Constellation  why  the  Greeks  o^-\ld  not  have  been  the  first  to 
give  names  to  the  cunstellations.  Hygintis  can  find  no  more  illustrious 
mortal  to  fix  in  this  part  of  the  heavens  than  one  Crotus,  the  son  of 
Eupheme,  the  nurse  of  the  Muses ;  but  it  is  worth  noting  that  he  says 
many  (in  his  time)  denied  that  the  original  figure  wu  that  of  a 
centaur. 

The  principal  stars  are  as  follows : — 

No.  In  CaUlogno^      No,  In  Catalogne 


of  Flaraitwd 

ofBriiith 

- 

Cbaraeter. 

(Piazsi) 

AnuMlation. 

Ibgnltade. 

7» 

10 

6115 

M 

13 

6163 

S 

19 

6209 

t 

20 

6283 

A 

22 

6263 

i* 

87 

6461 

( 

88 

6489 

■a 

89 

6507 

T 

40 

6521 

« 

41 

6548 

/8> 

(54) 

6608 

SAGO,  a  word  signifying,  in  the  language  of  the  Papuaa,  iread, 
since  it  constitutes  the  staple  article  of  food  of  the  inhabitants  of  the 
Eastern  Archipelago  and  other  parts  where  the  plants  which  yield  it 
grow.  It  is  not  a  seed,  as  sometimes  supposed,  but  the  farina  from  the 
stem  of  several  palms  and  palm-like  vegetables.  The  old  stems  of 
Caryota  ureni  also  yield  goods  ago.  Sago  is  a  variety  of  starch, 
prepared  by  the  plant  for  the  use  of  the  flowers  and  fruit,  and  is  most 
abundant  ]ust  before  the  evolution  or  appearance  of  the  spodix  or 
flower-bud,  which  is  known  by  a  whitish  dust  transuding  through  and 
covering  the  leaves.  At  this  time  the  stem  is  cut  down,  near  the  base, 
and  then  divided  into  pieces  of  five  or  six  feet  in  length.  "  A  part  of 
the  outer  hard  wood  is  then  sliced  olf,  and  the  workman,  coming  to 
the  pith,  cuts  across  the  longitudinal  fibres  and  the  pith  together, 
leaving  a  jMirt  at  each  end  uncut,  so  that  when  it  is  excavated  there 
remains  a  trough,  into  which  the  pulp  is  again  put,  mixed  with  water, 
and  beaten  with  a  piece  of  wood ;  the  fibres,  being  then  separated 
from  the  pulp,  float  at  the  top,  and  the  flour  subsides.  After  being 
cleared  in  thia  manner  by  several  waters,  the  pulp  is  put  into  cylin- 
drical baskets  mode  of  the  leaves  of  the  tree ;  and,  if  it  is  to  be 
kept  some  time,  those  baskets  are  generally  sunk  in  fresh  water  to 
keep  it  moist,  for  the  pulp  will  keep  long  if  preserved  fi-om  the  air, 
but  if  exposed  it  presently  turns  sour."  (Forrest's  ♦  Voyage  to  the 
Moluccas.') 

The  quantity  yielded  by  one  tree,  is  prodigious.  Five  or  six 
hundred  pounds  arc  not  an  unusual  produce  for  one  tree ;  and  as  the 
vegetation  still  reinains  after  being  felled,  a  stem  again  springs  up, 
which  goes  through  the  difTerent  stages  of  growth  till  it  is  fit  for  the 
axe. 

The  flour  or  powder  b  rarely  imported,  granulated  sago  being  the 
state  in  which  it  is  commonly  brought  to  Europe.  To  bring  it  into 
this  state  from  the  flour,  it  must  bo  moistened  and  passed  through  a 
sieve  into  an  iron  pot  (very  shallow)  held  over  a  fire,  which  enables  it 
to  assume  a  globular  form.  Thus  all  our  grained  sago  is  half  baked, 
and  will  keep  long.  Of  this  granulated  sago  there  are  two  varieties, 
the  common  or  brown  sago,  and  pearl  saga  The  latter  is  in  small, 
hard,  homy,  or  semi-transparent  grains,  about  the  size  of  a  pin's  head; 
the  former  are  in  large  grains,  about  the  size  of  the  grains  of  peail 
barley.  Both  are  inodorous,  andjiave  an  insipid  taste.  They  swell  in 
cold  water,  and  are  nearly  thoroughly  soluble  in  boiling  water,  so  as  to 
form  a  thick  starch-hke  solution,  which  may  be  used  as  a  pudding,  or 
prepared  in  other  ways  as  an  article  of  diet  for  children  and  inviUids, 
if  a  farinaceous  diet  is  required.  Care  must  be  taken  to  distinguish  a 
factitious' sago  prepared  from  potatoes.  This  can  only  be  done  by  th« 
microscope. 

SAIL,  a  quantity  of  canvas  attached  to  the  yards  or  stays  of  a  boat 
or  ship  in  order  to  receive  the  impulse  of  tiie  wind,  and  thus  give 
motion  to  the  vessel.  The  depth  of  a  sail  is  capable  of  being  diminished 
at  pleasure,  according  to  the  force  of  the  wind,  by  means  of  the  reef- 
points. 

The  principal  sails  of  large  vessels  can  be  placed  at  right  angles  to 
the  direction  of  the  keel  of  tibe  ship,  and  this  position  is  given  to  them 
when  the  vessel  goes  before  the  wind ;  in  other  cases  the  same  sails 
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may,  bv  means  of  the  braces,  be  placed  obliquely  to  tbe  keeL  The 
Bails  which  are  attached  to  the  ship's  stays,  and  the  sails  of  boats  or 
small  vessels,  ore  generally  in  a  vertical  plane  passing  through  the 
keel ;  a  certain  degree  of  obliquity  to  that  plane  may,  however,  be 
given  to  them  at  their  lower  extremities  if  necessary.  Sails  are 
strengthened  by  ropes,  called  bolt-ropes,  sewn  along  their  edges  in  order 
to  prevent  them  from  being  easily  torn  by  the  action  of  the  wind. 

'VS'hen  n  vessel  is  in  still  water,  the  pressure  of  the  wind  against  the 
sails  overcomes  its  inertia,  and  motion  takes  place  in  some  direction. 
The  motion  goes  on  increasing  by  the  acoelerative  power  of  the  wind ; 
but  at  the  end  of  a  certain  time  the  resistance  in  an  opposite  direction, 
both  of  the  air  against  the  sails  and  hull  of  the  ship,  and  of  the  water 
against  the  lattOT,  becoming  equal  to  the  aocelerative  power  of  the 
wind,  the  ship  acquires  a  terminal  or  uniform  velocity,  and  in  this 
state  (neglectmg  the  retdstance  of  the  air)  there  may  be  said  to  be  an 
equilibrium  between  the  pressure  of  the  wind  against  the  sails  and  of 
the  water  against  the  vessel. 

The  principal  problem  cannected  with  the  motion  of  vessels  on  the 
water  has  for  its  object  the  determination  of  the  relation  between  the 
velocities  of  the  wind  and  of  the  vessel ;  and  its  solution  consists  in 
finding  algebraic  expressions  for  those  pressures,  and  making  them 
equal  to  one  another.  But  many  practical  difficulties  present  them- 
selves in  investigating  that  relation ;  for  the  pressure  of  the  wind  is 
modified  by  the  form  which  the  soil  assumes  when  acted  upon,  hv  the 
obliquity  of  the  wind's  direction  to  the  general  plane  of  the  sau,  and 
by  the  interference  of  one  sail  with  another,  by  which  interfeienos  the 
wind  may  be  partiy  intercepted,  or  currents  may  be  produced  in 
directions  diSbr«nt  from  the  general  direction  of  the  wind.  The 
resistance  of  tbe  water  is  also  greatly  modified  by  the  form  of  the 
ship's  huU,  and  by  the  direction  of  its  motion  with  respect  to  the  line 
of  the  keeL  These  difficulties  cannot  be  removed;  therefore  the 
results  d  mathematical  researches  concerning  the  motion  of  ships  eu 
only  be  considered  as  very  remote  approximations  to  the  rules  which 
should  guide  the  practice  of  the  seaman.  And  in  order  to  simpli^ 
tiie  prouem,  it  is  necessary  to  suppose  that  the  ship  is  furnished  with 
only  one  sail,  whose  area  is  such  that  the  action  of  the  wind  upon  it 
may  be  equivaleot  to  the  efficient  action  of  the  wind  upon  all  the  sailsi 
The  eentn  vtUque,  as  it  is  called  by  foreign  writers,  ur  the  centre  of 
pressure  or  ^f«rt,  most  also  be  supposed  to  be  at  the  centre  of  gravity 
of  the  auL  That  port  of  the  ship's  surface  which  is  resisted  By  the 
water  must  moreover  be  represented  by  a  plane  surface  whose  ana  is 
such  that  this  redstance  shall  be  equiv^ent  to  the  efficient  action  of 
the  water  on  the  ship. 

The  pressure  of  the  ur  perpendicularly  against  a  plane  surface  equal 
to  one  square  foot  is  usually  estimated  at  i^b,  avoirdupois,  the  surface 
pressed  being  at  rest,  and  the  wind  movmg  with  a  velocity  equal  to 
one  foot  per  second,  or  about  O-OS  mile  per  hour ;  also  the  resistance 
of  water  against  a  like  stjrface  and  moving  with  an  equal  velocity  is 
estimated  at  I'Slb.  The  pressure  or  resistance,  by  the  laws  of  hydro- 
dynamics, varies  with  the  square  of  the  velocity;  and,  from  the  reso- 
lution d  forces,  it  may  be  shown  [Aebodtnamios]  that  the  ^ective 
force  with  which  a  fluid  strikes  a  plane  surface  obliquely,  when 
estimated  in  a  direction  perpendicular  to  the  plane,  varies  with  the 
square  of  the  sine  of  the  mclination  to  the  plane.  This,  however,  is 
only  an  approximation  for  practical  purposes,  its  insufficien<7  arising 
from  wont  of  allowance  for  the  accumulation  of  force  depending  on 
the  shape  or  curved  surface  of  the  soil ;  and,  from  tbe  experiments  of 
Bossut,  D'Alembert,  and  Condorcet,  it  appears  to  hold  good  only  for 
inclinations  between  60°  and  90*.  The  experiments  of  Smeaton 
indicate  that  the  pressures  vary  nearly  with  the  sine  of  the  inclination, 
when  the  latter  is  between.  60*  and  60° ;  at  greater  Inclinations  the 
pressure  is  some  fractional  power  of  the  sine,  and  at  very  small  incli- 
nations  it  approaches  nearly  to  the  square.  But  the  following  formula 
of  Smeaton  gives  the  effective  velocity  very  nearly  as 

=  ▼  sin  ••■■<'"»• 

BVom  the  experiments  of  Dr.  Hutt<m  it  is  found  that  at  inclinations 
between  60*  and  80*  the  pressures  vary  nearly  as  the  sines  of  the 
inclinations. 

In  determining  the  pressure  of  a  fluid  against  the  surface,  which  is 
in  motion,  it  must  be  observed  that,  by  the  laws  of  the  collision  of 
bodies,  the  efficient  velocity  of  impulse  is  to  be  expressed  not  by  the 
absolute,  but  by  the  relative  velocity  of  the  impelling  power.  Hence, 
when  the  wind  and  ship  are  moving  in  the  some  direction,  the  efiective 
TeljDcity  is  the  difibrence,  and  when  they  are  moving  in  opposite 
directions,  it  is  the  sum  of  their  several  velocities.  It  must  also  be 
obeerved  that  the  force  of  the  wind  and  the  reaction  of  the  water  ore 
to  be  oonsidered  as  taking  place  in  horizontal  directions,  and  that  the 
effective  pressure  of  the  vrind  on  a  flat  ssfl  is  in  a  direction  perpen- 
dicular to  the  plane  of  tiie  sail,  whatever  be  the  position  of  the  latter 
■ad  the  direction  of  the  wind. 

Kow  when  a  shqi  sails  before  the  wind  in  still  water,  if  we  consider 
the  sail  as  a  plane  surface  at  right  angles  to  the  keel  of  the  ship  and 
to  the  direction  of  the  wind ;  representing  the  pressure  of  the  air  on  a 
square  foot,  when  the  /velocity  is  one  foot  per  second,  by  r,  and  the 
pressure  of  the  water  on  a  square  foot  with  an  equal  velocity  by  jf ; 
also  putting  T  for  the  velod^  of  the  wind,  and  y  for  that  fA.  tae  ship. 
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both  being  expressed  in  feet  per  second ;  a  for  the  area  of  the  sail,  and 
a'  for  that  of  a  vertical  section  through  &e  immersed  part  of  the  ship 
taken  perpendicularly  to  the  keel ;  the  equation  of  equilibrium  will ' 
evidently  be 

A.p.(v— v')»  =  a'.p'.v''; 

and  from  this  equation  v'  may  be  easily  found,    tt  follows  from  the 

same  equation  that,  when  the  other  terms  are  constant,  varies 

V— v* 

with  Va,  or  tike  velocity  of  the  wind  in  the  sail  is  to  the  velocity  of 
the  ship  as  unity  is  to  the  sqtiare  root  of  the  surface  of  (he  sail.     ~ 

But  while  the  plane  of  the  sail  is  supposed  to  be  perpendicular  to 
the  keel  of  the  ship,  let  the  direction  of  the  wind  be  oblique  to  both, 
and  let  the  force  of  impulse  'perpendicularly  to  the  sail  be  proportional 
to  the  square  of  the  sine  of  (he  inclination  of  the  wind  to  the  sail ; 
then,  if  K  L  be  the  keel,  u  the  place  of  the  mast,  y  z  the  position  of  the 
yard,  and  w'  M  represent  the  direction  and  velocity  of  the  wind,  wo 
shall  have  w'M.'sin.'  w'lij  for  the  force  of  impulse  with  which  aporUcle 
of  air  acts  oh  the  salL  This  value  of  the  impulse  is,  however,  correct 
3nly  at  the  moment  before  the  ship  begins  fo  move ;  for,  let  the  ship 
be  advancing  in  the  direction  K  L  with  a  velodly  such  that  the  saU 
movesparallel  to  itself  from  K  to  B,  while  a  particle  of  air  would  move 
from  w*  to  K  if  the  abi^  were  at  rest,— it  Will  be  evident  now  that  a 


flog  at  u,  which,  when  the  ship  is  at  rest,  would  have  its  plane  In  the 
direction  w'm  prodiv%d,  being  carried  by  the  motion  of  the  ship  from 
u  towards  L,  would  be  acted  on  by  the  particles  of  air  coming  against 
it,  as  if  it  were  resisted  by  forces  parallel  to  u  B  and  tending  from  B 
towards  u ;  therefore  the  forces  pwillel  to  w'm  and  B  h  being  respec- 
tively proportional  to  those  lines,  the  flag  will  by  the  composition  of 
forces  take  the  direction  w'li,  the  diagonal. of  the  parallelogram  w'b. 
This  is  the  efficient  direction  of  the  wind,  and  its  velocity  may  be 
represented  by  that  diagonal,  when  that  of  the  wind  in  its  true 
direction  is  represented  by  w'm:  consequently  the  impulse  of  the  wind 
perpendicularly  to  the  plane  of  the  sail  must  be  represented  by  f.a. 
w'm'.  sin.'  u/uu  By  this  impulse  motion  is  produced  in  the  ship  in 
the  direction  of  its  keel,  and  the  whole  expression  may  be  made  equal 
to  a',  r'.  t",  the  former  expression  for  the  resistance  of  the  water. 
The  valuef  of  w'u  and  of  M  R,  that  is,  v  and  v',  the  absolute  velocities 
of  tbe  wind  and  ship,  and  also  the  angle  L  M  w'  being  known,  the  value 
of  «i'm  may  be  computed. 

When  the  direction  of  the  wind  is  not  coincident  with  the  line  of 
the  ship's  keel,  its  power  to  impel  the  ship  forward  will  be  increased 
by  placing  the  sail  in  some  oblique  position,  ss  tz.  In  this  case  let 
M  o_,  perpendicular  to  T  z,  represent  the  velocity  with  which,  if  net 
resisted  by  the  water,  the  ship  would  move  by  the  action  of  the  wind. 
Then,  by  the  resolution  of  motions,  letting  faU  o  D  perpendicularly  on 
K  L,  M  D  and  n  c  will  represent  tbe  velocities  in  those  directions ;  and, 
in  the  case  of  equilibrium  between  the  actions  of  the  wind  and  water, 
the  resistance  of  the  latter  sgainst  the  side  of  the  ship  perpendicularly 
to  the  keel  will  be  to  that  against  the  bow,  parallel  to  the  keel,  as  o  D 
to  D  M,  or  as  tang.  Z  OM  D  to  radius,  bet  a"  be  the  area  of  a  vertical 
section  through  the  immersed  pert  of  the  ship  in  the  direction  of  the 
keel,  and  a',  as  before,  the  area  of  the  vertical  section  perpendiculsily 
to  the  keel ;  also  suppose  that,  in  consequence  of  the  reaction  of  the 
water,  the  ship's  motion,  instead  of  being  in  the  direction  M  c,  should 
be  in  some  other,  as  ME.  Then,  y"  representing  the  velocity  of  the 
ship  in  this  direction,  and  the  resistance  of  the  water  being  supposed 
to  be  proportional  to  the  square  of  the  velocity  and  square  of  the  sine 
of  the  inclination,  we  have  i'.A".y'>  sin.'  E  M  D  for  the  resistance  of  the 
water  against  tiie  ship's  side,  and  p'.a'.v''  cos.'  E  M  B  for  the  resistonoe 
against  the  bows.    Therefore 

tan.0Ki>:nditti;:  A'ain.*iKi>:A'ooa.*  iMo;  ^~ 
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ooniequently,  the  ratio  of  ▲'  to  A"  being  Buppoaed  to  be  known,  the 
raJue  of  E  M  D,  tb&t  ia,  the  ihip's  lee- way,  might  be  found.  Jituo^ 
46°,  and  the  ratio  of  a"  to  a'  be  awuned  to  be  as  12  to  1,  the  lee- 
way will  be  found  to  be  16*  S* ;  and  if  z  m  s  ^  80°,  the  lee-way  will  be 
20'  40'.  But  experiment  alone  can  determine  this  element,  for,  with 
equal  velocitiee  and  equal  quantities  of  sail,  it  variea  in  dilbrent  shipa  ; 
and,  in  the  oune  ship,  with  the  Telodty,  aad  the  diapodtion  and 
quantity  of  the  aail. 

LeVM  K  represent  the  Telocity  of  the  ship  in  the  direction  K  ■ ;  then 
V)  M,  the  diagonal  of  the  parall^ogram  w  N,  will  represent  the  efficient 
Telod^  of  the  wind  in  that-  direction,  w  ii  being  the  true  direction  of 
the  TeSodty;  and  letting  fall  on  T2  the  perpendicular  vx,  this  last 
line  will  represent  the  vdociiy  perpendicularly  to  the  sail  Therefore 
the  force  of  the  wind  in  this  direction  will  be  proportional  to  w  z' ; 
then  drawing  le  q  parallel  to  x  ■,  to  meet  s  Q  drown  tnrough  z  perpen- 
dicularly to  X I  and  w  q,  we  have  ^  z  w  q  equal  to  the  compleioent  of 
z  M  I,  and  consequently  w  z'  being  resolved  in  the  direction  ii  8  or  wq, 
becomes  v  z*  cos.  z  to  q,  or  w  z'  sin.  z  k  E.  But  w  z  Tariee  oa  un. 
^  lexz;  therefore  the  force  of  the  wind  to  impel  the  ship  in  the 
direction  x  e  is  proportional  to  sin',  u  x  z  sin.  z  x  e  ;  and  tiie  force  of 
impulse  being  proportional  to  the  square  of  the  velocity  produced  by 
it,  it  follows  that  the  velocity  of  the  chip  will  vary  with  sin.  is  x  z  V 
sin.  z  X  E.  Now  msking  the  difTerenlial  of  this  expression  equal  to  zero, 
considering  w  x  a  as  constant  and  z  x  E  as  variable,  it  will  be  found 
that  this  product  is  a  qiaximum  when  /.  wx  B  is  so  divided  that  tan. 
ie  X  z  :  tan.  z  x  E  :  :  2  :  1,  or  that  sin.  (texz  —  zxe)  =  )  sin.  ic  x  E. 
'  In  Hadurin's  '  Fluxions '  (art.  912)  there  is  given  an  investigation  of 
the  angle  w  X  z,  between  the  true  direction  of  the  wind  and  the  plane 
of  the  sail,  when  the  velocity  of  the  ship's  motion  in  x  K  is  a  maximum. 
The  general  expression  is  complex,  but  when  the  direction  of  the  wind 
is  perpendicular  to  the  ship's  course  we  have  tan.  w  x  z  = 

V  i^^T-i  I  ■•"  n  — »  ■'^*'«'''S  *•»"  velocity  of  the  shipandv  that 

of  the  wind. 

Therefore,  if  the  velocity  of  the  ship  were  very  small,  we  should 
have  tan.  wxz  =  V2  nearly,  or  wxz  =  64°  44'  nearly.  But,  on 
making  v'  equal  to  i,  J,  and'  i  of  v,  we  obtain  for  Z  w  m  z  tiie  several 
oorresponding  values  61°  27',  68*  26',  and  66°  68'.  It  may  be  observed 
also  that,  if  both  Z  z  x  E  and  v  are  given,  the  velocity  of  Uie  ship  will 
be  a  maximum  when  the  angle  w  x  z  is  a  right  angle,  or  when  the  sails 
are  perpendicular  to  the  true  direction  of  the  wind. 

In  the  same  work  (art.  917)  there  is  given  the  investigation  of  an 
equation  from  which  may  be  determined  the  angle  z  H  £,  between  the 
pkne  of  the  sail  and  the  line  of  the  ship's  motion  when  the  velocity  is 
a  maximum  ;  and  from  that  equation  it  is  inferred  (art.  919)  that,  if 
the  wind  la  perpendicular  to  the  sail,  the  velocity  is  the  greatest 
(provided  the  velocity  of  the  ship  before  the  wind  be  not  less  than 
one-third   of  the  velocity   of  the  wind)  when  sin.  z  x  E  :  radius  : 

(t  — 1)»  :  1'5874 ;  the  velocity  of  the  ship  being  expressed  by 
unit^,  and  y,  the  true  velocity  of  the  wind,  by  a  multiple  of  that 
velocity.  It  may  also  be  inferred  from  the  same  equation,  that  if 
the  vdocity  'of  the  wind  be  such  as  to  oause  Uie  veldoity  of  the 
ship  to  be  greater  than  one-third  of  itself,  the  ship  will  sail  faster 
when  the  coune  is  oblique  to  the  wind  than  when  coincident  with 
its  direction. 

The  force  of  the  wind,  which  is  denoted  by  p.  a.  is  u  '  sin.',  w  x  z  sin. 
SKI,  being  made  equal  to  t'.  a',  v' '  (which  will  express  the  resistance 
of  the  water,  if  a'  represent  the  area  of  the  immened  section  of  ttie 
sUp  perpentUoularly  to  x  E),  the  value  of  V,  the  velocity  of  the  ship, 
might  from  thence  be  obtained ;  and  from  the  expression  of  that 
value  it  may  be  seen  that,  while  the  other  terms  remain  the  same,  the 
velocity  of  the  ship  varies  with  the  relative  velocity  of  the  wind 
and  sUp,  with  the  sine  of  its  inclination  to  the  plana  of  the  sail, 
and  with  the  square  root  of  the  area  of  the  sail.  Hence  also,  when 
the  velocity  of  the  wind  and  both  the  area  and  position  of  the  sail 
are  constant,  the  velocity  of  the  ship  varies  with  sin.  wxz;  that 
is,  with  the  sine  of  the  angle  made  by  the  apparent  direction  of  the 
wind  with  the  plane  of  the  saiL  It  may  be  inferred  from  the 
general  equation,  that,  by  sufficiently  increasing  a  and  the  angle 
«  X  z,  the  velocity  (v')  of  the  ship  may  be  made  to  exceed  w  x,  which 
is  that  of  the  wind. 

If  it  were  required  fo  find  the  course  of  the  ship  and  the  position  of 
Uie  sails,  so  that  the  fliip  might  recede  most  rapidly  from  any  point  of 
danger,  as  from  a  lee-coast  situated,  for  example,  in  the  position 
Indicated  by  x'p",  at  right  ongles  to  w  x,  the  direction  of  the  wmd; 
we  mmt  imagine  x  p  to  be  drawn  parallel  to  x'  p',  that  is,  perpen- 
dicular to  irx.  Then,  the  velocity  of  the  ship  in  the  direction  KB 
bemg  represented  by  sin.  wxzV  sin.  ZXE,  let  this  velocity  be 
resolved  mto  the  direction  perpendicular  to  xp;  that  is,  let  it  be 
multiidted  by  sin.  E  K  p  :  the  ship  wiU  recede  mort  ramdly  from  K'  p* 
when  the  expression  sin.  wxz.ain.  EXPVsinzXEis  a  maximum 
On  making  the  differential  of  this  expression  equal  to  zero,  we  shaU 
find  that  the  velocity  perpendicularly  to  x  p  is  the  greatest  when 
Z  wvr  IS  diVMled  so  that  the  tangents  of  the  angles  «  M  z,  z  x  E,  and 
EXP  are  to  oco  another  as  the  numbers  2, 1,  and  2.  If  the  velooitT 
of  the  ship  be  veiy  smaU,  we  shall  have  Z  a  K  B,  or  its  equal  z  x  p,  = 
64*  44' nearly    and  Zt»K8  =  86°  16'ne«riy.    And  since  ivoeding  at  I 


right  aog^  from  a  line  k*?*,  when  that  line  is  perpendicular  to  the 
duection  of  the  wind,  is  an  advance  towards  the  wind ;  it  follows  that 
the  above  value  of  w  x  c  will  indicate  the  position  which  the  sail 
should  have  with  respect  to  the  wind,  in  order  that  the  ship  may  get 
to  windward'  with  the  greatest  possible  velocity.  If  the  velooity  of 
the  ship  be  taken  into  consideration,  the  angles  w  x  b  and  is  x  z  will,  as 
before,  be  modified  by  the  rriation  between  the  relodties  of  the  ship 
and  whid. 

Since  the  la»-way,  which  a  ship  always  makes  when  her  sails  are 
oblique  to  the  direction  of  the  wind,  destroys  the  equality  of  the 
retotaon  of  the  water  which  would  take  plaoe  on  tlie  two  bows  if  her 
movement  were  in  the  directicm  of  her  keel,  andgives  rise  to  an  excess 
of  preasow  against  the  lee-bow ;  it  follow*  that  in  these  cireumstanoes 
the  ship's  heaid  is  eonstontly  forced  to  windwsrd,  and  that  the  tendency 
of  the  ship  to  turn  on  the  axis  of  the  rotation  is  so  much  greater  as 
the  bows  are  more  aoute.  To  oppose,  in  some  measure,  this  tendency, 
the  quantity  of  sail  in  front  of  toe  centre  of  rotation,  is  greater  thim 
that  which  is  behind  it;  but,  notwithstanding  such  disposition,  it 
always-requires  some  movement  of  tite  rudder  to  eomplete  ue  counter- 
action. 

BAIL-UAKINGl.  The  oanvai  used  tot  sails  is  a  veiy  stout  material, 
woven  in  England  or  Scotland  from  Russian  hemp,  and  purchased  in 
the  form  of  rolls  called  boUt,  each  bolt  containing  about  40  yards  of 
canvas  24  inches  wide.  There  are  six  or  seven  different  qualities  of 
this  oanvai^  according  to  the  size  and  position  of  the  sail  to  be  made ; 
and  each  quality  has  a  particular  number  attached  to  it,  and  must 
have  a  certain  weight  per  square  foot.  Thus,  in  the  Royal  Navy,  a 
bolt  of  No.  1  canvas,  containing  88  yards,  must  weigh  44  lbs. ;  whereas 
No.  7  weighs  only  about  half  as  much :  the  intermediate  numben 
having  int«nnediate  weights. 

As  the  canvas  is  only  two  feet  wide,  many  breadths  are  required  to 
form  a  large  sail.  The  mainsail  of  ui  East  Indiaman  contains  neariy 
700  yards  of  canvas;  while  the  whole  suit  of  sails  for  such  a  ship 
requires  as  much  as  9000  yards.  As  the  sails  vary  much  in  shape, 
considerable  tact  is  required  in  cutting  up  the  canvas  so  as  to  avoid 
waste.  The  art  of  the  sail  maker  consists  not  only  in  seaming  up  the 
numerous  breadths,  so  as  to  give  the  requisite  dimensions  to  the  sail, 
but  also  in  strengthening  the  sail  by  sewing  rope  to  its  edges.  The 
seaming  and  sewing  are  effected  with  large  three-sided  needles,  of 
seven  or  eight  different  kinds,  which  are  threaded  with  sewing  twine 
having  from  200  to  400  fathoms  to  the  lb.  The  skeins  of  twine 
previous  to  being  used  are  dipped  into  a  trough,  containing  melted  tar, 
grease,  and  oil,  which  is  afterwards  dried.  The  sail-maker  has  a 
thumb-stall  and  a  palm-thimble,  for  protecting  bis  right  hand.  His 
stitches  have  a  regulated  degree  of  closeness,  on  which  his  rate  of 
payment  in  port  depends ,-  there  are  usually  about  100  stitches  in  a 
yard.  The  overlapping  of  the  breadths  is  an  inch  or  an  inch  and  a 
half.  Besides  the  seaming,  sundry  small  pieces  of  oanvas  are  stitched 
to  the  sail  to  strengthen  it  in  various  directions ;  and  the  edge-rope  or 
bolt-rope  is  sewn  on  with  great  firmness.  So  skilfully  is  the  canvas 
marked  out  and  cut  up  by  a  master  sail-maker,  that  in  the  9000  yards 
for  the  forty  sails  of  a  large  ship,  there  will  not  be  more  than  three  or 
four  yards  actually  wasted. 

The  storm  lailt  patented  in  1844  by  Mr.  Archibald  Trail  are  made 
in  the  usual  manner,  but  are  subsequently  strengthened  by  sewing 
to  their  surface  a  number  of  canvas  bands  about  an  inch  Inrnd, 
with  cords  woven  in  them,  such  bands  being  secured  at  tbeir  ends 
into  the  bolt-ropes,  or  cords  forming  the  boundaries  of  the  sail, 
and  carried  diagonally  across  the  eurihce  of  tlie  sail  at  an  angle  of 
45*  with  the  seams,  and  at  a  distanoe  of  about  three  feet  from  each 
other.  Two  sets  of  bands  are  used,  crossing  the  sail  in  .opposite 
directions,  one  set  being  attached  on  eaoh  side  of  the  canvas.  By 
this  simple  contrivance  the  strain  is  so  equalised  as  to  render  teariug 
less  probable  than  with  on  ordinary  sail;  while,  if  any  injury  be 
indicted,  the  rent  is  confined  within  the  narrow  limits  of  one  of  the 
diamond-shaped  compartments  into  which  the  soil  is  divided  by  the 
protecting  bands. 

SAILINGS ;  or  THE  SAILINQS.  The  various  modes  in  which  the 
calculations  of  a  ship's  true  course  are  conducted,  hitve  already,  under 
the  head  BECSOHnros  at  Sea,  been  referred  to  individually,  as 
forming  part  of  a  seaman's  "  day's  work,"  or  dead  reckoning  as  it  is 
called ;  distinctive  of  such  portions  of  his  work  as  depend  on  observa- 
tion of  the  heavenly  bodies.  In  this  article  it  ia  proposed  to  review 
the  peculiarities  of  Che  sailings  with  reference  to  the  great  problem 
of  the  accurate  navigation  of  the  surface  of  a  sphere. 

Under  the  word  N  avigaTiok  the  subject  has  been  treated  rather  as 
the  practice  of  a  general  tjatem ;  and  its  details  haro  been  partly  re- 
ferred to  under  the  terms  Cokpabs,  Gbeat-cibole  or  tasoext  saildto, 
LoxQiTUDE  AND  LATITUDE,  &a.  It  remuns  then  to  treat  uf  the 
relative  values  of  the  various  means  of  estimating  a  ship's  true  position 
by  means  of  certain  operations  called  "sailings.". 

In  considering  first  the  nature  o{  the  must  simple  form  of  naviga- 
tion, namely,  plane  sailing,  but  which  is  only  available  for  small 
spaces  on  the  earth's  surface  and  in  low  latitudes,  the  following  dia- 
gram will  assist. 

Suppose  for  example,  a  ship  bound  to  a  port  bearing  true  N.W, 
distance  80  milee  or  knots.  Her  average  general  velocity  to  be  8 
knots  per  hour.    A  W.V.'W  current  to  be  setUng  at  the  rate  of  8  aiilea 
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perlionr.  The  t^^rertriai  deviation  on  the  compass  to  be  2  pointa 
westerly.  The  ship's  local  attraction  upon  the  average  course  to  be 
IS'  westerly  :  while,  moreover,  the  wjpd  being  north-easterly  (true), 
nbd  the  ship  being  nearly  cloee-hauled,  we  should  allow  about  1  point 
leeway.  It  is  obvious  that  with  so  many  elements  of  disturbance  an 
nj'proximate  course  must  be  selected  before  storting.  Kow,  the  un- 
Kuiuntific  ship-master  would  guess  at  his  course,  and  ii  he  found  himself 
:i,v  siibsB'iuent  obsef-vatlon  or  otherwise,  setting  either  to  leeward  or 
ilic  reverse,  would  so  vary  his  course  as  to  attempt  by  time-losing  ex- 
|ieri:iients  to  finally  reach  his  destination ;  while  the  complete  navigator 
would  probably  proceed  thus  : — Ho  would  either  roughly  calculate  his 
true  course,  having  in  bis  mind's  qro  the  foUowil](^  figure,  or  would 
construct  the  figure  itself,  as  under : — 


Let  o  represoit  the  ship's  position  at  starting,  and  A  the  intended 
port.  It  is  usual  to  take  the  current  as  a  course  and  distance.  We  get 
the  approximate  distance  by  saying  in  this  case  8  :  89  :  :  S  :  80.  oz 
will,  therefore,  represent  in  position  and  magnitude  the  current 
course  knd  distance ;  compounding  the  ship's  bearing  and  distance 
frgm  her  intended  port,  aod  the  set  of  current,  as /oi-<«9[CoHP08mO!i.], 
we  get  the  parallelogram  0  2  A  y,  and  the  Z  A  o  y  (composed  with  the 
N.W.line  o  A)  will  be  the  course.  Which  measured  from  nortli  would 
be  about  K.  324°  W.,  or  by  calculation,  thus  ;  -o  a  being  given  as  80, 
and  bearing  N.W.,  and  02  being  given  30,  bearing  W.X.W.,  the 
i.  ZOA.  would  =  2  points  :  hence  m  the  triangle  A  0  «  we  have  given 
the  two  Bides  and  mcluded  angle  0Ay(=20A)  to  find  the  rest  by 
trigonometry.  From  this  it  would  be  seen  that  starting  from  o,  in  the 
direction  oy,  would,  as  influenced  by  the  current,  carry  the  ship 
along  th«  resultant  o  A  to  its  intended  port  at  a,  were  no  other  in- 
fluence aft  work.  But  perhaps  the  most  difficult  portion  of  a  mariner's 
duty  is  to  clear  his  course  from  compass  erron.  To  continue  the 
example; — after  projecting  the  2  points  variation  westerly  from  B  to  0, 
and  the  16°  W.  by  local  attraction  [LdCAL  Attbaction]  from  o  to  s, 
and  the  1  point  leeway  (westerly)  from  s  to  E,  we  find  that  the 
correction  for  leeway  and  compass  error  amounts  in  this  case  to  the 
correction  B  E,  which,  measured  to  the  eastward  of  o  B,  gives  the  true 
course  which  must  be  steered  by  compass  to  be  o  F,  or  instead  of  about 
N.  82^°  W.,  It  should  be  about  N.  18°  E. 

WImteyer  method  of  sailing  we  adopt,  the  above  mode  of  correction 
ia  indispensable ;  but  with  ^e  exception  of  terrestrial  deviation,  the 
amount  of  correction  to  be  applied  depends  chiefly  on  tiie  judgment, 
and  perception,  and  vigilance  of  the  navigator. 

Middle  latitude  sailing  has  already  under  the  article  RlCKOimos  u 
Ska  been  partially  explained  as  regards  its  application  to  practice; 
its  princij^  will  now  be  briefly  considered.  The  meridians  of  the 
globe  meeting  at  the  poles,  the  parallels  o{  latitude  diminish  in  magni- 
tude as  they  recede  from  the  equator ;  but  as  each  parallel  circle  must 
contain  360°  of  longitude,  it  evidently  follows  that  the  term  degree  of 
longitude  is  one  of  only  relative  value,  depending  on  the  latitude  at 
which  it  Is  situated :  and  when  we  estimate  longitude  by  turning  (as 
.the  phrsiae  is)  departure  into  longitude,  the  assumption  of  its  latitude 
is  either  obtained  by  using  middle  latitude  sailing,  which  adopts  a 
mean  between  the  latitude  left  and  that  arrived  at,  or  by  Mercator's 
sailing,  which  in  moat  cases  is  more  aoourate.  The  questions  will  be 
better  nndentood  from  the  following  figure ; 
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On  »  portion  of  an  ordinary  map,  let  a  ship  start  from  a,  and  after  ■ 
day's  run  (say  of  200  miles)  in  Toriotis  directions,  tufipata  she -finds 
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herself  at  B,    By  middle  httitude  sailing  the  mean  between  the  parallel 

left  and  that  reached  would  be  =  45°,  but  if  wo  measure 

2 
along  the  track  sailed,  it  will  be  found  that  one-half  the  distance 
sailed  would  actually  fall  to.  the  Sbuthward  of  45°,  or  at  0 ;  hence  the 
inaoeuraoy  of  middle  latitude  siJling  in  finding  the  longitude.  .Of 
course  the  remedy  for  this  would  be  to  divide  the  track  into  portions, 
and  find  the  difi'erencs  of  longitude  for  each.  When  near  the  equator 
where  the  meridians  are  not  so  convergent,  middle  latitude  sailing  may 
be  used  with  very  trifling  error ;  but  Mercator's  sailing  is  at  such 
places  less  aoourate,  because,  as  the  following  figure  will  show,  a  small 
error-in  the  course  would  miake  a  large  error  in  longitude. 


In  this,ox  would  be  the  distance  run,  and  the  angle  aob  the  course, 
dx  the  departure,  and  ab  the  difference  of  longitude. 

Parallel  sailing  is  used  when  the  ship  makes  no  difference  of  latitude, 
but  soils  upon  a  parallel  of  latitude.  It  is  only  preferred  for  its  simplicity, 
because  in  "  running  along  a  parallel "  the  distance  is  the  de{»rture, 
and  the  true  course  is  east  and  west :  but  it  is  at  the  expense  of  accu- 
racy, for  a  ship  thus  sails  along  an  arc  of  a  circle  Instead  of  its  chord, 
altnough  at  first  sight  the  reverse  appears  to  bo  the  case.  It  is  how- 
ever certain,  that  the  shortest  distance  between  two  points  on  the 
Burfioe  of  a  sphere  is  the  arc  of  a  great  circle,  the  plane  of  which  pagses 
through  the  earth's  centre.  Now,  if  in  the  following  Jig.  1,  we  draw 
on  a  right  sphere,  ai,  equal  to  the  parallel  of  40°,  and  assume  the 
points  thereon  at  e  and  4,  the  nearest  distance  between  them  will 
appear  to  be  eef.  This  may  be  shown  to  be  incorrect  if  the  parallel  of 
40  be  drawn  in  ^.  2  on  gnomonio  projection,  where  the  chord  eed 
connects  the  two  pointa  and  is  their  nearest  distance;  hence  the 
curve  tedfia  Jig.  1,  is  the  nearest  distance  between  the  points  e  and  d, 
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I>ecau8e  itS4>lane  would  pass  through  the  centre,  while  the  plane  ot  ed 
would  be  parallel  to  it.  But  these  errors  might  be  avoided  altogether 
by  the  use  of  great  circle  sailing,  and  especially  as  Mr.  Saxby  has 
rendered  the  finding  of  a  great  circle  course  more  easy  than  even  the 
Mercator's;  as  already  fully  explained  under  Obiat  Cibole,  on 
Tawokitt  Sailiho. 

Windward  sailing  is  a  term  used  in  cotmection  with  great  circle 
sailing,  by  which  is  implied  the  advantage  taken  of  the  chsjages  in  the 
course  of  a  ship  when  sailing  upon  the  tangents  of  a  great  circle,  and 
is  such  that  a  considerable  saving  of  distance  in  a  voyage  may  be 
efibctsd  idien  a  ship  ii  opposed  by  contrary  winds,  in  determining  on 
which  "tack"  to  sail  with  reference  to  the  great  circle  track  itself. 
For  example,  suppose  that  a  ship  starting  from  b  towards  a  on  a  great 


circle  tmok,  at  drawn  upon  a  Mercator's  chart,  meets  at  0  vrith  the 
wind  S.Vf. ;  if  her  captain  put*  her  npon  the  port  tack,  he  absolutely 
sails  away  from  his  proper  course,  while  by  keeping  her  on  the  starboard 
tack,  as  at  D,  he  sails  in  a  direction  nearly  parallel  to  it. 

Oblique  sailing  is  merely  a  term  applicable  to  those  pnAlema  in 
which  no  right  an^e  ^pean  in  the  projected  triangle.  It  is  a  mere 
term  of  oblique  trigonometry,  such  as  oocuis  in  setting  off  one's  poai- 
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tion  by  ctosb  bearings  of  objects  whoss  relatiTe  bearing  and  distance 
from  each  othtsr  are  well  known. 

Compceite  Bailing  was  so  called,  and  ably  illustrated  by  Mr.  Towson, 
but  the  subsequent  invention  of  the  Spherognph  has  rendered' it  as  a 
sailing  quite  unimportant. 

Having  thus  explained  the  usual  reaoureea  of  the  navigator  in  his 
work  of  calculation  under  $yitcnu  of  progression,  tiie  subject  may  be 
viewed  from  another  point.  The  oomparativQ  steadiness  of  large 
steamers  on  the  ocean,  and  the  greater  advantages  they  possess  in  their 
partial  independence  as  to  the  direction  of  the  wind,  might  seem  to  be 
a  relief  to  the  ship-master ;  such  is,  however,  counterpoised  by  the 
extreme  difficulties  inherent  in  steam  navigation,  and  especially  in  iron 
ships.  It  is  true  the  courses  of  steamers  are  more  direct  and  free  from 
"  traverses,"  but  it  is  the  question  of  local  attraction,  ever  liable  to 
vary,  which  needs  all  the  vigilance  of  the  comnumder.  This  important 
subject  has  been  treated  of  under  Local  Aitbaction,  but  we  may 
add  that  Professor  Aiiy  has  further  illusbated  his  previous  investiga- 
tion by  a  very  valuable  communication  read  before  the  Institution  of 
Naval  Architects  on  March  1st,  1860. 
,    SAILORS.    [Ships;  Seamkh.] 

'  SAINFOIN',  Onobiychit  lativa,  is  a  plant  of  the  ifamily  of  the  Ltgii- 
minotai,  which  grows  luxuriantly  and  spontaneously  on  the  calcareous 
soils  of  the  middle  and  south  of  Europe.  It  has  been  in  regular  culti- 
vation for  upwards  of  two  centuries  for  the  purpose  of  supplying 
fodder  for  cattle,  either  in  the  green  state  or  wb«i  converted  Into  nay. 
There  are  few  plants  which  have  more  nqudly  improved  the  value  of 
poor,  thin,  calcareous  soils  than  sainfoin ;  and  in  the  richer  kinds  of 
loam,  which  contain  a  considerable  proportion' of  calcareous  matter,  its 
value  BurpoEves  even  that  of  broad  clover,  giving  fully  as  great  a  return, 
with  a  much  smaller  expenditure  of  manure.  The  plant  has  a  strong 
woody  sjid  fibrous  root,  which  insinuates  itself  into  the  fissures  of 
calcareous  rocks,  and  finds  moisture  in  the  driest  seasons,  while  its 
spreading  fibres  I^eep  the  earth  from  being  washed  down  the  steep 
slopes  of  the  hills.  Being  nearly  perennial,  or  at  least  of  many  years' 
duration,  it  binds  the  soil  together.  In  favourable  situations  it  may 
be  made  into  hay  twice  in  the  year,  or  cut  oftener  as  green  fodder.  In 
the  most  arid  and  exposed  situations  it  gives  at  least  one  good  crop  of 
hay.  The  plant  grows  about  two  feet  high,  and  the  stem,  which 
branches  out  into  many  compound  leaves,  is  crowned  with  a  beautiful 
spike  of  papilionaceous  flowers.  After  it  has  been  mown  it  shoots  out 
rapidly  again,  and  may  be  advantageously  depastured  by  every  kind  of 
catUe  or  sheep.  There  are  varieties  of  the  plant  which  differ  in  the 
rapidity  of  meir  growth :  the  best  is  called  in  France  apanxtte,  or 
taa^oin  &  deux  eoupet.  From  France  it  has  been  introduced  into 
England.  The  duration  of  sainfoin  depends  on  the  nature  of  the  soil, 
and  the  state  it  wa;  in  with  respect  to  weeds  when  it  was  sown,  A 
cold  wet  subsoil  soon  destroys  the  roots,  whereas  a  free  and  dry  one, 
whether  rocky  or  gravelly,  gives  them  vigour.  Gross  and  weeds,  which 
choke  the  crown  of  the  plant,  soon  cause  it  to  decay,  as  is  the  case  with 
luoem.  'With  every  advantage,  it  may  last  in  vigour  ten  years,  espe- 
cially if  it  be  occasionally  invigorated  with  a  top-dressing  of  manure. 
Curing  that  time  it  may  be  cut  for  hay  every  year,  taking  care  to  cut 
it  before  the  flower  is  faded  or  the  seed  formed ;  and  if  sheep  are 
folded  on  the  aftermath,  the  next  crop  will  well  repay  the  trouble.  It 
is  usually  sown  in  spring  in  a  crop  of  barley  or  oats,  which  should  be 
sown  thin  in  order  that  the  sainfoin  may  not  be  smothered.  The  land 
should  have  been  prepared  by  a  cleansing  crop,  such  as  turnips  fed  off 
'by  sheep  folded  on  tiiem.  iVom  three  to  four  bushels  of  rough  seed 
may  be  sown,  harrowed  in,  and  rolled.  It  is  not  often  drilled,  although 
this  method,  by  allowing  the  use  of  the  hoe  between  the  rows,  would 
much  strengthen  the  young  plants,  and  protect  them  against  coarse 
grasses,  which  are  their  greatest  enemies.  In  the  first  year  the  sainfoin 
should  not  be  fed  off  by  sheep ;  and  if  it  is  mown,  it  should  not  be 
mown  too  dcee  to  the  ground.  The  crown  of  the  root  in  the  young 
plant  rises  a  littie  above  the  ground,  and  if  this  be  bit  off  or  cut  with 
the  scythe  the  plant  dies.  It  is  useful  to  harrow  the  ground  lightiy, 
to  draw  the  earth  round  the  roots,  and  to  destroy  the  seed- weeds  soon 
after  the  barley  or  oats  are  reaped.  The  sainfoin  does  not  produce  a 
]ai;ge  crop  the  first  year,  for  some  of  the  seeds  will  lie  a  twelvemonth 
in  the  ground  before  they  raring  up.  It  is  in  perfection  after  the 
second  year,  when  a  portion  may  be  reserved  for  seed.  Sainfoin  hay  is 
extremely  nourishing  for  every  kind  of  cattle,  especially  if  it  has  b«en 
made  without  rain.  Although  it  is  not  apt  tg  heat  in  the  stock,  it 
must  be  put  up  in  a  very  dry  state ;  and  if  it  has  suffered  from  rain 
too  much  care  cannot  be  taken  tlioroughly  to  dry  it,  for  the  water 
insinuates  itself  into  the  hollow  stems,  and  is  long  in  evaporating,  so 
that  when  it  feels  quite  dry  it  may  yet  contain  much  water.  The 
mode  of  discovering  this  is  to  twist  it  strongly  in  the  hands  into  a 
rope,  when  the  moisture,  if  there  is  any,  will  ooze  out.  It  is  better  to 
let  it  dry  thoroughly,  than,  by  carrying  it  in  a  hurry,  to  run  the  risk 
of  its  becoming  mouldy  within.  In  very  precarious  seasons  it  may  be 
carried  in  a  half-dried  state,  provided  there  be  no  moisture  in  it  from 
dews  or  showers,  and  stacked  in  alternate  layers  with  Bood  straw.  It 
will  impart  some  of  its  frsgrance  to  the  straw,  and  lose  none  of  its 
nutritive  qualities.  The  same  may  be  done  with  lucem  or  clover. 
The  most  advantageous  use  of  sainfoin,  however,  is  to  cut  it  green  and 
give  it  immediately  to  the  cattle.  There  is  littie  danger  of  their  bcin;? 
boren  by  it,  for  it  ferments  verj-  a'-owly,  owing  to  the  librous  nature  of 


the  stem.  If  the  aitnatipn  of  the  field  admits  of  oooosional  irrigation, 
without  danger  of  the  water  stagnating,  the  produce  of  the  sainfoin 
will  be  greatly  iacr«»sed ;  and  it  has  been  known  to  be  cut  four  or 
even  five  times  in  a  season  without  exhausting  its  strength.  When  it 
begins  to  appear  thin  on  the  ground,  and  other  plants  seem  to  get  the 
better  of  the  sainfoin,  it  is  time  to  break  it  up.  The  land  will  be 
found  much  improved  in  fertility  by  the  sainfoin.  A  poor  dialk  or 
gravel,  which  before  would  scarcely  repay  the  seed  sown  in  it,  will 
now,  by  the  gradual  decay  of  thti  roots  and  fibres  of  the  sainfoin,  pro- 
duce good  crops  without  manure.  If  clean,  it  may  be  ploughed  up  for 
wheat ;  if  foul,  as  it  is  most  likely  to  be,  it  may  be  pued  and  burned, 
and  yield  a  crop  of  turnips,  to  be  portiy  fed  off  and  followed  by  barley. 
Many  a  poor  barren  tract  of  calcareous  rock  and  gravel  has  been 
fertilised  and  raised  in  value  by  the  sole  effect  of  the  sainfoin,  without 
which  it  must  have  remained  in  its  unproductive  state. 

Although  a  chalky  soil  is  best  adapted  to  the  growth  of  sainfoin,  it 
may  be  sown  with  advantage  in  all  light  calcareous  loams,  provided  the 
substratum  be  sound  and  dry.  On  very  rich  deep  moulds  lucem  is  a 
more  profitable  crop ;  but  sainfoin  will  thrive  where  luoem  will  fail, 
and  it  is  particularly  adapted  for  poor  dry  soils. 

There  is  nothing  peculiar  in  the  manner  in  which  sainfoin  is  made 
into  hay.  It  should  not  be  shaken  about  too  much,  but  treated  as 
clover  is,  for  fear  of  injuring  the  flower  and  breaking  off  the  leaves. 
The  swathe  should  be  merely  turned  over  when  dry  on  one  side,  and 
then,  as  soon  as  it  is  dry  through,  it  should  be  put  jnto  small  cocks, 
turned  once  or  twice  when  the  dew  is  pff  the  ground,  and  carried  to 
the  stack  as  soon  as  it  is  sufficienUy  made.  It  should  take  a  good  heat 
in  order  to  make  it  compact,  but  without  acquiring  too  dork  a  colour. 
Experience  alone  can  teach  the  exact  time  when  it  should  be  stacked. 
'When  it  is  left  for  seed,  it  should  be  examined  carefully  after  the 
blossom  fades.  The  lower  pods  will  be  filled  with  ripe  seed  before  the 
blossoms  at  the  top  of  the  spike  of  flowers  ore  n-ithered  or  the  seed 
formed  in  t^em.  If  the  sainfoin  were  left  standing  till  these  seeds 
wore  ripe,  the  lowest  would  be  shed;  but  by  cutting  it  at  a  proper 
time  these  may  be  preserved,  while  most  of  the  latter  will  ripen  in  the 
straw  sufficieutiy  to  vegetate  when  sown,  Bainy  weather  is  very 
injurious  to  the  seed  crop ;  a  fine  time  should  therefon  be  selected,  U 
possible,  even  at  the  risk  of  a  smaller  crop.  The  produce  varies  from 
three  to  five,  or  even  six,  sacks  per  acre.  It  is  easily  threshad  out, 
and  this  operation  is  oft^  done  on  a  cloth  in  the  field,  when  the 
weather  permits.  It  is  readily  done  by  a  threshing-machine^  and 
winnowed  like  com.  On  the  whole,  there  are  few  plants  the  culti- 
vation of  wlfich  is  so  advantageous  as  that  of  sainfoin  on  the  limestone 
soils  on  which  it  thrives  best. 

SAINT,  derived  from  the  Latin  "sanctus,"  through  the  French 
"  sainct,"  properly  signifies  a  holy  or  pious  person,  and  is  so  used  in  the 
Christian  church.  ]^om  the  commencement  of  the  Christian  religion, 
great  veneration  was  always  shown  to  persons  remarkable  for  their 
holiness  or  piety,  and  their  memory  was  cherished  after  their  death. 
In  course  of  time  it  became  the  custom  to  implore  departed  saints  to 
assist  the  living  by  their  prayers  snd  intercessions  with  the  J)eity ;  and 
as  man  has  in  ^  ages  felt  the  want  of  a  mediator  between  himself  and 
the  Deity,  the  practice  of  praying  to  saints  inci-eased  rapidly,  and 
superstition  multiplied  the  number  of  such  mediaton  to  so  g^«at  an 
extent,  that  it  was  at  length  found  necessary  to  put  some  restraint 
upon  the  practice.  It  was  accordingly  decreed  by  the  ecclesiastical 
councils  in  the  9th  century,  that  no  departed  Christian  should  be  cen- 
sidered  as  a  ssint  to  whom  prayers  might  be  addressed,  until  the 
bishop  in  a  provincial  council,  and  in  the  presence  of  the  people,  had 
pronounced  nim  worthy  of  that  honour.  Even  in  that  century  many 
divines  thought  that  it  was  proper  that  the  decisions  of  bishops  and 
councils  should  be  oonfiimed  by  the  consent  and  authority  of  the  pope, 
who  was  regarded  as  the  supreme  and  universal  bishop.  It  was  not, 
however,  till  the  following  century  that  any  person  was  sainted  by  tiio 
bishop  of  Rome  alone ;  and  this  honour  wss  first  conferred  on  Udalric, 
bishop  of  Augsburg,  by  John  X'V.  Shortly  afterwards  the  privilege 
of  declaring  departed  Christians  to  be  saints  was  confined  to  the 
pope ;  and  the  creation  of  saints  was  distinguished  by  the  name  of 
"  canonisation." 

The  invocation  of  saints  in  the  Boman  Catholic  church  is  frequentiy 
stigmatised  as  idolatry;  and  the  Church  of  England  condemns  the 
Romish  doctrine  on  the  subject  as  "  a  fond  thing  vainly  invented,  and 
grounded  upon  no  wamnty  of  Scripture,  but  rather  repugnant  to  the 
word  of  God."  (Article  xxii.)  In  tliia,  as  in  any  other  case  of  religious 
controversy,  it  is  right  to  take  the  account  of  the  doctrine  from  the 
persons  who  believe  in  it,  and  not  from  a  statement  of  their  opponents. 
Thus  Bellarmine  says, "  It  is  not  lawful  to  ask  of  the  saints  to  grant  to 
lu,  as  if  they  were  the  authon  of  divine  benefits,  glory,  or  grace,  or  the 
other  means  of  blessedness.  This  is  proved,  first,  from  Scripture  :  '  The 
LorJ  will  give  grace  and  glory,'  (Psalm  Ixxxiv.)  Secondly,  from  tho 
usage  of  the  church ;  for  in  the  mass  prayers  and  the  saints'  offices  we 
never  ask  anything  else  but  that  at  their  prayers  benefits  may  bo 
granted  to  us  by  God.  Thirdly,  from  reason ;  for  what  we  need  sur- 
passes the  power  of  the  creature,  and  therefore  even  of  saints  ;  there- 
fore we  ought  to  ask  nothing  from  saints  beyond  their  impctmtiiig 
from  God  what  is  profitable  to  us.  Fourthly,  from  Augustine  and 
Theodoret,  who  expressly  teach  that  saints  are  not  to  be  invoked  oa 
gods,  but  as  able  to  gain  from  God  what  they  wish.    However,  it  must 
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be  observed,  when  we  say  that  nothing  ahould  be  uked  of  sainU  but 
their  prayeiii  for  us,  the  question  is  not  about  the  words,  but  the  sense 
of  the  words.    For,  as  far  as  words  go,  it  is  lawful  to  say, '  St.  Peter, 

Q  me, save  me,  open  for  me  the  gate  of  heaven;'  also,  'give  mo 
th  of  body,  patience,  fortitude,  lie.,'  provided  that  we  mean  '  save 
and  pity  me  by  praying  for  me ; '  '  grant  me  this  or  t^hat  by  thy 
prayers  and  merits.'  For  so  speaks  Qregoiv  Kazianzen,  and  many 
others  of  the  ancients."  ('De  Sanct.  Beat,  i.  17.)  The  doctrine  of 
the  Roman  Catholic  ohurch  is  explicitly  stated  in  tiie  council  of  Trent ; 
"  Though  the  church  has  been  accustomed  sometimes  to  celebrate  a 
few  masses  to  the  honour  and  remembrance  of  saints,  yet  she  doth 
not  teach  that  sacrifice  is  offered  to  them,  but  to  Qod  alone,  who 
crowned  them ;  wherefore  neither  is  the  priest  wont  to  say,  I  offer 
sacrifice  to  thee,  0  Peter,  or  0  Paul,  but  to  God."    (Sess.,  22.) 

The  Lives  of  the  Saints  have  been  written  in  the  '  Acta  Sanctorum,' 
51  vols.  fol.  [BOLLANDUS,  JoH]7,  in  Bioo.  Div.]  ;  and  in  Alban  Butler's 
'  UveB  of  the  Saints,'  12  vols.  8vo. 

SAINT  ANTHONY'S  FIRE.    [Ebtsipelab.] 

SAINT  ELMO'S  FIRE.    [Liohtnimo.] 

SAINT  MARTHA  WOOD.    [Brazil  Wook] 

SAINT  VITOS'S  DANCE.    [Chorea.] 

SAL  ALEMBROTH.    [Mkbcubt.    Bichloride  of  ifereunj.] 

SAL  AMMONIAC.    [Ahmonium,  OlOoride  of.] 

SAL  ENIXUM.    [Potassiuu:  Bisulphate  of  Polath.'] 
■  SAL  MIRABILE,  a  name  formerly  applied  to  sulphate  of  80cla. 

SAL  PRUNELLA.    [Potassium.    l</itrate  of  Potaih.] 

SALE  is  that  transaction  by  which  the  ownership  of  property  is 
traiwferred  to  the  buyer,  in  consideration  of  a  money  payment  by  him, 
or  on  his  behalf,  to  the  seller.  Such  transfer  of  ownership  may  some- 
times be  mode,  although  the  property  does  not  belong  to  the  seller ; 
OB  in  the  case  of  sales  in  open  market,  which  are  valid,  though  made 
by  parties  wholly  without  title  to  the  property,  or  authority  to  sell  it ; 
and  sales  by  factors  and  agents  ^alj  authorised.  Under  the  present 
head  it  ia  projposed  to  treat  only  of  the  law  relating  to  the  simple  act 
of  sale,  it  bemg  assumed  that  the  parties  to  we  sale  are  legally 
qualified  to  effect  it.  Persons  in  certain  conditions  are  by  law  in  some 
cases  restrained  and  in  others  disabled  from  buying  and  selling,  but 
theae  restrictions  and  disabilities  form  no  part  of  the  law  of  sale;  they 
belong  rather  to  those  branches  of  the  law,  such  as  in&ncy,  bank- 
ruptcy, insolvenqr,  coverture,  lunacy,  alienage,  fto.,  which  create  and 
define  them. 

Oenetally,  all  things  may  be  the  subject  of  sale ;  but  there  are  some 
exceptions, — such  are  a  mere  title  to  lands  of  wUch  a  party  is  not  in 
possession,  a  presentation  to  a  living  actiully  vacant,  the  pay  of  a  naval 
or  mjlitaiy  oOicer,  and  some  other  things. 

Ptoperty  ia  distributed  under  the  two  heads  of  real  and  personal  pro- 
perty, which  differ  materially  in  many  respects ;  and  the  m(>de8  of  effect- 
ing the  sale  of  each  of  these  kinds  of  property  likewise  materially  differ. 
Some  incidents,  however,  are  common  to  a  sale  both  of  real  and 
personal  property. 

No  sale  is  valid  so  as  to  be  capable  of  being  enforced  imless— 

1st.  The  parties  to  it  act  with  good  faith  ; 

2nd.  Unless  there  is  consent  in  each  of  them  ;  and, 

3rd.  No  sale  is  valid  the  subject  of  which  is  Ulega],  or  which  in- 
volves an  illegal  transaction,  or  has  for  its  object  an  illegal  act. 

With  respect  to  the  first  jiQinciple,  it  is  a  maxim  of  the  conamon 
law  that  fraud  vitiates  all  contracts.  The  fraud  may  be,  with  respect 
to  the  pn^rty,  the  subject  of  sale,  either  of  a  positive  character,  such 
as  wilful  miadescriptiou  uf  it  in  some  material  particular  by  the  seller, 
or  negative,  such  as  a  designed  concealment  of  defects  and  incum- 
brances. In  these  cases  the  contract  of  sale  cannot  be  enforced,  not- 
withstanding express  stipulations  that  the  projKrty  shall  be  taken  with 
all  ite  faults,  or  that  misstatements  shall  not  in^niUdate  the  sole,  but 
shall  be  provided  for  by  compensation. 

What  is  a  material  particular,  will  of  course  depend  upon  the 
subject-matter  of  the  sale  and  the  circumstances  of  the  case.  A  mis- 
description of  the  situation  of  an  estate,  a  statement  that  a  public- 
house  which  was  bound  by  covenant  to  purchase  beer  of  a  particular 
brewer  was  a  free  public-house,  that  a  long  leasehold  estate  was  free- 
hold, have  been  held  to  be  material.  Under  this  head  may  be  adduced 
as  on  instance  the  employment  of  more  persons  than  one  to  moke 
false  biddings  at  an  auction  on  behalf  of  the  seller.  Such  persons  are 
commonly  called  puffers.  One  such  person  may  lawfully  be  employed 
to  protect  the  interests  of  the  seller  by  merely  buying  in  the  property 
at  a  predetermined  sum.  But  the  bidding  of  more  than  one  has  the 
effect  of  inducing  an  incorrect  opinion  as  to  the  value  of  the  estate, 
and  such  bidding,  being  fraudulent,  invalidates  the  sale.  In  like 
manner  fraud  on  the  part  of  the  buyer  will  have  the  same  efiect ;  as 
where  he  prevente  other  perscois  from  purchasing  by  fraudulently 
misrepresenting  the  nature  of  the  property,  or  attempts  to  obtain 
possession  of  it  ^vith  a  design  not  to  pay  for  it;  or  where,  when 
negociatiug  the  sale,  he  knows  himself  to  bo  insolvent,  or  makes  pay- 
ment by  cheques  or  bills  which  he  knows  will  not  be  honoured,  &c. 
These  are  instances  of  fraud  which  is  intended  to  operate  only  on  sne 
of  the  parties  to  the  sale.  But  the  same  effect  may  be  produced  where 
the  fraud  is  intended  to  operate  on  other  persons  not  parties  to  the 
sale ;  as  whore  a  sale  is  attempted  to  be  made  by  a  seller  for  the  pur- 
pose of  defrauding  his  creditors.    If  in  such  case  the  buyer  particijate 


in  the  fraudulent  intention,  the  sale  will  be  invalid.    In  an  action  at 
law,  the  question  whether  fraiid  has  existed  is  to  be  determined  by  the 

2.  There  must  be  consent  in  each  of  the  parties  to  the  gale.  Thig 
rule  involves  the  proposition,  that  each  must  be  a  free  and  intelligent 
agent :  no  sale  therttore  can  be  Talid  where  eithdr  of  the  parties  was 
under  coercion  by  violence  or  imprisonment,  or  bodily  fear,  or  was 
lunatic,  or  idiot,  or  utterly  intoxicated.  Again,  in  order  that  a  buyer 
may  be  a  l^ally  consentuig  pairty  to  a  sale,  he  must  be  truly  informed 
in  all  material  particulars  as  to  the  property  which  is  the  subject  of 
sale.  This  must  be  understood  of  such  puticulars  as  he  cannot  by 
reasonable  care  and  observation  inform  himself  upon,  for  a  man  has  no 
legal  protection  against  the  consequences  of  his  own  eamlessness  and 
negligence.  If,  however,  he  has  beian  deceived  in  any  other  partioulara, 
even  unintentionally,  by  the  buyer,  he  cannot  b6  said  to  consent  to 
the  bargain.  The  consent  which  he  gives  is  to  the  purchase  of  such 
property  as  has  been  described  to  him,  and  the  consent  therefore 
cannot  relate  to  the  property  which  is  the  subject  of  the  sale,  if  it 
differs  in  material  pointe  from  what  haa  been  described.  Thus  in  the 
common  case  of  a  horse  warranted  sound,  the  consent  is  to  buy  a  sound 
horse,  and  the  buyer  cannot  be  considered  to  have  consented  to  bi^  an 
unsound  horse.  If  therefore  the  horse  is  manifestly  unsound,  a  party 
cannot  be  compelled  to  carry  into  effect  his  contract  to  purchase  it. 
The  case  is  the  same  with  an  estate  said  to  be  tithe  free,  which  in 
reality  is  not  so,  or  with  any  other  property  the  description  of  which, 
as  stated,  varies  materially  from  the  truth.  Where  indeed  the  vaiianoa 
from  the  description  is  obvious,  and  the  buyer  has  hod  an  opportunity 
of  inspecting  the  property  and  afterwards  chooses  to  complete  the 
purchase,  the  contract  will  not  be  invalid.  The  reason  of  this  rule  is 
manifest,  for  the  legal  presumption  is  that  ordinary  diligence  has  been 
used,  where  It  might  and  ought  to  have  been  used,  and  there  is  there- 
fore no  ground  for  supposing  an  absence  of  the  buyer's  consent. 

In  cases  where  there  is  no  fraud,  and  a  possibility  of  variance  £rom 
the  description  is  contemplated  in  the  conditions  of  sale,  the  sale  may 
still  be  valid  notwithstanding  the  existence  of  such  variance,  for  in 
this  case  both  parties  knowingly  take  the  chance  of  the  variance  being 
either  favourable  or  adverse  to  them.  As  when  for  instance  it  is 
steted  that  an  estate  consiste  of  so  many  acres,  Jtc.,  be  the  same  more 
or  less,  &c.  If  the  conditions  of  sale  contain  a  provision  that  com- 
pensation shall  be  made  for  such  variances  when  they  are  ascertidned, 
then^  the  party  in  whose  favour  they  turn  out  to  be,  will  be  bound  to 
make  such  compensation.  If,  however,  from  the  circumstances  of  the 
cose  it  should  appear  that  such  compensation  cannot  be  made,  the  sole 
cannot  be  enforced  against  the  purchaser,  forasmuch  as  the  terms  to 
which  the  parties  consented  are  impossible,  and  there  is  therefore 
nothing  to  which  the  consent  is  applicable. 

A  court  of  equity  will  in  some  cases  compel  a  buyer  to  complete  his 
bargain,  on  the  condition  of  the  seller  making  him  compensation  in 
respect  of  those  matters  in  which  there  is  a  vaiiance,  even  although 
there  is  no  provision  to  that  effect  in  the  oonditions  of  sola  The 
principle  on  which  this  is  done  is,  that  parties  ought  to  carry  into 
effect  what  was  substantially  their  intention.  This  power  of  the 
court  therefore  is  not  exercised  where  the  variance  is  material,  or  where 
the  attainment  of  the  particular  matter  in  which  a  variance  exists 
really  was  the  main  object  of  the  purchase.  The  common  terms  of 
exaggerated  praise  in  which  persons  speak  of  the  property  that  they 
h&ve  to  sell,  is  not  such  misdescription  as  will  make  a  sale  void.  In 
cases  where  property  is  agreed  to  be  sold  by  one  contract,  in  one  lot,  a 
buyer  cannot  be  compelled  to  take  some  part  of  it  without  the  rest. 

8.  No  sale  is  valid  if  the  subject  matter  of  it  is  illegal  or  prohibited, 
or  if  an  essential  part  of  it  is  an  ill^;al  transaction  or  involves  an  illegal 
act.  A  sale  of  treasonable,  blasphemous,  or  obscene  publications  is 
void,  for  the  acta  of  treason,  blasphemy,  and  obscenity  ore  legally 
puniishable.  A  sale  of  property  known  by  the  seller  to  be  intended  to 
be  used  for  illegal  purposes  is  void,  such  as  drugs  to  be  used  for  the 
adulteration  of  provisions,  or  a  house  to  be  occupied  for  the  purposes 
of  prostitution.  Sales  for  the  purpose  of  avoiding  the  forfeiture  to 
the  crown  incident  upon  judgment  after  a  conviction  for  felony,  are 
void.  Sales  to  an  alien  enemy  are  unlawful,  although  a  power  existe 
in  the  crown  to  grant  licences  legalising  such  sales.  Offices  of  publio 
trust,  such  as  those  which  are  connected  with  the  administration  of 
justice  or  government,  either  in  the  United  Kingdom  or  in  the 
dependencies  upon  it,  cannot  lawfully  be  mode  the  subject  of  sale. 
The  enactments  affecting  the  sale  of  various  articles  are  too  numerous 
to  be  referred  to  here.  It  may,  however,  be  laid  down  generally  that 
where  a  thing  is  prohibited  and  made  unlawful  by  Bt.itote,  a  contract 
for  the  sale  of  such  thing  is  void,  even  although  the  statute  does  not 
enact  that  it  shall  be  so,  but  only  attaches  a  penalty  to  an  infringement 
of  ite  provisions.  Sales  of  contraband  articles  are  also  void;  and 
even  in  the  cose  of  a  foreigner  selling  goods  abroad,  to  be  delivered 
in  this  coimtry,  the  sale  will  be  invalid,  if  he  be  cognisant  of  and 
aiding  in  an  attempt  to  introduce  them  into  this  country  in  contra- 
vention of  the  revenue  laws.  A  sale  of  property  in  the  ordinary  course 
of  a  party's  trade  is  void  if  made  on  a  Sunday,  although  the  sale  of 
the  same  article  by  anotlier  person  whose  ordinary  d«ilings  are  not 
in  such  matters  would  be  valid. 

In  case  of  a  sale  of  lands,  it  is  assumed  that  the  seller  has  a  good 
tiUo  to  them, and  that  he  will  deliver  over  the  titiotleeds  to  the 
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linjer.  In  failure  of  either  of  these  particulars  the  sale  cannot  be 
enforced.  The  right  to  receive  a  good  title  is  one  which  is  conferred 
upon  the  buyer  by  the  law,  indejieadently  of  any  agreement  between 
the  parties. 

By  the  statute  29  Charles  11.,  o.  8,  a.  4,  certain  forma  were  required 
in  order  to  give  effect  to  a  sale  of  "  lands,  tenements^  or  hereditaments, 
or  any  interest  in  or  concerning  them."  Such  foi-ms  ore  no  part  of  the 
sale,  which  consists  in  the  consent  of  parties  who  are  .competent  to 
consent,  but  the  statute  merely  declares  that  such  consent  shall,  in 
certain  cases,  have  no  legal  effect,  unless  the  prescribed  forms  are 
observed.  If  an  agreement  for  sale  has  been  made  without  the 
requisite  formalities,  and  has  been  carried  into  effect  in  some  material 
part,  a  court  of  equity  will  enforce  the  performance  of  the  whole 
contract,  on  the  ground  that  the  informal  contract,  having  been  partly 
comiileted,  is  not  a  case  within  the  statute.  In  all  other  cases  of  con- 
tirauts  as  to  interests  in  land, "  the  agreement,  or  some  memorandum 
or  note  thereof,  shall  be  in  writing,  and  signed  by  the  party  to  be 
charged  therewith,  or  by  some  other  person  thereunto  by  hira  lawfully 
authorised."  The  agreement  binds  the  party  who  signs  it,  although  it 
is  not  signed  by  the  other  party.  No  established  form  is  requisite, 
and  it  is  not  necessary  that  the  agreement  should  be  contained  in  one 
instrument :  it  may  be  collected  from  a  series  of  letters,  or  a  written 
offer  followed  by  a  written  acceptance,  or  from  documents  referred  to 
by  a  letter.  The  signature  may  be  attached  to  any  part  of  it.  An 
agent  may  be  appointed  verbally,  and  the  same  person  may  act  as  agent 
for  both  parties  to  the  sale.  An  auctioneer  is  such  agent,  and  his 
writing  down  the  name  of  the  highest  bidder  in  bis  book  is  a  sufficient 
signature. 

I  he  law  which  relates  to  the  construction  of  agreements  for  sale 
faUs  under  the  oixlinary  rules  as  to  the  construction  of  agreements 
generally.  The  same  observation  applies  as  to  the  remedies  which 
parties  possess  for  the  enforcement  of  them.  When  the  contract  for 
the  sale  of  an  estate  is  completed,  the  estate  is,  in  equity,  considered 
to  be  sold,  and  the  buyer  is  viewed  as  the  owner  of  the  estate,  and  the 
seller  as  only  a  trustee  for  the  buyer,  while  the  buyer  is  considered  as 
•  trustee  of  the  purchase-money  for  the  seller.  If,  therefore,  a  party 
has  contracted  for  the  sale  of  on  estate  of  inheritance,  and  die  before 
payment  of  the  purchase-money,  the  money  will  be  considered  as  part 
of  his  personal  estate,  and  his  executors  will  be  entitled  to  it.  On  the 
other  hand,  if  the  party  who  has  contracted  to  buy  the  estate  die 
before  it  is  conveyed  to  him,  his  heir  or  devisee  will  be  entitled  to  the 
estate,  end  the  executors  must  pay  the  purchase-money  out  of  the 
personal  estate  of  the  buyer,  if  they  have  sufficient  assets.  It  is  a  con- 
sequence of  this  equitable  doctrine,  that  the  buyer  must,  as  a  general 
rule,  bear  any  loss  which  happens  to  the  estate  after  the  completion  of 
the  contract  of  sale,  A  person  who  has  obtained  such  an  equitable 
ownership  may  deal  with  the  property  in  all  respects  as  if  it  were  his 
own ,'  and  such  dealings,  though  not  valid  at  law,  are  viewed  as  valid 
transactions  in  a  court  of  equity. 

With  respect  to  sales  of  personal  property,  the  common  law  required 
no  formalities.  The  terms  of  sale  might  be  agreed  on  either  verbally  or 
in  vi^riting ;  and  they  might  be  proved  by  any  evidence  legally  appli- 
cable to  the  proof  of  other  matters.  Sales  of  goods  made  at  one  time, 
and  not  together  exceeding  in  price  KM.,  still  remain  on  this  footing. 
By  the  same  statute  (29  Chas.  II.,  c.  8)  which  prescribed  certain 
formalities  in  rales  of  land,  it  was  enacted  (s.  17)  that  "  no  contract  for 
the  s.ile  of  any  goods,  wares,  and  merchandise  for  the  price  of  lot. 
sterling  and  upwards  shall  be  allowed  to  be  good  except  the  buyer  shall 
accept  part  of  the  goods  so  sold  and  actually  receive  the  same  or  give 
somethmg  in  earnest  to  bind  the  bargain,  or  in  part  payment,  or  that 
some  note  or  memorandum  in  writing  of  the  said  barigain  be  made 
and  signed  by  the  parties  to  be  chained  by  such  contract  or  their 
agents  thereunto  lawfully  authorised."  By  the  9  Geo.  IV.,  a.  14,  s.  7, 
the  enactments  of  this  act  are  extended  to  all  contracts  for  the  sale  of 
goods  of  the  value  of  10/,  sterling  and  upwards,  notwithstanding  the 
goods  may  bo  intended  to  be  delivered  at  some  future  time,  or  may 
not  at  the  time  of  the  contract  be  actually  made  or  fit  for  delivery. 
The  statutory  requisites  are  thus  four  in  number : — 

1.  Delivery  and  receipt  of  pai't  of  the  goods. 

2.  Payment  of  earnest. 

3.  Payment  of  part  of  the  price. 

4.  A  signature  of  a  memorandum  of  the  bargain  by  the  party  or  his 
ogent.  By  the  performance  of  any  one  of  these  requisites  the  partian 
to  the  sale  are  bound. 

If  the  goods  themselves  are  delivered  to  the  buyer  himself  and 
accepted  by  him,  of  course  no  question  can  arise  as  to  the  completion 
of  the  barg.-iiu.  Where,  however,  the  delivery  is  not  to  him  personally, 
many  cases  of  nicety  occur  as  to  whether  or  not  a  delivery  has  taken 
place,  so  as  absolutely  to  vest  the  property  of  the  goods  in  the  buyer. 
A  delivei-y  which  would  be  sutlicient,  if  not  afterwards  interfered  with 
by  the  seller,  to  accomplish  the  requisite  of  the  statute,  is  complete  as 
soon  as  the  goods  have  been  delivercHl  to  a  carrier  for  the  purpose  of 
being  conveyed  to  the  buyer,  even  although  the  carrier  has  not  been 
sclectetl  Ijy  the  buyer.  But  during  the  course  of  actual  transit  to  the 
place  indicated  by  the  buyer  to  the  seller  as  the  place  of  destination, 
the  goods  are  subject  imdtr  certain  circumstances  to  a  right  of  the 
seller  to  detain  them.  This  is  called  the  right  of  stoppage  in  transitu,  and 
the  time  and  place  when  it  ceases  are  often  a  question  of  great  nicety. 


[Stopfaoe  in  Travsitv.]  Where  no  delivery  of  part  of  the  goods 
themselves  has  been  made  by  actual  removal,  a  constructive  deliveiy 
may  effect  the  same  purpose  :  a  delivery  of  the  key  of  the  warehouse 
where  the  goods  lie ;  the  receipt  of  rent  for  their  warehouse-room  by 
the  seller ;  the  endorsement  and  delivery  of  a  bill  of  lading  or  a  dock 
warrant;  on  order  to  a  wharfinger  to  deliver,  kc.,  amount  to  a 
delivery.  In  all  such  cases,  however,  it  must  be  understood  that  the 
delivery  is  not  complete  if  anything  yet  remains  to  be  done  to  the  goods 
on  the  part  of  the  seller,  such  as  their  separation  by  weighing  or 
measurement  from  a  larger  bulk.  Again,  the  exercise  of  ownerahip 
over  the  goods  by  the  buyer,  with  permission  of  the  seller,  is  ah  act 
legally  equivalent  to  deUvery :  such  as  marking  the  goods,  tasting 
wme,  and  cutting  off  the  pegs  from  the  cask,  &c.  But  in  these  eases  it 
must  distinctly  appear  that  the  act  which  is  done  is  an  act  of  ownenhip ; 
if  done  with  any  otlier  view,  as  for  the  purpose  merely  of  identifying 
the  property,  it  will  of  course  afford  no  ground  from  which  a  delivery 
may  be  inferred.  Where  a  sample  is  taken  out  of  the  whole  bulk  sold, 
a  delivery  of  the  sample  operates  as  a  port  delivery. 

2.  The  earnest-money  paid  must  be  retained.  In  a  case  where  m 
shilling  had  been  paid  to  bind  a  bargain,  and  was  returned,  it 
was  held  that  this  was  not  a  compliance  with  the  requisite  of  the 
statute.  '' 

3.  The  part  payment  need  not  necessarily  be  made  in  cash ;  a  pay- 
ment by  acceptance  of  a  bill,  or  by  a  promissory  note,  will,  while  the 
instruments  remain  undishonoured,  have  the  same  effect  as  by  actual 
nion<^. 

4.  The  general  observations  which  have  been  made  as  to  a  note  or 
memorandum  in  writing  relative  to  s^es  of  land,  will  apply  equally  to 
one  relative  to  sales  of  goods. 

(Sugden, '  On  the  Law  of  Vender*  and  Pureka$art ;'  Ross's '  TrtuHia 
oit  the  Law  of  Ymdon  and  Pwrthaiert  of  Ptrmmul  Property. ') 

SALEP,  SaXap,  or  Saloop,  a  nutritious  article  of  diet,  much  valued 
in  the  East  for  its  suppos^  general  stimulant  properties,  bat  which  is 
justly  esteemed  as  bland  and  nutritious,  and  wdl  suited  to  ehildren 
and  convalescents,  Salop  consists  of  the  tubers  of  different  species  of 
Orchidia,  which  have  been  known  in  medicine  from  very  early  times 
by  the  name  Orchis.  All  the  European  saleps  are  far  inferior  to  and 
considered  only  as  indifferent  substitutes  for  that  brought  by  commeros 
from  Africa.  Salep  is  highly  valued  in  India,  and  forms  an  article  of 
commerce  from  Ciibul  and  Cashmere  to  the  north-western  provinces 
of  India,  where  it  is  sold,  at  the  Hurdwor  fair  held  in  April,  at  a  high 
price.  This  is  very  similar  in  form  and  appearance  to  Turkey  solep, 
though  the  tubers  ore  twice  as  large  as  the  best  procurable  in  London. 

All  the  plants  that  yield  salep  have  two  tubers,  charged  with  nutri* 
tious  matter ;  while  one  is  nourishing  the  floWer-stem  and  seeds  of  the 
current  year,  by  which  it  is  robbed  of  its  store,  the  other  serves  as  a 
reservoir  for  the  Bower-stem  of  the  succeeding  year.  This  last  alone  is 
flt  for  use.  Both  are  dug  up  together,  but  the  solid  one  only  is 
retained.  It  is  dipped  in  warm  water,  after  which  the  fine  brown  skin 
is  easily  removed  by  means  of  a  coarse  cloth  or  brush.  The  tubers, 
being  thus  peeled,  are  arranged  on  a  tin  plate,  and  placed  within  an 
oven  heated  as  for  baking  breadj  here  they  remain  for  seven  or  ten 
minutes,  in  which  time  they  exchange  their  opaque  and  milky  whiteness 
for  a  semi-transparent  hom-like  appearance  and  a  yellowish  colour, 
retaining  their  original  bulk.  Being  then  withdrawn  from  the  oven, 
they  are  exposed  during  some  days  to  dry  and  harden  in  the  air ;  or, 
by  the  employment  of  a  very  gentle  heat,  they  may  be  brought  to  the 
same  state  in  the  course  of  a  few  hours.  All  that  is  then  required  to 
adapt  the  salep  for  food  is  to  boil  it  in  water  (or  milk)  to  the  required 
consistency.  In  Armenia,  the  tubers,  while  yet  soft,  ore  strung 
together  on  threads,  and  suspended  in  the  sun  to  dry  without  artificiai 
lieat.  The  chemical  composition  of  salep  varies  according  to  the  period 
of  growth  when  the  tubers  are  taken  upi  Though'  salep  is  regarded  as 
a  variety  of  starch,  there  is  very  little  pure  starch  present,  the  chief 
constituent  being  that  form  of  gum  termed  baaorine.  With  cold 
water  salep  very  slowly  swells  and  forms  a  mucilsge ;  but  one  part  of 
salep-powder  with  forty-eight  parts  of  water  boiled  or  heated  fonns  a 
thiw  mucilage,  which  has  very  peculiar  qualities,  inasmuch  as  with 
either  calcined  magneaia,  bisulphate  of  quinnio,  or  biborate  of  sods,  it 
thickens  into  a  solid  glue-like  substance.  The  diief  use  of  salep  is  as  a 
mild  and  digestibla  article  of  food ;  and  as  the  orchis  abounds  in  our 
meadows,  a  large  supply  of  nourishment  might  be  obtained  by  digging 
up  the  tubers  and  drying  them,  as  above  stated,  and  as  was  recom- 
mended in  the  last  century  by  Dr.  Percival  if  On  the  Preparation, 
Culture,  and  Use  of  the  Orchis-root,'  1773). 

Salep  is  composed  chiefly  of  bassorine,some  soluble  gum,  sod  a  little 
starch ;  by  some  it  is  considered  as  containing  the  largest  portion  of 
nutritious  matter  in  the  smallest  space.  Its  presence  in  small  quan- 
tity in  milk  retards  the  tendency  of  that  fluid  to,  become  sour.  It  is 
a  harmless  and  useful  ingredient  in  the  preparation  of  breadrand  is 
free  from  the  objections  to  potato-starch,  wliich  is  too  often  used  by 
bakers  in  the  place  of  wheaten  flour. 

SALERNITAJ!^A  SCUOLA,  wiU  be  found  under  this  head  in  the 
Bioo.  Drv. 

SALHYDRAMIDE.    [Samotlto  Qtiovr.] 

SALICIK.    [Sauotuo  Gnonp.] 

SALICOB,  the  ash  of  the  plant  Saltcontia  anntto.  It  is  produced 
on  the  French  coast  of  the  Ilediterranean,  and  is  used  in  ^e  mana- 
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SALICTL. 


SAI.IOTLIC  aEOUP. 


beiwn  of  oarbonate  of  soda,  of  which  it  contains  about  16  per 
cent. 

SALICYL.    rSAUCTLic  Group.] 

BALICYLAMIDa    [Sauctuc  Ghoup.] 

SALICYLIC  ACID.     [Salicylic  Gnopp.] 

6  ALICTLIC  GKOUP.  A  cluster  of  chemical  auhstancea,  compounds 
or  derivBtives  of  the  electro-negative  radical  lalicyl  (C,jH,0^).  The 
members  of  this  group — ^itself  a  subdivision  of  the  benzoic  series  in 
Gertiardt's  arrangement — are  numerous ;  including  the  odoriferous  oil 
of  meadow-sweet  and  of  winter-green,  and  the  bitter  principle  of 
willow-bark. 

Salieyl  (0,^11,0,)  itself  has  not  yet  been  isolated.  As  it  contains 
the  elements  of  phenyl  (0,^H,)  and  carbonic  acid  (C,0,),  and  as,  more- 
over, its  compounds  are  not  unfrequently '  converted  into  bodies 
identical  with  derivatives  of  phenyl,  the  salicylic  group  has  sometimes 
been  termed  the  phenyl-carbonic  group. 

SaUeylide  of  benzoyl  (C,JifiuC,,'H,0,),  paraialieyj,  or  jpirins,  is 
obtained  by  acting  upon  chloride  of  benzoyl  with  hydride  of  ealicyl,  or 
from  the  destructive  distillation  of  salicylide  of  copper.  It  is  insoluble 
in  water,  soluble  in  alcohol  or  ether,  crystallises  in  prisms,  melts  at 
260°,  and  sublimes  at  356°  Fohr.,  and  is  converted  into  picrio  acid  on 
being  boiled  with  nitric  acid. 

Hydride  of  salieyl  (C^HjOj,  H) ;  ialicj/lous  acid ;  tpirou*  acid,  or 
tuential  oU  of  spinza  ulmaria.  Besides  the  method  of  obtaining  tliis 
body  from  the  flowers  of  meadow-sweet,  as  described  imder  Essential 
Oils,  it  may  be  produced  by  decomposing  salicin  under  the  infiuence 
of  oxidising  agents.  According  to  Buchner,  such  on  operation  is  simply 
an  imitation  of  what  occurs  naturally  in  the  tpiraa  flowers ;  the  buds 
of  this  plant  contain  salicin,  and  have  scarcely  any  smell ;  but,  on 
expanding,  freely  expose  their  parts  to  the  air,  when  oxidation  of  the 
saUcin  goes  on,  and  hydride  of  salieyl  results,  giving  odour  to  the 
flowers.  The  artificial  oxidation  of  salicin  is  conveniently  effected  by 
bichromate  of  potash.  To  two  parts  of  salicin,  two  of  bichromate  of 
potash,  and  sixteen  of  water,  in  a  retort,  ore  added  three  of  oil  of 
vitriol,  previously  diluted  with  eight  parts  of  water.  After  a  short 
time  a  gentle  heat  may  be  applied,  when  the  oil  passes  over ;  twenty- 
five  parts  of  salicin  yielding  six  of  the  essence.  The  saUcin  for  this 
process  Deed  not  be  pure ;  indeed,  a(jueou8  extract  of  willow-bark  serves 
very  weU. 

When  quite  pure,  hydride  of  salieyl  is  a  colourless  oO,  but  from 
contact  of  air  soon  acquh-es  a  red  hue.  It  has  an  agreeable  aromatic 
odour,  acrid  taste,  boiling  point  860*  Fahr.,  specific  gravity  1-178, 
■  vapour  density  4'279,  and  bums  with  a  bright  smoky  flame.  It  is 
somewhat  soluble  in  >vater,  the  solution  giving  a  deep  violet  colour 
with  persalts  of  iron.  Hydride  of  salieyl  is  an  acid  body :  it  decomposes 
the  alkaline  carbonates  with  eServescence,  and  combines  with  bases 
generaUy  to  form  neutral  and  acid  lalicylidct.  The  potassium  salts 
contain  respectively  K,C.,HjO,-h2  Aq.  and  K,C,Rft^  +  H,C^^Wfi. 

ChUrotalicylova  acid  (Gj,(H4Cl)0„H),  Inmotalicylma  acid  (C.,(H^ 
Br)0,,  H),  »orfo«oK<KtoM  arirf,  and  hydride  of  nitro»uliq/l  (C^IH^KO.) 
0,,H7,  are  respectively  produced  by  the  action  of  chlorine,  bromine, 
iodine,  and  nitric  acid  upon  hydride  of  salicyL  They  are  ciystaUine 
eompounds,  and  form -crystalline  salts  with  bases. 

SalAydramide,  talicylimide,  or  hydride  </  aioealieyl  (C^jHuNjO^  is 
the  product  of  the  action  of  ammonia  upon  hydride  of  salieyl :—  ^ 

jCi.H.o,    +   axH,    =    c„Hi,N,o,    +    eno 

JTjdride  ot        Ammonia.        Balhydramlde,         'NVatcr. 
salloyl. 
It  crystallises  in  prisms,  is  insoluble  in  water,  slightly  soluble  in  cold 
alcohol,  and  more  so  in  hot  alcohoL 

CHorotamide  (Cj,H,,CLN,0,),  or  the  hydride  of  chlorazosalicyl,  and 
hromoaamide  (CjjHjsBrjN.Oj)  or  the  hydride  of  bromazosalicyl,  are 
formed  on  acting  with  ammonia  upon  tiie  chlorine  and  bromine 
derivatives  of  hydride  of  salieyl. 

Thiotalicol  {C,Jifi,S,),  or  hydride  of  sulphoEalicyl,  is  a  pulverulent 
•ubstance,  formed  on  treating  salhydramide  with  sulphuretted  hydrogen. 

Salpkwotu  deriiativet  of  hydride  of  salieyl,  and  of  the  preceding 
compounds  of  salieyl,  result  from  the  action  of  sulphurous  acid  upon 
their  alkaline  salts,  or  of  the  alkaline  bisulphites  upon  the  compounds 
themselves. 

Salicin  (C„H|,0,,)  is  a  neutral  bitter  principle  contained  in  the  bark 
of  the  various  species  of  willow  and  popbr  (sallow,  osier,  aspen,  &c.). 
It  i-cadily  crystallises  out  from  a  concentrated  decoction  of  the  bark, 
after  tannic  acid  and  colouring  matter  liave  been  removed  by  hydiatcd 
oxide  of  lead. 

When  pure,  salicin  occurs  in  white  silky  crystals,  soluble  in  vratcr  or 
in  alcohol,  but  iiisoluble  in  ether  or  oil  of  turpentine.  It  melts  at 
218°  Fohr.,  loses  water  at  392*  Fahr.,  aud  at  a  higher  temperature 
decomposes.  Concentrated  sulphuric  acid  communicates  a  blood  red 
colour  to  it;  the  liquid,  neutralised  with  chalk,  yields  a  deliquescent 
chestnut-brown  powder,  cont^uuing,  according  to  Mulder,  aulpharufic 
acid.  Water  decomposes  the  red  body  formed  by  sulphuric  acid; 
heat,  also,  gives  rise  to  the  formation  of  a  reainoid  body,  that  has  been 
called  by  one  chemist  olivin,  by  onothcr  rutilin,  while  a  third  th&iks  it 
to  bo  laiiretin.     Several  chbriue  derivatives  of  salicin  exist. 

Saligenin  (C„H,0.)  and  grape  sugar  result  from  the  action  of  boiling 
<ilute  acids  upon  salicin : — 


CnH,,0,«     +    4H0 

SaUeln. 


SsUgeuln.  GlncoM. 


Hence  salicin  is  one  of  tbe  gluoosides.  Saligenin  crystallises  in 
colourless  crystals,  very  soluble  in  boiling  water,  alcohol,  or 
ether.  It  is  partially  volatile ;  most  oxidising  asents  oonVsrt  it  into 
hydride  of  saUcyl,  while  chlorine  gives  rise  to  triohlorophenio  acid, 

Saliretin  (C,,H,0,)  is  n  product  of  the  action  of  heat  upon  saligenin 
in  closed  vessels;  it  is  also  produoed  by  prolonged  ebullition  of 
saligenin  with  dilute  adds.  It  is  a  white  or  yellow-coloured  resinoid 
body,  insoluble  in  water  or  in  ammonia,  but  soluble  in  alcohol,  ether, 
or  concentrated  acetic  acid. 

Uelicin  (2  (Cy,H,,0„)  +  8aq<)  'is  obtained  on  digesting  ssScin  in 
ten  times  its  weight  of  nitric  acid  of  specific  gravity  11 60  for  about  a 
day :  hydrogen  is  thus  removed  from  the  salicin,  water  being  formed, 
and  helicin  deposited  in  acicular  crystals.  It  is  inodorous,  of  slightly 
bitter  taste,  very  soluble  in  boiling  water  or  alcohol,  but  almost 
insoluble  in  ether.  Chlorine  and  bromine  act  upon,  and  give  rise  to 
derivatives  of,  helicin. 

Ileliaddin  (C„H,,0,,  +  Saq.)  seems  to  be  a  combination  of  hsliciit 
and  salicin  (C„Hj,0„  =  C„H„0„  +  CmH„0„).  It  is  produced 
when  the  oxidation  of  salicin  by  nitric  acid  is  incomplete,  or  when  the 
specific  gravity  of  the  acid  is  lesa.than  that  above  indicated. 

Populin  (C,,H„(C„H,0,)0,j  +  4aq.),  or  sahcin  in  which  an  equiva- 
lent of  hydrogen  is  replaced,  by  benzoyl,  has  already  been  described. 

[POPULIK.] 

Coumarin,  a  fragrant  principle  of  several  plants,  seems  to  be  allied 
to  the  members  of  the  saiicyUc  group,  inasmuch  as  it  yields  salioyhite 
of  potash  when  fused  with  the  hydrate  of  that  base.  It  is  fnrtner 
described  in  a  sepante  article.  [Coumarih.] 

Salicylic  add  (HO,  C,,H,0,).  In  combination  with  methyl  this 
acid  exists  naturally  in  oil  of  wintergreen.  [Essehtial  Oiu.]  On 
boiling  the  oil  for  a  few  minutes  with  solution  of  potash,  neutralising 
by  hydrochloric  acid,  and  allowing  the'  mixture  to  cool  gradually, 
salicylic  acid  crystallises  out  jn  acicular  tufts.  SolicyUc  acid  may  also 
be  formed  by  projecting  salicin,  in  small  portions  at  a'  time,  into 
hydrate  of  potash  fused  in  a  silver  basin,  the  temperature  not  being 
i^owcd  to  rise  higher  than  7S0*  Fahr.  On  dissolving  the  mass  in 
water  and  adding  hydrochloric  acid,  the  salicylic  acid  is  precipitated, 
and  may  be  purified  by  recrystallisation  from  boUing  water. 

Salicylic  acid  fuses  at  Sift*  Fahr.,  and  at  a  Qgher  temperature 
sublimes  unchanged.  It  is  soluble  in  alcohol,  ether,  or  oil  of  turpen- 
tine. A  mixture  of  peroxide  of  manganese  and  sulphuric  acid  oxidises 
it  to  formic  acid.  By  ebullition  with  nitric  acid  it  is  converted  first  into 
nitrosalicylic  acid  and,  finnlly,  into  picric  acid.  Distilled  with  excess 
of  lime  it  is  split  up  into  carbonic  and  phenio  acids.  Its  solutions 
give  on  inky-blue  precipitate  with  persalts  of  iron,  the  colour  disap- 
pearing on  the  addition  of  hydrochloric  acid. 

Salicylic  acid  decomposes  cirbonates  with  effervescence,  and  forma 
taUctjlaUt  that  are,  for  the  most  part,  monobasic  and  crystalline.  The 
potash  ^t  contains  (K0,C,4H,0„  aq.) ;  the  dovUt  eaiicylate  of  copper 

andpotaiA  has  the  formula  KO,C„-{  ^^  Vo,  +  4aq.\  it  crystallises  in 

beautiful  emerald  green  plates. 

Salicylic  ethert. — Although  the  oil  of  wintergreen  appears  to  be  a 
definite  salicylate  of  methyl  (C^HjO,  CnHjO,),  it  nevertheless  plays  the 
part  of  an  acid,  and  from  its  source  has  been  termed  Gaultheric  acid: 
it  still  admits  of  the  replacement  of  an  equivalent  of  hydrogen  by  a 
metal  or  a  radical,  gauWuratti  being  formed ;  thus  : — 


Qattlthcnte  of  potash 
Gaultberate  of  mcttajrl 


.KO,  C,,H«(C,n,)0, 
.    .  C,H,0,  C„H,(C,Hj)0, 


But  this  gaultheric  acid  or  hydrate  of  metiiyl-salicyl  admits  of  the 
substitution  of  an  acid  radical  for  hydrogen,  aud  tiius  are  formed  : — 


Ecnzoate  of  methyUsallcyl 
'Camliute  of  methxl-salieyl 


Ci.n.(C,H,)0,  » 

c„n,(c.H,)o, » 


Similarly  the  ethyl-gaultherio  acid,  or  rather  hydrate  of  ethyl-etlicyl, 
and  the  amyi-gaultheric  acid,  or  hydrate  of  amyl-salicyl,  on  being  acted 
upon  by  the  chloride  of  benzoyl  yields : — 

C,.n.(C,H,)0,  \ 


Crnzoata  ot  ethyl-salicyl 


Scnsoatc  of  amy l-salloyl 


C,«n,(C,.n,,)0, 


iQn,,)o,  \ 


Chlorine  and  ironune  deritatira  of  s.alioyIic  acid  result  from  the 
action  of  chlorine  and  bromine  on  salicylic  add.    Their  formula  are  :— 


CUaroaalioyUe  aeU 
BiohloroKiUcyUe  acid 
BromosaltcyUe  acid 
Btbromosalicflio  acid 
Tribromosalicf  lie  acid 


.  c,,n,cio, 
.  c,.ii.ci,o, 

.  C,,H,BrO, 
.  C,,U.Br.O, 
.  Ci.H.BrjO, 


Digitized  by 


Google 


SALICTIilMIDE. 


SALIX. 


va 


NUroKaieylis  add  (C,.Hj(NOJO„  +  2aq.),  called  also  indigoltc  add 
nnd  anilie  add,  has  alr«idy  been  described  [Anilio  Acio],  Binitro- 
taUcyUc  add,  or  nitropopvUc  add,  contains  C„Hj(NO,),0,. 

Anhydrov*  talicylio  add,  or  HQlicylic  anhydride  (Ci.H,0„  C,.H  0,),  is 
formed  by  the  action  of  oxychloride  of  phosphorus  on  dry  salicylate 
of  soda.  It  is  a  gummy  or  oleaginous-looking  body,  soluble  in  alcohol. 
It  is  oonverted  into  ordinary  salicylic  acid  by  boilixig  with  solution  of 
iwtash. 

Sttiie^de  (C„H,0,)  is  a  white,  amorphous,  pulremlent  substance, 
formed  in  the  preparation  of  salicylic  anhydride.  It  is  insoluble  in 
«ther,  and  almost  insoluble  in  alcoho'. 

^Ucylnrie  add  (HO,C,.H,NO,)  is  found  in  the  urine,  after  saUoylio 
•ad  has  bean  taken  into  the  stomach.  BoUed  with  hydrochloric  acid 
It  splita  up  mto  salicylic  acid  and  Gltcocoll. 

CHmidt  of  lalicyl  (C„H.0.,C1)  is  a  fuming  liquid,  obtained  on 
acUng  upon  ral  of  meadowsweet  by  perchloride  of  phosphorus. 

Saftcy&HBtfie  (C„H,NOJ  results  from  the  action  of  a  strong  solu- 
tiran  of  ammonia  on  the  oU  of  wintergreen.  It  is  a  volatUe  solid,  of 
yellow  colour,  solnble  in  boiling  water,  alcohol,  or  ether.  By  the 
acUon  of  the  chlorides  of  benzoyl  or  cumyl  upon  saUcjlamide  the 
following  OQmpounds  are  generated  :— 


BencoyLsallaylamide  .        i  "^  i  ' 


Cmnjl-aalleylamids 


IfUroialieylamide 


rC,.(H.NO.)0. 
•"  <      -  H 


.nJc.h.o, 

(C,.II^O. 
.    .  H<CjoH,,0, 
'        H 


is  the  product  of  the  action  of 


ammonia  on  nitrosalicylate  of  methyl. 

SAUCYLIMIDE.    [Salictlic  Gbotjp.I 

SAHCYL0U3  AOID.    [Salicylic  Gkoup.1 

SALICYLURIC  ACID.    [Salicylic  Group.] 

SALIENT,  a  term  applied  to  an  angle  whicli  presents  its  point  to 
the  outside  of  the  figure,  as  opposed  to  the  re-entering  or  re^trant. 
which  "  apphed  to  an  angle  presenting  its  point  to  the  inside  of  the 
figure.  These  terms  are  frequently  used  in  fortification,  and  seldom 
in  geometry. 

?.f  ^'*"?,^^^^  ?/SE,  a  term  applied  to  any  substance  capable  of 
uniting  with  an  acid  to  form  a  salt     fSALTs.! 

SALIGENIN.    [Salioiuc  Group.] 

SAL'II  were  twelve  priests  of  Mars  Gradivus,  who  formed  on 
ecclesiastical  collegium  or  corporation  at  Home.  They  were  chosen  fi-om 
the  patricians,  and  estobbshed  by  Kuma  to  take  care  of  the  twelve 

been  found  m  the  palace  of  Numa,  and  was  supposed  to  have  fallen 
from  heaven.  To  secure  its  preservation,  Numa  commanded  the 
armourer  Mamnnufl  Vetunus  to  make  eleven  other  shields  exactly  hke 
vLt!f.  vi?  ""a"^  were  deposited  in  the  temple  of  Mars  on  the 
Palatmo  .hJl  «md  cramutted  to  the  care  of  the  Salli.  (Uv..i.  20  i 
^r-'K-V^S'  ^''■'^^•^^*'  0-M- 'Fast./ Ui.  887;  F^; 
On  the  calends  of  l^h,  and  on  several  successive  days,  tiie-feast 
*l  ^.^,7»i=el«l?tit6d  by  the  Salii,  on  which  occasion  they  carried 

a>naisted  of  an  embroiderea  tunic  with  a  brazen  beltfthe  trabea.  and 

staff  m  their  right  hand.  They  at  the  same  timrperfonned  ;,d^Z 
Mid  sung  hymns  or  songs  called  Axamenta  in  honour  of  Mamuriui 

l^SJT^A  M^^^i'  '-12;  Virg.,'^a,'vui.2S6;  Varro,  •  De  Ling.  Ut,' 
vii.  26,  ed.  Mullor.)  these  songs  werq  in  later  timei  scarcely  undw- 
stood  ov^_ by  the  pri^U  thcmselve^     (Quint.,  i.  0.  p.  5?.%^"^; 

?a°^ke^S'   ne^i^^in^*en*ft„^r?im^^ 

''JtAlu%:t:^^^Z:nvr^^    (Suet.,<ClaS-r;  Wo. 

rh^fZ^T"'*'T-  °^  ^^'  '^'^  <=OM«t!ng  of  twelve  members 
?nl^^J^^  .  patncians,  was  established  by  Tullus  Hostilius  in 
fuimmant  of  a  vow  which  he  made  in  a  war  with  the  Sabines  These 
t1fesZ'.i^,?f^>.^i!r"^  orAgonenscto  distingSr\hem^m 
ll:%'.iu.  t';''vt^%fll^.t?  V^re -ni-ed  Palatini.   (Dionys. 

SALIRETIN.    [Salicylic  Group.]  ' 

SALITHOL.    [Phknylic  Group.] 

eaUvi"T^^Z'r'^'^^^^^^"'  "  »  ™Perabundant  secretion  of 

sJivory  glands,  or  accompanied  with  profL,  secreLn,  U  X,Toc^! 

Tdon  tL;^  rt  .°°  '^'"°"  inflammations  of  the  thr^t  and  mouS, 
Mid  on  those  that  accompany  erupt  ve  diseases   esoeciallv  smill  nn-r 

Some  preparations  of  gold,  copper,  antimony,  and  iodine,  crrtoaoil. 


digitalis,  and  even  opium,  are  apt  to  produce  it ;  and  it  is  almost  a 
constant  effect  of  the  long-continued  or  copious  administration  of 
mercury. 

The  quantity  of  mercury  required  to  produce  salivation  varies 
greatly  in  different  persons.  In  some,  two  or  three  grains  of  calomel 
are  sufficient;  but  by  other  persons  such  large  quantities  may  be 
taken  with  impunity,  that  they  appear  insusceptible  of  its  action.  !No 
general  rule,  therefore,  respecting  the  quantity  of  mercury  that  may 
be  safely  given  to  any  one  can  be  made ;  but  m  no  case  can  there  be 
safety  without  caution  and  careful  watching  of  the  effects  produced 
by  it  . 

Salivation  from  the  use  of  mercury  is  distinguished  from  that  which 
arises  from  other  causes  by  its  being  pi-eceded  by  a  peculiar  brassy 
taste  in  the  mouth,  fostor  of  the  breath,  and  tenderness,  redness,  and 
sponginess  of  the  gums.  These  are  soon  followed  by  the  increased 
flow  of  saliva,  and  if  merciur  be  still  taken,  or  if  the  quantity  already 
taken  was  very  large,  they  increase ;  the  whole  mouth,  tongue,  face, 
and  throat  become  swollen  and  tender,  and  ulcers  and  sloughs  quickly 
form  on  the  mucous  membrane.  In  extreme  cases,  the  mouth  and 
cheeks  and  throat  become  extensively  gangrenous,  the  teeth  fall  out, 
the  gums  swell  up  as  they  do  in  scurvy,  the  jaws  are  affected  with 
necrosis,  and  by  the  spreading  of  the  disease  to  important  parts  it  may 
prove  fatal ;  or  the  patient  may  die  exhausted  by  the  profuse  discharge 
of  saliva,  or  by  the  peculiar  nervous  and  other  constitutional  dis- 
turbances that  often  accompany  the  poisonous  influence,  of  mercury. 
[Mercury.] 

_  The  best  treatment  of  mercurial  salivation  i>  exposure  to  cool  pure 
air,  a  nutritious  diet,  and  mild  purgatives.  Oaiglea  of  chlorinated 
soda  or  lime  are  useftil  in  correcting  the  foetor  of  the  breath;  and 
honey,  or  the  ifd  Baradt,  may  be  applied  to  the  smaller  ulcers  in  tite 
mouth.  The  permanganates  of  soda  and  potatdi  may  also  be  employed 
with  advantage  as  gaigles  and  lotions.  The  more  extensive  ulcerations 
and  the  gangrene  can  be  treated  only  by  maintaining  the  patient's 
strength  by  tonics  and  stimulants,  and  by  the  usual  local  applications 
to  such  diseases.  The  idiopathic  kinds  of  salivatiou  usually  require 
only  cool  air  and  gently  reducing  measures. 

SALIX,  MediaU  Pnpartiet  of.  The  borka  of  several  species  of 
willow  have  been  long  celebrated  for  their  astringent  and  antifebrile 
qualities ;  but  from  the  great  difficulty  of  detennming  the  species,  it  is 
not  ascertained  which  kind  is  entitled  to  the  preference.  The  Salix 
Itutulliana  (Bedford  willow)  appears  to  possess  the  greatest  quantity 
of  tannin;  but  the  peculiar  principle  termed  ialidn  seems  to  exist  in 
the  largest  proportion  in  the  &  Itcluc,  or  rose  willow;  while  the 
S.  pentandra  L.  (the  bay-leaved  willow),  possesses,  boUi  in  its  bark 
and  leaves,  the  largest  amount  of  bitterness  and  resin,  and  a  most 
balsamic  odour.  The  barks  of  ;S.  aVba,  S.  fragxlh,  and  5.  capita  (or 
great  round-leaved  willow,  which  yields  the  broad-leaved  willow  bark), 
are  also  gathered,  often  indiscriminately.  Whichever  species  is  selected, 
the  bark  should  be  stripped  in  spring  from  branches  not  less  than  three 
ye.irs  or  more  than  six  years  old,  and  from  trees  growing  in  moist 
rather  than  swampy  places.  It  should  be  carefully  (fried  in  the  shade. 
The  fresh  bark  has  a  faint  odour  somewhat  resembling  bitter  almonds; 
the  dried  bark  is  devoid  of  odour.  The  taste  is  at  first  mucilaginous, 
afterwards  bitter  and  astringent  The  degree  of  astringency  maybe 
easily  tested  by  adding  to  a  decoction  of  the  bark  a  solution  of  gelatine. 
Tincture  of  nut-galls  does  not  affect  it  According  to  the  analysis  of 
Pelletierand  Cavcntou,  the  bark  of  8.  alba  contains  a  green  fatty 
matter  similar  to  that  of  cinchona,  a  yellow  slightly  bitter  colouring 
matter,  tannin,  resinous  extract,  gum,  wax,  woody  fibre,  and  an  organic 
acid,  which  with  magnesia  forms  a  salt  easily  soluble  in  water  and 
alcohol.  Since  these  analyses,  salicin  has  been  found.  [Salicylio 
Group;  Salicin.] 

Willow  bark  'possesses  astringent,  tonic,  and  febrifuge  qualities, 
which  render  it  a  valuable  substitute  for  cinchona,  and  as  it  often  suits 
the  stomach  better,  it  is  well  calculated  for  the  treatment  of  agues 
among  the  poor.  In  debility  of  the  stomach  and  relaxation  of  the 
mucous  membranes,  it  is  often  very  serviceable.  In  the  latter  cases, 
an  infusion,  made  with  cold  water,  of  the  powdered  bark  of  Salue 
pentandra,  is  preferable ;  but  any  of  the  others  may  be  made  equal  to 
it  by  the  addition  of  bruised  cinnamon  bark.  Like  all  astringent 
tonics,  it  is  often  useful  as  an  anthelmintic 

Salicin  has  febrifuge  properties,  but  they  are  much  weaker  than 
those  of  quinia;  it  must  therefore  be  given  in  considerably  larger 
doses.  It  may  be  given  in  substance  or  solution,  and  also  in  con- 
junction with  many  otiicr  salts,  without  undergoing  decomposition  or 
entering  into  combination.  «In  its  passage  Uirough  tie  system  it 
undergoes  oxidation,  and  is  converted  into  hydruret  of  salicyle,  which 
IB.  found  in  the  urine.  Its  presence  is  detected  by  a  persolt  of  ii-on, 
which  strikes  an  intense  violet  colour  with  urine  containing  it" 
(Pereira.)  Of  this  projierty  advantage  might  be  taken  in  the  treatment 
of  some  renal  complains. 

The  barks  of  many  species  of  willow  contain  a  valuable  dyeing  prin- 
ciple. It  is  capable  of  dyemg  drab  with  the  help  of  a  mordant  only. 
For  this  purpose  bitartrate  of  potass  (cream  of  tartar)  is  best  If  the 
bark  be  macerated  in  one  vat,  and  the  water  then  containing  the 
colouriug  principle  be  drawn  off  into  another  vat,  the  mordant  can 
then  be  added,  and  the  stuff  immersed  in  it  Kor  the  production  of 
drab  colour  four  materials  are  generally  used,  the  shade  resulting 
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being  often  uncertaiti  and  Tarying  in  the  rame  piece  of  cloth,  in  many 
ipote  being  foxy,  as  it  is  technically  tenned. 

SALSEFAKIN.    [SKiLAcnr.] 

SALT.    [Soda;  Sovwu:  Maitdre.] 

SALT  CAKE.    [Sodium;  SulphaU  of.] 

SALT  OF  SATURHr,  an  old  name  for  acetate  of  lead. 

SALT  OF  SORREL.    [Oxalic  Acid.  BiruaxdaU  of  Potath.'] 

SALT  OF  TARTAR.    [PoTASsiuit:  OarixmaU  of  Potaik.] 

SALT  OF  TIN.    [Tiir.    ProtoefUoride  o/TVn.] 

SALT  AND  SALT  TRADE.  The  chemical  natnre  of  common 
nit,  as  a  chloride  of  sodium,  is  treated  under  SoDiUH.  The  vast  stores 
of  rock-salt  and  salt-brine  in  Cheshire  and  Worcestershire,  whence 
England  obtains  her  supply,  are  described  in  the  Qeoo.  Dtv.,  under 
ludh  headings  as  Cheshire,  Droitwicb,  Najttwiob,  Northwicb,  &o. 
A  few  additional  details  in  this  place  are  all  that  will  be  needed. 

A  rocky  bed  is  the  source  of  nearly  all  our  inland  salt;  but  as  sub: 
terranean  streams  flow  over  this  bed  and  become  saturated  with  salt, 
the  original  form  is  changed.  It  is  simply  a  question  of  manufactur- 
ing conTenience,  whether  to  raise  the  solid  salt  and  purify  it  by  dis- 
solving, boiling,  evaporating,  Ac;  or  to  raise  the  liquid  brine  and 
operate  upon  that.  The  salt-works  adopt  the  latter  course  in  moat 
parts  of  England ;  but  at  Northwich  they  also  operate  upon  a  rocky 
kind  of  salt,  which  is  transparent  and  colourless,  and  is  loosened  by 
blasting.  There  are  other  kinds  of  rock  salt,  much  rougher  and 
darker.  On  many  parts  of  the  coast  salt  is  obtained  from  sea-water, 
at  places  called  lalterm;  but  as  the  salt  would  be  too  costly  if  evapo- 
rated by  heat,  thy  makers  mostly  rely  on  the  slow  process  of  evapora- 
tion by  ezposQi«  to  the  open  air.  At  Lymington  both  methods  are 
comUned. 

In  Cheshire  the  brine  springs  have  been  known  and  worked  from 
Tety  early  times,  but  the  bed  of  salt  whence  the  brine  is  obtained  was 
not  known  until  about  two  hundred  years  ago.  In  the  pits,  the  rock 
salt  is  loceened  much  in  the  same  way  as  coal,  by  blasting  and  by  the 
pick,  and  is  brought  to  the  surface  to  be  (Ussolved  in  water.  The 
brine  springs  in  the  valley  of  the  Weaver  mostly  spring  from'a  depth 
varying  from  10  to  60  yards.  The  brine  is  pumped  by  steam  power 
into  luge  cisterns,  where  it  is  more  completely  saturated  by  an  addi- 
tion of  rock  salt.  The  brine  then  passes  through  wooden  troughs  to 
the  evaporating  pans,  large  flat  open  vessels  with  flues  underneath. 
The  evaporation,  and  the  conversion  into  grains  or  crystals  of  salt 
vary  aooording  as  common  salt,  $ioved  salt,  Jlakey  salt,  fithery  salt,  &&, 
are  to  be  produced ;  but  in  all,  the  crystals  are  allowed  to  form,  and 
are  then  removed  to  the  drying  house.  The  blocks  of  common  salt 
familiar  in  the  shops  are  produced  by  transferring  the  oystala  from 
the  paik  to  wooden  moulds,  whence  they  are  removed  to  be  dried. 

Nearly  the  whole  of  the  salt  exported  is  made  in  Cheshire,  and  is 
sent  dawn  the  river  Weaver,  which  communicates  with  the  Mersey, 
to  Liverpool.  The  sources  of  supply  are  said  to  be  inexhaustible; 
and  lattffl-ly  the  salt-m&nufacturera  have  so  far  extended  their  works, 
that  the  opening  of  new  markets  would  be  of  the  greatest  advantage  to 
them.  The  Staffordshire  rock-salt  is  chiefly  exported  from  Hull,  and 
that  of  Worcestershire  from  the  port  of  Qloucester. . 

A  duty  of  10(.  per  bushel  was  laid  on  salt  in  1798,  which  in  1805 
was  increoaed  to  \5i.  In  1823  this  duty  was  reduced  to  2s. ;  and  on 
the  6th  Januaiy,  1825,  was  wholly  repealed.  Salt  used  in  the  fisheries 
was  always  duty-free,  and  in  1821  the  quantity  so  used  was  2,406,602 
bushels ;  and  about  160,000  bushels,  required  by  bleachers,  was  also 
exempt  from  the  duty.  A  duty  of  only  6>.,  which  was  afterwards 
reduced  to  2t.  6c^.,  was'  charged  on  salt  used  for  agricultural  purposes. 
Daring  the  existence  of  the  duty,  the  retail  price  was  4i\d.  per  lb.; 
it  is  now  about  ^d.  Salt  is  now  used  more  Ivgely  than  hitherto  by 
the  poor,  and  is  employed  in  manufactures  and  in  agriculture  to  an 
extent  which  is  only  compatible  with  cheapness. 

In  1852  an  estimate  was  made  that  800,000  tons  of  salf  were  used  in 
the  United  Kingdom  annually  for  domestic  purposes,  200,000  tons  for 
manotv  and  manufactures,  and  500,000  tons  exported.  In  that  year 
the  prices  varied  from  2>.  id.  to  12>.  per  ton.  The  aggregate  value  of 
the  whole  was  set  down  at  850,0(KU^  In  Cheshire  only,  in  that  year, 
there  were  29  salt  mines  and  97  salt  works  belonging  to  47  proprietors, 
employing  8000  persons,  and  an  invested  capital  of  1,000,0002.  In 
1858  the  total  produce  was  believed  to  have  risen  from  1,000,000  tons 
to  1,400,000  tons  annually,  of  whichabout  one  half  is  exported.  If 
the  above  figures  are  correct,  the  domestic  consumption  must  be  far 
more  than  16  lbs.  per  head,  which  was  an  estimate  mode  several  years 
ago.  In  1868,  the  salt-manufacturers  of  Cheshire  and  Worcestershire 
memorialised  the  government,  praying  that  means  might  be  adopted 
for  facilitating  the  consumption  of  British  salt  in  India  and  China.  A 
relaxation  had  been  made  in  1846,  by  which  British  salt  was  admitted 
under  certain  conditions  into  India ;  and  the  memorialists  asked  for  still 
mors  bvourable  conditions.  As  for  China,  they  suggested  that,  in 
•ny  treaty  between  the  two  countries,  a  demand  should  be  made  for 
the  admission  of  British  salt,  either  free  or  under  a  small  duty.  The 
Cheshire  manufacturers  have,  in  fact,  more  salt  than  they  know  what 
to  do  with ;  and  they  are  looking  out  for  an  extended  market.  At 
present,  the  two  best  customers  ore  Calcutta  and  New  Orl^uis,  each  of 
which  takes'about  80,000  tons  a-year. 

SALTPETRE.    {Vmi^ssvoii:  Niirateof  Poiaik.] 

SALTS.    The  term  salt,  originally  restricted  in  its  application  to 


common  salt,  which  it  still  means  when  used  merely  by  itself,  is  now 
applied  to  a  vast  number  of  substances  which  have  in  many  eases  few 
propertiae  in  common. 

Common  salt  is  the  principal  of  a  class  composed  of  a  metal  and 
such  bodies  as  chlorine,  iodine,  bromine,  snd  fluorine,  and  the  radicals 
of  the  hydracids,  and  which  are  included  by  Berzelius  in  his  class  of 
haloid-xUtt  (from  S\t,  saa-salt,  and  Mot,  form),  because  in  constitution 
they  are  analogous  to  seo-sali  The  whole  series  of  the  metallic 
chlorides,  iodides,  bromides,  and  fluorides,  such  as  chloride  of  sodium, 
iodide  of  potassium,  and  fluor-spar,  are,  as  well  as  the  cysnides,  sulpho- 
cyanides,  and  ferrocyanides  (though  the  three  last  are  very  diiSerently 
constituted  from  the  former),  included  by  Berzelius  in  his  list  of 
haloid-salts. 

It  was  for  many  yean  admitted  as  an  unquestionable  fact  that  com* 
mon  salt  was  a  compound  of  muriatic  acid  and  of  soda ;  and  hence  it 
was  very  commonly  called  mariate  of  soda.  But  it  has  been  shown  by 
Davy,  that  the  acid  and  alkali  during  their  action  on  each  other  suffer 
mutual  decomposition ;  and  that  while  water  is  formed  by  the  union 
of  the  hydrogen  of  the  acid  with  the  oxygen  of  the  alkali,  the  chlorine 
of  the  former  and  the  sodium  of  the  latter  unite  to  form  chloride  of 
sodium.  It  has  since  been  proved  that  this  occurs  with  all  so- 
called  hpdraddt,  when  they  act  upon  metallic  oxides :  thus  hydro- 
chloric aoid  and  soda  give  chloride  of  sodium  and  water,  hydnodio 
aoid  and  soda  yield  iodide  of  sodium  and  water,  and  hydrocyanic  acid, 
eyanide  of  sodium  and  water,  Ac 

While  then  the  hydmcids,  by  the  decomposition  which  they  suffer, 
do  not  yield  hydro-xUtt  with  the  metallic  oxides,  yet  hydro-sidts  may 
be  formed  by  saturating  these  acids  •mtb  the  vegetable  alkaloids ;  for 
example^  hydrochloric  and  hydriodic  acids  yield  respectively  hydro- 
chlorate  and  hydriodate  of  quinine,  when  made  to  act  upon  this  base^ 
With  ammonia  hydrochloric  acid  forms  the  salt  called  sal-ammoniac ; 
but  these  salts  are  analogous  to  the  chlorides,  chloride  of  ammonium 
being  formed  by  the  (ftnveision  of  the  ^mmonia  into  ammonium,  by 
the  transference  of  the  hydrogen  of  the  hydrochloric  add  to  the  am- 
monia, which  is  theoretically  supposed  to  consist  of  one  equivalent  of 
nitrogen  and  four  equivalents  of  hydrogen,  instead  of  one  equivalent 
of  nitrogen  and  three  equivalents  of  hydrogen,  which  exist  in  am- 
monia. 

The  oxy-uJUt  form  another  numerous  and  important  class  of  oran- 
poiinds :  these  are  formed  when  an  oxacid  is  made  to  combine  with  an 
oxidised  base ;  as,  for  example,  when  sulphuric  acid  unites  with  soda, 
the  result  being  sulphate  of  soda.  The  sulphates  of  potash,  lim*, 
magnesia,  ftc.,  are  similarly  constituted;  but  a  question  has  arisen 
whether  these  salts  are  not  also  analogous  to  the  chlorides,  in 
containing  a  metal  rather  tlian  an  oxide ;  thus,  instead  of  supposinjT 
that  sulphuric  acid,  composed  of  one  equivalent  of  sulphur  and  threo 
equivalents  of  oxygen,  is  combined  with  soda,  formed  of  one  equivalent 
each  of  sodium  and  oxygen,  it  has  been,  and  with  much  plausibility, 
supposed  that  the  oxygen  is  transfen?ed  to  the  sulphuric  acid,  forming- 
a  compound  which  has  never  yet  been  isolated,  consisting  of  one 
equivalent  of  sulphur  and  four  equivalents  of  oxygen,  and  that  this  is 
combined  with  sodium.  Professor  Daniell  proposed  the  name  of 
ooeytidphioa  of  sodium  for  such  compound,  while  Professor  Graham 
denominates  it  a  tvlphai-oxide  composed  of  nUphcU-oxygen  and 
sodium. 

Another  class  of  bodies  has  been  described  by  Berseliua  as  comingp 
within  the  description  of  salts ;  namely,  the  sulphur-salts.  Electro- 
positive sulphides,  termed  tulphvr-bata,  are  usually  the  protcsulpbidev 
of  electro-positive  metals,  and  therefore  correspond  to  the  alkalin» 
bases  of  those  metals;  and  the  electro-negativs  sulphides,  ttUphur-aeidt, 
are  the  sulphides  of  the  electro-negative  metals,  and  are  proportional  in 
composition  to  the  adds  which  the  same  metals  form  with  oxygen. 
Thus  sulpharsenious  acid  (AsS,)  and  sulpharsenio  add  (AsSj)  oombine' 
respectively  with  sulphide  of  potassium  (KS)  to  form  the  sulphar- 
senite  and'  sulpharseniate  of  potassium.  These  salts  obviously  corre- 
spond with  the  aisenite  and  arseuiate  of  potassium.  Hence,  if  th» 
sulphur  of  a  sulphur-salt  were  replaced  by  an  equivalent  quantity  of 
oxygen,  an  oxy-salt  would  result. 

In  general  properties  the  various  classes  of  salts,  and  indeed  th» 
individuals  of  the  same  class,  differ  as  widely  as  possible ;  some  ara 
crystallisable,  others  uncrystalliB.ible ;  they  are  colourless,  and  of 
various  colours;  sapid  and  insipid;  soluble  and  insoluble  in  water, 
alcohol,  and  other  menstrua ;  volatile  and  fixed  in  the  fire ;  decom- 
posable or  undecompoaable  by  the  same  reagent. 

Salts  have  been  conveniently,  though  not  quite  correctly,  divided 
into  alkaline,  earthy,  and  metallic  salts ;  for,  strictly  speaking,  most  of 
the  two  former  belong  to  the  latter,  and  to  these  classes  must  be  added 
the  ammoniacal  salts  and  the  salts  of  the  vegetable  alkaloids.  Again, 
salts  constituted  of  the  same  elements  may  contain  one  or  other  in 
excess ;  thus  soda  and  various  other  bases  combine  with  three  different 
portions  of  carbonic  add.  The  first  is  the  neutral  carbonate,  oontaininj; 
one  equivalent  each  of  add  and  of  base ;  the  second  contains  one-half 
more  carbonic  acid,  and  is  called  the  sesqui- carbonate ;  and  th« 
third  contains  twice  as  much  carbonic  acid  as  the  first,  and  is  th* 
bi-carbonate. 

Super-salts  are  such  as  contain  an  excess  of  chlorine  or  of  adds,  sniT 
sub-salts  such  as  contain  excess  of  bsse.  Dr.  Thomson  has  proposed— 
and  it  is  veiy  conveniently  adopted  in  practice— to  describe  the  degree 
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of  ezc^sa  of  acid  in  the  super-ealt  by  Latin  terms,  and  that  of  the  ezceSB 
of  base  by  Oreek'.  thus  while  a  compound  of  two  equivalents  of  chlorine 
and  ene  of  a  base,  or  of  an  acid  and  base,  is  called  a  bi-chloride  or  bi- 
•ulphate,  aa  the  case  may  be,  a  compound  containing  one  equivalent 
of  chlorine  or  acid  to  two  of  base,  is  termed  a  dirchtoritk,  &o.  [CbeUioal 
KoMENOLATURE :  Nomenclature  o/ 3alt».] 

SAMARITAN  CHARACTERS,  are  the  old  Hebrew  charactera, 
which  were  disused  by  the  Jews  durinc  the  Babylonish  captivity,  but 
retained  by  the  Samaritans,  from  whim  circumstance,  and  especially 
from  their  being  naed  in  the  extant  copies  of  the  Samaritan  Penta- 
teuch, they  have  obtained  their  present  name.  They  are  nearly  the 
tame  as  the  Phoenician  characters.    [AtPHiLBET ;  Hebrew.] 

SAMENESS  or  IDENTITY,  This  term  is  generally  applied  to 
what  is  called  personal  identity,  or  the  sameness  of  a  living  ^nS 
intellectual  being,  as  man.  There  ate  some  remarks  on  this  subject  by 
Bishop  Butler  in  his  '  Dissertation  of  Personal  Identity.' 

The  sameness  of  objects  which  are  external  to  a  man  consists  in  the 
perception  of  a  variety  of  circumatances  aa  to  these  external  objecia 
and  at  diSerent  times,  from  which  arises  an  opinion  of  sameness  In  a 
certain  sense.  A  man  sees  a  tree  growing  in  a  certain  place,  and  he 
may  have  remembered  it  for  jnany  years.  But  in  the  mean  time  the 
tree  may  have  increased  a  hundred-fold  in  bulk,  and  therefore  its 
tubstance  is  not  the  same  as  that  of  the  tree  which  he  first  saw  there ; 
and  besides  this,  there  may  not  be  a  single  particle  of  matter  th^same 
in  the  tree  at  two  remote  times  of  his  observation.  The  tree  then  is 
by  the  supposition  not  the  same  in  a  strict  sense ;  but  for  all  practical 
purpose  it  is  called  and  is  the  same.  A  man  can  no  more  believe  that 
all  the  change  that  the  tree  hu  undergone  belongs  to  some  other  tree, 
than  he  can  believe  that  the  growl£  of  his  own  body  lielongs  to 
another  being  than  himselt 

When  sameness  is  applied  to  a  living  and  intellectual  being,  it 
ineludes  both  the  matter  of  the  body  and  something  else.  A  man  can 
bave  no  doubt  that  his  body  is  not  entirely  the  same  in  youth,  in 
middle  age,  and  in  old  age.  He  can  view  his  body  as  he  does  any  thing 
•sternal,  and  he  has  a  belief  that  it  undergoes  ehanges,  and  is  there- 
fore not  the  same  in  the  strict  sense.  But  yet  he  considers  himself 
the  same  person ;  person  here  including  something  besides  the  body, 
whether  that  something  be  a  property  of  an  organised  body  or  some- 
thing else.  Locke,  as  quoted  by  Butler,  says,  "  that  the  consciousness- 
ef  our  own  existence,  in  youth  and  in  old  age,  or  in  any  two  successive 
moments,  is  not  the  same  individual  action,  that  is,  not  the  same  con- 
aciousneas,  but  different  successive  consciousnesses."  Butler's  answer 
to  this  vague  talk  is  sufficient.  But  more  may  be  said.  How  is  con- 
sciousness of  our  personal  identity,  or  if  this  form  of  words  be  objected 
to  as  a  way  of  begging  the  question,  bow  is  the  thing  called  "  con- 
sciousness of  our  existence  "  at  any  two  successive  moments  shown  to 
be  "  not  the  same  consciousness,  but  diOerent  successive  consciouB- 
nessea  ? "  What  are  successive  momenta  in  a  man's  consciousness  of 
his  own  existence  ?  It  is  more  consistent  with  that  consciousness 
which  we  have,  to  say  that  the  consciousness  of  our  personal  identity 
is  one  and  the  same  always ;  and  if  it  is  allowed  that  there  is  in  man  a 
belief  that  he  is  at  different  times  the  same  being,  in  some  sense  which 
he  cannot  otherwise  explain  than  that  he  feels  that  he  is,  it  follows 
that  this  eonscionsuess  of  personal  identity  is  one  indivisible  thing, 
that  it  is  aa  continuous  as  the  personal  identity  itself  which  it  pre- 
supposes. Nor  is  it  any  objection  that  a  man's  faculties  may  be 
temporarily  impaired  by  illness,  and  he  may  lose  the  exercise  of  his 
reason  and  recover  it;  or  an  accident  may  befall  him,  which  for  a  time 
rendets  lus  bodily  and  mental  powers  inactive,  though  he  may  6nally 
recover  both.  On  his  recovery  he  does  not  doubt  that  he  is  the  same 
person  that  he  was  before  his  illness  or  accident,  and  therefore  his  cou- 
soiousness  is  one.  The  division  of  consciousness  by  successive  times, 
oorresponding  to  certain  external  signs,  and  the  making  that  supposed 
■uccession  a  ground  of  objection  to  personal  identity,  is  to  confound 
things  that  are  unlike,  and  to  apply  a  measure  to  both  tiiat  does  not 
fit  one  of  the  things. 

"  Every  person,"  says  Butler,  "  is  conscious  that  he  is  now  the  same 
l^erson  or  self  he  was,  as  &r  back  aa  his  remembrance  reaches."  This 
cannot  be  disputed.  It  is  a  bare  fact  that  this  consciousness  does 
exist  in  us.  We  have  not  this  consciousness  from  the  time  of  our  birth 
up  to  manhood  and  old  age :  it  does  not  go  further  back  in  its 
particular  manifestations  than  our  remembrance  does ;  yet  we  doubt 
not  that  we,  the  man,  were  once  that  particular  child  of  our  parents 
rather  than  any  other  child  of  these  parents  or  of  any  other  parents. 
But  this  belief  is  derived  from  evidence :  our  consciousness  in  its 
particular  manifestations  does  not  extend  farther  back  tlian  our 
remembrance.  Yet  remembrance  does  not  make  personal  identity,  as 
Butler  remarks :  "  Consciousness  of  personal  identity  presupposes,  and 
therefore  cannot  constitute  personal  identity,  any  more  than  knowledge, 
in  any  other  case,  can  constitute  truth,  which  it  presupposes." 

The  remembrance  of  particular  things  is  a  very  different  thing  from 
the  consciousness  of  personal  identity.  When  this  consciousness 
begins,  when  it  ends,  how  its  activity  is  suspended,  we  know  not :  but 
we  know  that  it  is  a  law  of  our  nature  that,  in  the  ordinary  state  of  a 
man's  bodily  and  intellectual  faculties,  he  has  a  perception,  whatever 
it  may  be  and  however  it  may  arise,  whenever  he  reviews  certain  acts 
of  his  own  or  events  in  his  Uf e,  that  he  the  perceiver,  and  no  other 


remembrance  then  merely  makes  the  consciousness  of  personal  Identity 
active ;  and  this  consciousness  of  personal  identity  is  not  constituted 
of  the  remembrance  of  different  acts  or  events,  but  is  as  permanent 
and  uninterrupted  as  the  animal  life  itself,  which  nobody  supposes  to 
consist  of  successive  lives,  but  to  be  one  life.  And  it  should  be 
observed  that  the  question  of  personal  identity  only  arises  upon  tlie 
suggestion  of  the  memory.  Every  man  aU  through  his  lif«  feels  that 
he  is  in  some  sense  or  in  some  way,  which  he  expresses  by  that  term 
"  is."  And  he  is  never  without  this  present  consciousness  of  existence. 
There  is  therefore  an  uninterrupted  consciousness,  which,  as  already 
observed,  is  one,  fmd  not  divisible  by  a  measure  of  time.  The 
remembrauce'  of  any  particular  act  of  a  man's  ov^n  or  of  any  event  in 
his  own  life,  is  a  present  act,  and  the  consciousness  of  suoh  present  act 
of  memory  accompanies  the  act  of  memory  as  it  does  any  other  present 
act ;  and  aa  the  act  of  memory  is  retrospective,  so  is  the  consciousness 
of  that  act  of  memory  retrospective,  but  only  incidentally,  oooording 
to  the  nature  of  tiie  act.  The  memory  merely  directs  the  conseious 
agent  to  an  act  of  the  kind  colled  passed,  and  to  a  passed  act  of  such  a 
kind  that  the  consciousness  of  sameness  in  the  agent  is  inseparable 
from  the  notion  of  the  act  that  is  remembered/ 

BAMIELI  is  the  Turkish  name  of  a  wind  which  the  Arabs  call 
gamoom,  or  stmooin,  which  in  Egypt  is  called  khamtin,  and  in  Sene- 
gambia  and  Guinea  hai-nuUtan.  It  occurs  in  most  countries  which  are 
situated  at  no  great  distance  from  sandy  deserts,  and  it  blows  always 
from  that  quarter  iu  which  the  desert  is  situated.  Thus,  ia  Sene- 
gombia  and  Guinea  it  blows  from  the  north-east ;  in  the  Delta  of  the 
Nile  from  the  south-south-west  and  south-west ;  on  the  eastern  shores 
of  the  Gulf  of  Suez  from  the  north-east ;  in  Syria  from  the  south-east ; 
at  Mecca  from  the  east;  at  Bagdad  from  the  west ;  at  Basra  from  the 
north-west;  and  at  Surat  from  the  north.  These  winds  are  extremely 
hot,  and  a  considerable  quantity  of  fine  sand  is  generally  suspended  in 
the  air,  which  has  been  collected  by  the  winds  in  rushing  over  the 
desert.  They  affect  the  human  body  very  powerfully,  producing  great 
feebleness,  and  sometimes  even  death.  They  usually  consist  of  a  quick 
succession  of  hot  and  cold  pufEs  of  wind ;  and  the  difference  of  the 
temperature  'between  these  puffs,  which  is  stated  to  amount  to  more 
than  twenty  degrees  of  Fahrenheit's  thermometer,  is  probably  one  of 
the  reasons  of  their  effect  on  animal  bodies  being  so  great.  It  ia  also 
thought  that  the  hot  pufb  bring  a  pestilential  air,  as  a  putrid  and 
sulphureous  smell  is  perceived  when  they  blow.  Formerly  it  vras 
asserted  that  the  hurtful  effects  of  the  wiud  could  be  avoided  by  a 
person  throwing  himself  on  the  ground  with  the  mouth  downward ; 
but  modern  writers  say  that  the  Arabs  disapprove  of  such  a  proceeding, 
and  perhaps  justly,  if  it  is  true  that  the  hot  air  is  heavier  ttum  the 
atmosphere.  To  diminish  the  effects  of  the  wind,  the  Arabs  cover 
their  faces  with  the  kiffieh,  a  handkerchief  which  they  wear  on  their 
heads. 

SAMPHIRE,  a  hiih  used  in  some  ports  of  the  country  as  a  salad 
and  pipkle.  The  true  samphire  is  the  Cfrithmum  mariiimum,  a  plant 
belonging  to  the  natural  order  Umbdli/era,  It  is  a  very  succulent 
plant,  with  pale  green  leaves,  and  flowers  arranged  in  umbels.  It 
grows  on  rocks  by  the  sea-side.  The  species  of  Salicomia  [Sai-icobioa, 
in  Nat.  Hist.  Div.]  are  often  called  samphire,  and  are  used  in  the 
some  manner;  but  they  are  inferior  to  the  Crithmum  as  an  article 
of  diet. 

SANCTIFICATION,  a  term  in  theology,  denoting  the  highest 
Christian  attainment ;  the  state  of  those  who  are  perfectly  pure  and 
holy,  having  lost  the  inclination  to  vice,  and  are  wholly  devoted  to 
virtue  and  godliness.  It  is  understood  to  be  produced^by  the  special 
operation  of  the  Holy  Ghost,  and  to  ensue  upon  juetificatioa. 

SANCTLI^IY,  a  consecrated  place  which  gave  protection  to  a 
criminal  taking  refuge  there.  The  word  also  signifies  the  privilege  of 
sanctuary,  which  was  granted  by  the  king  for  the  protection  of  the  life 
of  an  ott'ender.  Under  the  dominion  of  the  Normans  there  appear 
early  to  have  existed  two  kinds  of  sanctuary,  one  general,  which 
belonged  to  every  church,  and  another  peculiar,  which  commenced  and 
had  its  force  in  a  grant  by  charter  from  the  king.  Tills  peculiar  sanc- 
tuary could  not  be  claimed  by  prescription  only ;  and  it  was  also 
necessary  that  it  should  be  supported  by  usage  within  legal  memory, 
and  allowance  before  the  justices  in  eyre.  These  two  kinds  differed 
from  each  other  with  respect  to  some  of  their  privileges.  The  general 
sanctuary  afforded  a  refuge  to  those  only  who  had  been  guilty  of 
capital  felonies.  On  reaching  it,  the  felon  was  bound  to  declare  that 
he  hod  committed  felony,  and  came  to  save  his  life,  [Abjdbatiok  or 
TUB  Realm,]  A  peculiar  sanctuary  might,  if  such  privilege  was 
granted  by  tlie  charter,  afford  a  place  of  refuge  even  for  those  \vho  had 
committed  high  or  petty  treason ;  and  a  party  escaping  thither  might, 
if  ho  diose,  remain  undisturbed  for  life.  He  still,  however,  had  the' 
option  to  take  the  oath  of  abjuration  and  quit  the  realm,  Sanctwiiy 
seems  in  neither  case  to  have  been  allowed  as  a  protection  to  those 
who  escaped  from  the  sheriff  after  being  delivered  to  him  for  the  pur- 
pose of  execution.  During  the  latter  part  of  the  reign  of  Henry  VIIL, 
at  the  time  when  the  religious  houses  were  dissolved,  sevend  statutes 
were  passed  (26  Henry  VIII.  c.  13;  27  Henry  VIII.  c.  19;  32  Henry  VIII. 
c.  12),  which  regulated,  limited,  and  partially  abolished  the  privilege 
of  sanctuary,  both  as  regarded  the  number  and  classes  of  criminals 
entitled  to  it,  and  also  the  places  possessing  the  privilege.     Finally,  by 


person,  is  the  agent  or  is  the  peison  affected  by  these  events.    The  I  21  Jaxrra  I.  c.^8^  s.  7»  it  was  enacted  that  no  sanctuoiy  or  privile^  ol 
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sanctuary  should  thereafter   be  admitted  or  allowed  in  any  case- 
[Abjuration  of  the  Rejlxu;  Astivu.] 

(Ueeves's  HUtory  of  the  Bnglitk  Jjaw;  Comyn'a  Dijett,  tit.  'Abju- 
ration;' 4Bl.,Com.) 

SAND,  The  fine  angular  materials  derived  from  the  disintegration 
of  rooks,  and  deposited  according  to  the  gravity  of  the  various  particles 
under  the  action  of  running  water,  are  technically  known  by  the 
generic  term  "  tandt."  They  are,  for  the  purposes  of  classification, 
subdivided  into  river  sand,  sea  sand,  and  pit  sand;  volcanic,  cal- 
careous, argillaceous,  or  silicious  sand;  red,  yellow,  or  white  sand; 
according  to  their  manner  of  occurrence,  their  qualities,  or  their  colour. 
In  the  arts  they  are  need  for  many  purposea,  but  as  their  applications 
in  the  manufacture  of  mortar,  of  plastic  building  materials,  and  of  glass, 
are,  perhaps,  of  the  greatest  practical  importance,  attention  will  be 
principally  called  to  these  appUcations ;  but  before  doing  so  it  may  be 
of  interest  to  observe  that  the  seasanda  on  some  parts  of  the  shores  of 
the  Atlantic  are  largely  used  in  agriculture,  on  account  of  the  large 
quantity  of  calcareous  and  nitrogenous  matters  they  contain.  This 
application  ot  sand,  of  the  description  known  locally  by  the  name  of 
"  tangue,"  prevails  in  the  departments  of  the  Calvados,  Manche',  C6tes 
du  Nord,  &a,  in  France,  to  a  reiy  great  extent^  and  it  is  found  to  be 
vei7  benefldaL 

For  mortar  making,  sands  may  be  selected  aeeordbg  to  the  pro- 
perties of  the  lime  m  connection  with  which  they  are  employed,  as 
under  some  circamstances  tiiey  play  »  Tery  important  part  in  the 
ehemistiyof  the  hardening  of  the  mortars.  As  was  said  under  Mortab, 
the  value  of  that  class  of  materials  depends  upon  the  ramdity  and  the 
energy  with  which  the  double  silioate  of  lime  and  alununa  is  formed ; 
and  it  therefore  follows  that  the  sands  which  contain  the  various  ingre- 
dients in  a  state  susceptible  of  entering  into  combination  with  the 
lime,  an  those  which  are  of  the  greatest  value.  The  sands  derived 
from  the  destruction  of  the  purely  silicious  rocks  are  for  the  most  part 
totally  inert  for  the  purposes  under  consideration,  because  the  silica 
they  contain  is  in  a  permanent  crystalline  form ;  but  the  sands  derived 
from  the  destruction  of  gneiss,  gmuwack^,  felspathio  granites,  and 
other  rocks,  in  which  the  silicious  acid  does  not  exist  in  a  stable  com- 
pound, are  easily  acted  upon  by  pure  caustic  lime.  Thus  it  is  found 
tiiat  in  the  north  of  Spain,  Mid  in  the  granitic  district  of  tiie  north  of 
France,  the  decomposition  of  the  felspathic  granites  of  those  districts  has 
produced  a  sand  in  which  the  silicate  of  lime  of  the  felspar  exists  in  a 
state  able  to  combine  with  the  pure  hydrate  of  lime,  there  obtained  by 
slakiiigthe  caustic  lime  derived  from  the  more  pure,  crystalline  lime- 
stones. The  Tolcanic  sands,  known  technically  by  the  names  of 
pozsMolatum  and  trat»,  act  even  more  energetically  than  the  sands  from 
the  felspathic  rocks ;  and  when  mixed  with  the  pure  hydrate  ot  lime 
in  proper  proportions,  they  even  communicate  to  it  properties  nearly 
similar  to  those  of  natural  cements.  On  the  other  nand,  sands  con- 
taining plastic  clay  in  its  natural  state  are  positively  injurious  ;  not 
only  ^cause  the  clay  does  not  exist  in  them  in  a  state  able  to  form 
any  stable  compound  with  the  lime,  but  also  because  it  prevents  the 
latter  from  performing  one  of  its  most  useful  functions  in  a  mortar ; 
namely,  that  of  presenting  a  nucleus  around  which  crystallisation  could 
take  {dace  in  the  lime  itself.  At  the  present  day  it  is  believed  that 
with  the  energetic  cements  a  sharp,  angular,  crystidline  sand,  one  whose 
chemical  properties  would  be  totally  inert,  is  the  best  adapted  for 
mortar  making;  with  hydraulic  limes  the  sands  ought  to  possess  the 
faculty  of  slowly  forming  new  compounds  with  the  hydrates  of  lime ; 
and  with  rich  limes,  especially  if  they  ore  required  to  be  used  in  sea- 
water,  sands  exercising  an  energetic  action  on  the  hydrates  must 
exdoidTely  be  used. 

These  remarks  point  to  a  rough  practical  subclasmfication  of  sands, 
into  the  classes  of  the  inert,  d^htly  energttic,  aud  decidedly  tnergetic 
sands ;  and  Vicat,  who  was  the  first  to  call  attention  to  this  descripticm 
of  action,  states  that  when  sands  are  treated  by  acids  and  by  lime- 
water  they  may  easily  be  distinguished  from  one  another.  Thus  the 
inert  sands  resist  the  action  of  acids,  and  are  totally  without  action  upon 
even  boiling  limewater.  The  slighUy  energetic  sands  yield  in  a  trifling 
degree  to  the  acids,  and  take  up  a  small  proportion  of  lime  from  the  lime- 
water.  The  decidedly  energetic  sands  are  powerfully  afiected  by  acids, 
and  they  take  up  a  large  proportion  of  the  lime  presented  to  them  in 
solution.  Cora  must,  however,  be  taken  in  the  experiments  on  the 
nature  of  this  class  of  materials  to  allow  for  the  action  of  the  acids 
upon  the  lime  present  in  the  sand ;  for  all  purposes  connected  with  the 
formation  of  the  insoluble  silicate  of  lime  and  alumina  by  the  reciprocal 
actions  of  the  caustic  lime  and  the  sand,  the  calcareous  matters  of  the 
latter  will  remain  practically  inert. 

When  considered  with  reference  to  their  sounes  of  supply,  it  may 
generally  speaking  be  regarded  that  sea  sands  are  puror  and  better 
fitted  for  mortar  making  than  any  other;  provided  always  that  the 
eiBor«acence  of  the  muriate  of  soda  they  contain  should  not  be  likely 
to  affect  injuriously  the  character  of  the  work.  This  would  be  the 
case  with  all  internal  decorations  ;  and  sea  sand  must  therefore 
be  carefully  excluded  from  all  ornamental  structures.  River  sand  is 
also  very  likely  to  contain  the  muriate  of  soda  when  obtained  from  the 
tidal  portions  of  a  stream,  and  in  addition  to  this  inconvenience  there 
is  almost  a  certainty  that  the  river  sand  will  contain  a  large  proportion 
of  nitrogenous  elements,  which  would  in  a  building  give  rise  to  the 
formation  and  efflorescence  of  the  nitrate  of  lime,  which  in  its  turn 
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would  be  fatal  to  any  coloiu^  deconilions  or  paintings  exposed  to  its 
effects.  Pit  sand  is  in  fact  the  most  generally  fitted  for  building  pur- 
poses ;  but  care  must  be  taken  with  it  to  seoure  that  it  should  be  free 
from  argillaceous  ingredients,  and  only  that  sand  should  be  used  whose 
grains  are  sharp  and  angular.  The  specilio  gravity  of  a  sand  is  a  primd 
facte  evidence  of  its  gooidness. 

In  brick  and  tile  making,  and  in  some  processes  of  the  higher 
ceramic  arts,  sand  is  occasionally  used  when  tiie  day,  is,  to  use  the 
workman's  phrase,  "too  rich;"  that  is  to  say,  when  it  is  exposed  to 
run  together  in  the  kiln  in  an  irregular  manner,  in  consequence  of  on 
excess  in  the  proportion  of  alumina  the  clay  may  contain.  A  day  is 
considered,  in  fiict,  to  be  rich  when  the  proportions  of  silica  and 
alumina  are  respectively  60  and  40  per  cent. ;  it  is  considered  to  bo 
poor  when  those  proportions  are  80  and  20  per  cent. ;  and  according  to 
the  usage  intended  to  be  made  of  the  clay  a  greater  or  less  proportion 
of  pure  silicious  sand  must  be  added  to  the  richer  varieties.  See 
Brogniart, '  Traits  des  Arts  C^ramiques.' 

The  very  pure  and  perfecUy  white  ailidous  sands  which  are  found 
in  Norfolk  and  in  Alum  Bay,  Isle  of  Wight,  used  formerly  to  be  raised 
in  large  quantities  for  glass  making.  The  supply  has  been  nearly 
exhausted;  and  latterly  some  of  the  best  sands  tor  this  important 
branch  of  manufacture  have  been  imported,  in  ballast,  from  Australia ; 
rich  ferruginous  sands  for  steel  making  are  also  imported  from  New 
Zealand.  , 

It  may  bo  desirable  to  add,  tiiat  the  fine  sands  charged  with  organic 
matters  to  be  found  in  the  embouchures  of  rivers,  or  in  some  bays 
on  the  sea-shore,  are  technically  known  by  the  name  of  silt,  and  that 
they  are  very  rarely  of  any  commercial  value.  Fit  sands,  or  large 
deposits  of  sand  in  the  interior,  are  occasionally  found  to  be  so  chaived 
with  water  as  to  remain  constantiy  in  motion,  and  are  then  caUed 
naming  landt.  Under  these  conditions  they  form  one  of  the  most 
dangerous  class  of  foundations,  for  if  an  escape  should  be  found  for 
the  waters  they  may  contiin,  the  sands  would  in  all  probability  be 
removed  by  them,  and  the  foundations  would  be  exposed  to  lateral 
displacement.  The  precautions  to  be  taken  in  such  case*  are,  if 
possible,  to  intercept  the  supply  of  water  to  the  sand;  if  tiiat 
cannot  be  effected,  to  keep  it  constantiy  charged ;  and,  under  either 
ot  those  conditions,  to  isolate  the  immeduto  surface  of  the  foundations 
in  such  a  manner  as  to  allow  any  movements  which  may  be  produced 
to  take  place  vertically.  Dry  sand  has,  in  its  dry  state,  been  often  usei 
in  foundations  instead  of  concrete ;  and  if  it  be  prevented  from  spread- 
ing laterally,  that  material  is  practically  incompressible.  It  is  also 
used  for  tamping  round  the  charges  of  mines. 

SAND;  SANDPAPEa.  Hony  varieties  of  sand  are  used  f-r 
manufacturing  purposes.  Stone-masons  often  use  the  scrapings  of 
granite  roads  to  aid  the  action  of  their  stone-saws.  Bngineers  fre- 
quentiy  employ  grindstone  dust.  River-sand  and  pit-saud  are  geno- 
ndly  sharper  or  more  angular  than  sea-sand ;  this  difference  leads  to 
the  selection  of  each  for  certain  purposes.  Kent  sand  is  largdy  used 
at  Sheffield,  being  fine  and  sharp  ;  it  is  found  on  economical  substitute 
for  polishing  powder  for  steel  goods.  Sand-paper  consists  of  sand 
sprinkled  over  and  cemented  upon  sheets  of  paper;  it  differs  from 
emery-paper  [Ehert]  and  glass-paper  rather  in  tne  kind  of  substance 
used  than  in  the  nature  of  the  action. 

SAND  VOLTAIC  BATTBRy.  A  form  of  battery  sometimes  used 
in  connection  with  the  Electric  TsLEORArH,  consisting  of  a  number  of 
pairs  of  copper  and  zinc,  with  the  cells  filled  with  sand,  which  is  kept 
moist  by  means  of  dilute  sulphuric  acid.  This  battery  will  remain 
active  for  a  considerable  time,  and  its  activity  can  be  renewed  at 
pleasure  merely  by  wetting  the  sand. 

SANDAL-WOOD,  RED,  or  Red  Saunders  Woo^  of  Commerce. 
[Pterocabpus,  in  Nat.  Hist.  Dnr.] 

SANDARAC  is  a  secretion  from  the  CalUtru  quadrivalvis,  a  tree  of 
enormous  size,  native  of  Harocco,  and  there  called  Arar.  It  exudes 
spontaneously  from  the  bark,  and  concretes  on  the  surface.  It  oocurs 
in  small,  irregular,  but  rather  dongated,  seldom  perfectiy  round  tears, 
or  in  masses  run  together,  of  a  light  yellow  colour,  sometimes  verging 
to  brownish,  of  a  dull  hue  externally,  generally  covered  with  powder, 
but  when  this  is  removed,  semitnmsparant.  It  breaks  easily  with  a 
conchoidal  fracture  and  vitreous  lustre.  The  powder  is  white,  and 
forms  the  substance  called  pounce.  By  chewing,  it  forms  a  fine  powder, 
which  does  not  agglutinate,  and  has  a  faint  balsamic  taste.  At  ordinary 
temperatures  it  is  without  odour,  but  by  the  application  of  heat  it 
easily  melts  and  diffuses  a  strong  though  not  unpleasant  odour,  resem- 
bling that  ot  juniper  or  mastic  It  is  easily  ignited.  It  is  soluble  to 
the  extent  of  four-fifths  in  cold  aJoohol ;  and  the  insoluble  residuum  is 
easily  soluble  in  ether,  or,  slowly  and  with  difficulty,  in  boiling  turpen- 
tine.   The  portion  insoluble  in  alcohol  is  termed  simdaraan. 

Sandarac  is  used  for  the  preparation  of  varnishes,  also  oocarionally  - 
for  incense  or  pastilee,  plosteiB,  and  ointments.  The  powder  is  rubbed 
on  parchment  to  render  it  fit  to  be  written  on.  Sandarac  is  sometimes 
used  to  adulterate  mastic ;  and  on  the  other  hand,  a  resin  obtained 
from  the  Jimiperui  oomnutnu,  and  another  from  /.  Oxgcedrti*,  are 
employed  as  a  substitute  for  the  genuine  sandarac  In  Sweden,  lumps 
of  resin  which  are  found  under  ante'  nests  bdow  the  juniper  bushes 
ore  called  sandarac  The  resin  of  the  Piuut  dammata  is  called  French 
sandarac  in  commerce.  Sandarac  is  inoon'octiy  called  a  gum  ;  it 
partakes  more  of  the  nature  of  a  loiin. 
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8ANDEMANIAN3.    [Sandemah,  Robert,  in  Bioo.  Div.] 

SANUIVEB.      [GLAS3  ilASUPACTDRE.] 

SANQUINARfiTE.  (C«,H,.NO,  t)  An  aftaloM.  found  in  the 
Sanguinaria  Canadentu,  but  only  partially  investigated.  It  is  a  yellow 
insipid  powder,  ineoluble  in  water, '  but  very  soluble  in  alcohol.  It 
neutralises  ncidis  perfectly,  forming  rod  salts,  which  are  soluble  in  water 
and  very  bitter. 

SANHEDRIM,  or  SANHEDRIN  (r")7;35P),  the  great  council  of 
the  Jews,  which  coivusted  of  seventy-one  or  seventy-two  membera,  and 
decided  tiie  most  important  causes,  both  ecclesiastical  and  civil.  The 
name  is  a  corruption  by  the  Talmudista  of  the  Greek  imiSpioy  {a 
couneS).  The  rabbis  attempt  to  find  tho  origin  of  the  Sanhedrim  in 
the  seventy  elders  who  were  appointed  by  Moses  to  assist  him  in  his 
judicial  duties  (Nusab.  xi.  16);  out  this  council  was  evidently  tempo- 
rary, and  we  hear  nothing  of  it  in  the  subsequent  history  of  the  Jews. 
(Hoses,  in  Bioa.  Drv. ;  Michaelis  '  On  the  Laws  of  Moses,'  art.  60.) 
The  exact  time  of  the  institution  of  the  Sanhedrim  is  unknown ;  but 
there  is  no  reason  to  suppose  that  it  was  earlier  than  the  time  of  the 
Maccabees.  There  can  however  be  little  doubt  that  the  Sanhedrim 
was  an  imitation  of  the  seventy  elders  of  Moses.  The  first  mention  of 
the  Sajihedrim  is  in  the  time  of  Hyrcanus  II.,  when  Herod  was  tried 
before  it    (Joseph., '  Antiq.,'  xiv.  9,  a.  8,  4.) 

The  Sanhedrim  had  a  president  (tPl^T  or  H^U?3),  who  was  generally 
the  high-priest,  a  vice-president  (P!^'^  ^3(4  Y''l)  who  sat  on  the  right 

of  the  president,  and,  according  to  some,  a  second  vice-president 
(D5n).  who  sat  on  his  left.  The  other  members  wore : — 1,  Chief 
Priesti,  who  are  often  mentioned  in  the  New  Testiimcnt  and  in 
Josepbus,  and  who  were  partly  ex-high-priests  and  partly  the  heads  of 
the  twenty-four  classes  of  priests.  2.  Slden  ;  that  is,  the  princes  of 
tribes  and  heads  of  families.  8.  Scrihct,  or  men  of  learning.  All 
chief  priests  were  members  of  the  Sanhedrim,  but  of  elders  and  scribes 
only  so  many  wcro  admitted  into  it  as  were  required  to  fill  up  vacancies. 
(Matt  xxvi.  57,  59  ;  xxviL  3,  12,  20,  41 ;  Maik  viil  31 ;  xi.  27 ;  xiv. 
43,  58 ;  XV.  1 ;  Acts  Iv.  6 ;  ▼.  21,  27.)  The  Talmndists  say  that  the 
tribunal  hod  its  secretaries  and  apparitors.  BoUi  Pharisees  and 
Sadducces  were  found  in  it.     (Acts  v.  17,  21,  84 ;  xxiii  8.) 

Tho  Sanhedrim  mot  at  Jerusalem,  and,  according  to  the  Tolmudists, 
in  a  chamber  within  the  precincts  of  the  Temple,  called  OatUh,  in 
wbich  also  their  archives  were  kept;  but,  oocoi-ding  to  Josephus  ('Bell. 
Jud.,'  V.  4,  2  ;  vi.  6,  3),  in  a  room  on  the  east  side  of  Mount  Zion,  not 
far  from  tho  Temple.  In  coses  of  eme:;gcncy,  as  in  the  trial  of  Christ, 
thev  met  in  the  high-priest's  house. 

'J  bo  causes  brought  before  this  tribunal  were  cither  appeals  from 
the  inferior  courts,  or  matters  which  wore  thought  of  sufficient  import- 
ance to  come  l)cfore  them  in  the  first  instance  :  for  example,  the 
(|Uci<tion  ^Yhetber  a  person  was  a  false  prophet  (Luke  xiii.  83),  and 
innttcrs  which  cfTuctcd  the  whole  state,  a  whole  tribe,  or  the  high- 
pricRt.  The  accused  was  brought  before  tho  tribunal,  and  witnesses 
lYCro  rcqi\iiod  to  ap^war  to  su]>port  tho  charge.  Either  capital  or 
minor  puuishnipnts  might  bo  inflicted  by  tlio  Sanhedrim  ;  but  under 
.the  Komnn  goveniilicut  its  power  wos  so  far  restricted  that  a  capital 
routuice  required  tlie  confirmation  of  the  Roin.'m  governor,  who  was 
.nlso  charged  with  its  execution.  Tlio  stoning  of  Stephen  was  not  done 
in  accordance  with  the  sentence  of  the  Sanhedrim,  but  in  a  riot;  and 
the  execution  of  James  and  others  by  the  high-priest  Ananias  (a.d.  64) 
took  place  in  tho  absence  of  tho  Roman  procurator,  and  is  admitted  by 
the  Jews  themselves  to' have  been  an  illegal  act. 

Besides  the  Sanhedrim  at  Jerusalem,  there  were  inferior  courts  in 
each  to-wn  of  Judica,  consistiug  of  twenty-three  members,  to  which 
the  Eanio  name  is  somotiuica  applied.  From  these  courts  an  appeal 
could  be  made  to  the  Sanhedrim. 

(John,  ArrhwiU  Bibl.,  th.  ii.,  b.  ii.,  §  188;  Calmet's  JHcttmar;/ ; 
Lightfoot's  \V</rkt;  Winer's -Bi6/.  f?>a?ir6i<cr4HcA, '  Synednum.') 

KANJAIC,  a  word  primarily  signifying  a  standard,  is  also  applied  to 
a  military  division,  the  subdivision  of  an  eyalet,  into  which  the  whole 
Turkish  empire  is  divided :  in  this  sense,  it  signifies,  as  much  as  is 
congregated  under  one  stindard.  The  commander  of  such  a  division 
is  styled  Sanjak,  Sanjak  Bey,  or  simply  Bey,  and  the  supreme  general 
of  all  tho  Sonjaks  of  a  province  is  styled  the  Beglerbcy  (commander  of 
commanders).  Tho  word  is  found  under  the  forms  Sangiac  and 
t'nndi'chack,  the  French  and  German  modes  of  rendering  the  Turkish 
word 

HANK  HY A.    [Saxskbit  L.^nouaoe  asd  LrrKBATtTBE.] 

SANSKRIT  LAKUUAGE  AND  LITERATURE,  langitage.— 
Tlif  Sanskrit  is  a  branch  of  the  Indo-Germauic  family  of  languages. 
Of  all  those  languages  it  is  th.it  which  approaches  nearest  to  the 
jiriniitive  type;  and  ly, the  originality,  purity,  and  abundance  of  its 
Itirnis,  is  peculiarly  calculated  to  throw  light  on  the  obscure  laws  of 
the  formation  of  langu.ige.  Being  also  possessed  of  a  rich  literature, 
and  the  whole  of  its  materials  having  lien  fully  treated  of  by  native 
gnimniarians,  it  Wiis  no  sooner  introduced  to  tho  learned  of  Europe 
than  it  gave  rino  to  a  new  pliilological  science,  that  of  commrative 
gramnuir,  and  led  to  the  conclusiou  that  the  ancient  Persian,  the 
Armeniim,  the  Greek,  and  the  Latin,  formed  but  one  language  with  the 
German,  the  Lettic,  tho  Slavonian,  and  even  the  Celtic,  each  of  these 
languages  afibrdin^  the  most  extraordinarjr  illustrations  of  the  others. 


The  Sanskrit  was  introduced  into  India  when  the  Brahminical  race 
obtained  pos.«ssion  of  the  country  (A.  W.  von  Schlegel, '  De  TOrigine 
des  HindouB,'  in  the  '  Trans.  Roy.  Soo.  Literature,'  ii.,  2,  405,  4c ; 
Chr.  Lassen, '  Indische  Alterthumskunde,'  i.  515,  531,  fT. ;  M.  Uiiller, 
'Histoiy  of  Ancient  Sanskrit  Literature,'  1859,  p.  12);  and  having 
driven  out  the  languages  of  the  aborigines  of  India,  which  are  now  only 
spoken  in  the  Southern  Deccan,  as  the  Telugu,  Tamul,  Canorese,  and, 
others,  and  by  some  detached  tribes,  chiefly  in  the  Vindhya  mountains, 
for  example,  the  Qonds  and  Khonds  (Lassen,  1. 1.  L,  866,  ff. ;  M.  Miiller, 
'  On  the  Classification  of  the  Turanian  Languages,'  p.  169,  ff. ;  R.  Cald- 
well, '  Compar.  Grammar  of  the  Dravidian  Languages,'  1858,  p.  8,  &), 
has  spread  over  the  extennre  tract  of  country  between  the  Himalayas, 
the  Indus,  and  the  Kistna.  Within  these  limits  it  has  hod  a  history  of 
its  own,  and  bos  passed  through  various  changes.  It  appean  in  its  most 
ancient  form  in  tiie  Vedas,  about  the  15th  century  before  Christ,  and 
in  that  state  is  very  nearly  related  to  the  Zend,  the  andent  language 
of  Persia,  and  contains  many  forms  and  words  which  have  become 
obsolete.  The  classical  Sanskrit,  on  the  contrary,  having  onoe  become 
fixed,  has,  for  about  3000  years,  portly  as  a  living  language  and  partly 
as  a  learned  one,  retained  the  same  structure,  with  the  mere  exception 
of  difference  in  style,  and  a  few  arohsisms,  which  only  occur  in  the 
most  ancient  works. 

Prakrit  dialects.--Oai  of  the  Sanskrit,  however,  even  in  eompanb- 
tively  early  times,  dialects  arose,  which  gradually  became  still  farther 
removed  from  the  original  and  from  each  other ;  and  from  these 
dialects  those  of  the  languages  now  spoken  in  India  are  derived,  which 
do  not  belong  to  the  aboriginal  languages  mentioned  above.  There  is 
a  law,  however,  which  pervades  the  whole  of  those  Prdkritati  that  is, 
derivative  languages,  as  they  are  called  by  the  Indian  grammariana,  in 
contradistinction  to  the  Santkrita,  or  that  language  which  is  regularly 
and  grammatically  constructed  (A.  Weber,  'Vorleeungen  flber  indische 
Literaturgeschichte,'  1852,  p.  168) ;  and  it  is  worthv  of  remark,  that 
this  law  is  precisely  the  same  as  that  according  to  which  the  Romance 
language,  the  Italian,  the  -Spanish,  and  the  French,  have  grown  out  oE 
the  Latin.  There  is  the  same  softening,  the  same  assimilation,  and  tho 
same  exclusion  of  tho  harsher  sounds,  the  sanuB  weakening  of  the 
forms,  the  same  substitution  of  particles  for  cases,  and  the  same 
periphrastic  conjugations. 

The  oldest  of  these  dialects,  and  that  which  deviates  least  from  the 
Sanskrit,  is  the  Pdli,  which  has  become  tho  sacred  language  of  the 
southern  branch  of  the  Buddhists,  who,  when  they  abrogated  the 
institution  of  castes,  required  a  language  which,  at  least  for  works  not 
strictly  scientific,  should  not  be  exclusivoly  imderatood  by  the  privileged 
classes.  liaving  originally  been  carried  by  the  Buddhista  from 
Northern  India  to  Ceylon,  the  Pali  has  continued  to  exist  in  that 
island,  as  well  as  in  Burmah,  Siam,  and  Kamboja,  and  possesses  a 
copious  literature.  (Bumouf  and  Lassen,  '  Essai  sur  le  Pall,'  Paris, 
1820;  Clough,  'Pali  Grammar,'  Colombo,  1824;  'Jonm.  Ceylon 
Branch  R.  As.  Soo.,'  1847,  No.  8,  p.  189,  ff. ;  Pallcgoix,  •  Gramm. 
Lingua)  Thai,'  Bangkok,  1850,  p.  181,  ff.)  Different  from  tho  Pali  is 
the  Qdthi,  or  ballad  dialect,  which  appears  only  in  the  poetical  portion 
of  the  Buddhist  literature  of  Nepal  ('  Joum.  As.  Soc.  of  Bengal,'  xxiii. 
p.  604 ;  'Lalita  Vistara,'  ed.  by  Rajendralal  Mittra,  Calc.  1863,  tf.)  The 
language  which,  in  a  pocuUar  sense,  is  called  Prakrit,  properly  ifaJid- 
rdthtri  (for  its  local  origin  is  to  be  sought  in  the  country  of  the 
Mahrattas),  differa  little  from  the  Pali ;  it  is  used  by  the  Jains.  The 
MSgadht  and  the  Savrateni,  the  former  originally  spoken  in  Behar, 
and  the  latter  on  the  banks  of  the  Jumna,  are  only  a  littis  farther 
removed  from  the  Sanskrit  (Lassen,  '  Institutiones  Lingucs  Praori- 
ticaj,'  Bonn,  1838;  J.  Muir,' Original  Sanskrit  Texts,"  volii,,p.  188,  tT., 
where  the  different  opinions  on  the  origin,  of  the  Prakrits  are  set  forth 
and  examined.)  In  addition  to  these  there  ore  numerous  more  modem 
dialects,  among  which  we  shall  only  distinguish  the  Vrajsbhftshil  <Brij 
Bhakha),  on  account  of  the  excellenoe  of  its  poetical  Utottture,  and  as 
being  the  parent  of  the  Hindustam. 

Tlie  f  oi-mation  of  the  Prakrita  languages  out  of  tiie  Sanskrit  flowed 
naturally  from  the  character  of  the  parent  tongue,  and  this  tendency 
is  mamfested  even  in  the  earliest  shape  of  the  Sanskrit  This 
appears,  to  take  a  single  instance,  in  the  substitution  of  the  ch  and  j 
(the  Italian  ci  and  gi)  for  the  original  i-  and  g  (just  as  the  Italian  ffieto 
is  formed  from  gtln).  In  like  manner,  it  was  perfectly  consistent  with 
the  character  of  the  classical  Sanskrit  to  adopt  the  verbal  forma  of  the 
Prakrit,  and  to  retain  them  together  with  the  legitimate  and  settled 
forms,  which  is  a  proof  that  the  two  languages  must  have  co-existed 
for  a  long  period. 

The  Pali  appears  .ts  a  perfectly-formed  language  in  the  Buddhist 
works  carried  to  Ceylon,  which  we  cannot  fix  at  a  later  date  than  tho 
4th  century  before  Christ  (Lassen, ' Ind.  Alt,'  ii.  489 ;  Muir,  L  1.  p.  65- 
167);  and  the  M&gadhl  dialect  has  been  found  distinctly  reoorded,  in 
the  middle  of  the  3rd  century  before  Christ,  in  the  inscriptions  of 
King  Asoka,  which  were  first  deciphered  by  the  late  Mr.  J.  Prinsep 
(•  Jour.  Asiat  Soo.  Beng.,'  1837,  pp.  506,  794,  963),  whose  translations 
were  subsequently  revised  by  Pi-of  H.  H.  Wilson  ('Joum.  R.  Asiat 
Soo.,'  for  1849,  vol.  xii ,  p.  158-251,  and  vol.  xvi.,  p.  867,  ff.) ;  and  a 
portion  of  them  were  lastly  examined  by  M.  E.  Bumouf  ('  Le  Lotus 
de  la  bonne  Loi,'  Paris,  1852,  p.  652-781),  whoso  researches  on  the 
whole  question  may  bo  considered  as  oonolusive  (Lassen, '  Ind.  Alt'  ii. 
p.  215-2^).    A  radLrit  hmguage  likewise  appears  on  the  coins  of  the 
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Greek  kings  fotind  in  Caubal,  and  near  the  Indus,  which  have  been 
deciphered  by  Prinsop,  Lassen,  Wilson,  and  E.  Thomna  (J.  Prinsep, 
'  Esaays  on  Ind.  Antiquities.'  Loud.,  1858,  2  vols.)  Many  of  the  named 
also  which  have  been  transmitted  to  ns  by  the  Greeks  are  Prakrit ; 
that  of  the  Deocan,  for  instance,  in  the  I'eriplua  of  the  Krythrtcon  Sea, 
Aax'Ko/MtqTi'does  Hot  correspond  to  the  Sanskrit  dakikin/ipaOta,  but 
strictly  to  the  IVakrit  daktkiKobadka.  Hence  it  follows,  that  in  the  last 
fire  centuries  8.0.  the  Prakrit  must  have  become  completely  the  language 
of  the  people ;  and  indeed  the  dramas  which  were  written  about  this 
time  show  the  relation  of  the  two  languages  in  the  most  distinct 
manner,  the  men  speaking  Sanskrit,  and  the  women  and  inferior 
duToctars  Prakrit ;  which  is  likewise  a  proof  that  the  Sanskrit 
was  actually  a  living  tongue,  and  was  used  in  conversation  by 
all  edacat<^  people.  This  is  proved  by  mauy  other  circum- 
stances ;  and  it  would  be  a  great  mistake  to  view  the  Sanskrit  as 
having  become  from  this  time  merely  a  learned  language.  On  the 
contrary,  it  was  in  vogue  at  the  court  of  Cashihere  as  late  as  the  12th 
century  ▲.D.  (Loasen,  1  1.,  iii.,  p.  1082,  S.),  and  probably  in  the  small 
independent  eotarts  of  Malwa  even  in  the  i4th  and  1 5th  centuries.  It 
is  consjstent  with  all  that  we  know,  that  the  language  should  be  in 
a  different  condition  in  the  different  provinces  of  India,  The  Moham- 
medan conqnest,  however,  gave  the  final  blow  to  it,  and  it  is  now  used 
only  in  leuncd  disputations  in  the  ooll^;es  of  the  Brahmins. 

I,Ueraturr.—Tho  Sanskrit  literature  begins  with  the  Vedas,  and  is 
founded  entirely  upon' them.  [Vedas.]  The  rest  of  (be  literature 
may  be  divided  into  the  poetical  and  the  scientific.  The  poetical 
lit«ratare  may  be  referred  to  two  distinct  periods,  one  of  which  is 
diiefly  distinguished  by  the  composition  of  the  great  epic  poems,  and 
Uie  other  may  be  characterised  as  the  period  of  artificial  poetry.  In 
the  former,  the  interest  is  a  national  one,  and  arises  from  the  subject; 
in  the  latter,  it  depends  upon  the  form. 

^e  Poetry. — We  possess  the  epic  poetry  only  in  its  most  perfect 
state,  and  consequently  its  origin  is  involved  in  obscurity,  and  must  be 
looked  for  among  the  rfaapsodists,  whom  the  '  R&m&vana '  presents  to 
us  pretty  much  in  the  same  character  as  that  in  which  they  appear 
among  tiie  later  princes  of  India.  The  materials  of  the  epic  consisted 
primiffily  of  the  genealogies  of  the  princely  families  whom  the  rhap- 
sodiste  served,  and  next,  of  certain  prominent  events  in  the  family 
history,  which  were  at  first  sung  separately,  but  afterwards  incorporated 
in  the  genealogy  itself.  It  is  possible  therefore  that  there  may  have 
been  as  many  epic  poems  as  there  were  princely  races.  In  the  lapse 
of  time,  however,  til  these  poems  have  beisn  lost  except  two,  which  are 
indebted  for  their  preservation  partly  to  their  poetical  merit,  and  still 
more  to  the  interest  of  the  subject :  these  are  the  '  R&milyana '  and  the 
<  Mah&bhflrata.'  But  even  these  have  undergone  many  important 
alterations  since  they  came  from  the  hands. of  the  authors;  in  fact, 
they  have  been  entirely  remodelled  in  accordance  with  the  interests  of 
the  priesthood,  by  the  addition  of  those  parts  in  which  lUma  and 
Krishna,  originally  no  more  than  mortal  heroes,  appear  as  incarnations 
of  Vishnu  ;  these  additions,  however,  hare  been  so  loosely  attached, 
that  they  might  easily  be  separated  without  detriment  to  the  whole. 
In  the  '  Mah&bhArata,'  the  object  has  been  kept  in  view  of  including 
in  one  collection  the  whole  cycle  of  tradition;  and  a;  the  epic 
poems  were  intended  for  the  instruction  and  amusement  of  the 
warrior  caste,  not  only  was  everything  added  which  could  increase  their 
Teverence  for  the  Bnmmins,  but  there  are  whole  books,  of  considerable 
length,  in  which  their  systems  of  cosmogony,  philosophy,  and  law  are 
explained  in  a  popular  manner. 

2%«  Simtj/ana. — The  subject  of  the  '  R&mftyana '  la  the  descent  of 
Tishnu,  for  the  purpose  of  averting  the  threatened  destruction  of  the 
whole  world  by  the  prince  of  the  demons,  KAvana.  RAma,  ibe  son 
of  Dasanitha,  Idng  of  Oude,  was  brought  up  by  wise  Brahmins,  espe- 
cially Visvftmitra ;  while  yet  very  young  he  overcame  the  demons  in 
several  battles,  and  by  his  superhuman  strength  obtained  the  bund  of 
the  beautiful  SltA  He  was  about  to  be  appointed  successor  of  his 
aged  father,  and  to  be  his  partner  on  the  throne,  when  the  plan  was 
frustrated  by  a  court  intrigue,  and  he  was  compelled  to  wander 
abroad  as  an  exile.  With  Sit&  and  his  brother  Lakshmana,  who  also 
participated  in  the  divine  nature  of  Yishnu,  he  dwelt  in  the  inhospit- 
able wUds  of  the  Deccan,  in  the  furejt  of  Dandaka,  at  the  sources  of  the 
Godavery.  This  course  of  events  was  necessary  in  order  to  bring  him 
and  ll&vana  together,  for  here  R&ma  made  himself  terrible  to  the 
demons,  and  having  mutilated,  among  others,  Sflrponakhft,  the  sister  of 
Sivona,  the  demon-prince,  partly  out  of  revenge  for  this  outrage,  and 
partly  inflamed  by  violent  love  for  Sitft,  carriwl  her  off,  and  brought 
her  in  safety  to  bis  residence  at  Lank&  (Ceylon).  Rftma  and  Laksh- 
mana, unactiuainted  with  the  abode  of  R&vana,  wandered  abgut  in  the 
peninsula  in  search  of  SttA.  The  ape-king  Sugriva,  who  had  been 
dethroned  by  his  own  brother  Bili,  was  restored  to  his  kingdom  by 
RAma,  and  ^m  a  feeling  of  gratitude  sends  out  a  host  of  apes  for  the 
purpose  of  finding  the  abode  of  SltA.  The  ape  Hanum&n  at  length 
discovers  it,  passes  across  the  strait,  seeks  out  and  speaks  with  Stt&, 
sets  fire  to  Lankd,  and  conveys  the  intelligence  to  Rama,  who  proceeds 
with  the  whole  army  of  apes  to  the  southern  point  of  the  peninsula, 
when  an  enormous  bridge  is  formed  by  throwing  mountains  into  the 
sea.  As  the  ann^  is  about  to  march  upon  tixe  island,  RAma  is 
encountered  by  Vibhishana,  RAvona's  brother,  and  a  Titanian  conflict 
eominenoes,  the  description  of  which  b  one  of  tiie  most  admired  parts 


of  the  poem  :  but  the  demons  nre  at  length  subdued;  RAvana  foils  by 
ihe  hand  of  RAma;  and  SttA  is  recovered,  and  having  been  found 
pure,  as  well  by  the  ordeal  of  the  gods  as  by  the  word  of  Brahma 
himself,  she  is  again  united  to  RAma,  who,  returning  to  AyodhyA, 
receives  from  the  hand  of  his  brother  Bharata  the  dominion  to  which 
he  is  entitled. 

These  are  the  contents  of  the  first  six  books,  and  here  the  poem 
terminates.  But  there  is  a  seventh  book,  which  is  obviously  a  later 
addition,  and  consists  of  matters  which  are  entirely  independent  of  the 
former  narrative :  SltA  is  again  separated  from  RAma,  and  bears  two 
sons,  Kusa  and  Lava,  to  VAlmtki.  After  her  irmocence  has  been  ' 
again  established,  she  is  carried  away  by  the  goddess  Eiui^h.  Kusa  ' 
and  Lava  have  learned  the  poem  from  VAlmtki,  its  mythological 
author,  and  recite  it  at  a  great  sacrificial  festival,  whereupon  Vuima, 
acknowledges  them  as  his  sons.  This  is  obviously  on  etymological 
rrtyth  derived  from  the  Sanskrit  name  of  the  rhapsodists,  IctuUava. 
This  agrees  with  the  present  introduction  to  the  first  book,  in  which 
tho^  origin  of  the  poem  is  told  in  the  same  way,  and  both  parts 
must  therefore  be  regarded  as  additions  made  by  the  last  editor.  That 
the '  RAmAyana  'has  undergone  numy  other  alterations,  may  easily  be 
shown.  It  contains,  in  some  parts,  many  things  which  pomt  to  very 
ancient  times,  and  customs  introduced  at  a  later  period  are  not  even 
alluded  to ;  as,  for  instance,  tlxe  burning  of  widows,  which  was  prac- 
tised in  the  age  of  Alexander.  In  other  parts  circumstances  are 
referred  to  which  bring  us  as  for  down  aa  the  2nd  century  A.D.,  the 
names  of  comparatively  recent  nations  bdng  mentioned  :  for  instance, 
the  Huns. 

The  time  of  the  composition  of  the  poem  cannot  therefore  be  ascer- 
tained with  any  further  degree  of  accuracy ;  and  it  is  still  a  contro- 
verted question  whether  the  IfahAbhArata  or  the  RAmAyana,  in  tibo 
form  in  which  ftey  have  been  handed  down  to  us,  has  the  better  claim 
to  antiquity.  It  is  more  easy  to  determine  what  historical  fact  forms 
the  foundation  of  it.  This  is  evidently  the  introduction  of  the  Brah- 
minical  worship  imd  civilisation  into  the  peninsuli,  the  wild  aborigines 
of  which,  as  being  the  opponents  of  Brahminism,  are  made  to  appear  in 
the  character  of  demons.  The  apes  must  represent  another  and  a  leas 
hostile  race,  whom  the  Brahmins  made  use  of  in  order  to  overcome  the 
ruder  tribes.  This  fact  is  indicated  by  another  circumstance  in  the 
poem  :  the  guide  of  RAma  is  the  hermit  Agastya,  to  whom  tradition 
ascribes  the  conversion  and  cuVivation  of  the  JJeccan,  and  who  even 
now  shines,  according  to  a  sublime  symbol,  as  the  radiant  Cuiopua  of 
the  South. 

The  '  RAmAyana,'  nnce  the  lost  recasting  of  the  poem,  has  under- 
gone several  revisions,  four  of  which  are  known  to  exist  (Weber,  , 
'  Verzeiohnias  der  Berliner  Sonskrit-Handschriften,'  1868,  p.  119),  which 
differ  from  one  another  loss  in  substance  than  in  style  and  orrnngomenfe. 
That  which  contains  the  oldest -and  the  best  text  is  confirmed  by  com- 
mentaries ;  a  critical  edition  of  it  to  the  end  of  the  second  book,  accom- 
panied by  an  elegant  Latin  translation  (as  far  as  ii.  o.  20),  by  A.  W. 
von  Schlegel,  appeared  at  Bonn,  1829,  8  vols.  The  same  recension  is 
represented  also  by  the  Oxford  manuscript  ('  CataL  Cod.  MSS.  Sans- 
criticorura,'  1860,  voL  i.,  p.  6).  An  edition,  based  on  a  different  text, 
was  commenced  by  Carey  and  Haishman  (Serampore,  1806-10,  4  vols. 
4to) ;  it  goes  as  far  as  iii.  c,  63,  and  contains  also  an  English  translation. 
The  whole  RAmAyana,  according  to  the  Bengali  or  amplified  recension, 
was  edited,  with  an  Italion  translation,  by  G.  Gorresio  (Paris,  1848-58, 
10  vols.) ;  there  is  oUo  a  Fi'ench  translation  of  the  some  by  M.  H. 
Fauche  (Paris,  1854,  ff.,  9  vols.) 

Maitdilidrata, — For  the  second  of  the  two  great  epic  poems,  see  the 
article  Ma.habbabata. 

Lava  and  Jurujtrudenee. — Besides  the  book  of  Manu,  which  has 
obtained  the  highest  reputation  among  the '  DharmasAstras,'  or  law- 
codes  [Mahd],  there  were  many  similar  books,  which  were  likewise 
referred  to  sacred  mythological  personages,  as  Vishnu,  Vrihaspati, 
NArada,  and  others.  The  principal  sources  from  which  they  draw 
are  the  '  SAmoyAchirikasfttras,'  a  class  of  works  belonging  to  the  last 
period  of  the  old  Vaidic  literature,  in  which  the  laws  of  casto,  the  rules 
of  discipline,  the  occupations  of  kings,  householdci-s,  &c,  and  the 
adminstration  of  justice,  are  accurately  detailed.  (II.  Miiller, '  History 
of  Anc.  Sanskrit  Lit.,'  p.  134  )  There  was  a  considerable  number  of 
these  works,  according  to  the  differout  Vedas  or  Vaidic  schools  to 
which  each  professed  to  belong,  the  names  by  which  they  went  being 
either  those  of  their  authors  or  of  the  fonrilies  in  which  thoy  wcro  first 
current.  These  names  were  retained  by  the  compilers  of  the  Dharma- 
sAstras; and  the  law-book  of  Apastamba,  for  example,  is  distinctly 
traceable  to  the  SAmayAchArikasdtras  which  bear  the  same  name. 
'The  subjects  of  which  the  DharmasAstras  trKit  are  these  three  : 
Achdra,  comprising  domestic  and  civil  observances  and  all  ruattera 
relating  to  caste ;  Vyarahdra,  of  the  duties  of  kings  and  the  adminis- 
tration of  justice ;  and  Prdyaschttta,  of  the  civil  consequences  of  caste-  ^ 
defilement,  or  other  siuful  actions,  and  of  the  way  how  to  avoid  these 
consequences  by  purification  and  perumce.  This  threefold  division  is 
strictly  adhered  to  in  the  law-code  of  YdjnaraWi/a  (edited  by  Pi  of. 
Stenzler,  in  Sanskrit  and  German,  Berlin,  1849),  the  first  after  Manu 
in  point  of  time  and  authority.  In  the  other  law-codes  (eighteen  of 
which  were  printed,  together  with  that  of  YAjnavalkya,  at  Calcutta, 
1845,  ff.),  prominence  is  given  to  one  or  other  of  those  three  divisions. 
In  the  laws  of  Vishnu,  for  example,  the  judicial  portion  is  very  mtagre, 
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whoreaa  the  first  and  third  arc  more  fully  treated  than  either  in  Hanu 
or  T&jnavidkya.  The  laws  of  Daksha  and  ParJUara  contain  nothing 
iibout  dvil  law  at  allj  but  bo  much  the  more  about  purification,  penance, 
&c.  These  minor  Smritif,  as  they  are  also  called  (Smriti  means  imme- 
morial usage),  are  for  the  most  part  of  small  extent,  and  touch  upon 
civil  law  only  incidentally ;  they  are,  moreover,  although  received  in 
common  by  all  the  schools,  no  longer  final  authorities,  even  where  they 
do  treat  of  law.  For  that  purpose  recourse  must  be  had  to  the  Com- 
mentaries and  Digeetj.  "  Some  of  the  former  ore  merely  explanatory 
iit  the  text,  but  others  are  regarded  as  final  authorities ;  and  these 
latter,  together  with  the  Digests,  form  the  immediate  groundwork  for 
ihe  ofdnions  at  lawyers  in  the  rtepective  schools  where  the  doctrines 
they  uphold  may  prevail.  Many  of  the  Commentaries  on  the  Smritis 
— such,  for  instance,  as  those  on  ilanu's  institutes — are  not  considered 
to  be  final  authorities,  any  more  than  the  Snu-itis  themselves ;  but 
others  again  which,  by  the  introduction  of  quotations  from  other 
writers,  and  by  interpreting  and  enlarging  on  the  meaning  of  the 
author,  partake  so  far  of  the  nature  of  general  Digests,  are  referred  to 
for  the  final  decision  of  questions.  The  '  Mitftksbaril '  (printed  at 
Calc,  1812)  is  a  remarkable  instance  of  this;  since,  though  professedly 
only  a  commentary  on  the  Smriti  of  YAjnavalkya,  it  is  consulted  as  a 
final  authority  over  the  whole  of  India,  with  the  exception  of  Bengal 
alone."  (Morley, '  The  Administration  of  Justice  iu  Brit.  ludia,'  1S58, 
p.  218.)  In  the  Bombay  presidency  are  Nllakanth.i'B '  Maydkha,'  and 
in  the  Deccan  tho  '  Smritichandiika'  by  Devandabhatta,  of  equal 
authority  with  tho  '  MitfiksbarA ; '  whereas  in  Bengal  the  latter  has 
been  entirely  superseded  by  tlie  '  D&ya  BhAga '  (on  the  laws  of  inherit- 
ance) by  JimAta  V&hana.  For  the  modem  law  literature  in  Sanskrit, 
which  is  very  exteQsive,  consult  Wilson's  preface  to  Macnaghten'a 
'Principles  of  Hindu  and  Mohammedan  Law,'  London,  18C0 ;  Morley, 
'The  Administration  of  Justice  in  Brit.  India,"  p.  213-36;  Sir  A. 
Steele, '  Summary  of  the  Law  and  Custom  of  Hindu  Castes,'  Bombay, 
1827,  p.  1-29 ;  Borradaile's  Introduction  to  his  translation  of  the 
;  Vyavah&ra  Maydkha,'  Surat.  1827. 

PurAnaa. — The  Pur&nas,  if  we  regard  the  form,  must  be  classed 
with  the  ancient  epic  They  are  voluminous  collections  of  legends  and 
traditions,  written  to  elucidate  the  origin  and  history  of  some  par- 
ticular holy  place  or  a  certain  sect,  and  to  be  re.id  to  thu  people  for 
their  instruction  at  the  great  festivals.  They  all  begin  with  a  co.?mo- 
gony,  to  which  they  odd  the  genealogy  of  the  gods  and  the  development 
of  the  periods  of  the  world, as  well  as  unconnected  historical  traditions, 
eo  as  to  form  a  fabulous  chronology ;  and  thus  they  come  down  to  the 
history  of  the  sacred  place  to  which  they  are  espechlly  dedicated ;  they 
then  conclude  with  the  mixticles,  and  so  forth,  which  havo  been  per- 
formed there.  As  they  were  intended  to  be  read  publicly,  they  are  of 
course  used  as  vehicles  for  conveying  such  instiTiction  as  the  people 
might  be  presumed  to  require.  They  contain,  therefore,  not  only 
Tecommendations  to  devotion  and  faith,  and  copious  representations  of 
the  religious  usagei  and  customs,  but  also  systems  of  the  ^icnccs 
which  were  known  to  the  natives  of  India,  oa  astronomy,  tnensuration, 
and  jurisprudence,  which  are  difibrent  in  each  PurAna,  according  as  the 
priesthood  of  a  temple  belonged  to  this  or  that  sect,  or  to  this  or  that 
school  of  philosophy,  astronomy,  or  law.  In  their  present  form,  the 
Purfinos  are  decidedly  very  lato  compositions,  but  the  elements  out  of 
■which  they  have  been  constructed  belong  to  very  difierent  periods. 
They  themselves  refer  to  still  older  sources,  and  all  the  circumstances 
combined  lead  to  tho  conclusion  that  there  must  have  been  another  set 
of  Purina*,  which  are  now  lost,  and  of  which  the  present  are  an  altered 
form  or  an  imitation.  Thei/  gi-eat  similarity,  as  well  in  their  general 
structure  as  in  particular  parts,  shows  that  they  must  have  been 
funned  upon  one  type,  and  that  one  very  ancient,  and  that  the  differ- 
ences which  they  present  arise  from  {he  d^erence  of  object,  according 
as  they  emanated  from  this  or  that  place,  or  this  or  that  sect.  The 
older  authorities  actually  give  definitions  of  the  Purftnaa  which  do  not 
apply  to  them  as  they  exist  at  present,  and  which  presume  an  older 
foi-m.  It  may  even  be  asserted  that  entire  portions  of  them  must 
originally  have  belonged  to  the  Vedas.  In  their  present  shape,  none 
of  the  Purftnas  can  be  referred  to  an  earlier  date  than  the  flth  century 
AD.,  and  the  greater  part  of  them  are  much  later,  and  closely  connected 
with  the  formation  of  the  more  recent  sects.  Though  they  are  metrical 
compositions,  they  have  no  pretensions  to  poetic  merit,  if  we  except 
the  '  Bh&gavatapur4na,'  which  was  prolxibly  written  by  Vopadeva. 
They  are  arranged  according  to  a  certain  canon,  and  are  eighteen  in 
number,  under  the  titles  of  Brahma,  Padma,  Brahm&nda,  Agni, 
Vishnu,  Garuda,  Brahmavaivarta,  Siva,  Linga,  NAradtya,  Skanda, 
Mirkandeya,  Bhavishya,  Uatsya,  V&riha,  KOnua,  Vilmana,  and  Bhiga- 
vata.  Besides  these,  there  are  said  to  be  eighteen  Upapurdnai,  or 
secondary  Purdnas,  only  a  few  of  which,  however,  are  known.  There 
are  many  others,  not  included  in  this  canon,  which  are  called  Stluda- 
l-tiriniu,  or  local  Purinas,  and  are  of  little  importance.  Several  of 
these  have  been  describe<l  by  Prof.  Wilson,  iu  the  '  Catalogue  of 
the  Mackenzie  Collection'  (Calc,  1828).  The  Purinas  have  been 
chiefly  made  known  to  us  by  the  analyses  of  Wilson,  in  the 
'Asiatic  Journals'  of  Cidcutta  and  London;  by  his  translation  of 
the  '  Vishnupurilna,'  London,  1840,  4to;  and  by  Burnoufs  edition 
of  the  'Bhagavata,'  3  vols.,  Paris,  1S40-47,  fol,  as  far  as  B.  ix. 
Two  complt^te  editions  have  api)eared  in  India,  one  at  Calcutta, 
'830,  and  the  other  at  Bombay,  1839,  both  with    the    scholia   of 


Sridharasw&min.  An  edition  ol  the  '  MArkandeyapurAna '  was  com'- 
menced  at  Calcutta  in  1855. 

Artificial  Potlry. — Sanskrit  poetry  received  a  new  character,  and  one 
essentially  different  from  that  which  we  have  been  just  considering,  in 
consequence  of  the  revolution  which  took  place  in  Sanskrit  literature 
about  the  first  century  before  Christ.  Instead  of  the  popular  and 
national  character  which  appears  in  the  two  great  epic  poems,  it  now 
assumed  an  artificial  form,  and  became  the  poetry  of  courts  and 
princes.  How  this  was  effected  cannot  be  historically  shown,  for  the 
various  steps  of  the  transition  are  lost,  and  the  new  poetrr  appears  at 
bnce  in  ita  perfect  state.  It  is,  however,  quite  obvious  that  the  two 
great  epic  poems  had  long  been  completed  and  were  in  universal 
repute.  The  new  poetry  is  poor  in  invention,  and  drew  its  materials 
from  the  former.  Its  whole  merit  consists  in  what  may  be  called 
style.  Even  the  epic  yersifioation  is  for  the  most  part  neglected,  and 
lyric  metres  are  subetituted  for  it.  This  is  not  merely  a  difference  in 
external  form,  but  it  is  connected  most  intimately  with  the  mode  in 
which  things  are  viewed  by  the  Indians,  who,  being  devoted  to  con- 
templation, delight  to  work  up  theil-  poetical  materials  not  so  much 
into  a  continuous  action,  as  into  a  series  of  single  situations.  Each  of 
these  situations  is  exhibited  in  a  single  stanza  or  strophe,  which  forms 
an  independent  whole,  and  is  not  connected  with  the  others  either 
grammatically  or  metrically.  This  peculiarity  is  as  obvious  in  the  epi« 
as  in  the  lyric  and  dramatic  poetry. 

The  n«w  Epic  poelri/  begins  with  KAlidAsa,  to  whom  two  works  of  thia 
class  have  been.aBcribed, '  Kum&rasambhava '  and  '  Raghuvanaa.'  [Cilu- 
IMSA,  in  BioQ.  Div.]  They  are  written  in  a  style  worthy  of  imitation, 
and  their  whole  chai-acter  shows  that  they  ore  oldsr  than  the  others,  from 
whose  Buperfiuities  these  early  works  are  free.  The  materials  belong 
to  the  mythic  cycle  of  the  '  R&m&yana.'  The  dispoBition  to  describe 
rather  than  to  narrate  is  exhibited  as  well  in  single  passages  as  in  the 
whole.  Whenever  an  opportunity  occurs,  long  descriptions  are  intro- 
duced, such  as  pictures  of  natural  objects,  to  which  the  old  epic  poetry 
was  also  inclined,  but  more  sparingly,  and  only  incidentaUy :  here, 
however,  they  encumber  the  whole  progress  of  the  action.  This  is 
much  more  the  case  in  the  {two  following  poems,  in  which  the  descrip- 
tions appear  to  the  poet  to  be  so  important  that  he  seems  to  have 
undertaken  the  works  only  for  tho  purpose  of  introducing  them.  These 
works  are  the  '  K!r&t.\rjuntya,'  or  "  the  battle  of  Arjuna  with  the 
Kirdta,"  by  Bh&ravi,  and  '  SisupAIabadha,'  or  "  the  death  of  Sisup&la," 
by  MAgha,  both  foimded  on  episodes  of  the '  MahabhArata.'  They  are 
classical  compositions,  and  elaborated  with  the  utmost  nicety;  but  the 
art  of  the  poet  degenerates  into  a  mere  play  upon  words.  'There  ore 
verses  which  may  be  read  forwards  and  backwards,  and  upwards  and 
downwards ;  others  in  which  only  one  and  the  same  consonant  is  used 
(as  "Sis.  19,  114,  'dddado  duddaduddftdl  d&dAdo  d<\dadldadoh  dud- 
dddan  dadade  dudde  dad&dadadado  '  dada,"  which  indeed  is  not  very 
clear,  but  still  has  a  meaning),  or  two  consonants  or  more  are  used. 
These  poems  were  printed  at  Calcutta,  1814,  1815,  and  again  1848, 
with  the  commentary  of  MallinAtha.  The  '  Bbattik^vya,'  written  in 
the  6th  or  6th  century,  in  VoUabht,  the  chief  town  of  Guzerat,  narrates 
the  history  of  R&ma,  but  only  for  the  purpose  of  elucidating  the  more 
rare  gr&mlhatical  forms,  every  canto  being  written  in  a  certain  tense, 
&c.  (Published  nt  Calcutta,  1828,  with  two  grammatical  commen- 
taries.) The  '  Nalodaya,'  falsely  ascribed  to  K&lidAsa,  gives  the  history 
of  Na^  out  of  the  MiihAbh^rata,  but  only  to  show  the  skill  of  the  poeb 
in  an  incessant  play  of  words  and  rhymes,  (Edited  by  F.  Senary,  with 
the  commentary  of  PrajnakAra,  a  liatin  translation  and  notes,  Berlin, 
1830 ;  and  by  W.  Yates,  with  a  metrical  translation,  grammatical 
analysis,  &c.,  Calc,  1844.)  The  most  artificial  of  all  these  poems  is  the 
'RAghavapAndavlya'  of  KavirAja.  (Published  at  Calc,  1854,  with  a 
commentary  by  Premachandra  Tarkavagisa.)  It  is  written  with  such  a 
purposed  double  meaning,  that  the  same  words  give  us  the  histories  o£ 
RAma  and  also  of  the  sons  of  Pandu,  which  is  only  possible  in  conse- 
quence of  most  of  the  Sanskrit  proper  names  having  also  a  perfect 
appellative  meaning,  so  that  in  the  one  history  the  proper  names  must 
be  dropped,  and  in  the  other  the  appellative  meanings.  We  shall 
mention  in  the  lost  place  the  '  Naishadlya '  of  Sriharsha,  king  of  Cash- 
mere in  the  12th  century.  It  treats  of  the  marriage  of  Nala,  and 
nothing  else,  in  twenty-two  long  cantos,  written  throughout  iu  a  very 
artificial  manner,  which  however  makes  it  a  great  favourite  among 
the  Indians.  The  descriptions  in  this  poem  exceed  in  length  and  num- 
ber all  reasonable  bounds,  and  there  can  hardly  be  said  tu  be  any  action 
at  all.  It  was  printed  at  Calcutta  in  two  volumes,  the  first  with  the 
commentary  of  Premachandra,  1836,  and  the  second  with  that  of 
NArAyana,  1855. 

Lyrie  poetry,  in  the  proper  sense  of  tho  term,  did  not  exist  among 
the  natives  of  India  at  this  period,  fur  even  here  their  foudnes-s  for 
description  has  taken  the  place  of  everything  eke,  and,  instead  of  lyric 
poetry,  we  have  the  epigrammatic,  didactic,  and  descriptive.  Even 
their  amatory  poetry  appears  to  be  not  so  much  the  expression  and 
effusion  of  feeling  as  a  studied  and  laboured  display  of  situations.  An 
agreeable  work  of  this  description,  the  '  Amarasatokam,'  consists  of 
lUO  single  small  poems,  each  of  them  being  nothing  more  thao.  a  stanza 
which  represents  an  amatory  scene,  and  which  we  should  call  an  epi- 
gram. (Published  at  Calcutta,  1808.)  To  this  class  belongs  also 
the  '  SringAratilaka,'  which  has  been  improperly  ascribed  to  KAli- 
dAsa.     To  these  must  be  added  the  first  book  of  the  '  Centuries '  o( 
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Bhortrihari,  irhile  the  Wo  other  booka  contain  didactic  poetry.  The 
work  has  been  ascribed  to  the  brother  of  King  Vikramftditya,  who 
lived  in  the  let  century,  B.C. ;  and  we  have  the  high  authority  of 
Prof.  Loaten  ('  Ind.  Alt.,'  ii.  808, 1161),  for  the  probability  of  this 
assertion  being  correct.  (First  edited  at  Serampore,  with  the 
'  Hitopadesa,'  1804;  and  at  Berlin,  1833,  by  Bohlen.)  Among  the 
poems  properly  called  descriptive,  by  far  the  best  is  the '  Meghadttta,' 
certainly  a  genuine  work  of  Kilidisa,  which  in  a  style  of  the  utmost 
elegance  and  simplicity,  describes  the  course  of  a  cloud  over  a  part  of 
India,  the  residence  of  the  god  of  riches  and  of  the  ^idfe  ola  demigod 
who  had  been  banished  to  earth  [CAlibaba,  in  Bioo.  Uiv.]  ;  the  poem 
is  put  in  the  mouth  of  the  demigod  himself.  The  value  of  this  poem 
as  a  work  of  art  lies  chiefly  in  this,  that  every  single  external  pheno- 
menon receives  a  spiritual  meaning,  and  ojl  nature  seems  to  be 
endowed  with  life.  It  is  very  different  in  the  later  poems  of  this  class, 
which  are  properly  only  rhetorical  centos  and  collections  of  all  the 
current  expressiona  and  comparisons  of  previous  poets.  A  work  of 
tills  kind  on  the  seasons — a  subject  indeed  which  is  frequently  intro- 
dticed  in  the  epic  poems,  the  '  Ritusanhflra ' — has  been  improperly 
ascribed  to  K&lidAsa:  (Printed  at  Calcutta  in  1792,  and  at  Leipzig  in 
18S9.)  A  similar  one  on  amatory  common-places, '  Chaurapanchaaikd ' 
(in  Bohlen's  '  Bhartrihari^ '),  is  bombastic  and  spiritless.  This  branch 
of  literature  must  have  been  very  rich,  and  many  of  the  older  works 
have  undoubtedly  been  lost.  Most  of  those  that  are  extant,  including 
the'^IegbadAta,' '  RituaamhAra, '  GItagovinda,'  'Nalodiiya,' '  Bhartrihari,' 
'  Amarftsafaaks,'  are  contained  in  Hoiberlin's  '  Sanskrit  Anthology,'  Calc., 
1847. 

The  Drama, — ^According  to  the  tradition  of  the  Hindus,  the  Indian 
drama  hod  its  origin  in  very  ancient  times,  the  rules  conoeming  it 
having  been  communicated  by  Brahmft  himself  to  the  hermit  Bharata 
(which  means  the  supporter,  bard,  actor).  Though  we  are  unable  to 
ttaee  it  historically,  as  we  know  it  only  in  its  perfected  form,  still  we 
may  perhaps  not  be  far  wrong  if  we  fix  about  the  end  of  the  4  th  or 
the  beginmng  of  the  3rd  century  B.c.  as  the  most  probable  time  when 
it  received  its  first  development.  An  examination  of  the  technical 
terms  employed  in  the  Hindu  drama  favours  the  supposition  that,  in 
its  first  stage,  it  conaiated  in  dances,  accompanied  by  gestures  and  songs, 
in  which  some  historical  event  waa  celebrated ;  that  then  the  persons 
themselves  who  were  the  subjects  of  those  songs  were  represented  by  the 
singers;  and  tliat,  lastly,  the  regular  dialof^e  took  the  place  of  the  dancing 
andsinging.    (Lassen, '  lud.  Alt,'iL  602-5;  Weber,  •  Ind.  Lit,'  184,  ffi) 

Such  performances  are  still  retained  iu  their  original  form  at  the 
festivals  at  R&ma  and  Krishna.  The  chantctera  of  the  piecea  come 
forward  one  after  another,  and  sing  a  song  aocompanied  with  gesture. 
It  ia  obvioua  that  a  considerable  time  must  have  elapsed  before  so 
simple  a  beginning  could  have  grown  into  a  rogxtUr  dialogue  and  a 
complicated  action,  in  which  mythological  and  domestic,  and  even 
historical,  materials  are  interwoven  into  the  representation.  But  the 
Indian  drama,  even  in  its  highest  state,  ia  still  in  a  low  condition. 
Among  the  Qreeks  and  the  modems  individual  action  and  the  collision 
of  moral  powers  form  the  moving  forces  of  the  drama ;  but  that  of 
India  ia  rather  a  series  of  events  and  situations  which  are  exhibited  in 
succession  to  the  spectator.  The  distinction  between  tragedy  and 
cOQiedy  ia  unknown,  and  the  Indian  drama  moat  nearly  resembles  the 
modem  opera.  The  Indian  dramatists  have  not  yet  arrived  at  the 
discrimination  of  character  ;  the  heroes  and  heroines  resemble  one 
another  more  or  less  in  all  their  dramas ;  and  the  species  rather  than 
the  individual  is  everywhere  represented.  There  are  also  standing 
isharacters,  such  as  the  vita,  who  is  the  ffracioao  of  the  Spanish  stage, 
and  the  vidHnhaia,  who  is  the  olown  of  the  old  Kuglish.  This  Utter 
personage  is  always  the  necessary  attendant  of  the  principal  hero, 
whom  he  parodies,  and  whose  ideal  vriahca  he  contrasts  with  hia  own 
-practical  viewa,  and  these  conttasta  are  often  very  strongly  coloured. 
The  strict  rules  of  the  Greek  drama  are  unknown  to  that  of  India,  and 
even  in  many  external  particulars  it  ia  comparatively  unfettererl, — aa, 
for  instance,  in  the  number  of  acts,  of  which  there  ma;  be  as  many  as 
ten.  In  the  form  there  are  two  peculiarities  which  especially  require 
notice  :  fir<)t,  the  interchange  of  dialects  in  the  dialogue,  which  is  in 
general  skilfully  and  delicately  managed,  and  gives  us  a  high  idea  of 
the  social  cultivation  of  the  Indians  in  those  remote  times  (it  has 
already  been  observed  that  the  heroes  speak  Sanskrit,  but  that  the 
women  and  inferior  characters  speak  various  dialects  of  Prakrit) ;  and, 
aecond,  the  interehange  of  prose  and  verse.  The  dialogue  is  entirely  in 
proee,  but  is  interspencd  with  verses  in  the  lync  metres,  always  of  the 
descriptive  character  before  mentioned,  wluch  sometimes  exhibit  a 
feeling  or  a  situation,  and  sometimes  describe  something  which  cannot 
be  actually  represented  on  the  stage,  as  the  rapid  travelling  of  a  vehicle. 
Aa  to  the  scenic  repreaentation,  our  information  is  limited.  It  may  be 
.  inferred  from  their  rhetorical  books  that  great  care  was  bestowed  on 
the  declamation  and  the  costume,  but  the  stage-management  and  the 
decorations  appear  to  have  been  very  rude.  Still  the  dramatic  lite- 
rature of  India  ia  beyond  all  doubt  much  richer  tlian  we  are  yet  aware 
ol  The  namea  of  about  60  piecea  are  known  to  us,  of  which  18 
have  been  edited,  and  we  ore  indebted  to  Professor  Wilson  for  longer 
or  shorter  noticea  of  20  others'.  ('  Theatre  of  the  Hindus,'  2nd  edii.. 
Loud.,  1835.)  Fortunately,  the  pieces  which  have  been  edited  are 
•ufBcient  to  enable  us  to  take  a  rapid  view  of  all  the  eras  and  divisiona 
of  this  branch  of  their  literature. 


The  claasic  age  of  the  Indian  drama  may  be  divided  into  threo 
periods :  the  first  includea  the  time  before  K&Ud^isa,  of  which  only  on» 
piece  remains, '  Mrichhakati,' '  The  Toy-Cart,"  by  King  Sftdraka  (who 
probably  lived  about  the  end  of  the  Ist  century  a.d.).  It  is  easy  to 
discover  that  thia  piece  belongs  to  the  early  period  of  art :  the  jioet 
has  to  contend  with  materials  which  he  does  not  well  know  how  to 
handle.  There  ia  a  certain  clumsiness  in  the  management  of  the  acta 
and  scenes,  and  the  excess  of  descriptive  poetry  is  fatiguing,  a  whole 
act,  for  instance,  being  occupied  with  the  descnptiou  of  a  storm.  Ia 
other  respects  it  is  stnkingly  original,  and  contains  few  of.the  commun- 
placea  whioh  occur  in  the  other  poets ;  the  different  dialects  of  the 
Prakrit  also  are  more  closely  amalgamated  than  in  the  other  pieces.' 
To  Eurdpeans  this  drama  ia  particularly  valuable,  as  giving  a  repre- 
sentation of  Indian  manners  which  cannot  be  found  in  any  other  work. 
Though  it  ia  the  only  remaining  piece  of  this  period,  many  others  amat 
have  existed  before  KAlidisa ;  for  the  general  theory  of  the  dramatic 
art  waa  already  perfected,  which  ia  obvioua  from  bis  frequent  alluatons 
to  it. 

The  second  period  begins  with  K&lidftaa  (about  the  middle  of  the 
2nd  century  a.d.),  under  whom  the  Indian  drama  reached  its  highest 
degree  of  perfection.  We  have  two  pieces  by  him,  '  SakuntaU^ and 
'  Vikramorvasi '  [CAi.idasa,  in  Bioo.  Dir.],  of  which  the  last  has  been 
denied  to  be  his ;  but,  to  judge  from  the  style  and  spirit,  it  must 
ceriainly  be  ascribed  to  him.  K&lidfisa  ia  indeed  the  most  perfect  of 
the  Indian  dramatiats,  for  in  hia  pieces  we  have  the  utmoat  elegance  of 
style,  without  anything  over-laboured  or  artificial ;  the  development  of 
his  plot  is  natural  and  well  comddered ;  and  there  is  always  a  correct 
reUtion  of  parts.  As  to  hia  poetical  merit,  Europeans  have  been 
enabled  to  form  a  judgment  from  the  graceful  translation  of  his 
'  Sakimtali,'  by  Prof.  M.  Williams  (Hertford,  1856). 

The  third  p^iod  begins  with  Bhavabfa(iti,  at  the  commencement  of 
the  8th  century,  whose  era  is  established  by  a  passage  in  the  '  Chronicle 
of  Cashmere '  (iv.  144).  Dramatic  poetry  had  now  undergone  a  greab 
change,  the  historical  progress  of  which  we  are  unable  to  describe  for 
want  of  the  necessary  evidence.  Bhavabhtiti  w-os  a  learned  poet,  who 
constructed  hia  works  entirely  according  to  the  dramatic  theory  of 
previous  writers.  He  has  accordingly  a  very  high  reputation  in  India, 
but  he  has  all  the  faults  consequent  on  the  direction  thus  given  to  hia 
genius.  With  all  hia  poetic  talent,  he  ia  deficient  in  true  dramatia 
spirit ;  hia  results  are  Liboured,  and  there  is  always  a  display  of  art 
and  a  want  of  nature.  Description  is  with  him  always  in  excess,  and 
the  diction  of  single  poasages  ia  not  only  too  artificial,  but  alao  pompouay 
and  to  Europeana  therefore  not  without  difficulty.  There  are  three 
piecea  of  his ;  one  in  whioh  a  domestic  subject  is  treated,  the  loves  of 
MAlati  and  H&dhava,  and  two  others  taken  from  the  cycle  of  traditiona 
of  the  Rdm&yana, '  Mih&vtracharitra,'  and  '  Uttarai-ftmaoharitra.'  The 
last  ia  most  free  from  the  excessive  daboiation  of  Btyle. 

As  specimens  of  dramas  of  intrigue  iu  the  Indian  stylo, '  Ratn&vali  ' 
and  '  M&lavik&gnimitra '  are  worthy  of  notice.  The  first  was  written 
in  the  12th  century  by  some  poet  at  the  court  of  ISrltuusha,  king  of 
Cashmere;  the  other  was  long  prior  to  Bhavabhdti,  probably  by 
K&lidAsa  himself.  The  plan  of  these  pieces  is  not  unskilful,  and  the 
language  is  easy  and  graceful ;  the  subject  itself  warning  the  poet  to 
avoid  a  highly  ornamental  style.  Another  kind  of  interest  belongs  to 
the  '  Mudrdrdkshasa '  of  Vis&khadatta ;  ijie  exact  time  to  which  thia 
drama  belongs  is  unknown,  but  it  is  certainly  after  Bhavabhflti ;  the 
matter  is  historical,  namely,  the  history  of  Chandmgupta,  the  Sandix>- 
cottus  of  the  Greeks.  In  the  deficiency  of  historical  information,  even 
such  a  tradition  is  important,  and  the  piece  also  throws  much  light  on 
the  politics  of  the  Indian  courts.  As  a  drama  it  is  not  of  much  value  ; 
it  ia  mostly  written  in  prose.  The  '  Prabodhachandrodaya '  ("  the 
rising  of  the  moon  of  reason  ")  is  of  a  character  quite  peculiu' :  it  ia  an 
allegorical  play,  written  by  Krishnamiara  in  the  11th  century,  in  whid^ 
ptu-cly  abstract  ideas,  as  virtues,  paaaions,  and  crimes,  are  personified 
and  act,  and  by  meana  of  whom  the  Yeddnta  philosophy  at  last 
celebrates  her  triumph.  Setting  aside  the  strangeness  of  such  a  work 
of  imagination,  it  must  be  admitted  that  the  author  has  perfonned  his 
task  with  great  skill. 

It  was  much  laiec  before  the  peculiar  species  of  drama  made  ita: 
appearance  which  is  called  praA<uana  (eom<(<y,  or  rather /orce).  The 
piecea  are  abort,  and  are  valuable  oa  exhibiting  on  entirely  new  kind  of 
literature.  They  are  bitter  satires,  as  unrestrained  aa  thoae  of  Ariato- 
phanes,  and  aimed  at  the  deep  state  of  degradation  into  which  the 
Indians  had  sunk,  chiefly  through  the  corruption  of  the  Brahmina. 
The  Dhtlrtaaaraagama '  ("  the  assembly  of  rogues  ")  ia  a  playful  wrangle 
between  a  Brahmin  and  hia  schohua  about  a  courtesan.  The  piece  hoa 
the  msit  of  parodying  in  a  happy  manner  the  bombastic  style  of 
Bhavalffi(iti,  which  is  a  proof  that  even  in  India  there  were  critics  who 
were  opposed  to  the  common  opinion,  and  who  ridiculed  the  perverne- 
ness  of  the  general  taste.  Thia  little  piece  belongs  to  the  end  of  the 
15th  century.  (Published  in  Lasaen'a  *  Anthologia  Sanscritica,'  Bonn, 
1838.)  The  later  dramaa  confine  themaelves  entirely  to  mythological 
aubjecta.  The  greater  number  of  the  aixty  pieces  before  mentioned 
belong  to  thia  clasa.  Animitatidn  of  the  '  Prabodhachandrodaya '  ia  the 
'  Chaitanyachandrodaya,'  a  drama  in  ten  acts  by  Kavikamapura,  in. 
which  the  life  and  myatical  reveriea  of  the  philosopher  Chaitanya  are 
celebrated.  It  dates  from  the- 16th  century.  Amongst  its  faults  are  a. 
profusion  of  olliterationa,  and  a  goi;geou8ly  ornate  style  :  but,  regarded 
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B8  an  ideal  dnuna— a  series  of  tableaux  virans,  presenting  faiUiful 
poitraitnres  of  the  adored  object  of  a  large  body  of  entbusiasto— the 
trork  vill  always  command  tiie  esteem  of  the  lovers  of  liteiaty  .worth. 
It  was  published  at  Calcutta,  1851. 

The  'Gltagovinda'  of  Jayadeva,  written  in  the  12th  century,  is 
entirely  different  from  the  woHu  already  described.  It  is  a  poem 
intended  for  performance  at  a  festival  of  Vishnu,  and  belongs  to  th»t 
class  to  wiiicn  we  ascribed  the  origin  of  the  drama,  It  exhibits  the 
separation  of  Krishna  from  his  wife  BAdhft,  his  love  adventures  witii 
the  shepherdesses,  and  the  reconciliation  of  the  husband  and  wife,  in  a 
series  of  songs,  whic)i  are  connected  and  introduced  by  strophes  which 
describe  the  situations.  The  strophes  were  intended  for  recitation,  the 
'songs  to  be  sung.  This  la  therefore  the  only  Sanskrit  poetry  which  we 
possess  that  can  properly  be  called  lyric.  But  the  songs  are  entirely 
written  on  the  model  of  the  Prakrit  songs,  which  alone  appear  to  have 
been  intended  for  singing,  and  they  have  throughout  the  Pi-akrit 
metiea  The  word  goriada  itaelf  is  a  Prakrit  form  of  the  word 
gapendra, "  the  master  of  the  shepherdesses,"  which  ia  one  of  the  titles 
of  Krishna.  The  scholiasts  explain  the  poem  in  a  mystic  sense: 
Krishna  is  the  soul,  which  onanated  from  God,  with  whom  it  was 
originally  in  union,  but  was  drawn  down  from  him  by  sinful  objects  (tho 
Bhepherdeeses) ;  at  length,  however,  full  of  desire  for  its  original  purity, 
it  returns  to  God.  In  fact,  the  author  himself,  in  certain  passages, 
seems  to  intimate  that  be  had  some  such  deep  meaning  in  view  :  and 
perfaap8-«e  may  here  &nd  indications  of  the  influence  of  the  mystic 
poetry  of  Persia.  (Printed  at  Calcutta,  ISOS;  andthereisaii  excellent 
edition  by  Lassen,  Bonn,  1836,  4to.) 

Narraintt, — As  the  6ld  epic  poems  wore  especially  designed  for  the 
Wirrior-caste,  so  the  Vaisyas,  the  third  class,  have  a  literature  of  their 
bwn,  the  narratire,  of  which  the  first  which  requires  notice  is  Fable. 
In  the '  K&mftyana'  and  in  Manu  there  are  allusions  to  well-known  fables, 
and  others  are  related  in  the  '  Hah&bhAnita.'  The  two  chief  works  of 
later  times,  b<it  which  are  still  of  some  antiquity,  are  the  '  Fanchatan- 
tra'  and  '  Hitopadesa.'  [PilpaY,  in  Bioo.  Div.]  The  'KathtoaklU' 
are  short  narratives  and  tale.  They  are  known  to  us  chiefly  through 
three  modem  prose  woAs,  which  contain  obvious  marks  of  having 
heea  derived  from  older  metrical  collections.  They  are  called — 
'VetAlapanchavinsati,'  "the  25  tales  of  the  ghost,"  by  SivadAsa; 
'  Sukas^ytati^  "  the  70  tales  of  the  parrot,"  known  in  Europe  as  tho 
'  TfttSn&meb,'  from  a  Persian  translation;  and  the '  Sinhflsanadvitrinsati,' 
"tbe  32  tales  of  the  statues  on  the  throne  of  Vikrarndditya."  The 
whole  series  lui8.^only  been  printed  in  translations  into  the  modem 
longnagce  of  India.  Lassen  has  published  part  of  the  Sanskrit  original 
of  we '  Vet&lapanchavinsati,'  and  tlie  commencement  of  the '  Sukasaptati,' 
in  his '  Antholo£^a ; '  and  Prof.  B.  Roth  has  giVen  extracts  from  the 
Saoakrittext  of  the'SinhlsanadvAtrinsati,'in  the  '  Journal  Asiatique ' 
Tor  1815,  TL  278,  ff.  But  there  is  another  still  more  important  work, 
a  great  collection  of  all  the  existing  tales,  which  was  undertaken  by 
Somadeva  of  Coslimere,  in  the  12th  century ;  it  ia  entitled '  Vrihat- 
kathA,'  "the  great  narration,"  or '  Kath4sarit84gara^'  " tho  ocean  of  the 
streams  of  narrations."  It  is  written  in  the  epic  metre,  and  m  a  simple 
style,  (About  a  fourth  part  of  the  work  has  been  published  by 
BroekhauB,  Leipzig,  1840.)  Viewed  with  reference  to  their  matter, 
the  works  of  this  collection  are  peculiarly  interesting  to  us,  mnce  evba 
in  the  middle  ages  they  hod  found  their  way  to  Europe  under  various 
forms,  as '  The_  Book  of  the  Seven  Wise  Masters,"  &c. ;  and  the  know- 
ledge of  Ae  original  text  clears  up  many  difiBoult  questions  of  literary 
history.  *ome  of  the  oldest  and  best  of  the  '  Tales  of  the  Thousand 
and  One  Nighia '  have  been  drawn  from  this  source,  and  even  in  the 
Arabic  version  they  retain  many  features  which  belong  only  to  India- 
See  Prof,  Benfey's  translation  of  the  '  Panohatantra,'  Leipzig,  1859,. 
2  vols. 

There  are  two  other  kinds  of  n-irrative  works,  which  need  only  be 
noticed  briefly  :  the  champHi,  which  are  narrations  in  prose  and  verse, 
sometimes  written  in  the  artificial  style ;  and  the  cliaritrat,  which  ore 
short  and  wonderful  stories  from  tho  history  of  some  celebrated  man. 
Of  this  last  kind  there  are  two  which  relate  to  the  kings  Vikromiditya 
and  BUoja,  and  at  first  sight  appear  to  cont.iin  some  valuable  infor- 
mation ;  but  they  are  entirely  wiUiOut  authority,  and  have  only  served 
to  introduce  error  into  questions  of  Kterary  history.  To  the  elaborate 
prose  works  of  this  elate  belong  the  '  Dasakuniilj-.icharitra,'  or  "  the 
adventures  of  the  ten  princes ; "  and  the  '  KadamUiri ; '  the  former  by 
Dandi,  about  the  middle  of  the  11th  century,  the  latter  by  Vdnabhatta, 
of  a  somewhat  later  date,  and  composed  in  a  very  abstruse  style. 
Lastly,  in  the  '  Vflsavadatt*!,'  a  romance  in  prose,  written  by  Subandha 
probably  as  early  as  the  7th  century,  the  diiplay  of  alliteration  and  the 
lore  of  ambiguity  of  import  are  carried  to  such  dn  extent  that  the 
work  nuy  truly  be  called  an  entire  volume  of  puns. 

Before  wo  proceed  to  tho  scientific  literature,  we  must  add  to  the 
narrative  clSss  the  scanty  remains  of 

Jlistorical  Zdtcrature.— The  peculiarly  contemplative  cast  of  mind 
which  distinguishes  the  natives  of  India,  and  tho  circumstance  of  the 
whole  country  having  never  been  formed  into  a  single  kingdom,  but 
consisting  of  small  independent  governments,  will  suUioiently  account 
for  the  almost  entire  want  of  historical  writings.  With  the  exception 
of  a  very  modem  chronicle  of  Orissa  (abridged  by  Stirling,  '  Asiat. 
Besear.,'  xiv.),  there  is  only  one  historical  work  in  existence  in  tho 
Sanskrit,  'The  Chronicle  of  Cfashmere,'  properly  entitled '  BitjataranginV 


"  the  stream  of  the  kings ; "  it  was  written  in  the  12th  century  by 
Kalhana,  partly  from  ancient  sources,  which  he  specially  mentions. 
There  have  been  three  successive  continuations  of  this  chronicle,  which 
dcsaibe  tho  period  of  the  Mohammedan  dominion  down  to  Akbar. 
The  work  is  written  in  the  artificial  style,  in  the  epic  metre,  and  has  a 
good  deal  of  the  form  of  a  '  Purftna.'  The  first  part  of  it  has  been 
drawn  almost  entinty  from  Buddhist  sources.  It  was  first  made 
known  in  Europe  by  Wilson's  analysis  ('  Asiat.  Besear.,'  xv.) ;  after- 
wards edited  at  Calcutta,  1835,  4to.;  and  lastly,  the  first  six  books, 
with  a  I'to  ich  translation  of  the  whole  work  by  Troycr,  were  published 
at  Paris  n  1 8  4  0-52,  in  3  vols.  The  Buddhists,  on  the  other  hand,  have 
a  histoiy,  chronologically  worthy  of  credit,  which  is  continued 
according  to  the  series  of  their  patriarchs.  Hitherto  the  only  publi- 
cation of  the  original  Indian  text  has  been  that  of  the  '  Mohlivansa,'  in 
Pali,  by  Turaoiu-.  (Colombo,  1837,  voL  i.,  4to.)  This  deficieucy  of 
histuriraU  hterature  is  in  some  degree  compensated  by  numerous  ia- 
scriptiuns  of  various  ages,  which  have  been  found  in  all  parts  of  India, 
and  most  of  which  have  hitherto  successfully  been  deciphered.  As 
many  of  them  contain  genealogies  and  other  matters  which  indicate 
the  time  when  they  were  written,  they  are  of  inestimable  value  for 
historical  inquiries,  being  almost  the  only  documents  which  we  possess. 
As  to  any  other  historical  notices,  we  are  entirely  indebted  to  the 
writings  of  the  Greeks,  .the  Chinese,  and  the  Arabians,  which  have 
been  very  useful,  at  least  for  settling  dates. 

Scientific  Literature. — The  sciences  to  which  the  natives  of  India 
have  been  original  contributors,  are  philosophy,  grammar,  and  astro- 
nomy, together  with  algebra. 

Pkiloiop^  is  of  great' antiquity  in  India.  The  contemplattve 
character  of  the  natives  must  have  early  led  them  to  metaphysical 
speculations,  and  the  collision  which  must  soon  have  occurred  between 
the  results  9f  those  speculations  and  the  revealed  word  of  the  Vedoii, 
would  become  a  principal  cause  of  the  wider  extension  of  (ihilosophjr. 
Jlence  arose  many  systems ;  of  those  which  ore  held  to  be  orthodox 
we  are  specially  acquiuntcd  only  with  six ;  but  as  these  six  are  related 
to  each  other  by  twos,  they  can  only  be  regarded  aa  three  diiitinct 
systems.  We  are  acquainted  with  them  only  in  tiUcir  complete  form, 
in  which  they  have  a  mutual  rclatiou  to  each  other,  and  we  are  not 
able  to  point  out  their  historical  development. 

The  SSnkhya  system  however  must  be  regarded  as  the  first  and 
most  ancient,  and  this  system,  on  certiun  mythological  grounds,  has 
been  traced  back  to  Kapila.  It  is  founded  on  a  duality  of  soul  and 
matter  (or  nature);  the  first  being  the  free,  pure,  uncreated,  and 
uncreoting  principle ;  the  second,  the  creating  power  of  nature,  blind 
and  purposeless.  The  one  cannot  be  thought  of  without  the  otlier ; 
they  form  for  themselves  the  yet  undeveloped  being,  and  from  them 
proceeds,  by  a  n^lar  gradation,  from  the  spirjixial  to  tho  intellectual, 
and  then  to  the  most  corporeal,  ike  whole  visible  worbL  Every  human 
being  indeed  possesses  the  spirit,  but  in  union  with  the  senses ;  and 
his  task  is,  by  the  conquest  of  the  senses  through  the  medium  of 
the  intellect,  to  attain  to  the  final  deliverance,  "  mokaha,"  or  blessedness, 
which  is  aocompUdicd  in  the  "  jnAna,"  that  ia,  the  "  gnosis,"  knowledge. 
But  this  system  Irnd  an  appearance  of  atheism,  and  therefore  under- 
went a  reformation  iu  the  Yoga  system  of  PataajoU.  It  is  here 
established,  tliat  knowledge  is  the  way  to  attain  to  the  final  deliverance, 
but  knowledge  it»c1f  can  only  be  obtained  through  "yoga,"  absorption 
into  God  and  mystical  union  with  him,  and  a  perfect  abstraction  from 
everything  which  can  disturb  the  mind  or  awake  the  passions,  ^ho 
system  further  assumes,  th.Tt  the  pure  spirit  is  the  creator,  and  thus  it 
connects  itself  with  the  notions  which  belong  to  religion ;  it  also  adopts 
the  metempsychosis,  inasmuch  as  it  fixes  degrees  of  the  yoga ;  the 
spirit  comes  back  to  inhabit  new  bodies  till  it  has  attained  the  highest 
degree  of  the  yoga.  The  Vedas  are  also  held  in  esteem  as  mean!)  of 
knowledge,  but  they  are  not  valued  more  highly  tlian  other  means, 
since  a  man  is  to  perfoi-m  what  is  said  in  the  Vedos  freely,  and  not 
.  merely  on  account  of  the  wTitten  word.  Hence  has  arisen  the  saying, 
that  the  "yogiu  "  is  exalted  above  tho  Vedas. 

The  doctrines  of  the  Buddhists  are  foimded  on  the  Sinkhya  system, 
which  they  csny  out  into  all  its  consequences,  both  in  their  religion 
and  politics.    [Bcddija.] 

The  second  system  is  the  NySya,  of  which  Gotama  is  the  author. 
This  system  is  entirely  confined  to  logic  and  dialectic,  on  which  it  has 
been  constructed  even  in  the  most  minute  particulars.  It  is  therefore 
more  in  accordance  than  the  Sdukhya  with  the  other  systems ;  and  as 
the  natives  of  India  generally  have  bestowed  much  labour  on  tho  study 
of  logic,  so  philosophers  also  of  all  the  different  sects  have  occupied 
thomselves  with  it.  The  number  of  the.Ny&ya  writings  is  very  great. 
The  Yaiictliika  system  may  be  looked  upon  as  a  reformation  of  the 
My&ya.  It  is  derived  from  Kan&da.  It  applies  tho  logical  principle 
to  nature,  and  has  arrived  at  a  complete  atomie  doctrine  by  the 
resolution  of  all  substauces  into  their  elements.  It  asesrts  that  thero 
is  a  union  of  atoms,  which  however  is  purely  mechanical;  so  that, 
contrary  to  the  S&nkbya,  in  its  consequences  it  necessarily  leads  U> 
materialifm. 

The  third  system,  the  MtmdniA,  tEe  first  teacher  of  which  was 
ciUed  Jaimiui,  is  directly  opposed  to  the  two  former.  It  maintains 
religion  and  the  revealed  wonl  of  tho  Vedas,  and  i$  a  positive  theological 
system.  Accordingly  it  is  occupied  chiefly  iu  comoiGutiug  upon  the 
Vcdos,  and  in  reconciling  their  contradictions.    The  first  part  of  this 
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(ystem  is  pTedominantly  practical ;  itiscaUed  '  PftrvamlmftnsA/  "tha 
limt  MtmJUiaft ; "  here  sXao  it  is  affirmed  tliat  the  final  deliTeronce  must 
be  worked  out  by  knowledge,  but  it  limits  the  knowledge  to  that  of 
the  duties  prescribed  in  the  Vedas.  The  metaphysical  part  of  this 
nstem  is  displayed  in  -dto  Vttaramtmdnsd,  commonly  called  the 
Veddnta.  Hone  too  knowledge  is  considered  as  the  condition  of 
deliverance,  but  still  the  sacred  word  of  the  Vedas  is  the  great  rule  by 
which  all  thought  is  to  be  regulated.  The  Yed&nta  required  philosophy 
and  dialectic,  and  has  therefore  adopted  from  the  other  ^tems  ereipr- 
thing  not  contradictory  to  its  objects ;  the  consequence  of  which  is, 
that  one-half  of  the  philosophy  is  given  up,  and  the  Vodftnta  is  inter- 
mediate between  philoeophy  and  dogmatism,  as  was  the  case  in  the 
Christian  system  of  the  schoolmen.  It  has  been  howeyer  of  great 
service  in  we  later  corrupted  times,  in  regenerating  the  old  religious 
and  political  system,  and  in  maintaining  it  to  the  present  time.  The 
two  greatest  restorers  of  this  system  were  KumArilabhatta  in  the  6th 
century  a.d.,  and  Sonkorslchdrya  in  the  7th  and  8th,  both  of  whom 
contributed  largely  to  the  expulsion  of  the  Buddhists.  The  latter 
travelled  through  the  whole  of  India,  combating  and  refuting  the 
opposite  sects.  The  system  is  indebted  to  him  for  its  perfection,  and 
it  is  even  now  universally  received  throughout  India  in  the  form  into 
whidi  he  brought  it. 

The  heterodox  systems  are  chiefly  known  to  ua  through  the  refuta- 
tions of  them  by  their  opponents,  especially  SankatAchftrya,  for  the 
writings  themselves  have  been  intentionally  dnstroyed.  They  are 
alluded  to  in  Hanu,  and  they  are  combated  in  the  '  KAmAy ana ; '  which 
are  proofs  of  their  antiquity.  The  most  important  among  them  is  tliat 
of  the  Lokdyalihu,  a  connected  continuation  and,  development  of  tlie 
Vaisethilca  doctrine,  and  a  perfect  materialism.  Those  who  adopt 
this  system  do  not  announce  a  final  deliverance  as  the  highest  aim,  but 
deny  a  future  existence,  and  regard  the  soul  as  a  material  substance. 
The  only  source  of  knowledge  is  considered  to  be  that  of  a  true  per- 
ception by  means  of  the  senses ;  and  the  world  is  held  to  be  uncreated 
and  eternal ;  they  consequently  deny  the  first  cause  bf  things,  and  are 
perfect  atheists. 

(Colebrooke, '  Essays  on  the  Rcligioitand  Philosophy  of  the  Hindus,' 
liondon,  1868,  pp.  143-269;  Ballantyne,  '  Christrauity  contrasted  witli 
Hindu  Philosophy,'  1859,  pp.  xv.-xxxviii. ;  Mullens, '  Religious  Aspects 
of  Hindu  Philosophy,'  1860,  pp.  1-174 ;  Lassen,  '  Ind.  Alt.,'  i.  830-38, 
ii.  609  f.  1165  t,  lii.  421-89 ;  Weber,  '  Ind.  Lit,'  pp.  210-20 ;  Dr. 
Ballantyne  commenced  in  1849  to  edit  at  Benares  tne  SAtras  (short 
aphorisms)  of  the  six  principal  schools  of  philosophy,  in  Sanskrit  and 
English ;  '  Sarvadareanasangraha '  (short  notices  of  the  different  systems 
of  philosophy),  by  MAdhavftchdrya,  Calc,  1858  j  '  Sinkhyapravachana- 
bhSshya,"  ed.  HaH,  Calc,  1856;  '  SflnkhyakArikft,'  ed.  "Wibson,  Oxford, 
1837;  *  Bliflgavadglta,' ed.  Lassen,  Bonn,  1848  ;  Calc,  1856  (ifith  the 
commentaries  of  Sankara  and  SrtdharaswAmin^  ;  transl.  by  Thomson, 
Hertford,  1865;  M,  Muller,  'On  the  Nyftya'  (app.  to  Thompeon's 
'  Laws  of  Thou^t ') ;  '  BhilBhi  Parichheda,"  and  '■Sirldhinta  Muktftvali,' 
ed,  Roer,  Calc,  1850;  •  Vedilntas4ra,'  by  SadAnanda,  Calc,  1855; 
'  BAdarftyana's  BrahmaR<ltras,'  ed.  Roer,  Calc,  1854 ;  '  Sarlraka  MtmAnsd 
BhAehya,'  by  Sankaiich&rya,  Calc,  1829,  4to ;  '  Sajikara,  sive  de  Theo- 
logumenis  Vedanticorum,  auct.  Windischmann,'  Bonn,  1838,  8vo.) 

Grammar. — The  Philological  Scienctt  arise  among  an  ancient  people 
as  soon  as  a  sacred  literature  gives  occasion  to  their  growth.  'The 
Vedas  were  written  in  a  language  which  soon  became  obsolete  The 
necessity  of  defending  them  against  corruption  and  innovation,  and  of 
preserving  their  correct  interpretation,  naturally  led  to  grammatical 
inqviiries ;  and  as  the  Sanskrit  language  is  in  itself  bo  original,  regular. 
And  perfect,  that  its  laws  are  easily  discovered,  philology  has  become 
the  most  valuable  port  of  Indian  literature.  The  Indian  grammarians 
are  far  alx>ve  those  of  any  other  ancient  people;  and  they  have  a 
strong  predilection  for  this  science,  and  have  treated  of  it  in  number- 
less writings.  The  first  beginnings  of  Sanskrit  grammar  reach  back  to 
very  remote  times,  and  are  included  in  the  collected  qrstem  of  the 
Vedas.  The  oldest  grammarians  appear  also  as  the  authors  of  the 
'  Upanishads.'  Here  too  wo  are  unable  to  trace  the  gradual  formation 
cf  the  science ;  the  system  appears  at  oiico  in  its  complete  state  in  tho 
'  Sfltras,'  or  Aphorisms,  of  PiUiini,  whoTcertaiuly  did  not  live  later  than 
the  middle  of  the  4th  century  before  Christ.  He  takes  notice  of  a 
series  of  older  grammarians,  as  well  as  of  schools;  and  though  in 
certain  particulars  there  was  some  variation  in  what  they  taught,  yet 
in  general  the  system  was  tho  same,  and  they  h.ad  the  same  technical 
terms.  The  form  in  which  grammar  L?  presented  is  one  peculiar  to  the 
natives  of  India,  and  they  apply  the  same  principles  to  other  sciences, 
as  for  instance  philosuphy.  Everything  is  compressed  into  rules, 
which  are  brought  into  the  most  concise  forms  of  expression  possible, 
and  tho  grammatical  categories  are  expressed  by  a  kind  of  figures  or 
algebraical  signs.  They  ore  intended  to  be  committed  to  memory,  and 
without  a  commentanr  they  are  unintelligible ;  they  are  all  connected 
one  with  another.  (Published  at  Calcutta,  1810;  at  Bonn,  1810,  by 
)  O.  Boehtlingk.  A  severe  criticism  on  this  edition  is  contained  in  the 
introduction  to  'The  Minava-KalpaSfltras'  edited  by  Dr.  GoldstUcker, 
Londun,  1881.  See  also  Lassen,  •  Ind.  Alt.'  ii.  479  ff. ;  Weber, '  Ind. 
Lit.'  p.  199  S.;  Weber,  'Ind.  Studicn,'  i.  141,  ff;  MUller,  'Anc 
Sanskrit  Lit',  p.  138, 160  ff. ;  Wejtergaard, '  Cm  de  (Eldsto  Tidsrum  i 
cli:n  imliiiko  Uistorie.'  Copenhagen,  1860,  p.  72  ff.)  P&nini  is  not 
systematic,  but  indeed    very  arbitrary  in  his  an-angement,  which 


appears  to  have  been  adopted  merely  from  the  necessity  which  the 
object  of  attaining  the  greatest  possible  brevity  imposed  upon  him. 
The  whole  of  more  modem  Sanskrit  grammar  is  founded  on  Pftninl, 
ond  at  first  grammarians  were  merely  occupied  in  explaining  and 
correcting  him.  Two  ancient  commentaries  by  Kdty&yaua  (who  is  also 
called  Vaiaruohi)  and  by  Patanjali,  who  in  later  times  have  themselves 
been  copiously  commented  upon,  are  nearly  as  old  as  PAnini  himselt 
In  comparatively  recent  times,  grammarians  began  to  take  some  pains 
to  reduce  the  '  Sfttrna '  to  a  system,  and  to  compose  grammars  more  in 
accordance  with  European  notions.  Here  the  'Siddhftntakoumudt' 
must  be  particularly  mentioned,  which  was  written  by  Ehattojidlkshita 
about  the  year  1600,  and  has  served  as  the  foundation  of  a  number  of 
more  modem  works.  (' SiddhAntakaumudl,'  Calcutta,  1812,  4to. ; 
'  Laghukaumudi,'  ibid,  1827,  and  Mirzapore,  1849.)  All  these  are 
entirely  occupied  with  teaching  the  grammatical  forms,  and  it  is  only 
as  opportunity  offers  that  they  give  a  few  syntactical  riUes.  Syntax, 
on  the  contrary,  is  developed  in  many  distinct  works,  and  is  grounded 
on  the  logic  of  the  Nyftya  system,  which  is  a  proof  of  enlarged  and 
correct  views.  So  in  like  manner  the  different  Prakrit  dialects  have 
been  exhibited  in  their  separate  grammars.    The  oldest  work  of  this 


of  the  principal  dialect  and  of  the  three  others  which  are  most  nearly 
connected  with  it.  He  is  followed  by  a  series  of  later  grammarians, 
who  successively  include  within  the  limits  of  their  works  more  of  the 
inferior  dialects.  The  most  important  of  these  grammarians  is 
Hemachandra,  a  Jain.  The  canonical  books  of  the  Jains  behig  written 
in  the  Prakrit,  that  language  is  regarded  by  them  with  peculiar 
interest. 

Lexicography  also  had  its  origin  as  far  back  as  the  Ved^,  for  the 
necessity  must  soon  have  been  felt  of  collecting  and  explaining  the 
obsolete  words.  A  work  of  this  kind,  entitled  '  Nirukta,"  (edited  with 
commentaries,  by  R.  Roth,  Qottingen,  1852)  forms  an  essential  part  of 
the  Vedas  themselves.  For  the  purpose  of  perfecting  grammar,  it  was 
afterwards  found  necessary  to  make  alphabetical  lists  of  the  verbal 
roots.  The  nouns,  chiefiy  for  the  purpose  of  fixing  the  genders,  were 
arranged  by  themselves,  not  alphabetically,  but  according  to  the 
subjects  to  which  they  belonged.  The  chief  work  of  this  class,  which 
has  served  as  a  foundation  to  all  the  later  ones,  is  the  '  Amarakoaha ' 
('  Amarasinha '),  which  they  have  imitated  even  in  their  arrangement. 
[Amara,  in  Bioo.  Div.]  Next  in  celebrity  and  more  complete  than 
the  before-mentioned  is  Hemachandra's  '  AbhidhAuacluntAmani,'  from 
the  12th  century  (edited  by  Boehtlingk  and  Rieu,  St.  Peterb.,  1847). 
None  of  these  works,  of  which  there  are  many,  completely  exhausts 
the  treasures  of  the  language. 

Metre. — In  like  manner,  the  Veda-ht/MTU,  which  were  to  be  com- 
mitted to  memory,  led  to  the  consideration  of  the  laws  of  metre,  and 
treatises  on  metre  have  been  ascribed  to  very  early  teachers  of  the 
Vedas.  Here  also  the  more  early  essays,  such  as  the- NidAna-s<^tras  of 
the  SAma-Veda,  have  been  superseded  by  a  work  which  exhibited  the 
subject  as  a  complete  system.  Fingala,  who  is  commonly  considered 
to  be  the  same  as  Patanjali,  is  said  to  be  the  author  of  it :  this  work, 
which,  like  the  whole  science,  is  called  Chhandas,  has  been  elucidated 
by  numerous  commentai-ies. 

Muiic. — The  theory  of  music  has  also  been  elaborated  according  to 
various  systems,  but  in  a  strange  manner,  for  the  different  notes  and 
musical  scales  have  been  personified. 

Of  the  musical  sciences  nothing  has  been  printed  except  quotations 
from  Bharatals  '  GAndharvaveda,'  and  from  the  works  of  tsvara,  NArada, 
Pavana  and  KalinAtha  in  the  commentaries  to  the  dramas.  But 
several  treatises,  such  as  the  '  SangitoratnAkara'  by  SArngadeva,  the 
'  RAgavibodha '  by  Soma,  the  '  Sangltadarpana'  by  DAmodara,  the 
'  RigamAl^'  exist  at  least  in  manuscript.  ('  Catal  Codcl.  MSS.  Sanscr. 
m  Bibl.  BodL',  Oxford,  1859,  p.  199-201.)  See  also  Colebrooke's 
copious  Treatise  on  Metre  ('  Asiat.  Res.',  z.). 

Rhetoric. — To  the  philological  scijences  belongs  also  the  Indian 
system  of  Rhetoric,  or  rather  Poetry,  in  which  the  rules  for  poetic 
composition  are  deduced,  not  from  any  principles  of  art,  but  from  the 
existing  classical  works,  with  particular  reference  to  the  drama,  tho 
theory  of  which  is  extremely  cupious,  and  goes  into  the  nicest 
distinctions.  This  theory  belongs  to  a  late  period.  There  have  heea 
printed  the  '  KAvyapnuA^,'  by  Monmathabhatta,'  of  Cashmere 
(Calcutta,  1829),  and  '  SAhityadarpona,'  by  KavuAja  (Calcutta,  1853), 
both  of  which  belong  either  to  the  12th  or  13th  century. 

Commentariei. — In  later  times  the  Indian  grammarians  have  Occupied 
themselves  in  writing  commentaries,  particularly  on  the  works  belonging 
to  the  Vaidic  literature,  to  classic  poetry,  and  to  philosophy  and 
grammar.  The  most  important  of  the  scholiasts  with  whom  we  are 
yet  acquainted  are  SAyana,  Mahtdhara,  Sankara,  on  the  first  mentioned, 
MallinAtha,  on  the  more  modem  epio  poems,  and  a  host  of  others. 
The  commentators  have  done  good  service  in  fixing  and  maintaining  » 
pure  text,  especially  in  the  Veda-s  and  the  gi-eat  epio  poems.  A 
philological  school  vras  established  in  13engal,  upon  a  directly  opposite 
principle,  for  they  began  to  make  editions  of  classical  works,  in  whici\ 
most  uncritically,  according  to  European  notions,  they  kept  to  the 
meaning,  but  iodk.  the  liberty  of  entirely  altering  the  ezprcssion.  As 
we  have   before   mentioned,  they  made  such  a  recension  of  tho 
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'  R&m&yana,'  as  well  as  of  the  '  Sakuntala,'  and  other  dramas. 
Vopadeva,  a  grammarian  of  this  school,  in  a  similar  maimer  invented 
a  new  grammatical  system,  according  to  which  he  altered  the  technical 
expressions  of  P&nim,  without  in  other  respects  varying  in  the  smallest 
degree  from  this  method.  (' Mugdhabodha/  Calcutta,  1826,  St. 
Petersburg,  1847.) 

Atbnmomy. — The  oldest  Indian  astronomical  documents  are  the 
calendars  which  are  annexed  to  the  Veda.<i,  and  which,  according  to 
ColelHt>oke,  belong  to  the  13th  century  B.C.,  but  are,  at  least  in  tilieir 
present  form,  of  much  more  repent  date.  They  include  a  solar  year 
of  365  days,  and  are  so  composed  as  to  determine  it  correctly.  Here 
also  we  ore  unable  to  point  out  how  the  mathematical  and  astronomical 
aciences  were  gradually  developed  from  such  simple  elements,  as  we 
possess  them  only  in  their  perfected  form.  Assisted  by  the  system  of 
notation  which  they  discovered,  the  natives  of  India  have  been 
particularly  happy  in  their  methods  of  treating  arithmetic  and 
algebra,  which  have  had  such  influence  on  their  mathematical  studies 
that  they  prefer  solving  geometrical  questions  analytically,  just  as  the 
Greeks,  on  the  contrary,  solved  arithmetical  questions  by  geometry. 
('  LlUvati;  by  Bh&skara,  Calcutta,  1828 ;  Colebrooke,  '  Algebis  of  the 
Hindoos,"  Calcutta,  1817,'4to.) 

In  the  earliest  works  on  Indian  astronomy  now  extant,  several 
diSerent  systems  are  apparent,  and  these  systems  have  been  treated  of 
in  five  works,  entitled  '  Siddhikntas,'  which  apparently  contain  the 
same  theories  which  were  afterwards  successively  extended  and 
improved.  Varfthamihira,  at  the  beginning  of  the  6th  century  A.D., 
compared  them  with  each  other,  and  other  astronomers  worked  them 
up  again  imder  different  titles,  each  with  the  view  of  introducing  into 
them  his  own  theory.  The  most  important  of  all  astronomers  that 
preceded  Varfthamihira  is  Aryabhatta,  who  was  the  first  to  free  himself 
completely  from  all  mythological  notions ;  he  was  acquainted  with  the 
motion  of  the  earth  about  its  axis,  and  estimated  more  accurately  than 
Ptolemy  the  precession  of  the  equinoxes.  His  work,  '  Aryishtasata,' 
ao  exhibition  of  his  system  in  800  strophes,  has  not  yet  been  recovered, 
but  his  abridgment  of  it,  '  Dasagitaka,'  and  another  work,  'Aryab- 
liatttya,'  which  in  4  chapters  and  123  strophes  contains  his  system  of 
mathematics,  are  still  extant.  According  to  Colebrooke's  reckoning, 
the  latest  period  at  which  he  can  be  fixed  is  478  A.D.,  and  he  may  have 
lived  two  or  three  centuries  earlier ;  and  Whish  ('  Trans.  Asiat.  Soc',  iii. 
2, 609),  fixes  the  year  of  his  birth  about  502  A.D.  By  the  researches 
of  Weber  ('Ind.  Stud.',  ii.  286  ff.;  'Ind.  Lit'  p.  221  ff.)  and  Lassen 
('Ind.  Alt,,ii.  1114-46)  the  question  whether  the  Indian  astronomy 
was  entirely  native,  or  whether  it  was  constructed  with  the  aid  of  that 
of  the  Greeks,  has  been  finally  settled  in  favour  of  Greek  influence. 
Aryabhatta,  who  most  probably  flourished  as  early  as  the  beginning  of 
the  4th  century  a,d.,  availed  himself  largely  of  tho  progress  which  the 
Greeks  (especially  Hip'porchus)  had  made  in  astronomy ;  and  he  not 
only  improved  upon  their  new  theories  and  inventions,  but  added  also 
the  resiilts  of  his  own  independent  investigations.  In  algebra  he  made 
even  greater  progress  than  the  Greeks.  Astronomy  has  not  been 
improved  in  India  since  his  time;  on  the  contrary,  those  who  have 
come  after  him  have  not  relinqui^ed  the  false  views  consecrated  by 
reh'gion,  but  have  endeavoured  to  defend  them  against  him.  This 
was  chiefly  done  by  Brahmagupta,  the  author  of  the '  Brahmasiddh&nta,' 
in  the  6th  centary  a.d.,  who  is  the  classical  astronomer  of  the 
modems,  and  whoso  traci  was  followed  by  Bhftskara  in  the  12th 
century,  in  his  work  '  Siddhftntasiromani'  Since  one  of  the  other 
Siddh&ntas,  the  SAryasiddhAuta,  has  lately  been  edited  in  Calcutta 
(1869),  imd  au  excellent  translation  of  the  same  has  appeared  in  the 
sixth  volume  of  •  The  Journal  of  the  American  Oriental  Society,'(1860) 
p.  141-498,  we  have  the  means  to  make  ourBelv«'s  acquainted  with  all 
the  peculiar  features  of  Hindu  astronomy.  (See  several  discussions 
W  Colebrooke  in  the  second  volume  of  his  '  Essays,'  and  an  article  by 
F.  E.  Hall,  on  the  '  Arya-Siddhilnta '  in  the  '  Joum.  Am.  Or.  Soc.',  1. 1. 
5.666-64. 

Afedtctne.— There  are  m-iny  Indian  works  on  medicine,  and  the 
systems  are  various.  Many  parts  of  the  medical  science  of  India  are 
valuable  even  to  us,  as  for  instance  the  Materia  Medioa,  in  which  they 
were  much  favoured  by  nature.  The  Indian  physicians  were  highly 
esteemed  by  the  Greeks.  In  surgery  especially  they  have  made  con- 
siderable progress,  and  have  even  discovered  and  performed  difficult 
operations,  as  for* instance  the  restoring  of  noses.  The  most  cele- 
brated medical  work,  '  Susruta,'  has  been  printed  (Calcutta,  1835, 
2  vols.  8vo) ;  and  A'nsley  ('Materia  Indies,'  London,  1826  and  1881), 
and  more  recently  Royle,  ('  On  the  Antiquity  of  Hindu  Medicine,' 
London,  1837),  and  Wise  ('  Commentary  on  the  'Hindu  System  of 
Medicine,'  Calc.  1845),  have  done  much  to  make  known  the  Indian 
systems  of  medicine, 

Natural  Huton/.—Tha  observation  of  external  nature  still  remains 
in  a  very  low  state  among  the  natives  of  India,  and  they  seem  never 
to  have  made  any  progress  even  towards  the  commencement  of  a 
arientific  system  of  natural  history ;  at  least  no  works  of  this  kind  are 
known. 

_  Study  of  Santkrit. — The  Sanskrit  language  was  for  many  years  con- 
sidered unattainable,  but  towards  the  close  of  the  last  century  this 
study  received  a  powerful  impulse,  partly  from  the  necessities  of  the 
English  government  in  India,  and  partly  from  a  desire  of  knowledge  . 
unonx  Uir  leinied  of  Europe.    The  study  of  the  language  having  been  ' 


onoe  commenced,  its  progress  was  extremely  rapid,  the  acquisition  of 
it  being  much  facilitated  by  the  previous  labours  of  native  gram- 
marians ;  and  by  the  printing  of  a  great  number  of  their  most 
important  works,  a  large  part  of  the  literature  bec:imo  generally 
accessible,  an  advantage  which  most  of  the  other  oriental  Lingiuigcs 
have  not  enjoyed.  In  India  this  progress  has  been  connected  with  the 
names  of  WUkins,  Jones,  Colebrooke,  Wilson,  Mill,  Prinsep,  Roer, 
Hall,  R.  Mittra,  BAdhJlktlnt  Deb.  But  Europe  has  not  remained 
behind ;  and  the  rich  collections  of  manuscripts  in  the  possession  of 
the  East  India  Company  in  London,  of  the  Bodleian  at  Oxford,  of  the 
Royal  Library  at  Berlm,  and  of  the  Imperial  Library  of  Paris,  havo 
been  abundant  sources,  and  perhaps  more  than  sufficient  to  compen- 
sate for  the  peculiar  advantages  enjoyed  by  India.  In  England,  tho 
study  of  S.inakrit  was  in  the  fii-st  place  most  indebted  to  Haughton 
and  Rosen  [llosEN,  in  Bioo.  Div.] ;  it  now  counts  among  its  Sanskrit 
scholars  such  men  as  M.  Miiller,  Goldstiicker,  Ballantyne,  M.  Williams, 
and  Aufreoht.  In  France,  it  was  chiefly  iiitroduced  through  Hamilton 
in  1804,  and  oultivated  by  Chdzy  and  Bumouf.  In  Germany  hovrever 
Sanskrit  has  experienced  the  most  cordiid  reception,  though  at  first, 
owing  to  the  want  of  manuscripts,  the  study  of  it  was  prosecuted  undor 
the  greatest  disadvantages.  In  that  country,  the  knowledge  of  Saniikrit 
was  chiefly  diffuaed  by  A.  W.  von  Schlegcl  and  Bopp,  both  of  whom 
learnt  it  about  the  sainc  time  in  Paris.  At  present  there  is  hardly  a 
university  or  college  that  ha3  not  its  chair  for  Sanskrit ;  and  of  the 
success  with  which  it  has  been  studied,  the  works  of  Lassen,  Roth, 
Weber,  Stenzler,  Brockhaus,  Benfey,  Kuhn,  and  Spiegel,  give  abundant 
proof.  Also  in  other  continental  countries  Sanskrit  scholars  of 
eminence,  such  as  Westergaard  in  Denmark,  Boehtlingk  and  Schiefner 
in  Russia,  Regnier  in  France,  Nfive  in  Belgium,  and  Gorresio  in  Italy, 
have  done  much  to  promote  and  populiuiso  the  study  of  ancient 
Indian  literature. 

For  the  practical  ttady  of  Sanskrit  we  would  recommend  the 
following  books : — 

a,  Dictionarita :  Wilson's,  2nd  ed.,  Calo.  18:2;  3rd  cd.  by  Gold- 
stticker  (in  the  cour.iO  of  publication)) ;  '  Sanskrit- Worterbuch,'  by 
0.  Boehtlingk  and  1!.  Iloth,  St.  Petersburg,  1855  ff.  (in  the  course  of 
publication) ;  '  Engl,  and  Sanscr.  Diet.',  by  M.  Williams,  Lond.  1851, 

b,  Graiiiman :  Wilson,  2nd  ed.,  London,  1847  ;  Williams,  _2nd 
ed.,  London,  1857,  Bopp,  'Grammatica  critica  linguse  Sanscritse,' 
Berlin,  1829-82,  and  bia  '  Kritische  Qrammatik  der  SanskritarSprache,' 
Berlin,  1845 ;  Boiler, '  Ausfiihrliche  Sanskrit-Grammatik,'  Wien,  1847  ; 
Benfey, '  VoUstandige  Gramm. der  Sanskritspraclie,'  Leipzig,  1852, and 
his  'Kurze  Sanskrit-Grammatik,'  Leipzig,  1855;  Desgranges,  'Giam- 
maire  Suiscrite-Fianfaise,'  2  vols.,  Paris,  1845;  Oppert,  '  Qramm. 
Sanscrite,'  Paris,  1859 ;  Rodet, '  Gramm.  abreg^e  de  la  langue  Sanscrite,' 
Paris,  1860;  Flechia, '  Grammatica  Sanscrita,' Torino,  1856. 

c,  Beadert :  Johnson, '  Selections  from  the  Mahabhirata,'  London, 
1842;  •  Sanskrit- Chrestomathie,'  by  0.  Bohtiingk,  St.  Petersburg, 
1845 ;  '  Anthologia  Sanscrita,'  ed.  Lassen,  Bonn,  1838  ;  '  Chresto- 
mathie aus  Sauskritwerken,'  by  Th.  Benfey,  Leipzig,  1853. 

d,  Worhi  on  comparaline  Grammar:  Bopp,  ' Vergleiohende  Gram- 
matik  des  Sanskrit,  etc.',  2nd  edit.,  Berlin,  1856-61,  3  vols. ;  translated 
into  English,  London,  1854,  ff.,  3  vols.;  Bopp, '  Olossarium  Sanscr.,' 
Berlin,  1847;  Kuhn,  'Zeitsohrift  far  vergleiohende  Sprachforschung,' 
Berlin,  1852  ff.,  10  vols.;  Kuhn  and  Schleicher, '  Beitrage  zur  vergt 
Sprachforschung,'  Berlin,  1858-61,  3  vols.;  many  articles  in  the 
'  Transactions  of  the  Philological  Society.' 

SANTALIC  ACID.    [Santalin.] 

SANTALIN  (C„H,,0,o  ?).  Santalic  acid.  The  colouring  matter  of 
the  Plerocarput  sanialinui,  or  red  sandal-wood.  It  was  examined  by 
Pelletier  in  1814,  and  is  readily  obtained  by  digesting  the  rasped  wood 
in  alcohol,  and  then  diluting  the  clear  solution  with  water,  by  which 
the  solution  is  precipitated  of  a  beautiful  red  colour ;  it  is  tasteless, 
nearly  insoluble  in  water,  but  readily  dissolved  by  alcohol,  ether, 
alkaline  solutions,  and  slightly  by  the  oils  of  lavender  and  rosemary. 

The  alcoholic  solution  of  santalin  gives  different  coloured  precipi- 
tates with  metallic  solutions :  thus  with  tin  it  gives  a  beautiful  jiurple, 
with  lead  a  violet,  iron  a  deep  brown,  silver  a  reddish-brown. 

Santalin  reddens  litmus-paper,  and  forms  ill-defined  salts  with  some 


Santalin,  or  rather  the  red  sanders  which  contoina  it,  is  little  used  in 
this  country  as  a  dye  stuff,  but  in  India  it  is  employed  both  in  dyeing 
silk  and  cotton.  It  is  used  in  pharmacy  to  give  a  colour  to  certain 
tinctures,  but  the  colour  is  not  generally  regarded  as  a  pertu.'>neut 
one, 

SANTONIC  ACID  {C:„1l,fi„ »)  Santonin.  A  vegetable  prinoij>le  pos- 
sessing acid  properties  obtained  from  the  seeds  of  the  Artemimi  tan  ton  ica, 
or  southernwood.  Its  properties  are,  that  it  is  colourless,  crystallises 
in  six-sided  prisms  and  some  other  forms,  is  destitute  of  smell,  and 
when  long  chewed  is  slightly  bitter.  It  is  soluble  in  4000  to  5000 
times  its  weight  of  cold  water,  and  25U  times  when  boiling.  It  is 
soluble  in  alcohol,  and  in  the  fixed  and  volatile  oils.  When  strongly 
heated,  it  is  decomposed.  The  alcoholic  solution  reddens  litmus-paper, 
and  with  some  bases  it  forms  neutral  and  crystallisable  salts ;  this  is 
the  case  with  santonate  of  soda  and  santonate  of  lime ;  some  of  the 
metallic  santonates  ai-e  soluble  and  oiJien  insoluble  in  water.  Nous 
of  them  is  applied  to  any  use. 

SANTONIN.    [Santomo  Acm.] 
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SAP  U  a  mode  of  executing  the  trenches  at  the  siege  of  a  fortress, 
when  the  besiegers  arrive  within  such  a  distance  from  the  covered- 
way  that  the  fire  from  thence  becomes  too  dangerous  to  allow  the  men 
to  work  on  the  ground  without  being  protected  by  some  covering 
objects,  as  gabions,  placed  between  theznselves  and  the  enemy. 

The  process  of  sapping  varies  Vrith  the  distance  from  the  works  of 
the  fortress  and  the  degree  of  activity  with  which  the  fire  of  the 
defenders  is  kept  up.  It  is,  therefore,  divided  into  what  is  called  the 
jlying  sap  and  the  complete  or  fM  tap.  In  ordinary  circumstances,  in 
sieges,  before  the  introduction  of  rifled  ordnance  or  rifles  to  any  great 
extent,  the  flying  sap  began  to  be  used  in  forming  the  second  parallel 
trench,  vhich  may  be  about  320  yards  from  the  covered-way ;  and  it  is 
executed  in  the  following  manner. 

If  the  distance  from  the  depdt  of  siege-materials  to  the  place  of 
the  intended  trench  is  not  too  great,  every  man  carries  two  gabions, 
one  on  each  side  of  him,  or  both  slung  tit  his  back ;  he  carries  also  a 
pickaxe  and  a  spade,  and  in  the  first  case  these  are  fixed  in  the  gabions, 
but  in  the  latter  he  carries  them  in  his  hands.  If  the  distance  which  the 
working  party  has  to  march  is  considerable,  this  l)urden  would  be  too 
fatiguing,  and  then  each  man  carries  on  his  shoulder  one  gabion  toge- 
ther witii  a  pickaxe  or  a  spade.  Carrying  the  gabions  one  on  each 
side,  has  the  advantage  of  permitting  the  man  to  oarry  his  musket 
slung.  The  work  is  begun  at  night,  and  when  the  sappers  have  arrived 
at  the  ground  where  the  tracingJine  for  the  intended  trench  has  been 
laid  down,  they  set  up  their  gabions  a  few  inches  in  front  of  that  tracing- 
line,  Uie  officers  observing  tiiat  the  row  of  gabions  in  its  whole  length 
is  correctly  placed.  The  portion  of  tren(£  to  be  executed  by  each 
sapper,  or  workman,  is  equal  in  length  to  the  space  covered  by  two 
gabions  (about  4  feet)  :  the  men  sit  down  or  otherwise  keep  themselves 
covered  till  the  order  is  given  to  commence  digging,  and  when  the 
number  of  men  who  constitute  the  working  party  is  greater  than 
suffices  to  allow  one  man  to  every  two  gabions,  those  who  have  not 
room  to  work  retire  to  a  little  distance  till  they  are  required  to  relieve 
the  others.  A  man  may  fill  his  two  gabions  with  earth  in  about  a 
quarter  of  an  hour,  and  then  they  ^U  be  proof  against  a  musket 
bqllet,  except  at  the  place  where  they  touch  each  other ;  after  this  the 
earth  obtained  in  executing  the  trench  is  thrown  beyond  the  gabions 
towards  the  fortress.  During  the  progress  of  the  work  the  gabions 
are  pushed  a  litUe  way  outwards  at  the  top,  in  order'  that  they  may 
effectually  resist  the  pressure  of  the  earth  which  they  are  to  retain  ; 
and  they  are  sometimes  crowned  by  two  or  three  rows  of  fascines 
which  are  laid  upon  them  in  a  direction  parallel  to  the  trench. 

If  the  work  proceeds  by  day  and  night,  the  parties  are  relieved 
eveiy  eight  hours  ;  and  a  trench  executed  by  flying  sap  may,  in  soil  of 
medium  tenacity,  be  completed  by  three  reliefs  of  men. 

When  the  approaches  of  the  besiegers  have  advanced  so  near  the 
covered-way  that  the  fire  of  the  defenders  will  no  longer  permit  the 
men  to  bring  the  gabions  openly  to  the  ground,  the  fuU  sap  is  prao- 
tiaed.  For  this  purpose  the  sappers  are  divided  into  brigades  of  eight 
men  each ;  and  of  these  a  demi-brigade  only  of  four  men  is  employed 
in  the  formation  of  a  single  line  of  trench.  The  party  is  provided  with 
a  mantelet  (a  plate  of  iron  thick  enough  to  be  musket-proof,  and 
capable  of  being  moved  forvrard  by  being  mounted  tm  small  wheels)  by 
which  the  men  may  be  covered  in  front ,  or,  instead  of  this  machine, 
there  is  provided  for  the  same  purpose  a  great  gabiw  called  a  sap- 
roUer.  T^  is  a  cylinder  of  basket-work,  C  feet  long,  <nd  about  i  feet 
di-uneter,  and  having  within  it  a  gabion  cf  .equal  length,  but  about 
2  feet  six  inches  diameter ;  the  axes  of  the  two  gabions  are  coincident, 
and  the  space  between  the  exterior  of  the  one  and  the  interior  of  the 
otiier  is  stuffed  with  fascines,  by  which  means  it  is  rendered  musket- 
proof.  The  sap-roUer  turning  on  its  convex  surface  is  found  to  be 
more  manageable  than  the  mantelet ;  and  when  it  is  intended  to  form 
a  trench  in  any  proposed  direction,  by  breaking  out  from  one  which 
has  been  already  executed,  it  is  raised  over  the  |iarapet  of  the  latter 
trench,  and  gradually  lowered  on  the  exterior  side,  being  guided  by 
means  of  a  hook,  so  that  it  may  have  a  position  perpendicular  to  the 
line  of  the  intended  trench.  The  leading  sapper  of  the  demi-brigade 
then  cuts  through  the  parapet,  and  pushing  the  sap-roller  forward 
about  2  feet,  he  hastily  places  an  empty  gabion  in  rear  of  that  extra- 
mity  of  the  sap-roller  which  is  nearest  to  the  enemy's  work,  in  order 
that  he  may  be  covered  on  his  flank :  then  kneeling  behind  the 
gabion,  he  excavates  a  portion  of  a  trench,  18  inches  wide,  and  as 
many  in  depth,  leaving  a  berme  about  12  inches  broad  between  the 
gabion  and  the  nearest  edge  of  the  excavation,  and  throwing  the  earth 
into  the  gabion.  YHien  IJiis  portion  is  dug,  the  sap-roller  is  advanced 
about  2  feet  farther,  and  another  gabion  is  set  up  in  its  rear,  adjacent 
to  the  former,  and  in  the  line  of  the  intended  trench ;  a  short  fascine 
or  two  sand-bags  (bags  full  of  earth),  are  placed  one  above  another  in 
the  hollow  between  uie  two  gabions,  in  order  that  a  musket-ball  may 
not  be  able  to  penetrate  through  the  screen  in  that  part.  The  sapper 
then  excavates  as  before,  and  having  filled  the  second  gabion,  a  tiiird 
is  handed  to  him,  which  he  places  and  fills  as  he  continues  to  advance. 
The  second  sapper  of  the  squad  follows  the  first,  keeping  a  Uttle  way 
in  hie  rear,  and  increases  the  width  only  of  the  trench  by  20  inches  on 
the  side  which  is  farthest  from  the  line  of  gabions,  and  he  also  throws 
the  earth  into  and  beyond  the  gabions.  The  third  sapper  follows,  and 
increases  the  depth  only  by  18  inches  on  a  breadth  of  20  inches 
measured  from  the  rear  side  of  the  trench  towards  the  gabions;  and 
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the  fourth  sapper  excavates  a  portion  &  feet  deep,  increasing  the 
breadth  of  the  trench  towards  the  rear  by  10  inches.  By  this  arrange- 
ment the  tasks  of  the  difierent  men  are  rendered  nearly  equal,  ^d 
complete  cover  is  obtained  when  the  work  of  the  third  man  is  executed. 
The  four  men  thus  form  a  trench  4  feet  wide  and  3  feet  deep,  and  a 
step  is  left  on  the  side  nearest  to  the  gabions  for  convenience  in 
standing  to  fire  over  the  parapet.  The  working  parties  from  the 
infantry  of  the  line  afterwards  complete  the  trendi  by  increasing  the 
width  to  its  usual  extent,  about  12  feet. 

Since  the  head  sapper  has  the  most  dangerous  post,  the  second, 
third,  and  fourth  sappers  relieve  him  by  alternately  taking  his  place ; 
and  the  work  advances  about  8  or  10  feet  per  hour,  according  to  the 
tenacity  of  the  earth. 

If  the  fire  of  the  place  should  be  considerably  subdued  by  the 
action  of  the  besiegers'  batteries,  the  full  and  flying  sap  may  be  com- 
bined in  order  to  expedite  the  approaches.  Thus  a  party  of  sappers 
advancing  on  their  hands  and  knees,  and  rolling  gabions  before  them, 
on  arriving  at  convenient  places  set  up  the  latter  in  line ;  then  two  or 
three  men,  at  certain  intervals  from  each  other,  dig  pits  behind  the 
gabions,  in  order  to  get  cover,  and  afterwards  work  towai-ds  each  other, 
making  a  small  tren^,  and  filling  the  gabions  with  earth.  The  ti'euoh 
may  subsequently  be  made  of  the  required  width. 

When  the  distance  to  be  passed  over  to  the  work  attached  beoomea 
very  small,  the  angle  formed  by  the  adjacent  zig-zags  becomes  very 
small,  or  rather  when  100  yards  of  the  zig-zag  does  not  oarry  the 
approaches  so  much.as  32  yards  in  advance  (those  being  the  propor- 
tiouate  rates  at  which  the  single  and  double  sap  can  be  executed),  then 
the  line  of  trench  is  carried  on  directly  towards  the  place,  sometimes  by 
a  simple  trench  with  traverses  at  intervals,  and  sometimes  by  what  is 
called  the  double  sap.  This  is  performed  by  two  squads  or  demi- 
brigadcs,  who  work  parallel  to  eadi  other,  each  being  covered  in  front 
by  its  own  sap-roller,  and  there  is  a  third  roUer  in  rear  of  the  small 
interval  between  the  others.  A  row  of  gabions  is  placed  on  the  ri^t 
of  the  trench  executed  by  one  sguad,  and  on  the  left  of  that  which  is 
executed  by  the  other ;  the  dismnces  between  the  rows  of  gabions  is 
about  twelve  feet,  and  traverses  are  formed  in  the  trench  at  intervals 
as  the  work  advances.  These  project  alternately  from  opposite  sides, 
so  as  to  leave  a  serpentine  passage  along  the  trench.  Hence  this  is 
termed  the  terpentine  sap.  There  is  however  another  form  of  doublo 
sap,  called  Jebb's,  or  the  double  direct  sap,  which  is  now  adopted  in  the 
English  service.  This  is  formed  by  three  brigades  of  sappers  with  four 
sap  rollers  in  front.  The  three  brigades  work  parallel  to  one  another, 
and  drive  three  saps  straight  forward.    Traverses  are  formed  as  the  sap 

Eroceeds,  projecting  alternately  from  each  side  like  teeth  and  over- 
ipping  one  another.  The  intermediate  space  is  then  excavated,  and  a 
covered  passage  is  thus  obtained.  The  distance  between  the  parapets 
on  each  side  is  22  feet,  or  the  breadth  of  eleven  gabions. 

8AP-QRBEN,  a  pigment,  prepared  by  evaporating  the  juice  of  the 
berries  of  the  Xhamnut  catAarticut,  or  buckthorn,  to  dryness,  mixed 
with  lime.  It  is  soluble  in  water,  less  so  in  alcohol,  and  insoluble  in 
ether  and  oils.  Acids  redden  it ;  but  the  alkalies  and  alkaline  earths 
restore  the  green  colour.    [OoLOURma  Uattebs.] 

SAPOGENIN.    [EscuLio  Acn).] 

SAPONIC  ACID.    [EscuLio  Acid.] 

SAPONIFICATION.    [Fattt  Acids.] 

SAPONIN.  (C,.H^O,.f)  A  colourless  non-crystalline  body,  found 
in  the  soapwort  {Saponaria  officinalit)  and  many  other  plants.  The 
tenegvin  of  Qehlen  appears  also  to  be  identical  with  this  substance. 
Saponin  is  extracted  from  the  root  of  the  soapwort  by  boiling  alcohol 
from  which  it  is  deposited  on  cooling.  It  is  inodorous,  tastes  at  first 
sweet,  then  astringent,  and  finally  acrid.  It  is  soluble  in  watte  in  all 
proportions,  forming  a  remarkably  saponaceous  solution.  It  is  almost 
insoluble  in  ether  and  in  absolute  ^cohol,  but  readily  dissolves  in 
dilute  alcohol.  Lime-water  does  not  precipitate  aqueous  solution*  of 
saponin.  Introduced  into  the  nostrils  a  ve^  minute  quantity  of 
powdered  saponin  occasions  violent  sneezing.     [EsouLIo  AoiD.] 

SAPPAN  WOOD.    [BiiAziL  Wood.] 

SAPPERS  AND  MINERS,  ROYAL,  formerly  the  name  giren  to 
the  non-commissioned  officers  and  privates  of  the  corps  of  Royal 
Engineers.  The  men  and  officers  are  now  collectively  termed  the 
Royal  Engineers,  but  in  specifying  any  individual  private  he  is  termed 
sapper — of  the  —  company  of  Royal  Engineers.  They  are  employed' in 
building  and  repairing  permaneut  fortifications,  in  raising  field- 
redoubts  and  batteries,  in  making  gabions  and  fascines,  in  digging 
trenches  [Sap],  and  executing  galleries  of  mines  during  sieges,  and 
also  in  forming  bridges  of  rafts,  boats,  and  pontoons. 

The  troops  belonging  to  the  department  of  the  engineers  were  first 
embodied  at  the  termination  of  the  war  between  Qreat  Britain  and  her 
American  colonies,  and  they  then  received  the  designation  of  Royal 
Military  Artificers.  The  duke  of  Richmond,  who  was  at  that  time 
master-general  of  the  ordnance,  formed  them  into  independent  com- 
panies, and  caused  them  to  be  stationed  chiefly  at  Portsmouth,  Ply- 
mouth, Chatham,  Dover,  and  Gibraltar.  In  the  year  1807  the 
Military  Artificers  constituted  a  corps  of  32  companies,  each  consist- 
ing of  126  men ;  and  a  sub-lieutenant  was  attached  to  each  compauy, 
which  was  placed  under  any  senior  captain  of  engineers  who  might 
happen  to  be  where  the  company  w!is  stationed.  But  the  want  of  a 
proper  organisation,  and  of  officers  permanently  attached  to  the  trooptj 
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gradually  brought  on  a  relaxation  of  dUcipliiie  and  a  neglect  of  the 
particular  duties  for  which  the  men  were  intended ;  it  is  even  said  that 
when  detachments  were  to  bo  drawn  from  the  companies  fyr  any 
intended  oxpoditiou,  the  engineer  officers  who  selected  the  men  sent 
only  those  who  were  the  least  efficient,  and  that  consequently,  during 
tbe  first  years  of  the  war  against  the  French  in  Spain,  the  service 
tuGTcred  much  froip  t)ic  inexperience  of  the  troops  of  this  class. 

After  the  failure  of  the  attack  on  Padajoz,  in  131),  it  was  proposed 
to  select  son^e  companies  froI^  the  corps  of  Royal  Military  Artificei's, 
and  to  form  them  into  a  body  expressly  for  the  purpose  of  executing 
field-works ;  and  In  the  following  year  this  proposal  was  carried  into 
eSect.  Lieutenant-Qeneral  Hann,  who  was  mode  inspector-general  of 
fortifications,  obtained  permission  to  have  the  name  of  the  whole 
corps  changed  into  that  of  Royal  Sappers  and  Miners ;  and  lord 
Mulgrave  then  formed  at  Chatham  the  institution  at  which  the  men 
have  ever  since  been  regularly  instructed  in  all  the  duties  connected 
with  military  engineering.  The  junior  officers  of  engineers  were  at 
the  same  time  appointed  to  act  as  the  regimental  officers  of  tho  com- 
panies. This  institution  has  been  from  the  first  (April,  1S12)  under 
the  direction  of  Colonel,  now  General,  Sir  Charles  Basley,  K.C.B.,  an 
eminent  officer,  who  as  an  engineer  had  previously  distinguished 
himself  in  ths  serrioe  of  his  eountry. 

A  detachment,  oonsiBting  of  800  men,  was  sent,  in  1813,  to  perform 
the  duty  of  sappers  and  miners  at  the  siege  of  St.  Sabsstian,  where 
they  rendered  essential  s«-vice.  In  1811  a  brigade  of  engineere  was 
attached  to  trrerj  divl^on  of  the  army ;  each  brigade  consisted  of  a 
company  of  sappers  and  miners,  with  horses  and  carriages  suliioient  to 
convey  the  tools  necessanr  for  the  work  of  600  men ;  and  five  com- 
panies of  aappere  and  mmers  served  with  the  pontoon  train,  whidi 
consisted  of  80  pontoons,  with  the  forges,  waggons,  to.  The  whole 
corps  was  under  Uis  orders  of  a  brigade-major  of  engineers. 

From  1813  to  the  peaoe  in  1811,  the  corps  of  sapjwra  and  miners 
amounted  to  S861  men  ;  and  during  the  hostilities  in  1815,  it  oonsiated 
of  3421  men.  At  present  it  coosisti  of  86  oompanies,  and  4337  men, 
exclusive  of  officers ;  and,  besides  the  regular  coune  of  iqstruotion  in 
sapping,  mining,  making  gabions,  (aaoines,  Ac,  ths  men  are  taught  the 
most  elemantary  priooi^es  of  fortificati<Hi,  the  manner  of  drawing  plans 
and  sections  of  buildings,  and,  to  a  oei-tain  exteat,  the  art  of  land- 
surveying.  Several  of  the  companies  are  employed  in  the  ooloniea  in 
the  exeraisa  of  their  professional  duties;  and  of  those  which  remain 
in  this  country,  some  are  engaged  under  the  officers  of  engineers  in 
the  mecfaanicsi  operations  connected  with  tiie  ordnance  survey  of 
Clrsat  Britain  and  Ireland  which  is  being  carried  on  by  the  war  depart- 
ment j  parties  of  the  corps  also  regularly  attend  the  Royal  Academy 
at  Woolwich  and  the  Military  College  at  Sandbuist,  where  they  assist 
to  execute,  for  the  instruction  of  the  gantlemen-cadeta,  ths  several 
Works  connected  with  ths  praotioe  of  field-fortification.  It  ought  to 
be  mentioned  that  the  troops  of  ths  oorpa  bays  invariably.  In  whatever 
part  of  the  worid  they  have  been  employed,  conducted  themselves  as 
intelligent  men  and  atcwly  soldiers. 

BARACCNIC  ARCHITECTURE,  is  the  term  usually  ap{died  in  this 
country  to  what  would  perhaps  be  better  named  Huhammedau  archi- 
tecture, since  it  embraces  the  architecture  of  all  Mohammedan  peoples, 
or  Arabian  architecture,  from  the  race  with  whom  it  originated.  But 
though  the  style  may  bo  traoed  book  to  them,  the  Arabians  cannot  be 
oonsidersd  as  themselves  the  inventors  of  it.  They  had  In  fact  no 
distiactivB  style  of  their  own,  when  the  rapid  spread  of  tho  religion  of 
Mobonimed  oiu}  tbe  conquests  of  liis  followers  rendered  nece&sary  the 
craction  of  numerous  ieligioi)i  ediQceS)  and  called  into  exiateuce  a  new 
ftylo  of  ansbiteoturCi    Moliammad  is  iwd  to  bavq  buUt  a  ipoaquo  at 
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Medina,  but  it  was  a  struoiars.of  tbe  simplest  kind, and  he  left  no 
directioni  in  tbe  ICoran  ior  tha  guidance  of  his  disciples  in  erecting 


others.  Hence,  as  has  been  often  pointed  out  and  is  now  generally 
admitted,  tho  Mohammedans  wherever  they  secured  a  standiug  a^lopt^d 
the  architecture  of  tho  subjugated  race.  Thus  in  Persia  we  may 
clearly  trace  in  Mohammedan  buildings  tho  older  Persian  typo ;  in 
India  (OS  wa3  observed  under  India,  Argqitectubii  of)  that  of  the 
Hindus ;  in  Spain  the  debased  Roman  or  early  Romanesque ;  in  Egj-pt, 
Syria,  and  Turkey,  the  Byzantine  ;  but  everywhere  this  native  character 
was  modified  and  adapted,  oveHaid  with  a  oertaiq  exuberant  oriental 
fancifulneas,  imbued  with  Mohammedan  feeling  :  in  short  combined 
with  a  new  and  foreign  element,  instead  of  being  prosucally  copied  as 
it  stood;  and  thus  was  rapidly  evolved  a  tlistinct  and  woll-charac- 
terised  style. 

What  may  be  regarded  as  the  typical  varietiea  of  the  eai-llcr 
Saracenic  architecture  are  those  which  appeared  in  Spain  in  the  8tli 
century  of  ths  Christian  era,  and  in  Egypt  somewhat  earlier :  its  Liter 
form  appeared  in  Constantinopla  In  each  of  these  a  striking  and 
distinctive  feature  ib  the  horeo-shoe  arch.  But  this  though  a  peculiar 
is  by  no  means  a  constant  feature  of  the  style,  or  used  to  the  oxclnsiuu 
of  other  forms  of  arches.  On  the  contrary  there  are  several  varieties, 
and  among  them  is  the  pointed  arch,  which  is  oh'eady  a  well-establishod 
form  in  the  mosque  of  Ahmed  Ibn  Tooloon,  erected  at  Cairo  in  tho 
9tli  century,  and  is  of  froquent  occurrepce  in  other  Mobammedau 
structures  erected  in  that  city  in  the  lOtb  century.  The  arch  being  so 
essential  a  characteristic  of  the  style  we  give  «  few  of  its  various  forms 
in  the  annexed  figures. 

Fi;/.  1  is  an  example  of  the  horee-sfaoe  form,  liavipg  the  centre  o  on 
tlie  diameter  of  the  arch  raised  above  the  chord  or  spring  of  the  curve 
(the  dotted  lino),  and  consequently  the  curve  itself  is  greater  than  a 
semicirele.  The  same  figure  further  exemplifies  some  diflercncos  uf 
apjilioation,  the  side  or  half  a  shoning  tlie  arch  supported  on  columns, 
the  other  without  columns ;  besides  which  it  illustrates  other  varia- 
tions ;  for  <m  tiie  nde  B  the  head  of  the  arch  is  closed  Qvar  a  square- 
headed  aperture  not  wider  tl>an  the  span  or  chord ;  whereas  on  tho 
side  A  the  opening  between  tho  columns  is  as  wide  as  tbe  diameter  of 
the  arch  itaelf  in  its  greatest  width  through  the  centre  c. 

Fig.  8  is  aQ  instanoe  of  a  pointed  borse-shoe  arcb  It  being  struck 
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from  two  centres,  wfaiob,  as  in  the  other  case,  are  elevated  aliovc  the 
lino  of  tbe  impost,  or  spring,  from  which  the  curve  commences.    This 
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figure  also  exhibits  two  varietiea   of  decorations,   both  of  them  by 
scalloping ;  one  half  being  scalloped  on  the  intrados,  or  edge  of  tho 
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arch  itself;  and  in  the  other.'the  extrados,  or  outer  circumference, 
being  eo  cut,  or  more  properly  ipeaking,  the  edge  of  the  face  of  the 
wall  within  which  the  arch  recedes  :  of  which  kmd  is  the  gate  in  what 
is  called  the  Caaa  del  Carbon  at  Qranada^ 

The  next  example  is  of  what  may  be  called  the  eusped  or  loalloped 
■rob,  Btriotiy  lo  termed,  the  outline  being  produoed  by  intersecting 
semiciroles,  similar  to  the  trefoil-headed  compartments  in  our  Gothio 
window« ;  but  beyond  that  general  resemblance,  whioh  certainly  goet 
some  way  to  confirm  the  opinion  that  the  Qothio  stgrle  borrowed  ssme- 
thing  from  tb«  Baracenio,  Uib  chaiacter  ia  altogether  diSiirant,  not  only 
becdUsa  it  ia  here  the  whole  arch  which  is  so  shaped,  instead  of  merely 
a  aubdivtsiott  within  a  larger  opening,  but  also  both  on  account  ef  the 
external  moulding  following  the  same  form,  and  of  quite  a  different 
mode  of  decoration.  In  Oothic  arehileoture  the  spandrels,  or  trian- 
gular spaces  between  the  foils,  ape  panelled  with  splayed  surfaces 
uniting  in  the  centre.  Arches  of  the  kind  here  shown  occur  in  the 
sMlotaa^y  of  the  great  mosque  at  Cordova  (8th  oentury),  where  they 
rest  upon  ccdttmns  which  both  in  their  capitals  and  shoftn  bear  con- 
sideraUe  similarity  to  Corinthian  ones,  except  that  they  are  shorter 
and  without  bases,  and  are  therefore  very  diifarent  ttota  the  ileQder 
pillars  peeuliat  to  Arabian  architecture. 

fiff.  4  exhibits  an  example  of  such  pillaia,  uA  titb  MMthtt  THiefy 


of  Samoenic  arches  (from  tiie  Court  ol  ttie  Lions  ia  Um  AtttUabn,  IMh 
century)  very  unlike  any  of  the  preoediug  apecimeiU^  it  being  oiroulM> 
headed,  and  stilled,  that  is,  it  Is  oonaidembly  more  thtll  a  Mtutcirolik 
its  height  in  fact  almost  equal  to  tia  breadth,  but,  Instatti  ot  OonlMOt* 
ing  downwards,  like  the  horse-shee  form,  it  is  continued  down  straight 
to  the  impost,  whereby  the  arch  or  semioittile  has  the  uipearanoe  ot 
being  raised  or  tliUed,  and  made  loftier  than  the  oroh  Itself  would  else 
be.  It  also  exhibits  another  peculiarity  whteh  the  Aiftbt  seem  gr«kUy 
to  have  affected,  namely,  eorhelUna,  or  resting  arehM  Upon  braoketl 
which  serve  as  their  imfxitfal  t  owing  to  whicii  suoii  kroues  have  the 
appearance  of  being  suspended  over  <£•  opeulug  b«la«»  wfatch  beoottM 
wider  and  the  support  or  pUlM  sleUdsMr  in  pioportiMI  to  U»  |itaj«»' 
tion  given  to  the  corbels. 

The  above  wiU  suffice  to  IthoW  the  Briaeipel  nrttrt<%  !■  lAiA  Wt 
have  chiefly  attended  to  the  totta  ot  \iie  arches  thtmiihtL  wttltotti 
attempting  to  show  detail  and  deooi«tiott,  to  which  tl  weuM  M  imbot' 
mUe  to  do  any  sort  of  jusUce  U^tt  W  eonttocted  t  iditt  ttthouglt  tl 
may  serve  for  mere  expIanattolL  Aa  Wi|>pleilielttM7  ko««Mr  to  wluw 
has  been  said,  it  should  be  ohMTVed  M  OIM  oharacteilstto  ot  4w  tt^K 
that  whatever  their  shap*)  «  iMWeVcr  lltpUed,  »fdMt  U*  (eoerally 
placed  within  a  square-hdttied  panel  or  Compartment,  variously  orna- 
mented, and  frequently  surrounded  with  a  margin  or  border  similar  to 
the  square  label  in  Qothic  architecture^  Sometimes  there  are  two 
margins  or  labels,  and  the  space  between  them  is  filled  up  either  v^th 
inacrij^atis  er  other  decoration.  This  mode  however  was  eoBfiaed  te 
large  arcJisa,  Dot  supported  upon  columns,  but  forming  kn  qpsniag 
through  a  wnU<  for  a  gate  or  dnor ;  and  it  was  for  such  pOrpcMs  that 
the  U'M-se-ehoe  arch  was  chiefly  used,  particulariy  for  entiAneea  to 
mn«quee>  These  were  further  distinguiiJied  by  tite  brsedtk  Md  rioh- 
ness  of  the  aTchivolt  or  border  surrounding  the  arch  {  oad  wiiieli  %as 
sometimes  equal  to  the  radius  or  Bemidiometer  of  the  cur«<s>  la  sanie 
ioataneee  ike  «fa«lo  trduvdt  me  tinifoitoly  deeonttad ;  is  etkem  ea^ 


at  intervals,  or  on  the  oltei-nate  voussoirs  or  arch-stones,  some  idea  of 
wliich  may  bo  obtained  from  B,  fy.  1. 

PiUan  are  commonly  of  exceedingly  slender  proportions,  almost  to 
apparent  insecurity ;  but  owing  to  the  style  of  the  ambellislimenW 
this  lightness  of  partictilor  forms  tends  to  heighten  the  general 
luxuriance.  Somo  have  imagined  that  this  element  of  sleodeinssa  in 
regard  to  pillars  iudicatea  a  tent  origin  of  the  styl^  |  and  that  while  ° 
the  pillars  themselves  were  fashioned  in  imitation  of  the  poles  which 
supported  the  awning,  the  idea  of  the  latter  was  in  a  measure  kept 
up  by  the  general  decoration  of  various  devices  in  mosaic  work,  and 
painted  stucco,  or  glazed  tiles,  which  gave  to  the  whole  the  semblance 
of  being  covered  with  richly-patterned  carpeting  or  embroidered 
tapestry ;  not  indeed  in  exact  imitation  or  so  as  to  aim  at  illusion,  but 
with  just  that  degree  ot  adherenco  to  a  prototype  which  is  observable 
in  all  artist-like  architectural  decoration.  This  tent-like  character  it 
has  been  suggested  was  further  kept  up  by  concave  ceilibgs  and 
cupolas,  emblazoned  with  painting  and  gilding.  The  whole  surfaoe, 
in  fact,  was  frequently  broiaered  over  wim  decoration,  which  consisted 
almost  entirely  of  ornamental  patterns  eomposed  either  of  foliage  or 
geometrical  figures,  though  occasionalljr  with  on  intermixture  of  both. 
The  decorations  of  the  former  class  have  given  rise  to  the  modem 
term  Artibetqua,  as  indicating  sernll-work  and  foliage  ornament  filling 
up  a  frieze  or  compartment,  altitough  it  is  not  Very  correctly  applied, 
being  usually  intended  to  express  a  combination  of  animal  and  veget- 
able forms,  hum.-m  figures,  and  those  of  birds  and  quadrupeds  termi- 
nating in  foliage  aud  flowers;  whereas  no  such  mixture  occurs  in 
Anfbion  architecture,  all  imitation  of  the  human  or  even  animal  shape 
being  interdicted  by  the  Mohammedan  law.  Their  geometrical  pat- 
terns exhibit  singular  beaut/  and  complexity,  iuCxhaustibie  variety  of 
combinations,  uid  a  wonderful  degree  of  hormoniouB  intrioacy,  arising 
out  of  very  simple  elements  {  to  which  tnd«t  be  added  the  variety 
produoed  by  eoloUr  Mtoo,  whenb*  the  IMSe  kmLngament*  of  llnee  and 
figures  eodld  be  groAtly  dKHMiiled.  HMKe  though  Apparently  quite 
lUtneMiibgi  and  iUMlded  tAly  to  fiMify  the  eye,  tueh  eetbeUishtnent 
laMI  hkve  powwfUUf  reeOttfaMbdM  iublt  to  it  pM{»I»  both  Imagiiutive 
slid  cUbtMbplliUte,  OA  1rlK>M  iWioY  fMUM  find  oOcimMoh  iU  pfttiehtiy 
trfelug  and  uttravelliug  the  fnanifoia  iUIHehciei  MMittVoiveWeUte,  the 
HUnMb  o(  tfhat  At  Arist  tight  looks  Ult«  ft  ttiefe  hbyrAth,  until  its 
schenie  Ubfolds  iifcU;  tsul  IMr«Iy  tnotuehtoHly  M  It  were,  being  again 
lUM  #it«H  atteutiott  it  diverted  mtn  it  to  ptiftltiUlar  paHti.  It  is  on 
tbt«  MiiMunt  Ihitt  Ressemer,  Jonee,  aad  other*  who  bkve  pMd  special 
attention  to  the  subject,  assign  so  very  high  a  valuo  to  Arabian  decora- 
tion, as  being  strictly  ornamental  and  strikingly  characteristic. 

One  very  prevalent  and  very  peculiar  element  of  Arabian  decoration 
is  the  use  of  inscriptions  evidently  with  reference  to  their  ornamental 
efi)t^  So  Ikr  there  is  a  nry  itriting  analogy  between  the  practice  of 
the  Hoaleina  VoA  that  of  the  ancient  Egyptians ;  if  the  latter-  covered 
Um  wall*  ot  their  edifloea  with  Ikieraglyphlcs,  the  others  inscribed  theirs 
no  tsN  protuaely  with  Mntanotst  ana  the  characters  of  their  ordinary 
Writiut,  elagkBt  Mid  fanotful  in  Ihemselves,  were  as  studiously  ornate 
MtdetUigMphisjMmMiblei  Mid  m  wetl  do  they  harmonise  vrith  the 
reil,  M  to  tMin  to  beloiig  to  the  embelliahment,  and  to  have  sufijcient 
value  M  lueh  iudepaadent  ot  their  maming.  Neither  was  the  effect  of 
eolouriug  Mkd  gilaing  wanting  to  set  off  the  bncriptions  in  the  most 
brilUMlt  muUMh  The  eoloun  ohiefly  used  were  the  primaries,  red, 
vellow,  and  blue  |  til*  •sooadariea,  except  ia  the  decline  of  the  style, 
beiiig  ottly  uaed  in  the  lower  and  Mbordinato  parts  of  buildings.  The 
UM  of  thee*  oolotue  appears  to  liave  been  most  profuse ;  gilding  was 
ktao  freely  employed.  In  ahorti  even  by  those  who  consider  much  of 
it  to  have  been  in  false  taste,  M^tastunl.  deooration  must  be  allowed 
to  have  Ixea  oarrled  by  the  Arebiana  to  •  very  high  pitch;  and 
although  It  m«y  be  too  Sorid,  too  prodigal,  too  imfiaUM,  and  overlaid 
with  ornament,  it  well  deserves  to  be  studlled,  as  many  ideas  may  be 
derived  from  it,  for  novel  combiaatioiis  both  of  forms  and  colours. 
And  for  tuoh  study  ampls  materials  ue  supplied  by  Mr.  Owen  Jones's 
splendid  worit  on  the  '  AihMubre,*  MmI  Hassemer's  '  Arabische  Baucr- 
kieruugeu;'  ia  both  ot  whioh  puUiastiolM  the  plates  exhibit  the 
original  ooloun.    The  gsoerel  rsMer  Will  hwrdly  need  to  be  reminded 


•laboMte  Examples  ot  Moorish  onMBMutal  work  at  its  most  advanced 
Stoge  t  but  we  may  poiat  out  thai  th«  Uttk  *  Handbook  of  the  Alhambra 
OourV  writton  by  Mr.  O.  Joaas,  eoataias  U«eh  veluable  information 
4MI  the  priaciplss  ot  aantosnio  onsmsatalioB,  sad  indeed  on  the  second 
period  of  Saracenic  arehtteotur*  gsBMal^. 

Lattice  or  open  trellis-work  was  aaotur  (totUe  source  of  embellish- 
ment, and  was  very  much  akin  to  the  perforated  tracery  frequently 
met  with  in  Gothic  buildings.  In  this  respect  the  two  styles  display 
great  similarity  of  taste,  distinguishing  themselves  herein  from  almost 
evsiy  other,  notwithataadiug  that  each  has  a  peculiar  oharacter  cf  its 
own.  But  io  Saraceaia  architecture  the  tuterstioas  are  smaller,  and 
Um  design  fiUs  the  whole  of  one  a(>«rture ;  whereas  in  the  Qothio  s^le 
the  omamsatkl  tracery  is  eoafiued  te  the  heads  of  wfadowa.  &«*ides 
which,  the  character  of  Saraoenie  traoery  is  kltogether  difersMtt  it 
bdng  ooApcaed  of  straight  lines,  frequently  ao  di^caed  «s  to  f«mi 
stars  ia  soibs  parts  of  the  deeigo.  As  tar  as  eu  idek  *A  (h*  iiefisUMJIiss 
of  4Jm  tftgrfe  ia  Uus  raspeet  can  be  lanasd  Irolaa  sfagto niiriiiaas,  ths 
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example  here  annexed  (from  Hessemer)  of  a  portion  of  a  window  in 
the  mosque  of  Hakim  at  Cairo,  may  be  of  some  asaistance.  The  pattern 
in  rich  and  playfr.l;  and  notwithstanding  that,  although  regular,  it 
appears  at  first  sight  to  be  rather  complicated,  will  be  found  to  be 
composed  of  merely  a  repetition  of  the  same  forms,  yet  producing  a 
constant  variety,  a43cording  as  the  lozenge  or  the  star  is  fixed  upon  by 
'  the  eye  as  the  centre  from  which  the  rest  of  the  pattern  diTerges. 


nr.  t. 


Of  perforated  battlements  and  parapets,  this  style  furnishes  somo 
exceedingly  rich  and  tasteful  specimens.  Several  of  them  ore  exceed- 
ingly intricate  and  delicate  also,  and  may  therefore,  almost  without 
exaggeration,  be  compared  to  lace-work  as  seen  against  the  sky.  Of 
this  kind  are  the  parapets  of  the  mosques  Lashar  and  Akmer  at  Cairo, 
which  in  some  parts  have  perforated  battlements  of  fanciful  outline 
rising  above  the  general  parapet  of  open-work.  Curves,  forming 
pointed  horse-shoe  arches,  occur  in  some  of  the  patterns ;  further  than 
this  it  is  impoasible  to  pretend  to  describe  them,  except  it  be  to  remark 
that  the  stone-work  is  very  slender,  and  the  open  spaces  large  in  pro- 
portion, and  that  the  ribs  or  stems  of  which  ibe  former  is  composed 
have  something  the  resemblance  of  being  interwoven,  one  passing  alter- 
nately before  and  behind  the  next,  after  the  fashion  of  wickerwork. 

Equal  fancy  and  diversity  of  invention  are  shown  in  the  devices  jf 
mosaics  and  paTements,  many  of  which  appear  exceedingly  elaborate, 


although,  when  analysed,  they  are  found  to  be  very  simple  in  prin- 
ciple :  for  instance,  some  patterns  exhibiting  octagons,  stars,  and  other 
figures,  are  produced  merely  by  series  of  zigzag  lines  intersecting  each 
other  at  right  angles,  different  combinations  being  obtained  according 
OS  the  points  of  the  zigzag  are  turned  from  or  towards  each  other. 
Among  the  other  nmaments  which  mark  this  style,  the  honeycomb 
fretwork  and  Htalactite-hke  drops,  or  pendents  of  ceilings  and  roofs, 
deserve  to  be  mentioned :  of  these,  the  rich  example  in  the  Alhambra 
Court,  a  copy  in  full  size  of  the  stalactite  roof  of  the  Hall  of  the 
Abencerrages,  but  coloured  and  gilt  in  accordance  vrith  what  Mr.  Jones 
conceives  to  have  been  the  appearance  of  the  hall  in  its  original  state, 
will  at  once  recur  to  the  memory.  Another  characteristic  form  of 
ornament  is  that  of  the  smal  star-shaped  apertures  cut  in  a  eloping 
direction  through  the  domes  or  vaults  over  baths,  &c.,  for  the  purpose 
of  admitting  only  a  subdued  degree  of  light. 

The  above  are  charscteristio  elements  of  the  style  generally.  But 
there  are  others  equidly  charscteristio  of  the  Asiatic  varieties,  tiiiough 
not' found  in  the  Spanish.  Of  these, «  coiutructive  feature,  as  striking 
as  the  arch  itself,  is  that  of  the  donu.  For  the  most  part  domes  occur 
in  mosques  and  other  religious  edifices,  but  they  are  also  usual  in  tombs- 
Domes  were  derived  directly  from  Byzantine  examples,  and  were  there- 
fore pendentive  in  character ;  but  following  the  Oriental  tendency  to 
infiation  and  luxuriance,  they  were  variously  altered  in  size,  appli- 
cation, and  ornamentation,  and  ultimately  in  Persia,  Turkey,  and  still 
more  extravagantly  in  India  [India,  Abceiteot'ube  or,  col.  848] 
assumed  a  bulbous  form,  thus  losing  sight  of  the  mathematical  prin- 
ciples which  render  the  dome  so  constructively  simple  an  architectural 
feature.  [Dome.]  Moreover,  instead  of  being  employed  singly,  domes 
were  sometimes  used  in  great  profusion,  there  being,  besides  the  prin- 
cipal dome,  a  nimiber  of  subordinate  ones,  sometimes  according  and  at 
others  contrasting  with  it  in  shape.  Minarets  are  another  characteristic 
feature  in  the  Asiatic  varieties  of  Saracenic  arohitecture ;  but  for  an 
account  of  them  it  will  be  enough  to  refer  to  the  article  MniAnzT. 
The  long  and  slender  forms  of  minarets  being  opposed  to  the  swelling 
curves  of  domes,  contributed  not  a  little  to  that  picturesqueness  of 
outline  which  is  so  striking  in  buildings  of  later  Saracenic  style. 
The  cut  of  the  At-Meidaa  at  Constantinople,  given  under  Mobvde,  will 
serve  as  an  illustration  oi  the  multiplication  of  domes  and  the  appli- 
cation of  the  minaret,  whilst  the  article  itself  will  furnish  some  general 
information  on  the  subject  of  mosques. 

We  may  now  brieSy  notice  a  few  of  the  more  characterisiio  enating 


Moiqne  (Cathedral)  >t  Cordova, 


examples  of  the  style ;  beginning  with  those  of  Spain.  Of  these  the 
oldest  is  the  mosque  at  Cordova,  which  now  serves  as  the  cathedral  of 
that  city.  It  was  the  earliest  structure  of  any  importance  erected  by 
the  Moors  in  Spain,  having  been  commenced  by  the  Caliph  Abd-el- 
Ramhan,  in  786  a-D.,  with  the  avowed  intention  that  it  should  surpass 
in  splendour  the  mosques  of  Baghdad,  Damascus,  and  Jerusalem.  It 
was  completed  in  796.  Like  all  early  Saracenic  work  it  is  characterised 
by  a  certain  seTerity  and  masaiveness  of  style.    Byzantine  architects 


are  said  to  have  been  specially  invited  into  Spain  to  superintend  ita  con- 
struction. In  its  plan  the  original  building  bore  a  general  resemblance 
to  a  basilica,  but  it  was  greatly  altered  about  the  close  of  the  10th 
century  by  El  Mansour,  who  converted  it  into  a  parallelogram  by 
adding  eight  aisles  to  the  eastern  side.  As  it  now  stands  it  is  an  insu- 
lated oblong  building,  extending  620  feet  from  north  to  south,  including 
a  spacious  court  at  its  north  end  or  side.  The  interior  presents  almost 
a  forest  of  jasper  and  other  marble  columns,  upwards  of  600  in  number, 
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ind  dividing  the  plan  into  nineteen  aisles  in  one  direction  (850  feet  in 
length),  and  thirty-fiTe  in  the  other.  But  it  is  disproportionately  low 
as  compared  with  its  great  extent,  the  height  to  the  roofs  being  only 
about  84  feet.  The  arches  are  carried  upon  columns  without  entabla- 
tures as  in  Romanesque  buildings.  [Romanesque  A&CHiTECTnBE.] 
The  interior  presents  a  singular  array  of  double,  circular,  and  horse- 
shoe arches,  some  of  the  upper  ones  being  curiously  interlaced.  There 
is  a  great  display  of  rich  carving  of  a  modified  Byzantine  character, 
and  much  of  the  peculiar  tracery  and  diapering,  as  well  as  numerous 
inscriptions  of  the  kind  described  above.  The  pointed  arch  does  not 
occur ;  the  domes  are  comparatively  recent  additions.  In  that  division 
of  the  building  appropriated  to  the  imams  and  chiefs  was  the  great  labia, 
or  sanctuary  (in  which  the  Koran  was  deposited),  an  octagon  covered 
with  a  cupola  shaped  out  of  a  single  block  of  stone ;  the  mikrab,  or 
pulpit,  and  the  maktvra,  or  khalif 's  seat.  After  the  conquat  of  the 
city  in  1286,  by  San  Ferdinand,  this  mosque  was  converted  into  the 
catiiedral,  in  consequeace  of  which  the  character  of  the  interior  has 
been  greatly  injured  by  the  erection  of  a  Gothic  choir  in  its  centre. 
As  a  splendid  work  of  a  later  epoch  of  the  style,  Cordova  could  once 
boost  of  the  palace  called  the  Az-zsiai,  erected  about  the  middle  of  tiie 
10th  century  b^  ^e  celebrated  Abd-el-Khaman  IIL,  .the  eigfaUi 
Umeyyah  sovereign  of  Spain.  Of  this  edifice,  which  was  at  the  dis- 
tance of  about  two  leagues  from  the  city,  nothing  now  remains  to 
attest  its  former  magnificence,  except  the  descriptions  given  of  it  by 
Hohammedan  writes,  according  to  which  it  was  adorned  with  4000 
marble  pillars,  and  had  walls  and  pavements  of  the  same  material. 
The  sumptuousness  ascribed  to  the  edifice  and  its  fountains  and  hatha 
might  pass  for  mere  Oriental  hyperbolism,  were  it  not  that  the  evidence 
still  sSorded  by  the  Alhambra,  and  by  parts  of  the  Alcasar  at  SevUle, 
removes  the  suspicion  of  exaggeration;  or  nther,  the  exuberant 
beauties  revealed  to  us  by  the  latter  structures  greatly  surpass  any- 
thing the  most  florid  description  can  picture  to  fhe  mind. 

The  Alhambra,  the  residence  of  me  Moorish  kings  of  Qranada,  is 
supposed  by  some  to  have  been  founded  by  Mohammed  Ibn  Alhamar, 
the  firsf  ruler,  who  reigned  from  1238  to  1278;  according  to  others, 
was  begun  by  his  successor  Hohammed  II.  (1273-1302),  or  by  Nasser, 
and  completed  by  Abu-1-hejaj  in  1S48.  This  highly  interesting  and 
important  monument  of  western  Arabian  architecture  is  now  rendered 
comparatively  familiar  to  us,  by  descriptions  and  drawings,  and  by 
geometrical  and  pictorial  illustrations  of  its  principal  parts  and  deco- 
rations, not  only  in  the  elaborate  works  of  Murphy,  Jones,  and 
Haasemer,  but  also  in  many  drawings  and  publications  of  a  more  popular 
kind  by  Roberts,  Lewis,  and  other  able  draftsmen,  while  several  parts 
of  the  mterior  have  been  reproduced  by  casta  and  restorations  in  the 
Crystal  Palace  at  Sydenham,  Here  therefore  it  need  only  be  noticed 
briefiy  and  generally :  it  is  described,  with  cuts,  under  Albjoibba,  in 
the  Qeog.  Dit. 

The  Alhambra  was  a  fortress  palace,  the  outer- walls  of  which  enclosed 
an  area  2S00  feet  long  and  6S0  wide.  Its  superb  palace  has  sufiered 
alike  from  wilful  destruction  and  from  neglect,  yet  its  ruins  are  among 
the  niost  romantic  and  most  interesting  in  the  world.  What  is  left  of 
it  consists  of  two  great  courts  or  halls  and  several  of  smaller  size.  Of 
these  the  richest  and  most  impressive  is  the  Court  of  the  Lions,  which 
extends  100  feet  from  east  to  west,  and  is  60  feet  wide  :  yet  impressive 
as  it  still  is,  and  gorgeous  as  it  must  have  originally  appeared,  it  is 
really  composed  of  only  the  most  seemingly  fragile  materials — wood 
oovered  witii  stucco.  Its  general  character  and  appearance  will  be  best 
understood  by  the  reproduction  at  the  Crjstal  Palace ;  but  it  must  be 
remembered  in  looking  at  tho  copy  that  whilst  the  original  is  of  much 
larger  size,  the  central  fountain,  m>m  which  it  derives  its  name,  is,  in 
each,  of  the  same  dimensions.  On  each  side  of  the  Court  of  the  lions 
is  a  much  smaller  apartment,  that  on  the  north  being  known  as  the 
Hall  of  the  Sisters,  whilo  on  tho  south  is  the  gorgeous  Hall  of  the 
Abencemges,  reproduced  of  the  actual  dimensions  by  Mr.  Jones  at  the 
Crystal  Palace.  At  the  east  end  stands  the  Hall  of  Judgment.  Before 
the  Hall  of  the  Two  Sisters  are  the  Baths.  West  of  the  Court  of  the 
laons,  and  at  right  angles  to  it,  is  the  second  great  court,  called  the 
Court  of  the  Alberoa — an  older  and  less  ornamented  building.  There 
are  other  connected  rooms  and  detached  buildings  to  which  it  is  suffi- 
cient to  allude,  while  a  third  large  court,  probably  a  mosque,  is  said  to 
have  been  removed  to  make  room  for  the  cold  and  formal  palace 
erected  by  Charles  V.  adjoining  the  Court  of  the  Alberca.  The  archi- 
tectural character  of  the  interior,  on  which  almost  exclusively  the 
florid  ornament  is  lavished,  has  been  already  spoken  of,  and  the  arches, 
pillars,  traceiy,  diapering,  &c,  described.  The  Alhambra  is  considered, 
and  justly,  as  tlie  crowning  work  of  Saracenic  arohitecttu-e  in  Europe ; 
it  marks  a  period  when  the  style  had  reached  the  very  verge  of  deco- 
rative propriety,  and  it  is  probable  that  any  further  progress  would 
have  been  towards  mere  voluptuous  excess,  and  that  the  decline 
would  have  been  swift  and  certain.  Other  remains  of  Saracenic  build- 
ings are  still  numerous  in  all  those  parts  of  Spain  which  were  occupied 
by  the  Moors,  and  some  of  them  are  of  considerable  interest  It  is 
noteworthy,  however,  that  the  only  approximation  to  a  minaret,  or  to 
any  of  those  light  and  lofty  forma  in  which  the  Saracenic  architects  of 
the  East  delighted,  is  foiiml  iu  the  Gii-alda  at  Seville;  and  this  bears 
more  resembLtuce  to  m\  Italian  rnmpauilc,  it  being  a  square  of  45  feet, 
and  rising  undimiuiahed  tu  a  height  of  185  feet :  ibe  upper  and  smaller 
portion  iros  added  in  1568. 


The  earliest  of  the  Egyptian  buildings  of  which  any  portions  i«- 
main  is  the  Mosque  of  Amrou  at  Old  Cairo,  begun  oboot.  aj).  6^2, 
but  greatly  altered,  if  not  rebuilt,  about  60  years  later.  U  iB>a  nearly 
square  building  about  890  by  860  feet,  surroupded  on  eacb  side  by 
colonnades  or  arcades,  the  columns  of  which,  245  in  numiber,  were 
taken  from  Byzantine  and  Roman  buildings.  The  arches,  as  i»usail 
in  arcades  in  the  Saracenic  buildings  of  me  East,  have  tie-beaaBV>K 
this  instance  of  wood.  Of  the  original  ornamentation  litUe  is  left,  ▲ 
more  important  example  of  the  style  is  the  great  mosque  erected  bjr 
Ibn  Tooloon  at  Cairo,  towards  the  end  of  the  ftth  cei^tury,  and  which  is 
still  in  a  state  of  tolerable  preservation.  Like  the  preceding,  it  iw 
a  nearly  square  structure,  the  outer  walls  being  465  feet  by  890 ;  thai 
great  court,  nearly  300  feet  square,  is  said  to  have  been  designed  by  tt- 
Byzantine  architect.  Like  all  early  Mohammedan  buildings,  it  is  builfr 
entirely  of  brick  covered  with  stucco,  and  all  the  rich  interior  orna- 
mentation is  of  stucco.  The  arches  of  the  colonnade  surrounding 
the  great  court  are  of  the  pointed  horse-shoe  form,  and  are  borne  oni 
massive  piers  with  attached  shafts  at  the  aneles.  The  windows,, 
mostly  of  pointed  horse-shoe  arches,  are  all  filled  with  the  piercsdl 
tracery  described  above,  which  is  not  only  singularly  graceful  in  desigi^ 
but  the  efTect  of  which  is  described  as  exceedingly  cool  and  pleasng  in 
such  a  climate.  Other  mosques  in  Cairo  aff<H^  very  interesting  speci- 
mens of  this  style  of  architecture  of  a  later  date  ;  as  that  of  Bu-kook, 
ejected  about  tiie  middle  of  the  12th  century,  which  has  a  fine  dome, 
a  lofty  and  very  elegant  minaref,  and  other  ornamental  features,  and 
iu  which  the  pointed  arch  is  employed  with  as  much  facility  as  in 
a  dothic  cathedral.  But  a  far  more  imposing  building  is  the  mosque 
of  Hhasaneyn,  or  Hassan,  which  is  of  great  size  and  height,  veiy 
massive  in  construction,  and  is  crowned  by  a  noble  dome  and  two  vciy 
handsome  minarets,  each  230  feet  high.  The  mosque  of  El  Moyed,. 
erected  in  1416,  is  remarkable  for  the  richness  of  its  interior. 

For  the  fall  of  the  Moorish  dynasty  in  Spain,  the  Hohammedanr 
<rere  to  a  certain  extent  recompensed  by  the  conquest  ci  the  great 
Christian  city  and  territory  of  Byzantium ;  and  from  that  time  dates 
a  new  variety  of  Saracenic  architecture  which  had  its  origin  in  Constan- 
tinople. On  the  capture  of  Constantinople,  Santa  Sophia  was  con- 
verted by  the  conquerors  into  their  chief  mosque,  and  mado  tboir 
architectural  model.  The  older  Sarocenio  style  indeed  continued  to  bs 
the  baalB  of  the  new,  but  it  was  modified  thronghout  by  the  Byzantia* 
influence.  The  dome  became  a  more  and  more  prominent  feature; 
ornamentation  was  applied  with  more  economy,  mora  grouped  and 
massed,  more  simplified  and  lees  difiiised.  But  the  old  Eastern  exur- 
beronce  found  vent  in  various  ways,  while  the  taste  and  energy  which 
served  at  once  to  direct  and  control  it,  became  less  and  less  apparent, 
and  the  style  steadily  deteriorated,  though  as  long  as  vitality  lasted,  it- 
exhibited  gleams  of  a  rich  quaint  fancy.  The  first  mosque  erected  in 
Constantinople  was  built  by  Mahomet  II.,  the  conqueror  of  the  city; 
and  a  large  mosque  is  still  shown  as  his ;  but  very  little  remains  of  the 
original  &bria  More  perfect  is  the  great  mosque  erected  about  the 
middle  of  ■tJie  16th  centuiy  by  Suleiman  the  Magnificent  Avowedly 
an  imitation  of  Santa  Sophia,  it  is  yet  larger,  richer,  and  to  an  arohi- 
tectural  eye,  superior  in  form,  the  dome  especially  being  higher  and 
better  proportioued.  The  great  mosque,  called  At-Meidan,  erected 
by  Achmet  in  the  first  half  of  the  17th  century,  is  remarkable  among 
other  things  for  its  array  of  cupolas  and  its  minarets.  No  less  than 
thirty  small  domes  surround  the  outer  court,  each  bay  of  the  arcade 
being  surmounted  by  one.  The  mosque  proper  has  a  well-proportioned 
great  dome  (80  feet  in  diameter),  flanked  by  four  smaller  domes,  while 
(as  will  be  seen  from  the  cut  in  the  article  Mosqdk),  several  other 
small  domes  occur  in  different  parts  of  the  building.  In  this,  as  in  tha 
other  Constantinopolitan  mosques,  the  columns  which  support  the 
horse-shoe  arches  of  the  aroades  are  fastened  together  by  iron  tie-rods. 
The  great  dome  of  this  mosque  is  borne  on  four  immense  pieis,  which 
are  faced  with  marble.  The  minarets  are  of  very  graceful  form  and 
proportions.  The  various  ornamental  details  are  pure  in  chaiscter, 
whilst  they,  .is  well  as  the  general  form  of  the  building,  show  almost 
entire  freedom  from  Byzantine  taste.  But  this  was  the  lost  great 
efibrt  of  Turkish  arehitecture.  European  artificers  soon  after  this 
began  to  be  employed,  and  European  fashions  to  be  imitated,  and  the 
native  style  became  proportionally  debased. 

SARACENS,  a  name  improperly  given  by  the  Christian  authors  of 
the  middle  ages  to  the  Mohammedans  who  invaded  France  and  settled 
in  Sicily.  Concerning  the  etymology  of  this  word  there  have  been 
various  opinions.  Du  Cange  ('  Glossarium,'  v.  '  Saraceni ')  derives  it 
from  "  Sarah,"  the  wife  of  Abraham ;  Hettinger  ('  Bib.  Or.')  from  the 
Arabia  word  taraea,  which  means  "  to  steal,  to  plunder."  Forster,  in 
his  'Journey  from  Bengal  to  England,'  derives  it  from  soAra,  "a 
desert."  But  the  true  derivation  of  the  word  is  Aarkeyn,  which 
means  in  Arabic  "  the  Eastern  people" — first  ooirupted  into  Saraceni 
CSofcxrimt)  by  the  Greek,  and  thence  into  Saraceni  by  the  Latin 
writers.  Stephanus  Byzantiuus  says  that  "Saraka  is  a  region  of 
Arabia,  adjoining  the  Nabathsei,  and  the  inhabitants'  are  called 
'Saraceni'"  Ptolemy  (vi.  7)  makes  Saraka  a  city  of  Arabia  Felix. 
The  name  Saraceni  occurs  in  Pliny  (vi.  28),  and  it  seems  that  it  began 
to  be  used  about  the  1st  century  of  our  era,  and  was  applied  to  the 
Bedouin  Arabs  who  inhabited  the  countries  between  the  Euphrates 
and  the  Tigris,  and  separated  the  Roman  possessions  in  Asia  from  the 
dominions  of  the  Parthian  kings.    The  description  of  the  Saraceni  by 
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Ammlantu  MsrcclIinUs  (xiv.  o;  10)  exactly  corresponds  \YitIi  Uie  Iinbita 
ot  the  BedouSai.  In  course  of  time  it  became  the  generic  name  of  all 
tUe  Arabian  tribes  irho  embraced  the  religion  of  Mohammed,  and 
BtM-ead  their  conquesta  orer  the  greater  portion  of  Asia  and  Africa. 

SABGOCELE  (from  rif(,  flesh,  and  k^Kti,  a  tumour)  is  the  name  of  a 
dimose  by  which  the  testicle  becomes  altered  from  ii»  natural  structure 
atid  eonrerted  into  a  hard  flesh-like  substance.  The  term  however  is  of 
aach  general  importj  that  there  ore  few  diseases  of  the  testicle- which 
may  not  be  included  under  it ;  accordingly  the  older  writers  called  oil 
toduiatJoiM  and  eolargementa  of  this  organ  sorcoceles,  whether  they 
Urcfe  of  a  b«nign  or  of  a  malignant  nature.  In  modem  phraseology  the 
term  is  r^Strieted  to  certain  chroniD  enlai^ements  and  indurations  of 
the  body  of  the  testis,  of  a  perfectly  benignant  character,  but  incon- 
venient on  account  of  their  size  and  weight.  These  swellings  may 
eontinne  for  years  without  undergoing  any  vijsible  change,  or  a  sudden 
tnchease  fai  their  bulk  mi^  arise,  and  the  testicle  be  converted  into  a 
tiainfill,  uletirated,  and  incurable  mass  of  disease.  Borcocele  m.iy  be 
distinguished  from  hydrocele,  the  disease  which  most  nearly  resembles 
it,  by  its  bardiieas,  weight)  and  want  of  transparency ;  but  occasJonoUy 
the  two  diseasea  are  met  with  together,  and  this  compound  affection 
is  caQed  hydrosareocele.  "With  respect  to  the  treatment  of  sarcocele) 
Tsrious  and  tather  oppodte  remedies  have  at  times  prov^  successful. 
When  the  enlargement  is  accompanied  by  pain  or  any  degree  of  infiam- 
matjon,  leeches,  hot  fomentations,  and  poultices  applied  externally, 
with  the  administration  of  an  emetic,  and  the  adoption  of  a  general 
Antiphlogistic  regimen,  would  seem  to  be  indicated.  When  the  disease 
b  altogether  chronic,  stimulating  lotions,  liniments,  or  ointments  may 
be  ap^ed  to  the  swelling.  In  either  case,  the  use  of  a  suspensory 
.bandage,  or  bag  truss  for  the  support  of  the  part  should  not  be 
ne^ected.  If  these  means  fail  in  arresting  the  progress  of  the  disease, 
extirpation  of  the  gland  must  be  had  recoiuie  to. 

SABCOCOLLIIf  (C„H„0,o»).  A  gumrty  matter,  extracted  from 
Ae  laroocolla  of  bommeree,  the  dried  juice  of  the  Pcenea  mucronata. 
It  possesses  s  peculiar  but  feeble  odour,  and  a  bitter-sweet  taste.  It  is 
sparingly  soluble  ih  water,  but  readily  so  in  alcohol.  Kitric  acid  faans- 
forms  it  intb  ozalie  ncid. 

SARCOMA  is  a  morbid  tumour  whose  tissue  is  Seshy  and  moderately 
firm.  Several  species  of  sarcoma  were  described  by  Mr.  Abemethy  in 
his  '  Classifieation  of  Tumoure,'  such  as  the  common  vascular  sar- 
boms,  thA  adipose  or  &tty  kind,  the  pancreatioi  the  manmiory,  ka. 
bome  of  these  still  rtitain  the  samo  names,  but  in  genoral  the  term 
sarcoma  has  nb  other  meanihg  in  surgical  works  than  the  indefinit« 
one  already  given,  and  ibcludes  all  fleshy  tumours  that  ate  not 
canceroiis,  or  medullary,  or  melanotic.    [TujtODB.j 

SARCOPHAGUS,  a  word  derived  from  the  Qreek  signifying  ,^M- 
iraJer,  but  used  to  designate  any  kind  of  coffin,  especially  large  ones  of 
stone.  _  This  name  was  given  from  sarcophagi  being  originally  made 
of  a  kind  of  stone  from  Assos  in  Mysia,  supposed  to  be  alument  cliUli, 
or  a  kind  of  pumice  stone,  which  was  fabled  to  consume  the  entire 
body,  *ith  ihe  exception  of  the  teeth,  in  the  space  of  forty  days. 
(Pliny,'  N.  H.,'  ii.,  98,  xxvi.  27.)  The  term  was,  however,  applied  at 
the  time  of  the  Roman  Empire  to  all  kinds  of  stone  oofitos.  (Juvenal, 
x.,172j  Dig.,  84,  at.  i.,  r  18,  e.  «;  'OrelUus  Inscript.,'  Nos.  104, 
4452,  64.)  The  earliest  sarcophagi  are  the  Egyptian,  called  in  the 
hieroglyphs  td)a,  or  chest,  and  found  from  the  time  of  the  pyramids 
[Ptbamids]  till  the  Ist  century  a.d.  Those  of  the  early  dynasties 
were  sc\ilptured  in  shape  of  a  square  thest,  or  edifice,  and  left  plain 
Or  else  only  ornamented  with  two  leaves  of  the  lotus.  Those  of  the 
18th  and  following  dynasties  were  of  different  shapes,  the  most  usual 
being  that  of  an  Egyptian  mummy  swathed,  dividing  into  two  parts 
lengthwise,  the  cover  formed  by  the  front,  and  the  chest  by  the  back 
of  the  figure — the  two  fixing  by  mortices  and  groovca,  holes  for  which 
were  cut  in  the  stone.  The  coffins  of  this  period  were  princip.-illy  of 
i-ed  granite,  and  ornamented  with  inscriptions  or  scene.^  relating  to  the 
lUyth  of  Osiris,  or  the  passage  of  the  Sun  througlj  the  lower  hemi- 
sphere, or  regions  of  the  night  aud  dartneas.  The  most  remarkable  of 
this  period  are  the  arragonite  or  oriental  olabnster  sarcophagus  of 
Beti  1.,  in  the  Boane  Museum,  and  that  of  Rameses  III.,  in  the  Louvre, 
the  cdver  of  which  is  in  the  Filzwilliam  Museum  at  Cambridge.  At 
the  period  of  the  26(h  dynasty,  the  sarcophagi  were  generally  made 
of  basalt ;  althou^  a  coarse  red  granite,  black  or  white  marble  was 
occasionally  used.  The  hieroglyphiio  legends  of  this  age  are  often 
chapters  extracted  from  the  Ritual  of  the  Dead.  The  last  of  the  royal 
sarcophagi  is  that  of  NekhtherheW,  or  Kectanebcs  L,  in  the  British 
Museum,  made  of  a  fine  brecfeia,  and  sculptured  *ith  scenes  of  the 
passage  of  the  Sun.  This  was  formerly  at  Alexandria,  and  supJ>Dsed 
upon  very  insuflBcient  grounds  by  some  to  have  been  the  tomb  of 
Altgxander  the  Great.  Recent  discoveries  have  shown  that  the 
Fhosnieian  kirigs  were  buried  in  sarcophagi  of  basalt  or  alabaster,  of  a 
tanmmited  shape  like  the  Egyjitians,  although  diflfercnt  in  treatment 
and  art  The  most  remarkable  of  these  is  that  of  Esmtmazar,  king  of 
Bidoh.  inaeribed  with  a  long  Ph*nician  inscription,  and  supposed  to  be 
of  about  B.C.  5r4.  The  Persian  monarchs  were  nUo  buried  in  Siwco- 
Jihagi,  and  one  of  those  of  the  kings  of  Judah,  a  plain  rectangular  chest, 
decorated  with  a  simple  floral  ornament  of  vine  branches,  is  in  the 
Museum  of  the  Louvt-e.  Rude  sarcophagi  *ore  also  used  by  the 
Lycians  ahd  othel-  Grweo-barbaric  j'lople  of  Asia  Minor. 

Iti  AsftAifc  Slhd  Eilhjpcdn  Qrceco  many  sarcoi^agi  ha\i8  h««ta  found. 


but  few,  if  any,  earlier  than  the  Roman  Empire,  aud  generally  of  the 
1st  and  2nd  century  A.D.  These  are  of  the  same  charaotPr  aa  tlioso 
discovered  in  the  Roman  columbaria,  consisting  of  rectangular  che.4ta 
about  8  feet  long,  8  feet  high,  and  as  many  broad.  The  cavers  ore 
often  iu  shape  of  a  pent  roof,  or  ornamented  with  figures  of  tho 
deceased  in  full  relief.  They  are  richly  decorated  with  baa-reliefsi,  at 
on  earlier  period,  of  many  figures  representing  mythologies  subjects, 
but  St  a  later  with  festoons  of  flowers,  fruit,  and  arabe8i]ues,  with 
small  figures.  A  still  larger  class  than  the  Greek  ai-e  the  Etruscan, 
none  of  which,  from  their  style  of  art,  seem  older  than  the  middle  of 
tho  4th  century  B.o.,  and  ore  made  of  pepcrino,  alabaster,  or  terra- 
cotta, generally  having  on  their  covers  a  full-length  recumbent  figufe 
of  the  deceased  leaning  on  the  elbow  as  if  on  a  couch  at  a  feast.  The 
chests  are  decorated  with  reliefs,  representing  Qreek  myths,  treated  in 
the  Etruscan  manner,  with  the  names  of  the  persons  represented  iu 
the  Etruscan  language.  Those  foimd  in  the  tombs  of  Volterm  and 
Cbiusi  are  of  arragonite  or  marble,  of  small  dimensions,  about  14  inches 
long  by  3  inches  broad,  and  1  foot  6  inches  high,  and  are  rather 
cinerary  urns,  as  they  contain  only  the  ashes  of  the  dead.  The  Ronuui 
sarcophagi,  at  the  time  of  the  republio,  appear  to  have  bean  plain 
architectonic  chests,  oa  shown  by  those  of  the  Scipio  family,  bat  under 
the  empito  they  become  more  richly  ornamented,  like  tho  EtrussoO, 
with  recumbent  figures  on  the  cover  and  bas-reliefs  of  mythological 
subjects,  allusive  to  the  life  or  death  of  the  person  buried,  as  Prome- 
theus, Orestes,  and  G.inymede.  These  sarcophagi  continued  till  the 
6th  and  7th  century,  when  arabesques  were  introduced,  aud  two 
remarkable  ones  of  the  first  period  of  Christian  art  are  those  of  St. 
Constantia  and  St.  Helena  of  red  porphyry,  ornamented  with  baa- 
reUefs,  representiug  triumphs  and  proceaaiona,  at  present  in  the  Votican. 
At  a  later  period  Christian  sarcophagi  ore  ornamented  with  subjects 
token  from  the  Old  aud  New  Testament.  Stone  chests  or  sarcophagi 
were  also  used  for  interment  by  the  Gaulish  tribes,  and  their  use  for 
the  sepulture  of  distinguished  persona  has  baen  continued  till  the 
present  day. 

(De  Ilougtf,  MonumenU  Egyptumi  du  Mutie  de  £o»vn,  8vo,  Poria, 
185S;  Due  de  Luynes,  Le  Sarcoplu^  d'Esmunaair,  4to,  Paria,  1860; 
Mioali,  Storia  d Italia,  Fir.,  1832.) 

SARCOSINE  (C„H,NO,).  An  organic  olkaloid,  belonging  to  the 
same  class  of  bodies  as  urea  and  sugar  of  gelatine.  It  is  procured  bj 
adding  hydrate  of  baryta  to  a  boiling  saturated  solution  of  creatin. 
On  filtration  a  colourless  liquid  is  obtained,  containing  caustic  baryt* 
and  soTcosine.  Tlirough  this  liquid  a  current  of  carbonic  acid  gas  is 
passed  whilst  it  is  gradually  hoatod  to  boiUng.  The  filtered  liquid 
becomes  syrupy  on  evaporation,  and  finally  deposits  large  crystalline 
leaves  of  sorcosine,  which  is  purified  by  conversion  into  sulphate, 
agitation  with  alcohol,  solution  in  water,  and  final  treatment  with 
carbonate  of  baryta.  Tho  filtered  liquid  being  then  ev^orated  upon 
the  water-bath  deposits  crystals  of  pure  sorcosine,  which  are  colourless 
and  transparent,  very  soluble  in  water,  slightly  so  in  alcohol,  and 
insoluble  in  ether.  They  fuse  at  s  temperature  somewhat  above  212°, 
and  volatilise  without  residue. 

Sarcosine  is  isomeric  with  Isotamide,  urethane,  and  olanina  It  does 
not  afiect  v^etable  colours,  but  forms  salts  with  acids.  The  sulphate 
of  sarcosine  has  the  formula  CgH,NO„  SO,HO  ■••  oq.,  that  of  the 
double  platmum  salt  is  C,H,NO«,  HCl,  PlCl,  -f  2  aq.  Tho  solution.of 
the  sulphate  reacts  strongly  acid. 

SARDONICUS  RISUS,  a  convulsive  affection  of  the  mnscles  of  the 
face,  in  which  the  lips  are  drawn  involuntarily  apart,  so  as  somewhat 
to  resemble  the  expression  of  the  countenance  in  laughter.  The  name 
is  derived  from  a  species  of  ranunculus  that  grows  in  Sardinia,  called 
Uerba  Sardonica,  or  Sordoo,  which  is  said  to  produce  this  ailection  in 
those  who  eat  it. 

Risus  Sardonicus  is  observed  as  an  eflect  of  certain  vegetable 
poisons,  such  as  the  Ranuncvlat  tcdercUiu  of  Limueus,  but  is  mora 
frequently  met  with  as  one  of  the  symptoms  of  tetanus,  or  locked-jaw, 
or  as  an  attendant  on  other  convulsive  aflbctions. 

The  term  is  employed  figuratively  to  denote  that  forced  laugh  by 
which  persons  sometimes  endeavour  to  conceal  their  real  feelings. 

S.\R03,  NEllOS,  SOSOS.  These  names  are  from  the  fragments 
left  of  Berosua,  who  says  that  the  Chaldscans  had  three  astronomical 
periods  so  called,  the  saros  of  8600  years,  the  neros  of  600  years,  and 
the  SOSOS  of  60  years.  Of  the  two  latter  we  know  nothing  more,  and 
aa  to  the  saros,  tho  duration  given  by  Berosus  is  either  entirely  wrong, 
or  else  subsequent  ^vriter8  have  taken  another  Chaldnvm  period,  which 
is  neither  of  th«  three  above,  and  applied  the  term  saros  to  it.  Geminus 
(ch.  15)  mentions  that  the  Chaldicaua  had  found  a  period  of  669 
months,  or  19,756  days  (so  the  text  stands  after  on  emendation  by 
Bouillaud).  Ptolemy  mentions  the  same  period,  and  Pliny  (Ub.  ii., 
c.  13)  remarks  relative  to  it,  that  eclipses  return  again  after  a  period  of 
223  (the  third  of  669)  months;  but  the  text  here  again  was  corrupt, 
until  Halley  ('Phil.  Trans.,'  No.  194)  reetored  the  true  reading,  which 
w.ia  afterwards  confirmed  by  manuscripts.  To  complete  iha  mis- 
fortviiies  of  this  period,  Suidas  has  the  word  Saros,  but  it  was  omitted 
from  his  Lexicon  either  by  mistake  or  faultiness  of  manuscripts,  until 
Dr.  Pearson  re-'tored  it  ('  Exp.  of  the  Creed,'  1683,  foL  69,  according  to 
Weidler),  and  even  then  it  gives  222  months  instead  of  228,  which 
wa.<i  again  corrected  by  Halley.  Iu  the  time  of  KiocioU,  Geminus  and 
Ptolemy  were  tlic  auliiorilivti  cited  un  this  i>eriod,  and  tbe  name  SaroB 
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jvas  not  applied  to  it.  Many  writord  (Costard  for  example)  confoimd 
it  with  the  Sletoaic  period  of  235  lunations,  which  ia  a  totally  diSbreut 
thing :  others  again,  as  Uemious,  and  even  BiccioH,  appear  to  consider 
it  as  a  period  lor  the  dctermiuatloc  of  the  lunation  or  month;  and 
perhaps  the  assertion  made  by  some  othera,  that  the  Chaldaeans  were 
in  poBseraion  of  the  Metonic  cycle,  may  be  another  confusion  between 
the  latter  and  the  aaroa. 

Leaving  the  authorities  on  the  subject,  we  know  [Moon]  that  228 
average  intervals  between  full  muon  and  full  moon  make  up  very 
nearly  242  nodical  months,  or  passages  of  the  moon  from  one  node  to 
the  same  again.  Now  since  the  eclipses  entirely  depend  upon  the 
manner  in  which  the  full  and  new  moons  take  place  relatively  to  the 
node,  It  is  obvious  that  if  223  lunations  were  exactly  242  nodical 
months,  and  if  the  sun's  and  moon's  orbits  were  truly  circular,  and 
their  motions  uniform,  all  the  eclipses  of  one  set  of  223  lunations 
would  be  produced  again  precisely  in  the  same  order  during  the  next 
223 ;  tiiat  is,  if  there  were  (say)  an  eclipse  of  the  sun  during  the  47th 
lunation,  reckoning  from  a  given  full  moon,  there  would  necessarily  be 
another  in  the  (47  +  223)rd,  or  the  27Cth  lunation,  and  so  on. 

All  these  suppositions  are  near  enough  to  the  truth  to  make  this 
sequence  of  echpses  very  nearly  take  place.  For  since  228  lunations 
make  241'029  sidereal  months,  238992  anomalistic  months,  and 
241999  nodical  months,  it  ia  obvious  that  at  the  eod  of  a  saros  the 
moon  is  in  the  same  position  with  respect  to  the  sun,  nearly  in  the 
same  part  of  the  heavens,  nearly  in  the  same  part  of  her  orbit,  and 
vary  nearly  indeed  at  the  same  distance  from  bar  node  as  at  the 
banning  of  the  period.  Now  223  lunations  moke  6fi85'32128  days, 
or  6585  daya,  7  hours,  42  minutes,  and  38  seconds;  or  18  years  (of 
365  days) ,  15  days,  7  hom-s,  40  minutes,  and  88  seconds.  Consequently 
a  aaroe  o£  five  leap  years  is  18  years,  lOJ  days,  and  one  of  four  leap 
yean  ia  18  years,  11}  daya,  nearly.  The  Chaldasan  period  is  6585^ 
days;  and  to  avoid  fractions  they  appear  to  have  put  together  three 
such  periods,  making  19,756  days,  and  669  lunations.  From'wbat  has 
been  said  above,  it  might  be  inferred  that  the  rotation  of  the  moon's 
node  is  noade  in  nearly  a  aaros ;  and  in  fact  that  revolution  does  take 
18-6  ^eai-s. 

It  IS  to  be  observed,  however,  that  the  end  of  each  saros  is  not  in 
the  game  part  of  the  day  as  the  beginning,  which  i.8  of  consequence  as  to 
the  soloi-  eclipses,  though  not  so  as  to  the  lunar,  and  still  more  does 
&o  inexnctneaa  of  the  period  affect  the  former.  For  a  saros  contains 
241'998659  mean  nodical  revolutions ;  so  that  if  the  moon  be  in  her 
node  at  the  beginning  of  a  saros,  she  will  want  ■001341  of  a  revolution 
of  being  in  her  node  at  the  end  of  it.  This  is  about  29',  nearly  the 
moon's  diameter,  which  makes  it  sometimes  happen  that  a  lunar 
eclipse  which  takes  place  in  a  certain  lunation  of  one  saros  does  not 
take  place  in  the  same  lunation  of  the  nest,  and  very  often  causes  the 
same  as  to  a  solar  eclipse.  And  the  effect  must  be  that  at  lost  the 
eclipse  of  any  lunation  is  destroyed,  by  the  accumulation  of  these 
errors  of  29'  each  time.  Nor  do  the  circumstances  of  one  saros  pre- 
cisely resemble  those  of  another  until  a  longer  period  of  about  746 
such  periods  has  elapsed.  Sut  in  the  aame  manner  tiiat  eclipses  are 
removed  out  of  one  lunation  by  the  inexactness  of  the  period,  they  are 
carried  into  another.  There  ore  about  70  eclipses  in  each  saros,  80 
lunar  and  40  solar. 

The  Metonic  cycle  of  235  lunations  gives  25a'021  nodical  months, 
which  is  not  near  enough  to  a  whole  number  to  produce  anything  like 
a  retui-u  of  similar  eclipses.  But  it  is,  as  explained  [Moon],  near 
enough  to  an  exact  number  of  years  to  restore  the  full  moons'  to  the 
same  days  of  the  year,  or  the  preceding  or  following  days.  The 
Metonic  cycle  is  a  chronological  period;  that  is,  portions  of  time 
measured  from  a  given  epoch,  and  each  equal  to  19  years,  are  used  in 
chronology.  But  the  8aro8  is  not  a  chronological  period,  but  only  a 
portion  of  time  with  any  arbitrary  commencement.  Hence  the  student 
must  not  look  in  worica  on  chronology  for  any  information  upon  it. 

(llicdoli.  Aim,  Nov. ;  Weldler,  Niit.  Aalron. ;  Bouillaud,  Attrtm. 
fkilol. ;  Ferguson's  Astronomy.) 

SAHSAPAKILLA.    [Smilax.] 

SASSAFBAS,  Medical  pnpertia  of.  The  tree  which  yields  thia 
aubatance  is  the  Sassafrai  officinale  (Neea)  {Laurus  Sattafrat,  Lin.) ;  a 
native  of  North  America,  occurring  from  Cauoda  to  Florida.  It  is 
said  to  grow  in  Mexico,  and  Martius  mentiona  it  aa  a  part  of  the 
Materia  Medica  of  Brazil ;  but  it  is  probable  that  it  waa  introduced 
from  Florida.  Though  Martius  distinctly  enumerates  Zaurut  Sassa- 
fra*  (Linn.)  atnong  the  medicinal  plants  of  Brazil  (Spix  and  Martius's 
'  Travels  in  Brazil,'  Knglish  transkition,  London,  1824,  vol.  ij.  p.  96) ; 
yet  recent  writers  state  the  Brazil  sassafras  to  be  the  produce  of 
NecUmdra  eyTnbarum  (Nees),  the  Ocotea  amara  of  Martius.  (Mart,  in 
Buchner's  'Report,'  xxxv.  ISO.)  This  point  is  worthy  of  oarefnl 
determination,  if  Martius'  statement  be  correct,  that  the  bark  of  this 
tree  is  an  ingredient  in  the  famous  woorary  poison.  Sassafras  nuts 
are  probably  the  produce  of  one  or  two  species  of  Nectandra.  The 
bebeerine,  an  important  antd-febrile  medicine,  is  the  bark  of  Nutandra 
£odici  (Schomb.).  It  ia  a  constituent,  probably,  along  with  quinia,  of 
Warburg's  fever  drops.  The  root  is  Uio  officinal  part  in  the  London 
Pharmacoifcoia ;  but  the  whole  plant  possesses  the  aromatio  odour 
cnnmon  to  the  Laarinece,  and  some  assert  that  the  bark  of  the  stem 
and  branches  is  stronger  than  that  of  the  root ;  but  this  seems  to  be 
in  error.    The  root,  invested  with  the  bark,  comes  to  Europe  in  pieces 


sometimes  2  feet  lung,  and  from  the  thickqeje  of  an  itm  to  \falt  a  f9ob 
iu  diameter,  irregularly  bont,  knotty,  and  with  a  li^ht,  soft,  porou| 
wood.  The  bark  also  occurs  detached  from  the  wood  m  pieces  two  or 
three  inches  loqg,  from  one  and  a  half  to  two  inches  brood,  aometimeg 
rolled  outwards,  but  more  genei^y  curved  inwards ;  of  a  dirty  grey 
or  brownish  cclour  externally,  and  a  fungoid  surface  of  a  reddish 
colour  internally.  The  taste  is  sharp,  acnd,  aromatic,  and,  as  weU 
08  the  odour,  resembles  fennel. 

The  chief  constituents  are :  volatile  oil,  resin,  and  extractive.  The 
oil  is  the  most  active.  It  may  be  obtained  by  distillation.  Ten  pounds 
of  the  root  yield  two  and  a  half  drachms.  The  specific  gravity  is 
1'094.  It  consists  of  two  oils,  soparablo  l>y  water,  m  which  the  one 
floats  and  the  other  sinks.  By  time  or  a  low  tempeiaturo,  it  deposits 
a  stearoptcn,  or  crystals  of  sassafias  camphor. 

Sassafras  acts  as  a  stimulant  to  the  circulation^  especl^ly  of  t!)4 
capillaries,  causing  an  increased  secretion  from  the  skin,  if  the  perspn 
be  kept  warm,  or  from  the  kidneys,  if  cool  Should  these  organs  fail 
to  be  influenced  by  it,  heat  and  general  excitement,  with  headache,  are 
the  resulta.  It  is  of  unquestionable  utility  in  gout  and  rheumatisqi, 
but  its  activity  is  generally  destroyed  by  the  improper  mode  of  admi> 
nistering  it.  Decoction  dissipates  the  volatile  oil,  and  is  a  most  objep- 
tionable  preparation.  Infusion  of  a  tincture  may  be  used,  or  tI^e 
volatile  oil  rubbed  up  with  sugar.  Other  species  of  Sassafras  are  used 
in  India  and  Java.  Ssssafias  tea  is  sold  iu  the  streets  of  Londoji  under 
the  name  of  saloop.  > 

SATELLITE  {salelles,  an  attendant^  soldier  or  guard),  a  n^me  given 
to  the  smaller  planets  which  accompany  and  revolve  round  the  larger 
ones.  With  this  exception,  that  the  rotation  of  a  satellite  round  its 
own  axis  is  made  in  tiia  aame  time  as  its  orbital  revolution  round  its 
primary,  in  every  ease  in  whioh  it  has  yet  been  fuUy  made  out  that 
there  is  a  motion  of  rotation,  there  seems  to  bo  no  circumstance  which 
can  be  pointed  out  in  which  the  satellites  have  any  distinct^ive  peou- 
liarities.  The  earth  has  one  sa^lUte  [Moon],  JUFilEa  has  four, 
Satdb»  eight,  UBiuns  six  (according  to  William  Herschel),  though 
the  existeqce  of  four  only  has  yetlieen  established,  a^i  fif^TVIfX 
one.    See  also  Qbavitatioh,  S01..1B  SysieUj  Asibonokt. 

SATIN.    [Silk.] 

SATIRE  is  properly  a  gpecies  of  Bomaq  poetry,  and  nmst  ^jol;  to 
confounded  with  the  Satyrio  drama  of  the  Greeks.  T^he  J^iStin  word 
Salara  or  Satirti  appears  to  have  originally  signified  a  collection  of 
various  things,  and  accordingly  this  name  is  applied  to  food  composed 
of  various  ingredients,  and  also  to  a  law  consisting  of  several  distinct 
particulars^a  diflerent  nature.  (Festus,  s.  v.,  piomed.  iii.,  p.  433,  ed. 
Putsch.)  The  Bomau  satire  is  first  mentioned  aa  a  kind  of  dramatic 
performance  (Liv.  vii.,  2),  and  appears  to  have  been,  like  the  early 
Atellanse  Fabulas,  only  a  rude  improvisatory  farcp,  without  drama^e 
connection,  but  full  at  raillery  and  wit.  Tins  species  of  composition 
arose  from  tie  practice,  whidi  has  prevailed  in  Italy  from  the  eailiest 
times  to  the  present  day,  of  the  country  people  making  rude  extempore 
verses  in  ridicule  of  one  fmotjier  at  various  festivals,  and  specially  ft 
the  time  of  the  vintage!  Siioh  wore  the  Foscewnini  versus,  yrhidii 
Maorobius  tells  us  ('  Saturn.,'  ii.,  4)  were  sometimes  written  as  satires 
upon  persons.  The  old  dramatic  Saturas  continued  to  be  perfomjpd 
on  the  Roman  stage  till  a  late  period,  under  the  noQie  of  Exodia,  which 
were  laugliable  interludes  in  verge,  and  were  performed  between  t^o 
different  Atellane  plays. 

,  The  name  of  satire  was  afterwards  limited  to  a  species  of  poetry 
peculiar  to  ^o  Bomans,  in  whioh  Ennius  is  said  to  Jiave  been  the  first 
writer.  The  satires  of  Ennius  appear  to  havo  been  so  called  becauao 
they  were  written  on  a  variety  of  subjects,  and  i"-  many  different 
metres ;  but  aa  hardly  any  fragments  have  come  down  to  us,  we  know 
very  littl?  of  ihe  subjects  «f  which  •they  were  composed.  Lucilius 
however  was  the  first  who  constructed  satire  on  those  principles  of  art 
which  were  considered  in  the  time  of  Horace  as  essential  requisites  in 
a  satiric  poem.  Lucilius  principally  used  the  hexameter  metro,  which 
was  afterwards  almost  exdusively  employed  by  the  satuic  poets.  His 
poems  were  not  only  satires  upon  the  vices  and'  follies  of  mankind  in 
general,  but  also  contained  attacks  upon  private  individuals.  They 
fonned  the  model  on  whidi  Horace  wrote  his  satires.  His  easy  temper 
and  happy  disposition,  as  well  as  the  principles  of  the  £picurel^l 
philosophy,  led  him  to  attack  the  foibles  and  foUjes  of  mankind  in  a 
style  of  phtyful  raillery,  whioh  forms  a  striking  contrast  to  the  sevefe 
invectives  of'JuvenaL  The  increased  corruption  of  piorals  at  Rome 
under  the  cai-ly  emperors,  and  the  cruel  punishments  vvhicli  had  been 
inflicted  by  iJomitian  upon  the  wise  and  the  good,  naturally  led 
Juvenal  to  attack  the  vices  of  liis  age  with  severity  ofid  vigour.  Tfre 
works  of  the  other  Roman  aatirista  are  lost,  with  the  exception  of 
Persius  and  a  few  verses  on  the  banishmant  of  the  philosophers  by 
Domition,  which  are  ascribed  to  Sulpicixi,  v/ho  jq  supposed  by  some 
writers  to  be  a  contemporary  of  Tibullug,  and  by  pthere  q{  Ausoaiua. 

SATISFACTION  (in  Law),  i»  siud  to  exist  lyhera  a  party,  having 
a  right  of  action,  accepts  from  the  party  against  wliom_  he  has  it,  a 
certain  and  valuable  thing,  or  the  ponormance  of  »  certain  and  ben^ 
fioial  act,  in  lieu  of  his  right  of  action.  If  the  action  is  afterwards 
brought,  the  satisfaction  may  be  pleaded  in  bar  of  it.  Satisfaction  may 
exist  aa  to  actions  in  which  damages  are  recoverable,  and  as  to  some 
others ;  but  it  cannot  operate  go  as  to  dispense  with  the  performance  of 
a  cpvenant  under  a  deed,  aa  a  deed  ean  anif  be  nude  y<m  t)j  an 
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{Dgtrument  ol  the  aune  nature.  Wiere,  however,  a  right  of  action 
Bpon  the  deed  hair  vested,  as  in  the  case  of  a  breach  of  covenant  to 
repair,  to  pay  iratt,  &o.,  there  may  be  satis&ction.  The  aatiafaction,  to 
be  Vijid,  mnst  have  been  accepted  by  the  party  who  has  the  right,  and 
must  have  proceeded  from  the  party  who  is  liable. 

Nothing  whicih  is  paid  or  done  to  a  third  party,  or  proceed*  from  him, 
can  operate  aa  a  aatimaction.  It  must  also  be  certun,  that  is,  definite 
aa  to  time,  &c.,  and  available ;  thus  where  the  satisfaction  is  by  mutual 
agreement,  it  must  be  such  an  agreement  as  an  action  may  be  main- 
tained upon.  It  must  be  valuable  :  by  which  it  ia  understood  not  only 
-.that  there  can  be  no  satisfaction  consequent  of  a  thing  which  has  no 
walue,  as,  for  instance,  a  rush ;  but  also  that  the  value  must  be  at  least 
mot  obviously  inferior  in  amount  to  that  for  which  it  ia  given,  such  as 
di  payment  of  a  leas  sum  of  money  at  tlie  same  or  a  subsequent  day  as 
'.that  on  which  a  greater  is  due.  Although  if  there  are  advantageous 
•ciroiimstances  attendant  on  tiie  payment  of  a  less  sum,  this  may 
«>pend;e  as  satisfaction.  But  the  giving  of  a  horse  or  a  statue  may  be 
a»  satioEaction  of  a  claim  for  a  sum  of  money,  if,  accepted  as  such, 
(though  the  horse  or  statue  be  in  reality  of  less  value  than  the  money. 

A  negoelable  instrument  may  operate  as  a  satisfaction  of  a  debt ;  and 
II  4she  party  who  accepts  it,  by  his  own  negligence  fail  to  recover  upon 
it,  tbe  debtor  will  nevertheless  continue  discharged.  The  performance 
must  be  actually  executed ;  a  mere  endeavour,  or  a  readiuees  to  per- 
form, auch  as  •  tender  of  money,  or  a  part  performance,  cannot  operate 
as  a  fwtiataction.  It  must  be  beneficial ;  thus  where  one  has  made  a 
forcible  entiy  on  l^e  lands  of  another,  it  is  not  a  satisfaction  for  the 
.wrongful  entry  to  permit  that  other  to  re-enter.  In  an  action  for 
rtrespass  and  iaiking  cattle,  a  mere  re-delivery  of  the  cattle  is  not  a 
:  satisfaction,  tho«j(li  their  conveyance  to  another  place,  and  redelivery 
^there,  may  be  so.  The  benefit  also  must  be  one  partaking  in  some 
xAape  of  a  pecuniary  character.     It  must  either  be  money,  or  capable 

■  of  being  measured  by  money.  Thus  a  submission  before  certain 
^persona  made  in  pursuance  ef  the  order  of  a  court-martial,  or  an 
'acknowledgement  of  the  injury  and  prayer  for  forgiveness  kneeling, 

though  a  satisfaction  in  honour,  is  not  such  satisfaction  as  to  deprive 
Uie  pari7  of  his  rig^t  to  damages.      Satisfaction  to  one  of  several 

;plaintiffo  is  a  bar  to  all :  and  satisfaction  by  one  joint  wrongdoer  dis- 

Tcharges  the  others.     (Com., '  Dig.,'  tit.  'Accord.') 

SATRAP  (<raTp(iin)s)  was  the  name  given  to  the  governor  of  a  pro- 

'  vince  of  the  Persian  empire.     He  was  appointed  by  the  king,  and  was 

-responsible  alone  to  him.    Such  a  system  of  government  has  always 

■  existed  in  the  large  Asiatic  empires;  but  the  advantage  which  the 
>l>er8ian  system  had  over  many  others  of  a  similar  kind,  was  the  careful 
isenaration  made  between  the  civil  and  military  powers.  The  governors 
*oi  Ae  garrisons  and  the  commanders  of  the  troops  were  independent 
•of  -1^  satraps,  and  responsible  only  to  the  king.  The  duties  of  the 
ssatrap*  are  briefly  defined  by  Xenophon  to  consist  in  governing  the 
^inhabitants,  receiving  the  tributes,  paying  the  garrisons,  and  attending 
tto  whatever  else  is  necessary.  ('  Oyrop.,'  viii.  6,  §  1-8.)  In  the  later 
ttimei  of  ithe  Persian  empire,  it  became  the  custom  to  appoint  the 
■atrapa  to  the  command  of  tho  troops  also,  especially  if  they  were 
meadpeiB  of  the  royal  family.  In  this  manner  the  younger  Cyrus  was 
4>P<^ted  satrap  of  one  of  the  western  provinces  of  Asia  Minor,  and  at 
the  fmoe  time  general  of  all  the  forces  which  assembled  in  the  plain  of 
'Castcrius.  (Xen., '  Anab.,'  i.  1,  §  2.)  The  practice  of  uniting  the  civil 
s«id. military  powers  in  one  person,  and  the  greatness  of  the  command 
entTHsied  in  some  cases,  was  also  dangerous  to  the  royal  power.  An 
instance  of  this  kind  occurs  as  early  as  the  time  of  the  first  Darius,  in 
the  case  of  Orestes,  who  was  governor  of  Phiygia,  Lydia,  and  Ionia, 
and  was  so  powerful  that  Darius  dared  not  proceed  openly  against 
llim.  (Herol,  iii.  127.)  Subsequently  this  practice  became  still  more 
frequent ;  Cyrus  had  the  command  of  the  greater  part  of  the  western 
provinces  of  Asia  Minor ;  and  after  his  deai£,  Tissaphemea  was  allowed 
to  hold  them  in  addition  to  his  own.  From  this  period  we  frequently 
read  of  revolts  of  the  satraps,  and  many  of  them  became  quite  inde- 
pendent of  the  king  of  Persia.     (Heeren's '  Asiatic  Nations,'  vol.  L) 

_  SATURATION,  a  term  applied  in  chemistry  to  denote  two  widely 
•different  phenomena  :  nxunely,  first  to  the  solution  of  the  greatest 
possible  quantity  of  any  substance  in  a  liquid  medium ;  and,  secondly, 
'.to  the  neutralisation  of  a  base  by  an  acid  or  of  an  acid  by  a  base. 

When  common  salt,  and  indeed  most  other  saline  and  many  vegetable 
^hodiea,  are  added  to  water  until  it  ceases  to  dissolve  them,  the  solution 
i«o  obtained  is  termed  a  saturated  solution  of  the  substance  dissolved. 

Satuiation  of  this  kind  may  exist  with  regard  to  one  body  and  not 
(to  another;  thus  water  saturated  with  common  salt  will  still  dissolve 
culphate  of  aoda,  and  vice  vend  ;  so  also  a  saturated  solution  of  com- 
anon  saK  will  dissolve  sugar.  'The  saturating  power  of  bodi^  is  in 
Beany  cases  greaUy  influenced  by  heat,  while  in  others  variations  of 
teeiperature  produee  but  littie  effect :  thus  cold  water  will  take  up 
nearly  .u  much  common  salt  as  hot  water ;  but  sulphate  of  soda  is 
more  £oktbIe  in  hot  water  than  in  cold,  and  hence  it  is  that  a 
aaturated  het  solution  of  this  and  many  other  salts  deposits  crystals  on 
cooling.  Co!d  waiter,  on  the  contrary,  dissolves  more  lime  than  hot, 
and  a  saturated  solution  prepared  with  water  at  about  32°  holds  nearly 
■twice  i«  much  lime  in  solution  as  one  prepared  at  212°,  and  when  the 
4!old  prepared  solution  is  heated  lime  is  deposited.  This,  however,  is 
tk  case  of  much  rarer  occurrence  tiian  the  contrary  one. 

Aa  instances  of  the  aecond  kind  of  saturation,  the  following  may  be 


adduced : — If  to  a  solution  of  carbonate  of  potash  any  atrong  acid, 
such  as  the  sulphuric,  be  added  until  effervescence  ceases,  the  potash  is 
said  to  be  saturated.  In  like  manner,  if  a  solution  of  caustic  soda  be 
added  to  nitric  acid  until  tlie  latter  be  exactly  neutralised,  the  acid 
is  said  to  be  saturated.  In  these  cases  the  point  of  saturation  is 
determined  by  the  use  of  papers  stained  with  different  vegetable 
colours ;  if,  for  example,  too  much  carbonate  of  potash  should  have 
bee'h  added  to  the  nitric  acid  to  saturate  it,  its  presence  will  be 
indicated  by  turning  paper  coloured  yellow  with  turmeric,  brown ; 
while,  on  the  other  hand,  excess  of  acids  is  in  general  ascertained 
by  paper  stained  blue  with  litmus,  which  is  rendered  red  by  the  action 
of  acids. 

By  these  means  a  very  important  process  in  the  manu&cture  of  soap 
and  glass  is  conducted ;  it  is  termed  alixUimeliy,  and  employed  for 
ascertaining  the  strength  of  different  samples  of  the  carbonates  of 
potash  and  soda,  so  largely  used  in  glass-  and  soap-making.  Sulphuric 
acid  diluted  to  a  Imown  extent  is  added  to  the  alkaline  solutions,  and 
when  tliey  affect  neither  blue  nur  yellow  p^er,  the  saturation  is 
perfect,  and  the  purity  and  strength  of  the  alkalies  an  determined. 
[Alkalihetry.] 

SATURDAY.    [Wbek.] 

SATURN.  The  name  of  one  of  the  old  planets,  the  largest  of  all 
the  bodies  of  the  solar  system,  except  the  Sun  and  Jupiter.  It  ia 
encompassed  by  three  rings,  unconnected  with  the  plane^  but  reroly- 
ing  around  it.     It  ia  also  accompanied  by  eight  satellitee. 

The  apparent  semi-diameter  of  Saturn,  at  thu  mean  distance  of  the 
planet  from  the  earth,  is  about  16"'4.  The  real  diameter,  that  of  the 
earth  being  represeuted  by  unity,  is  about  79,000  miles.  The  mean 
density  is  about  O'SS  of  that  of  the  Sun,  or  |th  of  that  of  the  Eart^, 
and  the  mass  of  the  planet  is  about  j^,  the  Sun's  mass  being  repre- 
sented by  unity.  It  revolves  on  its  axis  in  10  hours,  29  minutes ;  its 
equator  is  iudmed  to  the  ecliptic  at  an  angle  of  31°  19'.  Its  light  and 
heat  ar«l*to  the  light  and  heat  received  by  the  earth  as  11  to  1000.  The 
'  following  are  t^e  elements  of  its  orbit  :— 

Epoch  1801,  January  1,  12th  hour,  mean  astronomical  time  at 
Qreenwich.  Somi-axis  major,  9-5387861,  that  of  the  Earth  being 
represented  by  unity. 

Excentricity,  '0561505 ;  its  secular  diminution  (diminution  in  100 
years)  -000,812,402. 

Inclination  of  the  orbit  to  the  ecliptic,  2°  29*  SS"'? ;  its  secular  dimi- 
nution, 15''"6. 

Longitudes  from  the  mean  equinox  of  tho  epoch  :  (1)  of  the  ascend- 
ing node,  111°  56'  37'''4 ;  its  secular  increase  (combined  with  the  pre- 
cession), 3070" ;  (2)  of  the  perihelion,  89°  9'  29''-8 ;  its  secular  increase 
(combined  with  tiie  precession)  6960" ;  (3)  of  the  planet  (mean),  135* 
20'  6"'5. 

Mean  sidereal  revolution  in  365^  days,  48996"-13;  sidereal  revolu- 
tion, 10769-2198174  mean  solar  days. 

The  discovery  of  the  ellipticity  of  Saturn  is  due  to  Sir  William 
Herschel,  who  concluded,  from  ms  obaervations,  that  the  polar  is  to 
the  equatorial  diameter  as  10  to  11.  On  a  sufaeequeut  occasion  ha 
was  led  to  suspect  an  irregularity  in  the  figure  of  the  planet,  but  the 
researches  of  Bessel,  and  also  those  of  Mr.  Main,*  late  first  assistant  at 
the  Royal  Obsei-vatory,  Qreenwich,  have  proved  beyond  all  doubt  that 
ibfi  form  of  the  planet  is  strictly  spheroidal. 

When  viewed  in  the  telescope  tho  planet  Saturn  appears  to  be 
divei-gified  with  belts  extending  across  his  disc  in  a  direction  parallel 
to  his  equator.  It  was  by  watching  the  changes  in  the  appearance  of 
these  belts,  that  Sir  William  Herschel  succeeded  in  discovering  the 
motion  of  the  planet  on  his  axis,  and  in  determining  the  time  of  a 
complete  rotation. 

The  satellite  of  Saturn  wliioh  waa  firat  perceived  i»  the  sixth  in  the 
order  of  distance  fi-om  the  primary.  Ita  discovery  waa  effected  by 
Huyghens  in  1655.  Four  other  sateUites  were  subsequentiy  discovered 
by  Casiiini  iu  the  some  century.  These  five  satellites  were  named  the 
first,  second,  third,  fourth,  and  fifth,  reckoning  according  to  their 
distance  from  the  primary.  In  1789,  two  additional  satellites  were 
discovered  by  Sir  William  Herschel.  Both  of  these  satellites  were 
found  to  revolve  within  the  orbit  of  the  firtt  of  the  five  satellitee  pre- 
viously discovered.  They  ought  therefore  in  accordance  with  -the 
prevailing  nomenclature,  to  be  designated  .as  the  first  and  second 
Bfitellites,  but  this  would  have  rendered  a  revision  of  the  names  of  the 
earlier  satellites  indispensable.  The  Herscheliau  satellites  however 
were  usually  styled  the  sixth  and  seventh,  reckoning  injcaitj  iu  the 
order  of  distance  from  the  primary.  To  remedy  the  imperfection 
whicli  thus  arose  from  confounding  the  order  of  discovery  with  tho 
order  of  distance.  Sir  John  Herschel  has  recenUy  proposed  to  apply  to 
tho  satellites  the  names  of  the  Titanian  divinitieis, — Japetus,  Titan, 
Rhea,  Dione,  Tethys,  Enceladus,  Mimas,  commencing  with  the  most 
distant  satellite.  This  nomenclature  has  been  generally  adopted  by 
astronomers. 

On  the  19th  of  September,  1848,  an  eighth  satellite  of  Saturn  -me 
discovered  by  Mr.  Bond,  at  the  Observatory  of  Harvard  College,  Cam- 
bridge, U.S.;  and  aUo  indepeudeutiy,  on  the  same  evening,  by  Mr. 
Lassell  at  his  Observatory  near  Liverpool  In  conformity  with  Sir 
John  Herschel's  nomenclature  it  has  been  called  Hyperion.     It  ranka 

*  Now  director  of  the  Itedcliffc  OlMcrratoiy,  Oxford. 
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the  seventh  in  the  order  of  distance  from  the  central  body, 
following  table  trill  be  found  useful : —    . 


The 


Nune  of  Satellite. 


Mimas      . 
£iiccladiu 
Tetb;a      . 
Dione  . 
Rhea 
Titan    . 

Hyperion. 

Japctu 


d.  h.  m.  a. 

0  23  37  a2-9 

1  8  S3    6-7 

1  11  18  2S-7 

2  17  41    8-9 
4  12  2S  10-8 

15  22  41  2S-2 

22  12! 

79    7  iS  40-4 


S    ♦*    fl4    13 


SS607 
4-3125 

.{-SS96 
6-8S98 
9-S528 

22-1490 

28  + 
64-3590 


I 


1789 
1789 
1684 
1684 
1672 
1659 

1848 

1671 


DiscoTeret. 


W.  HerseheL 

W.  Henchel. 

CiMioi. 

CaminL 

Conlnl. 

Huygheas. 

/  Bond  and 

1    LanaU. 

Caaalsl. 

_l 


The  periods  and  mean  distances  inserted  in  the  foregoing  table  have 
been  taken  from  Sir  John  Herschel's  '  Outlines  of  Astronomy.'  The 
period  and  mean  distance  of  Hyperion  have  not  yet  been  determined 
with  sufficient  precision. 

The  light  of  Japetua  has  been  found  to  be  subject  to  a  variation 
depending  on  the  position  of  the  satellite  in  its  orbit.  From  this 
circumstance  it  has  been  inferred,  with  a  strong  degree  of  probability, 
that  the  satellite  effects  a  complete  rotation  oa  its  axis  in  the  same 
time  aa  that  in  which  it  reyolves  around  its  primary,  as  in  tiie  case  of 
the  moon  reyolTing  arotmd  the  earth.  By  far  the  most  considerable 
of  the  satellites  is  Titan,  which  Sir  John  Herschel  considers  may  be 
equal  in  magnitude  to  the  planet  Mars. 

The  appearance  which  Saturn  presented  to  Qalileo,  when  he  first 
turned  his  telescope  on  the  planet,  was  utterly  inexplicable.  The 
illustrious  philosopher  remarked,  that  the  planet  seemed  to  consist  not 
of  one  but  of  three  bodies,  which  almost  touched  each  other  and 
always  maintained  the  same  relative  position.  The  three  bodies  were 
arranged  in  the  same  straight  line,  the  largest  body  being  in  the  centre, 
and  &e  two  others  on  the  east  and  west  sides  of  it.  Pursuing  his 
observations  he  found  that  the  two  lateral  bodies  continued  gradually 
to  diminish,  until  at  length,  after  .the  lapse  of  about  two  years,  they 
entirely  vanished,  leaving  the  planet  quite  round.  He  now  felt  much 
alarmed,  lest  those  who  derided  his  discoveries  aa  optical  illusions 
having  no  real  eziBtence,  should  adduce  this  mysterious  transformation 
of  the  planet  in  support  of  their  views.  Writing  to  Welser  on  Decem- 
ber 4,  1612,  he  says,  "  What  is  to  be  said  concerning  so  strange  a 
metamorphosis  1  Are  the  two  lesser  stars  consumed  after  the  manner 
of  the  solar  spots  t  Have  they  vanished  and  suddenly  fled  i  Has 
Saturn  perhaps  devoured  his  own  children  ?  Or  were  the  appearances 
indeed  illusion  or  fraud,  with  which  the  glasses  have  so  long  deceived 
me,  as  well  as  many  others  to  whom  I  have  showed  them  i  Ifow, 
perhaps,  is  thq  time  come  to  revive  the  well  nigh  withered,  hopes  of 
those  who,  guided  by  more  profound  contemplations,  have  discovered 
the  fidlacy  of  the  new  observations,  and  demobstrated  the  utter  im- 
possibility of  theur  existence.  I  do  not  know  what  to  say  in  a  case  so 
Borpriaing,  so  unlooked-for,  and  so  novel.  The  shortness  of  the  time, 
the  unexpected  nature  of  the  event,  the  weakness  of  my  understanding, 
and  the  fcar  of  being  mistaken,  have  greaUy  confounded  me." 

It  was  reserved  for  Huyghens  to  ascertun  the  real  nature  of  the 
•ppendage  with  which  Saturn  is  furnished.  He  originally  announced 
hu  discovery  in  the  form  of  an  enigma,  in  a  pamphlet  entitled  '  De 
Satnmi  Luna  Observatio  Kova,'  published  in  16S6.  The  logogriphe 
ran  thus : — 

aaaaaaa    cocoa    d    eeeee    g    h    Itiiiil    1111    mm  nnnnnnnnn 
0000    pp    q    r^r    s    tttt    annniu 

In  1659  he  published  a  work  entitled  'Systema  Satomium,'  in 
which  he  reveals  the  real  nature  of  his  discovery,  and  gives  a  detailed 
explanation  of  the  various  circumstances  connected  with  it.  Restoring 
the  letters  of  the  logogriphe  to  their  oiigiual  places,  they  now  stood 
thus: — 

Annuls  dngitor  tenTd  plano^  imsqaam  eoharente,  ad  eoUpUcam  IneUnato ; 

or,  as  thus  translated : — 

The  planet  is  encompassed  by  a  slender  flat  ring,  eveiywhere  uncon- 
nected with  its  surface,  and  inclined  to  the  ecliptic. 

Nothing  can  be  more  convincing  or  beautiful  thata  the  explanation 
which  this  theory  affords  of  the  various  phenomena  presented  by  the 
planet.  When  the  position  of  the  planet  in  its  orbit  is  such  that  the 
plane  of  the  ring  passes  through  the  sun,  the  edge  only  of  the  ring 
IS  exposed  to  the  solar  raje,  and  the  extent  of  the  illuminated  surface 
being  very '  small,  it  is  incapable  of  producing  a  sensible  impression  on 
the  visual  organ.  In  this  position,  then,  the  ring  is  invisible,  and  the 
planet  presents  a  round  appearance  like  the  sun  or  the  fuU  moon.  The 
ring  also  disappears  when  ite  plana  passes  through  the  earth;  for 
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although  one  of  its  sides  may  then  be  illuminated  by  the  sun,  it  it 
only  the  edge  which  ia  turned  towards  the  observer.  Besides  theee 
two  causes  of  disappearance,  which  are  of  a  transient  nature,  and 
render  the  ring  invisible  only  for  a  few  days  at  most,  there  is  a  third 
cause,  which  generally  continues  in  operation  during  a  longer  period 
of  time,  and  produces  a  more  lasting  effect.  When  the  planet  is  so 
situated  that  the  plane  of  the  ring  passes  between  the  earth  and  the- 
Bun,  the  unenlightened  side  of  the  ring  is  then  turned  towards  the 
earth,  and  consequently  during  the  whole  time  that  the  planet  is  in 
this  position  (which  frequently  extends  to  several  months)  the  ring 
will  be  invisible.  'The  same  theory  affords  an  equally  satisfactory 
account  of  the  different  phases  assumed  by  the  appendages  of  the 
planet  during  the  period .  of  its  visibility.  It  is  manifest  that  when 
the  plane  of  the  ring  passes  through  the  sun,  and  when  oonsequently 
the  ring  ceases  to  be  visible,  the  planet,  if  viewed  from  the  sun,  would 
appear  in  the  node  of  the  ring.  When  the  planet  revolves  from  thia 
position,  the  sun  commenoes  to  ascend  above  the  plane  of  the  ring,  and 
the  latter  in  consequence  becomes  visible  in  the  form  of  a  very  elon- 
gated ellipse,  gradually  opening  out  in  breadth.  The  ellipse  continues 
to  approaich  towards  a  circular  form  until  the  planet  has  reached  a 
distance  of  90°  from  the  node  of  the  ring,  when  the  elevation  of  the 
sun  above  the  plane  of  the  ring  has  attained  its  muT^miiTn,  The  ring 
henceforth  begins  to  contract,  and  the  same  succession  of  appearances 
in  a  reverse  order  will  obviously  ensue  as  the  planet  revolves  towards 
the  opposite  node,  where  the  ring  again  will  cease  to  be  visible.  Hie 
ring  will  therefore  complete  the  cycle  of  its  phases  in  a  period  equal  to 
half  a  revolution  of  the  planet,  or  in  about  fifteen  years.  The  appear- 
ances will  not  be  materially  different  whether  the  ling  be  viewed  from 
the  earth  or  the  sun,  except  during  the  time  that  tiie  planet  is  in  the 
vicinity  of  either  of  the  nodes  of  the  ring.  At  such  a  juncture,  the 
combined  motions  of  the  earth  and  the  planet  may  cause  the  plane  of 
the  ring  to  pass  more  than  once  through  the  earth,  and  the  rmg  may 
in  consequence  disappear  and  reappear  twice  before  its  plane  has 
entirely  swept  over  the  terrestrial  orbit, 

Huyghens  was  originally  under  the  impression  that  the  plane  of  tiie 
ring  is  parallel  to  the  equator,  and  he  consequently  supposed  its  inclina- 
tion to  the  ecliptic  to  be  23°  30'.  On  a  subsequent  occasion,  however, 
he  determined  the  inclination  by  actual  measurement  in  conjunction 
with  Picard  and  he  found  it  to  amount  to  81°.  Huyghens  also  fixed 
the  ascending  node  of  the  ring  in  170°  SC  of  longitude.  Several  suc- 
ceeding astronomers  determined  the  elements  of  the  ring.  The  most 
recent  as  well  as  the  most  complete  investigation  of  the  subject  is  due 
to  Bessel.  The  conclusion  at  which  he  arrived  was  that  in  the  begin- 
ning of  the  year  1800  the  longitude  of  the  ascending  node  of  the 
ring  was  166  5ff  8'''9  and  that  th«  jnoUnation  of  its  plane  to  the 
ecliptic  was  28°  10'  ^i''7.  He  also  found  that  the  node  of  the  ring 
retreats  upon  the  plane  of  the  ecliptic  at  the  rate  of  46''462 
annually. 

In  1675  Cassini  found  that  the  ring  around  Saturn  consists  in 
reality  of  two  distinct  rings  separated  from  each  other  by  a  dark 
interrm.  This  interesting  fact  was  subsequenUy  established  beyond 
doubt  by  Sir  William  Herschel.  The  following  are  the  dimenstons  of 
the  planet  and  the  two  rings  as  assigned  by  M.  Struve: — 


'  Exterior  diameter  of  the  exterior  ring  . 
Inner  diameter  of  the  exterior  ring  .        ■ 
Exterior  diameter  of  the  interior  ring  . 
Interior  diameter  of  the  interior  ring        . 
Equatorial  diameter  of  Saturn       .        • 
Breadth  of  the  exterior  ring     .        .        . 
Breadth  of  the  division  betveen  the  ringa 
Breadth  of  the  interior  ring      .        ,         . 
Distance  of  the  interior  ring  ftom  the  ball 
Equatorial  radius  of  Satom      .        .        . 


40''-09( 

S("-289 

84''-475 

26'''668 

17"'99l 

2"-408 

©''•408 

»'-90» 

4"-889 

8"'90J 


These  measures  are  supposed  to  refer  to  the  mean  distance  of  the 
planet  from  the  stm.  At  such  a  distance  an  obj^  which  would  sub- 
tend an  angle  of  only  1'  would  measure  4887  miles.  Thia  would  give 
78,927  miles  for  the  diameter  of  the  planet.  The  absolute  dimenaiona 
of  the  rings  will  of  course  bear  a  similar  proportion  to  their  respective 
angular  measures.  Thus,  it  will  be  found  that  the  diameter  of  the 
exterior  ring  amounts  to  175,928  miles. 

The  thickness  of  the  rings  around  Saturn  would  seem  to  be  very 
inconsiderable.  This  is  plainly  indicated  by  the  circumstance  that 
when  the  edge  of  the  ring  is  turned  towards  the  observer,  it  is 
generally  found  to  be  invisible,  even  when  the  most  powerful  tele- 
scopes are  directed  tovrards.it.  From  certain  lucid  protubenuices 
which  Sir  William  Herschel  remarked  upon  the  ring,  he  was  led  to 
suspect  that  it  had  a  rotary  motion  around  the  planet.  A  oloser 
scrutiny  of  the  phenomenon  confirmed  this  impression,  and  he  finally 
concluded  that  the  ring  effects  a  complete  rotation  around  the  planet  in 
a  period  of  lOIi.  32m.  15s'4, 

On  the  15th  of  November,  1850,  Hr.  Bond,  Director  of  Harvard 
College  Observatory,  Cambridge,  U.S.,  discovered  a  tliird  ring  around 
Saturn,  aituated  between  the  interior  of  the  two  rings  already  dis- 
covered, and  the  body  of  the  planet.  The  same  phenomenon  was 
discovered  by  Mr.  Dawes  on  the  19th  of  the  same  month,  and,  of 
course,  before  intelligence  of  Mr.  Bond's  discovery  had  reached  Eng- 
land.   The  new  ring  is  much  fainter  than  either  of  the  two  exterior 
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riogg.   Ita  ^reodtfa  is  equal  to  about  two-fifthi  of  the  interral  between 
ti(e  interior  bright  ring  aad  the  planet. 

It  gurnet)  out,  eoon  after  the  discovery  of  the  faint  ring  by  Bond  and 
Daww,  ttwt  the  [dienomenon  liad  been  also  eeen  by  Dr.  Oalle  at  the 
Serli^  Obeerratory  in  the  year  1888 ;  but  ita  exact  nature  was  not 
made  put,  mkI  ooneequently,  the  oiroumstaaoe  did  qot  receive  any 
farl4)W  «4Wtion.  It  would  seem,  indeed,  thidi  Hadley  observed  the 
fiuD^  que  **  ^'"^  *"  ^°  y^"  1723.  In  the  course  of  his  observations 
of  the  BWt^^  in  that  year,  he  remarked  that  the  dusky  line  which  in 
173Q  he  ohwrved  to  aooompany  the  inner  edge  of  the  ring  across  the 
disib  QonUnued  dose  to  the  lanie,  though  the  breadth  of  the  ellipse 
had  tiCKDsidenbly  inoteaaed  since  that  tiqe  ('  Phil.  Trans.,'  17S8,  Ko. 
878)>  He  anietia,  mpreover,  hi  reference  to  the  hypothesis  of  the  belt 
being  |)pod|lce4  h;  the  shadow  of  the  ring  upon  the  pUiiet,  that  when 
he  eon^idflred  the  ntuation  of  the  sun,  wiUi  respect  to  the  ring  and  the 
phpifi^  be  found  that  the  belt  could  not  arise  from  such  a  cause. 

Frpm  m  eMQUnation  of  the  reooided  measuiea  of  the  rings  of  the 
plOQet,  e*t«qding  from  the  titoe  of  Huy^^ena  down  to  the  present  day,. 
M.  0^0  Struve  W4S  induced  to  conclude  th^t  the  rings  axe  gradually 
«ppn>anbing  ibe  body  of  the  planet.  Mr.  Main,  however,  who  recently 
sobjacted  to  a  thorough  discussion  his  own  measures  of  the  Satumian 
qfstem,  has  diwovered  no  trace  of  the  existence  of  such  a  inovement. 

Ibn 'luestion  with  reniect  to  the  phyaical  constitution  of  Saturn's 
BDgll,  vod  the  nteobaoicu  conditions  which  assure  their  stabilKy,  has 
natur^Uy  given  rise  to  much  -speculation.  Laplace,  who  investi^ted 
the  qy«stiai)  of  stability,  concluded  that  in  order  to  prevent  the  rings 
fnufi  being  precipitated  on  the  body  of  ike  planet  they  must  be 
iireggU*  id  their  contour.  Several  succeeding  astronomers  and  mathe- 
iq»Uci«i«  h»ve  eonsidersd  the  same  subject.  The  moat  complete 
inTcatigation  of  it  is  due  to  Professor  Clerk  Uazwell;  hecondudes 
pimt  the  ool^  liystent  of  rings  which  can  esist  mechanically  is  one  coq[i- 
{xtwd  <4  tn  iqdefinite  number  of  unconnected  particles,  revolving  round 
4he  i'Unpt  with  diffei«Dt  velocities  according  to  their  respective 
distances.  These  particles  may  be  arranged  in  series  of  narrow  rings, 
or  thoji  |tMjr,(aove  through  each  other  irregularly.  In  the  first  ca^e 
the  dsitmcUon  of  the  system  will  be  vary  slow ;  in  the  second  case  it 
will  he  more  rapid ;  but  there  may  be  a  tendency  towiwds  an  arrange- 
ment in  ^arrov  ring),  which  may  retard  the  process. 

We  (hall  cpodude  this  article  with  refcrring  to  an  admirable 
delinea^n  of  Saturn  and  bi«  rings  by  Mr.  De  la  Rue,  founded  on  his 
own  observatioQs  with  his  18-inch  re&ector.  Several  valuable  measures 
of  the  Satumian  system  by  Mr.  Main,  Mr.  De  la  Hue,  Mr.  Dawes,  and 
other  observers,  will  be  found  in  the  recent  volumes  of  the  Memoirs 
And  ]i(onth]y  Notices  of  the  Boyal  Astronomical  Society.  In  the  88th 
volume  of  tiie  Memoita  the  reader  will  find  an  eIaborri»  inv^gation 
of  th«  orbits  of  the  SKteUitea  (except  those  of  Mimas  and  Hyperion)  by 
Putain  Jacob. 

SATURNA'LIA,  a  festival  celebrated  by  the  Romans  in  honour  of 
the  god  Satumua.  [Kbomos.]  According  to  some  traditions,  it  had 
been  celebrated  by  the  aborigines  long  before  the  building  of  tie  city, 
and  was  inatituted  by  the  fabulous  king  Janus,  after  the  (Ssappeorance 
of  S^tumus  from  the  earth.  Others  said  that  it  -ma  instituted  by  the 
Pelasgiana,  or  by  the  foUoweia  of  Hercules,  who  had  been  left  behind 
in  Italy.  (Maorob.,  '  Sat.,'  i.  7.)  A  second  set  of  traditions  referred 
the  institution  of  the  Saturnalia  to  a  much  later  period ;  one  of  them 
ascribed  it  to  King  Tullus  Hostilius,  who,  after  a  successful  war  against 
the  Albans  and  Sabines,  was  said  to  have  founded  the  temple  and 
established  the  festival  of  Satumus  at  Rome.  (Macrob.,  '  Sat.,'  i.  8.) 
Another  tradition,  adbpted  by  Livy  (ii  21)  and  Diouysius  (vi,  o6 
ini<.),  which  refers  it  to  a  still  later  time,  ascribed  the  institution  of 
the  Saturnalia  to  the  consuls  A-  Semprouiua  and  M.  Minudus  (497  B.a). 
The  apparent  incongruity  of  this  and  some  other  accounts  may  easily 
be  removed :  those  who  trace  the  Saturnalia  to  a  period  antecedent  to 
the  building  of  the  city,  can  only  mean  that  the  worship  of  Satumus 
W—  vary  ancient  in  Italy,  while  these  who  assign  a  later  date  to  the 
institution-  must  be  understood  to  refer  to  the  introduction  of  the 
worship  into  the  city  of  Rome ;  and  although  festivals  in  honour  of 
Satumus  way  have  been  celebrated  at  his  altar  in  the  Roman  Fomm 
previous  to  487  ac,  yet  the  regular  and  periodical  celebration  of  the 
Saturnalia  may  not  have  been  established  before  this  time,  when  a 
tonple  was  dedicated  to  the  god  in  the  clivus  leading  from  the  Fomm 
to  the  Capitol,  After  this  time  the  Saturnalia  were  celebrated  regu- 
larly avwy  year,  on  the  19th  of  December,  the  whole  of  which  month 
was  sacred  ta  Satumus ;  but  after  J.  Casar  had  added  two  days  to  this 
mouth  the  celebration  began  on  the  17th  (Macrob.,  •  Sat,'  i.  10),  and 
the  people,  being  fond  of  such  merry-makings,  continued  the  feetivities 
untU  the  19th,  and  even  longer.  Augustus  at  last  sanctioned  the 
Mlebration  of  the  Saturnalia  during  three  days,  and  OaUgula  and 
Claudius  increaaed  the  numbo-  to  «ve  days.  (Macrob.,  '  Sat.,'  L  10  : 
Suetoa,  •  Cahg.,' 17 ;  Dion  Case.,  lix.,  p.  789.) 

The  SatumaUa  was  a  harvest  festival,  and  was  hold,  as  we  have  seen, 
at  a  tune  when  all  agricultural  labours  were  over ;  and  as  at  such  a 
season  every  husbandman  would  naturally  give  himself  and  his  servants 
a  holiday,  and  offer  hw  i«ayers  to  the  god  whose  especial  protection  he 
sohcitod,  so  the  Saturnalia  were  national  festivals  mstituted  with  the 
same  object.  It  was  generally  believed  that  during  the  golden  age  of 
the  reign  of  Satumus  there  were  no  slaves,  and  the  Saturnalia  were 
iitcudcd  to  r9.?U>re  that  happy  eUtc  of  things  for  a  short  tune,  by 


giving  to  servants  and  slaves  a  complete  holiday.  Thmr  were  on  this 
occasion  allowed  to  appear  in  the  dress  of  free  dtizans  (Dion  Cass.,  Ix., 
p.  779),  were  waited  upon  at  their  feasts  by  their  nusten,  were  free 
from  every  kind  of  service,  and  enjoyed  the  most  perfect  freedom  of 
speech.  Even  criminals  were  sometimes  restored  to  freedom,  and  then 
dedicated  their  chains  to  Satumus.  The  whole  season  was  one  of 
universal  r^joidng  for  all  the  people  of  Rome,  and  the  dty  resounded 
with  the  diouts, "  lo,  Satq  raalia  I  lo,  bona  Saturnalia  I"  Everybody 
ate  and  dra^ik  plentifully,  and  invited  or  visited  his  friends  ilnd 
relations.  It  was  also  customary  for  persona  to  make  jpresants  to  one 
aoc^har  on  t^  oocasion  (Seneci, '-  J^nst.,'  18 ;  Suaton.,  ^Aug.,'  16),  and 
clients  presented  their  patrons  witii  wax-candles.  (Macrob.,  'Sat,,'|. 
7;  Varro,  'De  Ling.  Lat.,'  iv.,  p.  19,  Bipont.)  Oiildren  i^erallir 
reodved  little  figures,  which  vren  called  oscilla,' or  si^jlla,  from  whidi 
the  last  day  of  the  Saturnalia  derived  the  name  "  sigillaria."  During 
this  festival  all  business,  private  as  Well  as  public,  was  suspended ;  no 
war  was  commenced,  no  hatUe  was  fought,  and  no  punishment  was 
inflicted  on  offenders.  (Macrob., '  Sat,'  i.  10.)  The  persons  who  offere;! 
sacrifices  to  Satum  had  their  heads  uncovered. 

'I'he  Qreek  writers,  when  speaking  of  the  Roman  Saturnalia,  gene- 
rallv  call  the  feast  "■  Kronia,"  as  th^  oonsidered  the  two  festivals,  as 
well  as  the  deities  iu  whose  honour  they  were  hdd,  Si^umusand 
EronoSf  as  identical '  (Comp.  fiuttmann,  'Mythglqgus/  iL^  f.  52,  itfs. ; 
Hartung.' f  Die  Rdigion  der  Riimer.' ii.,  B.  12£  &C.) ' 

SA-TORNtTS.    [Chbonos.]      ^' 

SATYR  (Satyrus,  SeCrvpof)  is  the  name  \a  which  the  ancients  desig- 
nated a  class  of  rustic' deities,  or  bionysii.  Li^e  t^e  Fanes  and  FaunL 
they  were  a  kind  of  intermediaip  beings  between  men  and  animaU.aua 
the  features  which  they  had  in  common  with  the  iattei:  were  chieSy 
derived  from  goats.  They  were  by  spine  said  to  b^  ^s  sons  dE 
Vermes  and  Ipthinuv  Tk<y  seen^  originally  to  have  been  JL^'^'^  <^ 
rustic  or  ^Ivan  |p}ds,  who  were  worshipped  in  some  ]^arts  qi  Pelopon- 
nesus. In  the  earlier  works  of  andent  art  they  ar^  re^ireseniad  with 
rather  long  and  pointed  ears,  bald-headed,  and  with  Uttje  proti^beiaucea 
like  horns  behind  their  ears.  Sometimes  their  figure  approi^shed  stiU 
nearer  to  the  animal  form,  as  they  were  represented  with  goats'  itiet 
and  horns.  During  the  best  period  pf  Grecian  art  the  human  form  if 
entire,  and  the  animal  character  is  enireased  hy  a  little  tail  ^t  the 
lower  part  of  the  back,  and  by  a  considerable  degree  of  sensuality  in 
the  features  and  attitudes.  They  carry  the  thyrsus^  shephprd'e  sta^ 
or  syrinx,  winp-cups,  &o.,  and  are  clad  in  the  skins  of  auimals,  wjth 
wreaths  of  Ivy,  &0.  ^a^is  of  a  more  graceful  form  ar^  seen  playing 
the  flute,  or,  like  Ampulu^  as  cup-beE^ers  to  Piony^s.  O^ten,  how- 
ever, especially  In  later  Qreek  and  Qrseco-Rpman  wt,  theiy  are  of  a 
lascivious  character.  Satyrs  were  the  constant  companions  of  Dionr- 
sos,  and  in  the  Dionysiac  processipns  they  always  appear  dancing,  with 
cymbals  or  flutes  in  their  hands.  In  the  Qreek  dran^  the  chorus  a^ 
ihe  Dionyaia  originally  assumed  the  chuacter  of  satdliies  of  Djoi^ysas, 
— that  is,  of  satyrs, — and  it  is  expressly  ststeil  that  Anon  not  onlv 
invented  the  Ungic  dithyramb^  but  introduced  satyrs,  whence,  accord- 
ing to  some  accounts,  the  name  tragedy,  or  goats'  song,  arose,  ^ut  the 
chorus  of  the  Attic  tragedy,  in  the  coi^rae  of  time,  gradually  lost  it4 
satyric  character,  aodl  a  diit^ct  satyric  drama  weu  developed,  which 
is  described  by  the  ancients  ss  ^  playful  tragedy.  The  complete  sepa- 
ration of  this  satyriq  dram«  from  tragedy  is  ascribed  to  Fratinas  of 

PhUuS.  1  ■■      ■     T  -«^  .  .T 

'  (Miiller,  Archadog.  dtr  funtt,  %  38S ;  H.  C  A.  Eichstiidt,  i>e  Dnuof^ 
Orcecorum  Pomico-Salyrico,  Lips.,  1793 ;  and,  abora  ajl,  Caaauboii,  Ht 
SoUyrica  Qroecorum  Poeti  ct  Somanorum  iSatira.) 

SAVANNA.    rpLAras.] 

SAVINGS  BANES  are  institutions  of  modem  invention^  established 
in  this  country  to  encourage  habits  of  prudence  on  the  part  of  thq 
poorer  cesses,  who  were  previously  without  any'  places  where  they 
Could  safely  and  profitably  depodt  the  small  sums  which  they  noiglu^ 
be  able  to  set  aside  from  their  wimingn. 

The  origin  of  savings  banks  has  heeQ  attaibated  to  the  Bev.  Jos^ih 
Smith  of  Wendover,  who,  in  the  year  1798,  dreulated  proposals,  in 
opnjunction  with  two  of  his  .parishioners,  in  whioh  they  oSpred'  to 
receive  from  any  inhabitant  Of  the'  parifb  any  sum  from  twopence 
upwards  every  Sunday  evening  during  the'sun^mer  months,  to  keep 
an  exact  aooount  of  tne  money  deponted,  and  to  repay  at  Christmas 
to  each  individual  the  amount  bf  his  depodt,  with  the  addition  of  one- 
third  to  the  sum  as  a  bounty  upon  his  or  her  economy.  The  deposi- 
tors were  at  Ubecb^  to  demand  ■W^  r^pjuvf  \»fik.  the  amount  of  their 
savings,  without  this  boimty,  at  any  time  before  Christmas  that  they 
might  stand  in  need  of  their  money. 

'I'he  next  institution  of  this  kisj^tha^wss  wUhlished,of  whioh  we  bavo 
any  account,  was  founded  at  Tottenham  in  Middlesex,  by  Mn;.  PrisdUa 
Wakefidd,  This,  which  vras  called  the  Charitable  Bank,  bore  a  nearer 
resemblance  to  the  savings  banks  of  the-  present  day  thau.^  the 
Wendover  plan.  The  Tottenham  bonk  was  opened  iu  1804.  At'fiist 
the  accounts  were  kept  by  Mrs.  'Wakefield,  who  was  assisted  in  other 
respects  by  six  gentlemen  acting  as  trustees,  who  undertook  each  to 
receive  an  equal  part  of  the  sums  deposited,  and  to  allow  five  per  cent, 
interest  on  the  same  to  such  depositors  of  20  shillings  and  upwards  as 
should  leave  their  money  for  at  least  a  year  iu  their  hands.  In 
proportion  as  the  amount  of  the  deposits  increased,  additional  truste.-a 
were  chosen,  so  as  to  HiminjuK  the  loss,  which  might  otherwise  have 
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btkn  considerable,  cniog  to  tlie  high  rate  of  Interest  that  ttos  allowed. 
fa  1808  a  society  was  formed  at  Bath,  managed  by  eight  individuaUi, 
four  of  whom  were  ladies,  who  received  the  saviiigB  of  domestic 
sefTsnts,  and  allowed  interest  upon  the  same  at  the  rate  of-  four  per 
cent. 

The  Parish  Bank  Friendly  Society  of  Rnthwell  was  formed  in  1810 
by  the  Rev.  Henry  Duncan,  who  published  an  account  of  his  institution 
with  the  hope  of  promoting  similar  establishments  elsewhere.  This 
was  the  first  savings  bank,  regularly  and  minutely  organised,  which 
was  brought  before  the  public,  and  It  is  doubtless  owing  to  iiie  suc- 
cessful example  thus  set,  that  previous  to  1817  there  were  seventy  sav- 
ings banks  established  in  England,  four  in  Wales,  and  four  in  Ireland. 
In  the  year  just  mentioned  legislative  provisions  were  first  made  for 
the  management  of  these  inMitutions.  Acts  were  passed  (57  Geo.  III. 
<x  105  and  180y  Ibr  eniiottraging  tiie  etitbblislimentri  df  banks  for 
savings  in  Ireland  and  England  respectively.  Under  these  Acts,  the 
tmatees  and  managers,  who  were  prohibited  from  receiving  any 
peiBonal  profit  or  advantage  from  the  institutions  with  which  they 
diould  be  comiected,  were  required  to  enrol  the  rules  of  their  instt- 
tations  at  the  sessions,  A  fund  was  established  iii  the  office  for  thp 
reduction  of  the  national  debt  in  London,  entitled, "  The  Fund  for  the 
Bsaka  for  Savings,"  sad  to  this  fond  the  tructeos  were  bound  to 
transmit  ihe  amenM  of  all  depoeitB  that  might  be  made  with  them 
when  the  sum  amounted  to  502.  or  more.  For  the  amount  so  invested 
the  trustees  received  a'  debenture,  carrying  interest  at  the  rate  of 
ihtee-pence  per  centum  per  diem,  or  «.  11«.  Sd.  per  centum  per 
annum,  payable  half-yearly.  The  rate  of  interest  then  usually 
allowed  to  depositon  was  four  per  cent.  In  Ireland  the  depositors 
were  restricted  to  ihe  Investment  of  50{.  in  each  year,  and  in  England 
the  same  restriotiob  was  imposed,  with  a  relaxation  in  favour  of  the 
first  year  of  a  person's  depositing,  when  1002.  might  be  received.  No 
further  restrictiott  wu  at  liiil  time  thought  necessary  as  to  the  amount 
invested,  neither  was  the  depositor  prevented  from  investing  simul- 
taneously in  as  many  different  savings  banks  as  he  might  think  proper. 
This  circumstance  was  found  liable  to  abuse,  and  an  Act  was  pamed  in 
1824,  which  restricted  the  deposits  to  602.  io  the  first  year  of  the 
account  being  opened,  and  302.  in  each  subsequent  year,  and  when  the 
whole  should  amount  to  2002.  exclusive  of  interest,  no  further  interest 
was  to  be  allowed.  Subscribers  to  one  ssvings  badk  were  likewise 
not  allowed  to  make  deposits  in  any  other. 

In  1828  a  further  Act  was  passed,-  entitled  "  An  Act  to  consolidate 
and  amend  the  laws  relating  to  Savings'  Bunks,"  and  it  is  under  the 
pioviedons  of  this  Act  (9  Geo.  IV.  c  92)  that  all  eavingH  banks  are  at 
present  conducted.  It  is  provided  herein,  "  that  the  rules  of  every 
saving*  bank  shkU  be  signed  by  two  trustees,  and  submitted. to  a 
barrister  i^pointed  by  Vke  commissioners  for  the  reduction  of  the 
national  debt,  for  the  purpose  of  ascertaining  whether  the  same  are  in 
oonformity  to  law,  and  that  the  said  barrister  shall  give  a  coiifictite 
thn«o4  which,  together  with  the  rules  signed  by  the  trustee^  shall  be 
laid  before  the  justioes  for  the  county,  ridlnK,  division,  or  place  at  the 
general  or  quarter  sessions;  and  it  shall  be  lawful  for  such  justices  to 
rejectand  dis^>prove  of  an;  part  or  parts  thereof,  or  to  allow  and  confirm 
the  said  rules  or  such  parts  as  shall  be  conformable  to  the  act."  The 
ralea  and  regulations  thus  made  and  oonfimgied  werS  to  be  deposited 
with  the  clerk  of  the  peace  for  the  county  or  division,  and  are  then 
deolsiredtobebindingon  the  officers  andthedepoeitors  of  tiie  institution. 
The.  money  deposited  ia  savings  banlcs  must  be  invested  in  the  Bank 
of  JShgland,  or  of  Ireland,  in  the  names  of  the  commissioners  for  the 
reduction  of  the  national  debt.  The  receipts  c^veii  to  the  trustees  of 
savlDgs  bonks  for  toaaer  thus- invested  bore  interest  at  the  mte  of  24 
joar  cent,  per  diem,  or'^  16«,  04<2.  per  cent,  per  annum,  wliile  the 
interest  paid  to  depositors  was  not  in  any  case  to  exceed  2^  jxr  cent 
ftr  diem,  or  82.  8(.  Bfd.  per  cent,  per  annum,  the  difference  being 
retained  by  the  trustees  to  defray  the  expenses  of  the  bank.  The 
tmstees  were  not  allowed  to  receive  depodto  from  any  individuals 
whoee  previous  deposits  have  amounted  to  1502.,  and  when  the  balance 
due  to  any  oiie  depositor  amounts  with  interest  to  2002.,  no  further 
interest  is  to  be  allowed.  Friendly  societies  and  charitable  institutions 
ireire  allowed  to  invest  sums  not  exceeding  8002. 

By  onbtlier  Act  (8  William  IV.  c  U)  the  industrious  classes  were 
eneouraffsd  to  pnrdiase  annuities,  to  commence  at  any  deferred  period 
whieh  tba  purchaser  may  choose,  the  purchsse-money  being  paid  either 
in  one  siuu  at  the  time  of  agreement,  or  by  weekly,  monthly,  quarterly, 
or  yearly  instolmeats,  as  the  purchaser  may  determine.  The  transac- 
tions jUnder  this  act  were  to  be  carried  on  through  the  medium  of 
savings  bonks,  or  by  societies  established  for  the  purpose,  and  of  which 
the  rector  or  other  minister  of  the  perish,  or  a  resident  justice  of  the 
peace,  shall  be  one  of  the  trustees. 

The  6  ft  8  Wm.  IV.  6.  67.  passed  in  September,  1835,  extended  the 
provisions  of  the  9  Geo.  IV,  c  92,  and  of  8  Wm.  IV.  c.  14,  to  saving 
banks  in  Scotland,  and  enabled  existing  bonks  to  conform  to  the  said 
aets  by  preparing  and  depositing  their  rules  ptnwumt  to  these-acts, 

Hilitory  or  Begimental  Savings  Banks  were  established  by  warrant 
dated  October  11, 1843. 

On  the  9th  of  August,  1844,  the  royal  assent  was  given  to  an  act 
(7  ft  8  Vict,  c,  88)  entitied  "  An  Act  to  amend  the  havn  relating  to 
Savings  Books,  and  to  tiie  Purchase  of  Government  Annuities  through 
the  medium  of  Savings  Banks," 


The  first  clause  of  this  Act  reduces,  from  and  after  the  20th  of 
November,  1844,  the  interest  of  all  moneys  invested  by  the  trustees  of 
savings  banks  in  the  national  funds,  to  the  rate  of  82.  5j.  per  cent. ; 
and  s.  2  declares  that  the  maximum  of  interest  to  be  aUowe4,  to 
depositotn  shall  not  exceed  the  rote  of  32.  0».  10(2.  per  cent. 

Prom  the_  same  date  every  depositor,  da  making  his  first  deposit 
(s.  8),  is  to  sign  a  declaration  as  provided  by  previous  Acts,  a  copy  of 
which  is  to  be  annexed  to  the  deposit-book ;  and  once  in  every  year  at 
least  this  book  (s.  6)  is  to  be  produced  atthelnstitution  for  the  purpose 
of  examination. 

Any  actuary,  cashier,  or  othef  person  holding  a  situation  at  a  savings 
bank  (s.  4),  receiving  deposits  and  not  paying  over  the  same  to  the 
managers,  is  declai-ed  guilty  of  a  misdemeanor;  but  no  trustee  or 
manager  to  be  liable  (s.  6)  for  any  deficiency  unless  they  have  declared 
in  writing  tiieir  willingness  to  be  so  responsible,  and  ima  responsibility 
may  be  limited,  except  in  cases  of  money  actually  and  personally  re- 
ceived by  them. 

When  deposits  are  made  in  trust  for  another  (s.  7),  the  sum  is  to  be 
invested  in  the  names  of  the  trustees  and  the  person  on  whose  account 
the  same  is  so  invested ;  and  repayment  ia  not  to  be  made  without  the  • 
receipt  of  both,  or  of  their  trustees,  executors,  or  agents  appointed  by 
power  of  attorney. 

Annuities  under  the  S  ft  4  Wm.  IV.  c.  14  are  not  to  exceed  the  siuu 
ot,  802.  in  the  whole,  but  separate  annuities  to  that  amount  may  be 
granted  to  a  husband  and  wife :  but  instead  of  the  charges  under  the 
former  Act,  the  charges  are  now  (s.  9),  for  an  annmty  under  62., 
the  sum  bf  6«.;  62.  and  imder  102.,  10«.;  102,  and  under  162,  16».; 
152.  and  under  202:,  20(.;  202.  and  under  252,,  25*.;  25i.  and  not  ex- 
ceeding 802.,  S0«. 

Where  deposits  exclumve  of  interest  do  not  exceed  602.  (s.  10),  if  a 
will  or  letters  of  adminlBtration  are  not  produced  within  a  month,  the 
money  may  be  paid  to  the  widow,  or  the  person  entitied  to  the  etfects 
of  the  deceased ;  if  •  depositor  be  illegitimate  and  die  Latestate,  the 
managers  (s.  11},  with  the  sanction  of  the  barrister  appointed  to  certify 
tiie  rules,  may  pay  the  same  to  such  persons  as  would  be  entitied  to 
ihe  same  imder  the  statute  of  distribution,  if  all  the  parties  were 
legitimate ;  and  where'a  married  woman  has  made  deposito  it  is  lawful 
for  the  managers  (s.  12)  to  repay  such  woman,  unless  the  husband  give 
notice  to  the  contrary. 

The  tim&for  issuing  the  half-yearly  receipts  for  interest  is  extended 
(s.  13)  to  sixty  days  from  and  after  the  20th  of  May  and  20th  of 
November ;  and  the  time  for  transmitting  the  ftnnnnJ  statement  is 
extended  to  nine  weeks  after  the  20th  of  November  in  each  year. 

Any  dispute  between  the  depositors  and  the  managers  is  to  be  settled 
(s.  14)  by  arbitration  of  the  barrister  appointed  imder  the  previous 
acts,  whose  award  is  to  be  exempt  from  stamp-duty ;  the  banister  is 
empowered  for  this  purpose  (s.  15)  to  inspect  the  books  of  ^the  insti- 
tution, and  to  examine  witnesses  on  oatii  or  affirmation :  false  evidence 
to  be  punished  as  perjury. 

Bonds  given  as  security  under  previous  acts  (9  Geo.  IV.  o,  92,  and 
3  &  4  Wm.  IV.  c.  14)  are  to  be  deposited  with  the  commissioners  for 
the  reduction  of  the  national  debt  (s.  16),  to  be  delivered  up  on  the 
application  of  not  less  than  two  trustees  and  tliree  managers  when 
required  to  be  cancelled.  Every  officer  trusted  with  the  receipt  or 
custody  of  money  (s.  17)  is  to  give  sufficient  security ;  such  security, 
when  given  by  the  treasurer,  actuary,  or  any  other  officer  receiving  a 
salary,  shall  be  by  bond,  which  is  exempted  from  stamp-duty. 

The  direction  for  dejpositing  the  rules  of  a  savings  bank  with  the 
clerk  of  the  peace  (s.  IS)  is  repealed ;  buttwb  written  or  printed  copies 
of  them  are  to  be  transmitted  (s.  19)  to  the  barrister  for  his  certificate, 
who,  on  apprbval,  is  to  return  one  copy  to  the  institution,  and  transmit 
the  other  to  the  commissioners. 

Payments  to  the  relations  of  intestate  depositors  (s.  20)  are  to  be 
made  to  the  next  of  kin.  by  the  law  of  Scotland,  in  the  case  of  deposits 
in  that  country. 

The  act  is  declared  (s.  2l)  to  extend  to  societies  ior  purchasing 
annuities  as  well  as  to  savings  banks,  and  (s.  22)  to  Great  Britain  and 
Ireland,  Berwick-upon-Tweed,  Guernsey,  Jersey,  and  Isle  of  Man. 

The  11  ft  12  Vict.  c.  133,  limits  the  liabilitiee  of  trustees  in  Ireland, 
except  for  money  actually  received  by  them  and  not  paid  over,  to  any 
Sum  specified  by  them  in  writing,  not  being  less  than  1002. 

By  the  16  ft  17  .Vict.  c.  45,  the  amouut  of  annuities  granted  is  ex- 
tended to  302.,  but  still  not  to  be  less  than  42.,  for  one  or  two  Uvea ; 
and  they  may  be  granted  to  a  husband  and  wife,  tiiough  one  may  already 
have  secured  an  annuity  to  the  full  amount. 

By  the  19  ft  20  Vict.  c.  41,  the  shipping-offices  for  saving  are  eonsti^ 
tuted  branch  savings  banks,  and  the  Board  of  Trade  is  empowered  to 
make  regulations  for  the  investment  and  withdrawal  of  deposits. 

Rules  framed  in  agreement  with  the  statutes  have  been  issued  by 
the  commiasioners  for  the  reduction  of  the  national  debt.  These  rules 
provide,  among  other  things,  that  no  person  being  a  trustee,  treasurer, 
or  manager  of  the  society,  shall  derive  any  emolument,  direct  or 
indirect,  from  its  funds ;  ttiat  the  treasurer,  and  the  paid  officers  of 
the  society,  shall  give  security  for  the  faithful  execution  of  their  trust ; 
that  the  age  of  the  party,  or  nominee,  upon  whose  life  Uis  annuity  is 
contracted,  must  not  be  under  fifteen  years ;  ttiat  no  one  individual . 
can  possess,  or  be  entitied  to,  an  annuity,  or  auniiitics,  amounting 
altogether  to  more  than  30/.,  and  that  no  annuity  of  less  tlian  42.  can 
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be  contracted  for ;  that  minors  may  purchase  annuities.  The  annuities 
are  payable  half-yearly,  on  the  Stii  of  January  and  5th  of  July,  or  on 
the  5th  of  April  and  10th  of  October.  If  any  person  wishes  to  have 
an  annuity  payable  quarterly,  that  object  may  be  accomplished  by 
purchasing  one  half  payable  iu  January  and  July,  and  the  other  half 
jiayable  in  April  and  October.'  Upon  the  death  of  the  person  on  whose 
life  the  annuity  depends,  a  sum  equal  to  one-fourth  part  of  the  annuity, 
beyond  all  unpaid  arrears,  will  be  payable  to  the  person  or  persona 
entitled  to  such  aimuity,  or  to  their  executors  or  administrators,  if 
claimed  within  -  two  years.  These  annuities  are  not  transferable, 
unless  the  pu^haser  becomes  bankrupt  or  insolvent,  when  the  annuity 
becomes  the  property  of  the  creditors,  and  will  be  repurchased,  at  a 
fair  valuation,  by  the  commissioneis  for  the  reduction  of  the  national 
debt.  If  the  purchaser  of  an  annuity  should  be  unable  to  continue 
the  payment  of  his  instalments,  he  may  at  any  time,  on  giving  three 
months'  notice,  receive  back  the  whole  of  the  money  he  has  paid,  but 
without  interest ;  or  he  may  have  an  immediate  or  deferred  annuity 
granted,  according  to  the  amount  of  money  paid.  If  the  purchaser  («E 
a  deferred  life  annuity  should  die  before  the  time  arrives  at  which  the 
annuity  would  have  cummenced,  the  whole  of  the  money  actually  con- 
tributed, but  not  with  interest,  will  be  returned  to  his  family  without 
any  deduction.  If  a  person  who  has  contracted  for,  or  is  entitled  to, 
an  aimuity,  becomes  insane,  or  is  otherwise  rendered  incapable  of 
acting,  sudi  weekly  sum  will  be  paid  to  his  frieuds  for  maintenance 
and  medical  attsodance  as  the  managers  shall  think  reasonable,  or  any 
such  other  payments  may  be  made  as  the  urgency  of  the  case  may 
require,  out  of  the  sums  stauding  in  the  name  of  the  party.  Any 
frauds  that  may  be  committed  by  means  of  mis-statements  and  &lae 
certificates  will  render  void  the  annuity,  and  subject  the  parties 
offending  to  other  and  severe  penalties.  The  rules  of  societies  formed 
for  carrying  into  eSect  the  purposes  of  this  Act  must  be  signed  by 
trustees,  certified  by  the  biOTister  appointed  for  the  purpose,  and 
enrolled  with  the  clerk  of  the  peace  for  the  coi&ity  or  division  in  the 
maimer  already  described  with  regard  to  the  rules  of  savings  banks. 

Annuity  tables,  calculated  under  the  direction  of  government,  for 
every  admissible  period  of  age,  and  for  every  probable  deferred  term, 
may  be  had  at  the  office  of  the  comniissioners  for  reducing  the  national 
debt,  in  the  Old  Jewry,  Loudon. 

These  measures  appear  to  be  well  calculated  for  enabling  the  in- 
dustrious classes  to  secure  a  small  provision  in  the  time  of  their  youth 
and  strength,  for  the  days  of  their  age  and  decline,  and  for  inciting 
them,  while  yet  unencumbered,  to  apply  the  surplus  of  their  earnings 
to  meet  the  wants  of  those  who  may  become  connected  with  or  de- 
pendent on  them  in  after-life. 

The  growth  of  these  societies  has  been  continuous  from  their  esta- 
blishment. We  give  below  the  number  and  amount  in  1833,  and  add 
those  of  1859  ;  but  it  should  be  remembered  that  when  the  amount 
reaches  200i.  it  is  usually  transferred  to  the  public  funds,  as  interest 
is'  no  longer  paid.  On  the  20th  of  November,  1833,  there  were  385 
savings  banks  in  England  holding  balances  belonging  to  414,014  de- 
positors, which  amounted  to  13,978,21S<.,  being  on  an  average  Zil.  for 
each  depositor.  There  were  at  the  same  time  in  Wales  23  savings 
banks,  having  balances  amounting  to  361,1502.  belonging  to  11,269 
depositors,  being  an  average  of  82^  for  each  depositor ;  while  in  Ire- 
land there  were  76  savings  banks,  with  funds  amounting  to  1,380,718/., 
deposited  by  40,872  persons,  the  average  amount  of  whose  deposits  was 
282.  The  total  for  England,  Wales,  and  Ireland  was  consequently  484 
savings  banks,  with  funds  amounting  to  15,715,1112.;  the  number  of 
accounts  open  was  476,165,  arid  the  average  amount  of  deposits  was 
consequently  832. 

On  November  20th,  1869,  the  total  amount  of  deposits,  including 
interest,  in  the  United  Kingdom,  was  88,996,8762.  The  number  of 
individual  depositors  was  1,479,728,  of  whom  213,473  were  depositors 
of  sums  not  exceeding  12.,  294,739  not  exceeding  62.,  194,138  not  ex- 
ceeding 102.,  140,092  not  exceeding  152.,  86,250  not  exceeding  202., 
148,576  not  exceeding  SOt,  121,501  not  exceeding  402.,  68,082  not  ex- 
ceeding 602.,  98,380  not  exceeding  762.,  45,580  not  exceeding  1002., 
80,700  not  exceeding  1252.,  18,134  not  exceeding  1502.,  28,482  not 
exceeding  2002.,  and  1652  above  2002.  There  were  also  16,315  Chari- 
table Institutions,  with  deposits  amounting  to  802,3412.,  and  10,738 
Friendly  Societies,  with  deposits  amounting  to  1,731,0952.  There  were 
580  Friendly  Societies  with  direct  accounts  mth  the  commissioners 
for  the  reduction  of  the  rutiunal  debt,  their  deposits  amounting  to 
2,001,7542.  The  number  of  annuities  granted  through  Savings  Banks 
or  Parochial  Societies,  from  the  commencement  in  1854  to  January  5, 
1860,  was  9707  immediate  annuities,  amounting  to  196,1122.,  for 
which  2,064,8122.  had  been  paid,  and  of  which  30462.  of  the  yearly 
amount  of  69,4322.  had  fallen  in ;  160  deferred  annuities  en  payment 
of  one  sum,  to  the  amount  of  £7042.,  for  which  30,9792.  had  been  inid, 
and  of  which  2C2.  of  the  yearly  amount  of  4782.  had  fallen  in ;  and 
1876  deferred  annuities  for  annual  payments,  to  the  amount  of  87,48621, 
for  which  187,6222.  had  been  paid,  of  these  1110  bad  fallen  in,  to  the 
yearly  amount  of  21,8902.,  and  44,0372.  had  been  retmned  in  conse- 
quence of  death  or  default. 

In  November,  1858,  the  total  amount  of  securities  given  by  mana- 
gers and  trustees  of  savings  banks  bad  been  only  67,0702.,  and  these 
almost  entirely  in  Ireland. 

Much  useful  information  as  to  the  formation,  management,  and  the 


means  of  ensuring~the  security  of  savings  banks,  will  be  found  in  '  A 
Practical  Treatise  on  Savings  Banks,'  by  Arthur  Scratchley,  K.  D., 
1860. 

{Hittory  of  Savingt  Banlt,  by  J.  Tldd  Pratt ;  The  liaw  relating  to 
the  Purchase  of  Oovemment  Annuitiet  through  Savingt  BcmJa  and 
Parochial  Soeietiet,  bv  the  same  author.) 

SAW  AND  SAW-MILL.  The  division  of  wood  by  riving  or 
splitting  was  probably  .the  most  ancient  method  of  reducing  it  to  pieces 
of  convenient  size  and  shape.  If  the  grain  of  timber  were  straight, 
this  plan  would  have  the  advantage  of  economy ;  but  as  it  id  not  so  in 
general,  considerable  waste  is  occasioned  by  riving  when  the  pieces  are 
required  to  be  straight,  much  wood  having  to  be  removed  with  an 
adze  in  order  to  make  it  so.     Hence  the  invention  of  saws. 

Saws  were  used  by  the  ancient  Egyptians.  The  annexed  cut  repre- 
sents a  saw  tha<r  was  discovered,  with  several  other  corpeateis'  tools. 


VK  a  private  tomb  at  Thebes,  and  which  is  now  preserved  in  the  British 
Museum.    The  following  ctk,  from  KoselUni's  work  on  Egyptian  anti- 


quities, represents  a  man  uung  «  similar  saw ;  the  piece  of  wood  whioh 
he  is  cutting  being  held  between  two  upright  posts.  In  other  repre- 
sentations the  timber  is  bound  with  ropes  to  a  single  post ;  and  in  one, 
also  copied  by  Bosellini,  the  workman  is  engaged  in  tightening  the 
rope,  having  left  the  saw  sticking  in  the  cut.  There  is  a  curious 
picture  among  the  remains  discovered  in  Herculoneum,  representing  a 
carpenter's  workshop,  with  two  genii  cutting  a  piece  of  wood  with 
a  frame-saw.  On  on  altar  preserved  in  the  Capitoline  M^iseum  at 
Home  there  is  a  representation  of  a  bow-saw,  exactly  resembling  in 
the  frame  and  the  twisted  oord  those  used  by  modem  carpenters. 

Saws  are  of  various  forms  and  sizes.  Those  used  by  carpenters  and 
other  artificers  in  wood  are  the  most  numerous.  Among  these  ore  the 
following : — The  croa<ut  saw,  for  dividing  logs  transversely,  two  per- 
sons being  employed  to  pull  the  saw  backwards  and  forwards,  and  the 
teeth  being  so  formed  as  to  cut  equally  in  both  directions.  The  pii-tam, 
with  large  teeth,  and  a  transverse  handle  at  each  end.  It  is  used  for 
sawing  logs  into  planks,  the  piece  to  be  cut  being  laid  over  a  saw-pit 
six  or  seven  feet  de^p.  One  man  stands  on  the  log,  and  the  other  in 
the  pit,  and  they  pull  the  saw  alternately  up  and  down,  the  saw  cutting 
in  its  descent  only.  The  frame-saw  is  from  five  to  seven  feet  long, 
stretched  tightly  in  a  frame  of  timber,  the  plane  of  the  saw  being  at 
right  angles  with  that  of  the  frama  It  is  used  in  a  similar  manner 
to  the  pit-saw,  but  causes  less  waste,  because  the  blade,  being  stretched, 
may  be  made  much  thinner.  The  ripping-saw,  haif-ripper,  hand-soM, 
and  panel-saw  are  saws  for  the  use  of  one  person,  the  blades  tapering 
in  width  from  the  handle.  They  are  of  different  lengths,  the  largest 
being  about  twenty-eight  inches ;  and  the  teeth  vary  from  one-third 
to  one-eighth  of  an  in(£.  Tenon-tavn,  sath-iawi,  dovetailsaios,  &c.,  are 
very  thin,  of  equal  width  throughout  their  whole  length,  and  stiffened 
with  stout  pieces  of  iron  or  brass  fixed  on  theur  back  edges.  These  are 
used  for  many  purposes  for  which  a  neat  clean  cut  is  required,  but 
where  it  is  not  necessary  for  the  whole  width  of  the  saw-blade  to  pass 
through  the  wood.  Contpon  and  hey-hole  saws  taper  from  about  an  inch 
to  an  eighth  of  an  inch  in  width,  and  are  used  for  soaking  curved  cuts. 
Small  frame-saws  and  bov>-saws,  in  which  very  thin  narrow  blades  are 
tightly  stretched,  are  occasionally  used  for  cutting  both  wood  and 
metal.  Saws  are  made  for  cutting  bone,  iron,  brass,  and  many  other 
hard  substances ;  and  there,are  seveml  varieties  used  by  the  carpenter 
besides  what  have  been  enutnerated;  but  it  is  unnecessary  here  to 
detail  them. 

The  very  oommoaest  kind  of  saws  are  made  of  iron-plates,  hammer- 
hardened,  oud  planished  upon  an  anvil,  to  give  them  some  degree  of 
stiffueas  and  elasticity.    The  more  useful  saws  are  mode  either  of  shear 
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or  cast  itaeL  The  Bteel  is  cast  in  the  form  of  a  Rmall  alab,  about  an 
inch  and  a  half  thick.  This  slab  is  extended,  by  rolling,  to  the  re- 
quired defpree  of  tenuity,  and  then  cut,  by  shears,  into  pieces  of  suit- 
able form  and  siza  The  edges  are  next  perfected  by  filing,  and  holding 
the  flat  side  of  the  plates  against  large  grindstones,  which  process 
prepares  them  for  the  cutting  of  the  teeth.  This  operation  is  usually 
performed  by  a  die-cutter  in  a  fly-press,  the  motion  of  the  saw-plate 
being  duly  regulated,  so  that  the  teeth  shall  be  uniform ;  the  larger 
teeth  being  cut  one  at  a  time ;  and  the  smaller  two,  three,  or  more  at 
a  time,  aocording  to  circumstances.  The  wire  edges  left  on  the  teeth 
by  the  cuttingiout  press  are  removed  by  filing ;  after  which  the  plates 
undergo  the  processes  of  hardening  and  tempering.  They  are  heated 
to  a  cherry-red  and  dipped  into  a  fatty  composition.  When  sufficiently 
cooled  therein  to  be  luuidled,  they  are  taken  out,  and  are  found  to  be 
extremely  hard  and  brittle.  They  are  passed  backwards  and  forwards 
over  a  clear  charcoal  fire,  so  as  to  cause  the  unctuclus  matter  to  inflame, 
or  blaze  off,  as  it  is  termed,  which  reduces  the  saws  to  the  required 
temper ;  and,  whilst  the  saw-plates  remain  hot,  any  warping  they  may 
have  acquired  in  the  process  is  removed  by  smart  blows  from  a 
hammer.  The  next  operation  is  planishing  by  hammers,  to  moke 
them  more  even  and  equally  elastic :  after  which  the  saws  are  ground 
on  lai^  grindstones.  As  the  grinding  impairs  the  elasticity,  they  are 
submitted  to  a  second  haauuering,  and  to  heating  over  a  coke  fire  until 
they  attain  a  faint  straw-colour.  The  marks  of  the  hammer  are  re- 
moved by  again  passing  the  saws  lightly  over  a  grindstone ;  after 
which  the  final  polish  is  given  by  a  fine  hard  stone,  a  glazing-wheel 
covered  with  buff-leather  and  emery,  or  a  wooden  wheel,  called  the 
hard-hecul.  Any  defects  acquired  dui-ing  these  processes  are  removed 
by  a  few  blows  with  a  small  polished  hammer  upon  a  post  of  hard 
wood.  The  saws  are  "  cleaned  off"  by  women,  by  rubbing  fine  emenr 
over  them  lengthwise  with  a  piece  of  cork-wood.  The  tetter  lays  each 
alternate  tooth  over  the  edge  of  a  small  anvil,  and  strikes  them  so  as 
to  bend  each  uniformly  into  a  slight  deviation  from  the  plane  of  the 
saw ;  and  then,  turning  the  saw-plate,  sets  the  remaining  teeth  in  like 
manner,  but  in  the  opposite  direction.  The  degree  of  deviation  from 
the  plane  of  the  saw  depends  upon  the  kind  of  wood  to  be  cut;  the 
softest  wood  requiring  the  widest  or  rankett  set.  Sometimes  an  instru- 
ment with  a  notched  edge,  called  a  taw-mrett,  is  used  for  setting  the 
teeth.  After  being  set,  the  saw  is  placed,  between  two  plates  of  lead, 
in  a,  vice,  and  the  teeth  are  sharpened  with  a  triangular  file.  The 
handles  are  then  fixed  on  by  nuts  and  screws,  and  the  saws  cleaned  off, 
oiled,  and  packed  in  brown  paper  for  sale. 

The  teeUi  of  carpenters'  saws  are  so  formed  as  to  contain  an  angle 
of  60%  and  they  are  mode  to  incline  more  or  less  forward  according  to 
the  intended  use  of  the  saw.  Kipping-saws  have  the  front  of  the  teeth 
perpandioular  to  a  line  ranging  with  their  points.  For  very  delicate 
operations  saws  arc  frequently  made  of  watch-spriug. 

Saws  for  cutting  stone  are  without  teeth,  although  they  are  some- 
times slightly  notched  upon  the  cutting  edge.  The  saw-plate  is.  tightly 
stretched  on  a  kind  of  rectangular  frune,  of  which  it  forms  the  lower 
aide;  and  the  frupe,  being  suspended  by  ropes,  is  moved  backwards 
and  forwards  by  one  or  two  men.  Coarse  sharp  sand  is  used  for 
cutting  soft  stones,  and  fine  sand  for  those  of  harder  quality.  Sawing 
stone  IS  a  very  slow  and  laborious  operation.  As  in  saw-mills  for 
wood,  any  number  of  saws  may  be  worked  together,  so  adjusted,  as 
to  cut  a  block  of  stone  into  slabs  of  any  required  thickness. 

Sav  Mill. — ^The  machinery  used  for  the  purpose  of  converting 
wood  from  the  log  into  squared  lumber,  or  for  subsequently  cutting  it 
up  into  plank,  or  veneer  stuff,  is  known  in  the  arts  under  the  generic 
name  of  taa  mill.  It  consists  of  a  prime  mover,  setting  in  operation 
either  a  circular  plate  with  serrated  edges,  vertical  saw  bladies  fixed 
rigidly  in  a  frame,  or  a  series  of  knife  blades  forming  the  segments  of  a 
large  circular  plate  bearing  a  sharp  cutting  edge ;  and  at  the  same  time 
motion  is  communicated  by  the  prime  mover  to  a  ratchet-wheel,  which 
causes  the  frame  to  advance  horizontally  so  as  to  keep  the  log  of  wood 
to  be  operated  upon  in  actual  contact  with  the  edge  of  the  cuttiog-tooL 
Bough  logs  and  scantling  stuff  are  cut  by  the  circular  saw  ;  and  deals, 
battens,  and  planks  are  dressed  for  the  market  by  the  same  description 
of  machinery.  Thin  boards  (between  I4  inch  and  ^  of  an  inch  in  thick- 
ness) are  cut  by  the  frame  saw ;  and  veneers,  or  thin  slices  of  the  harder 
and  more  precious  woods,  ore  cut  by  the  plate  saws  with  knife  edges. 
As  many  as  100  veneeis  are  at  times  cut  out  of  pl^ufcs  only  1  inch  in 

The  prime  motors  of  saw  mills  may  be  cither  water-wheds,  wind- 
mills, or  steam-engines,  and  even  in  some  cases  horse-power  is  used. 
In  mountaiuous  districts,  such  as  are  usually  covered  with  forests, 
water-wheels  can  generally  be  economically  established,  and  they  are 
rarely  used  for  any  other  purpose  than  for  squaring  logs,  or  dressing 
plank  stuff.  Windmills  ore  hirgely  used  in  such  countries  as  the  Fens 
of  East  Anglin,  and  Holland,  for  both  circular  sawa  and  frame  saws ; 
whilst  the  application  of  steam  power  to  this  purpose  is  the  system 
almoBt  universally  adopted,  in  countries  where  fuel  is  cheap,  for  the 
ordinary  kind  of  saw  mills,  and  it  is  the  only  motive  power  ever 
employed  for  veneer  cutting.  Of  late  years,  circular  saws  have  been 
tised  for  the  purpose  of  cutting  the  ends  of  iron  rails,  and  they  also 
are  invariably  worked  by  steam  power.  The  sizes  of  circular  saws 
vary  from  4.)  to  60  inches  in  diameter;  vertical  saws  are  made  of 
cast  stool  uf  Nub.  13, 14,  and  15  gauge,  and  from  4  to  8  inches  wide  by 


from  8i  to  7  feet  in  length;  reneering  sawa  vary  from  4  to  10  or  13 
feet  in  diameter.     ' 

All  the  varieties  of  apparatus  that  have  been  described  ore  for  the 
purpose  of  making  straight  cuts ;  but  it  is  sometimes  desirable  to  pi«- 
duce  curved  forms  by  sawing,  for  which  purpose  there  are  several  / 
ingenious  contrivances.  Mr.  Trotter  has  invented  a  concave  circukr 
saw,  resembling  a  watch-glass  in  form,  which  is  mounted  in  a  bench 
like  the  common  bench-saw,  and  to  which  the  wood  is  directed  by 
curved  guides.    Many  useful  forms  are  cut  by  a  saw  consisting  of  » 


cylinder  of  steel,  toothed  bn  the  edge.  Such  Raws  are  oMcl  fi»r  euB&ir 
circular  pieces  of  wood  to  form  the  sheaves  of  blocks;  and,  wbsoiof 
larger  dimensions,  for  ciitting  chair-backs,  felloes  of  wheels,  carred 
brush-handles,  tea.  For  these  purposes  they  are  sometimes  vLaet  aa 
much  ss  five  feet  in  diameter.  In  another  machine,  an  arrangement 
resembling  the  common  reciprocating  saw-mill  is  applied  to  curvilinear 
samng,  by  causing  the  carriage  on  which  the  timber  is  supported'  to 
deviate  from  the  straight  course,  and  follow  the  curvatures  of  a  modet 
of  the  required  form ;  while  the  saws,  being  attached  to  the  frame  by 
pivots,  are  capable  of  adapting  their  position  to  the  curve. 

Among  the  recent  inventions'  in  saw-machinery  is  a  beautiful  appa^ 
ratus  called  the  band->au>.  It  consists  of  a  very  long,  narrow,  and 
thin  saw,  made  of  highly  tempered  steel,  and  so  flexible  as  to  fas' 
wound  round  two  rollers  placed  at  such  a  distance  apart  as  to  keep* 
the  saw  always  on  the  stretch.  When  the  rollers  rotate,  the  saw  isi 
put  in  motion,  and  it  thus  becomes  on  endless  saw,  applicable  to  manw 
purposes  in  the  finer  kinds  of  carpentry  and  joinery.  Messrs.  Poww 
and  James's  band-saw,  patented  in  1858,  is  an  elegant  example  oC 
this  kind. 

SAXON  ARCHITECTURE.  Until  recently,  all  those  old  EngBsKi 
churches  of  which  the  doors  and  windows  had  semicircular  Arches  weie^ 
usually  termed  Saxon.  More  careful  study  of  our  architoctutal  anti- 
quities showed  that  these  were  for  the  most  part  of  Norman' date ;  and> 
it  was  then  by  many  somewhat  hastily  assumed  to  be  at  kastdoubtfull 
whether  there  were  any  buildings  remaining  of  Saxon  construotioni. 
That  there  are  churches  which  were  in  part  erected  prior- to  the» 
Norman  Conquest  there  is  now,  however,  no  longer  any  dispute.  Theiir 
number  is  indeed  small,  as  might  be  expected ;  for  the  con<£tinn  ott 
the  people,  the  disturbed  state  of  the  country,  and  the  raaages  of 
foreign  invaders,  would  either  prevent  many  <jiurches,  ezeapt  of  » 
comparatively  rude  character,  being  erected,  or  account  for  their 
destruction ;  and  it  will  be  readily  perceived  how  churoltea-  whieb 
remained  at  the  Conquest,  would,  one  after  another,  with  the  progivss 
of  refinement  be  removed  to  make  way  for  others  of  a  costlier  charactar, 
or  more  fashionable  style  of  architecture ;  and  that  consequently, 
after  the  lapse  of  800  years,  but  few  frafftnents  of  such  buildi%i> 
should  be  extant. 

Yet  some  vestiges,  as  we  said,  are  left.  Mr.  Blozam,  who  has  paid' 
particular  attention  to  the  subject,  gives  in  the  last  edition  of  his 
'  Gothic  Architecture '  (1859,  p.  00)  a  list  of  more  than  90  churches 
(46  of  which  he  has  himself  examined),  which  contain  portions  of 
presumed  Saxon  architecture.  Mr.  Bickmon  beUeved  he  had  verifled 
the  existence  of  such  remains  in  120  churches. 

Saxon  architecture  would  be  best  described  as  the  eariiest  form 
of  Anglo-Romanesque.  [Rohanesqus  ABCETTEornRS.]  Theearlieat- 
Anglo-Saxon  architects  made  use  of  the  materials  of  the  Roman  build- 
ings, wherever  they  could  obtain  them,  and  imitated  the  Roman' 
workmanship.  In  the  brick  walls  and  semicircular  arches  of  the  oldest  - 
Anglo-Saxon  buildings,  there  ore  evident  attempts  to  copy  what  is- 
called  the  herrings-bone  work  of  the  debased  Roman  architecture  which  1 
prevailed  in  England.  But  the  buildings  were  constructed  by,  or  under  - 
the  direction  of,  ecclesiastics  who  had  acquired  on  the  continent  the  ■ 
current  taste  in  ecclesiastical  architecture ;  and  who  carried  out  their ' 
views  as  well  as  the  skill  of  the  workmen  and  the  materials  at  their  - 
command  permitted.  For  the  more  important  buildings — and  there ' 
are  accounts  in  the  chronicles  of  the  erection  of  cathedrals  and  monastic ' 
edifices  of  considerable  importance — foreign  workmen  were  brought, 
over.  Accordingly,  we  find  throughout  the  period  a  reference  more  or  ■ 
leas  direct  to  continental  models,  and,  as  might  be  expected  from  the ' 
connection  of  the  court  and  the  clergy,  towards  the  latter  part,  a. 
growing  approximation  to  the  Norman  taste. 

The  style  extends  over  a  period  of  nearly  four  hundred  years — ^trom- 
the  latter  part  of  the  7th  to  the  middle  of  the  11th  centuiy.     It  ia. 
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uf  ually  dividad  into  two  poiodii,  the  fint  ezttndinK  to  neoHy  tile  end 
of  the  10th  centuiy,  ike  'second  continuing  to  the  Conquest.  But  the 
Moond  period  ia  tiutt  when  the  Norman  influence  preToiled,  and  when 
the  s^le  differed  in  little  from  the  Norman  but  in  ita  being  lees  refined 
and  artiatia  [Norman  ArohitiictxiBz.]  Here,  therefore,  it  will  be 
enough  to  indicate  a  few  of  tha  diatisctive  chaiacteriatica  of  the  older 
variety. 

No  eomplete  Anglo-Saxon  church  remains;  but  from  those  which 
are  meet  purfect,  as  Brizwortb  in  Northamptonahire,  and  from  the 
references  in  Sason  records  and  the  drawings  in  manuscripts,  we  see 
that  the  churches  were  rude,  plain,  and  massive  in  appearance,  and 
that  whether  cruciform,  or  witn  nave,  side-aisles,  and  a  tower  at  the 
west  end,  the  chancel  was  usually  apsidal.  [Apsis.]  Crypts  appear  to 
have  been  not  uncommon  in  the  larger  chvirches,  and  a  tolerably  per- 
fect one  is  still  extant  beneath  the  chancel  of  Beaton  church,  Derby- 
shire. Towers  were  commonly  very  massive,  divided  into  two  or  three 
stories  by  the  rib- work  described  below ;  the  surface  being  also  divided 
hy  strips  of  similar  rib-woric,  and  having  at  the  angles  quoins  of  long- 
and-diort  work.  The  walls,  where  surmounted  with  a  spire,  or  rather 
spire-roof,  seem  to  have  mostly  had  a  gable-like  temaioation ;  of  this 
gable  termination  a  good  example  remuna  in  the  tower  of  Sompting 
church,  Sussex,  though  the  roof-spire  has  been  lowered.  Of  a  more 
elaborate  tower,  Earl's  Barton,  Northamptonshire,  is  one  of  the  most 
perfect  existing  examples.  Ttotn  their  solidity  of  construction,  the 
towers  have  proved  the  most  lasting  ports  of  Saxon  churches. 

Tb»  wotlff  were  usually  bnilt  of  ooarSe  lag-atone,  riibUe,  or  flhit, 
iiayiqg  as  bonding  at  the  ane^eS  oblong  quoins  aet  oltemstely  upright 
m4  horizpiltal,  sq  as  to  form  What  is  called  long^nd-Aort  work. 
i^luTow  ribs  or  strips  composed  of  alternately  long  and  short  ^4oea  of 
stouf,  projecting  a  few  inches  from  the  satlaoe,  are  csnled  Tertioally 
np  the  faoe  of  uie  wall,  and  have  been  varioasly  siq^ioaed  to  be  rude 
jiffiitationa  of  pilasten  or  of  tinfber-work.  The  pien  were  lo#  and 
tfaick.  The  arohes  are  either  triangular,  as  at  Brigstoek,  or,  as  is  more 
'oozmupn,  setnicirenlar.  Windows  ore  small;  mostly,  in  fact,  mere 
inarrow  openings.  Sometimes,  and  the  belfry-windows  commonly,  tiiey 
consist  of  two  semicircular-headed  windows,  divided  by  a  thick  and 
Toriously  shaped  balustet^shaft.  Ocoosipnally  these  double  windows 
are  eBc)ose4  within  an  arch  or  hood,  formed  of  the  pilaster  rib-work 
«bove  described :  engravings  of  all  these  varieties  will  be  found  in 
Bioxam  (ch.  hi.),  and  other  works  on  English  Qotlno  architecture. 
The  chancel  arches  srs  commonly  smsll  sod  qnita  i^ain,  or  have  at 
Hiast  a  moulded  hood  rudely  worked  on  the  face.  Doorways  have 
ather  semicircular  or  tdaogular  arohes :  the  former  spring  from  plain 
projecting  imposts,  and  are  encircled  with  a  hood  of  long-and-short 
lib-work  whion  is  usna^  eanied  down  to  the  ground. 

Jjlouldings  are  few  and  plain.  In  the  later  examples  semi-cylindrieal 
roU-mouldings  are  not  infrequent.  In  the  dder  churches  sculpture  is 
seldom  found ;  but  later,  rudely  carved  animals  and  flowers,  knot-work, 
Qpeek  crosses  in  relief,  and  other  omamenti,  ore  let  into  the  walls. 
The  imposts  from  which  the  ardies  qning  are  commonly  mere  rude 
massive  blocks  left  square  and  plain,  bat  they  ore  sometimes  moulded, 
aad  ve  oncaaionally  rudely  sou%itor«d,  as  at  Sompting,  Sussex.  Plain 
square  string-oonrsee  are  often  met  with;  and  inscriptions  seem  to 
have  been  not  nnootnmon.  The  distinctive  features  of  the  style  are, 
Viwever,  the  long-and-short  woric  of  the  quoins,  tiie  pilaster  rib-work, 
^  triangular  anhea^  and  the  baluster-afaaf^  of  the  belfry  windows  : 
the  other  portioalara  ore  not  infrequent  fai  early  Norman  work. 

&AXON  BLUE.    [CoLOUBiKO  MATtsics.] 

aAXON  LANQUAOE  AND  LITERATUHa  The  terms  Saxon 
and  Anglo-Saxon  are  popularly  used  to  designate  that  dialect  of  our 
language  which  prevailed  to  the  dose  of  the  12th  century.  The  use  of 
these  terms  is,  however,  comporativelv  modem,  and  the  men  who 
Bpoke  this  dialeet  always  called  it  the  English.  Several  of  our  Manu- 
script chicmicles  begin  thns : — "  Britain  island  In  eight  hundred  miles 
long,  and  two  hundred  miles  broad.  And  there  are  in  the  island  five 
languages,  uBngUA,  and  Brit- Welsh,  and  Scottish,  and  Pightish,  and 
Bo(dc-Latin,''  ke.  Still  .we  may  use  these  terms  witb  some  con- 
venience, and  (thus  cautioned)  without  am  danger  of  being  misled. 
We  proceed  to  point  out  the  peculiarities  which  distinguish  the  Anglo- 
Saxon  from  the  succeeding  dialects  of  our  language. 

The  Anglo-Saxon,  like  the  Latin  and  the  GFreek,  often  distinguished 
the  cases  of  its  noun,  ond  the  conjugations,  numbers,  and  persons  of 
its  verb,  by  a  ofaonge  in  the  vowel  of  the  final  syllable ;  in  the  dialect 
which  succeeded,  and  which  has  been  called  the  Old  English,  aH 
these  vowela  were  confounded,  and  in  our  modem  dialect  they  have, 
for  the  most  port,  been  lost.  Thus  the  Anglo-Saxon  ath  has  athat  m 
the  nomiastiye  and  accusative  plural,  and  a/Ae>  in  the  genitive  singular ; 
the  Old  English  otk  has  otha  not  only  for  ita  genitive  singular,  but  also 
for  its  nominative  and  aocusstive  plural ;  and  in  oirt  modem  English 
these  three  cases  ore  all  represented  by  the  monosyllable  oatkt,  Again, 
in  the  Anglo-Saxon,  aUie  was  the  dstfve  mngular,  and  atha  the  genitive 
plural ;  in  the  Old  English,  othe  represented  both  dative  singular  and 
genitive  plural ;  and  our  present  dialect,  having  lost  the  final  vowel, 
had  no  means  left  of  distinguishing  these  cases  from  the  nominative 
oaiH.  The  third  person  smgular  of  lufian  was  lufath,  and  tiie  first, 
second,  and  third  persons  plural  lufiath;  in  the  Old  Eng^h,  loreth 
represented  both  numbers,  and  Mth  is  t^e  third  penon  singular  in  the 
gnlien  language  of  the  present  day. 


We  say  "spoken  hmgtiage,"  because  our  gratmariant  make  eA  th* 
ending  of  the  third  peraon  singular.  But  in  Somersetshire,  west  of  tbs 
Porret,  where  the  southern  dialeot  still  lingers,  they  uniformly  say  ke 
lov'tK',  he  rtadrth,  health,  it  ram'th,  &&  (Jennings, '  Obsi  on  the  West. 
Dial.')  We  have  very  satisfaotoiy  evidenoe,  that  in  the  ISth  and  ntii 
centuries  this  dialect  was  general  throughout  the  south  of  England, 
and  we  find  numerous  traces  of  its  peculiarities  in  the  htamture  of 
that  period.  Dolman  wrote  the  following  paasags,  in  the  14th  een- 
tniy: — 

"  Bo,  mid  tlis  vale,  ths  greyhonad  aeeins  stert 
His  feartal  totfumfth,  bston  AtJUrVih, 
And  where  she  iwn'(h,  be  turn'Ot  hor  there  to  bears, 
The  one  prey  pricVtk,  the  other  safeties  fe&rc." 

itirr.  fir  Itag.    Baitiiigi. 

Spenser  has  mdfOi  and  hat  A,  sod  Ssckville  leap'lk.  It  is  probable, 
that  the  inflexion  used  by  the  tramlators  of  the  Bible,  anfl  which  is 
found  in  other  contemporary  works,  was  merely  on  old  form,  taken  from 
the  hragnage  of  books,  and  adopted  ohiefly  with  the  view  of  rtising  tiie 
style.  The  same  observation  will  apply  to  ta,  the  Inflexion  of  tbe 
second  person  singular,  and  to  some  other  endings^  which  are  Stffl 
preserved  entire  in  our  grammon,  though  they  have  lost  their  towel  ia 
the  spoken.hnguage,  tor  the  hurt  two  centuries. 

It  IS  obvious,  that  eitiier  of  the  dumges  above  fiotfeed  must  hava 
brought  witii  it  a  new  language.  When,  in  the  12th  eentnry,  the 
vowds  of  the  final  syllables  were  eonforlnded,  there  was  at  the  same 
time  a  confusion  of  case  and  number,  of  tense  and  peisod, — fai  short, 
of  those  grammaiicid  forma  to  which  hngnage  owes  its  precision  uA 
its  clearness.  A  writer  had  to  seek  for  new  forms  of  expression  before 
he  could  convey  his  meaning,  clearly.  As  he  iiod  lost  the  means  of 
distinguiriiing  several  cosee  of  his  noun,  he  called  in  the  ^positlomi 
to  his  aid,  and  to  i^ow  more  clearly  the  "  regimen"  of  Us  ssBteaee, 
was  obliged  to  confine  within  veij  narrow  limits  the  positioa  o(  his 
verb, — thus  abandoning  oU  that  freedom  of  ttansposition,  whidi  is 
almost  as  remarkable  m  the  Anglo-Saxon  as  in  the  Qredc  and  Latin. 
The  eonfnidon  introduced  into  his  conjugations  and  tenses,  he  Sought 
to  remedy  by  various  devices,  whidi  have  hitherto  been  vety  httle 
investigated,  siid  at  last  he  had  recourse  to  that  general  use  of  the 
auxiliary  verbs,  which  is  at  present  so  marked  a  feature  in  the  language; 
The  new  dialect  which  resulted  ^m  these  changes  ki^t  its  ground 
for  nearly  two  centuries.  It  exhibits  the  most  stnking  analoglee  with 
the  contemporary'dialeetB  of  Germany  and  the  Netherlands,  and  the 
further  changes  which  converted  it  into  our  modem  English  were 
rapidly  workmg  a  like  revolution  in  these  sister-tongues,  When  the 
invention  of  prmting  doubled  the  infiuence  of  their  written  hmguage, 
and  thus  preserved  them  from  further  corruption. 

In  tracing  the  causes  which  melted  down  the  Anglo-Saxon  into  fhA 
Old-English,  we  have  not  once  alluded  to  tiie  influences  supposed  to 
have  been  exercised  by  the  fVench  language.  The  popular  notions  on 
this  subject  are,  we  believe,  most  erroneous.  Had  Harold  been  the 
conqueror  at  Hastings,  the  Anglo-Saxon  must  hate  perished,  jtist  as 
the  Old-Qerman  perished  hi  Qennaay,  and  the  Old-Norse  in  Denmark. 
The  victory  of  William  merely  hastened  by  a  few  years  an  event  thsA 
was  inevitable.  The  use  of  Normao-Bomanee  as  the  court  language  ol 
England  rendered  unfashlon'hble  k  Btersture  already  too  weak  to  Stem 
those  changes  to  which  the  langtiage  of  a  busy  adventurous  peopleis 
peculiarly  liable ;  and  thus  far  the  Norman  conquest  may  be  ooBstdered 
as  having  assisted  in  the  destruction  of  the  Anglo-SaxotL  But  the 
vulgar  notion,  that  it  produced  a  mixed  kngnsge,  a  jargon  composed 
half  of  English  and  half  of  French,  is  wholly  at  variance  with  tfaa 
manuscript  literature  of  that  period.  The  Ormulum,  in  whidi  dl  the 
peculiar  features  of  the  OId-En(^h  are  devdoped,  and  not  a  troee  cH 
the  Anglo-Saxon  con  be  fonnd,  ia  almost  aa  f^<ee  from  CMlidtm*  as  any 
of  our  manuscripts  written  before  the  Normon-Frendi  existed.  1%e 
same  may  be  said  of  most  of  tiie  Old-Bngfidi  mantiseripta  of  the  18th 
century,  and  it  is  not  till  we  approach  the  latter  haU  of  the  14th  cen- 
tury that  we  find  those  "  cart-loads  "  of  French  words  poured  into  Ae 
language,  of  which  Skinner  oomplains  so  loudly.  We  mxtst  reluctantly 
agree  with  this  writer,  in  charging  upon  Chaucer  much  of  the  misdiin 
resulting  from  these  importations— not  that  he  first  introduced,  but 
that  his  authority  chiefly  sanctioned  them.  The  learned  but  pe<hjitla 
writers  of  the  Elizabethan  era,  and,  at  a  later  period,  Johnson,  follawed 
his  example. 

Having  noticed  the  changes  which  converted  the  Anglo-Saxon  into 
the  Old-English,  we  will  now  call  the  reader's  attention  to  a  subject  of 
rather  difficult  inquiry — Ith  local  dialects.  It  is  abundantly  clear  that 
the  Romans -looked  upon  all  the  Qothic  rooes  as  forming  but  one 
people,  and  as  speaking  the  same  language ;  but  a  Oomparison  of  the 
Anglo-Suon  with  tjie  Mceso-Qothic,  as  well  as  the  analogy  of  other 
languages,  may  convince  us  that  even  thus  early  there  were  dialects, 
and  these  dialects  have  now  been  acted  upon  by  various  influedces  for 
nearly  2000  years,  till  they  have  at  last  arranged  themselves  into  four 
great  families-~the  Northern,  the  English,  lite  Low-Dutdi,  and  the 
High-Dutch.  Now  we  have  ample  proof  that  the  Sexe  came  from  the 
south-western  comer  of  the  Oimbric  Cbersonesus,  and  that  they  were 
only  separated  by  the  Elbe  from  the  Netherlands,  or  flat  alluvial - 
country,  where  the  Low-Dutch  was  spoken.  We  know  also  that  the 
Engle  came  from  the  eastern  coast,  and  that  they  were  separated  from 
the  Danish  islands  merely  by  a  narrow  arm  of  the  sea.    We  mi^t 
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then  «zp«ot  tkat  in  the  oounties  oolcmiidd  by  the  Engle  we  ahoulc]  find 
many  peculiarities  Oi  the  Northern  languagea,  and  in  the  oounties 
ooloniaed  by  the  Sexe  much  that  reminded  us  of  tl^e  Netherlandiah  or 
Low-Dutch.  We  believe  the  Northern  and  Southern  dialects  of  our 
Uand  have  been  at  all  times  distinguished  by  such  peculiarities,  but 
■0  few  eazly  records  have  come  down  to  na  written  fn  the  pure  dialect 
of  our  utH&em  oounties,  that  it  is  only  by  comparing  tnem  in  thp 
second  or  (Md-Bnglish  stage  ofithwr  progress  that  we  con  form  any 
jost  notion  of  their  distinguiriung  features.  Peihaps  these  are  best 
seen  in  the  ponjiigation  aX  the  -veah.  The  following  table  may  show 
us  how  closely  the  inflexions  which  distinguish  our  northern  dialect 
agree  wi^  those  of  a  Swedish  conjugation : — 


Vns., 

loll  hop.* 

I       li«p.«s 

Jag  hopp-os 

f» 

ttio  hiip.art 

tha   hop-M 

da    bopp«i 

tt 

ht     hop-Mh 

h«     hop-es 

ban  hopp^i  ', 

n 

m    hRP-Mli 

w>    lufi-ei 

Tt    hopple 

n 

7«     Imp^tk 

ye     hpp-e« 

I      bopp.«iis 

the7lio|>.Mh 

(liex  boHis 

da    bopp.as 

P?rt, 

thn    hoped-e* 

da    boppad.es 

Impor^ 

hup^tbjn 

hop-ays 

Into., 

toliop.cn 

to  bop.* 

att   hopp.a* 

The  inflexions  in  <  are  generally  used  in  the  Northern  languages 
with  a  passive  meaning ;  and'  there  are  some  traces  of  their  having 
been  used  in  our  Northern  dialect  fqr  t)ie  suae  purpose. 

Another  peculiarity  of  our  Northern  dialect  is  the  frequent  use  of 
the  Butwtantival  ending  or  (in  wiuoh  it  agiun  resembles  the  languages 
of  Northern  Europe),  as  wilder,  a  wolf;  Aunilvr,  a  haunch;  teamer,  a 
team ;  heather,  heath ;  JUtchir, »  fletoh,  io, 

In  this  dialect  we  bare  also  a  less  frequent  use  oi  tha  articles,  con- 
junctions/and personal  pronouns.  This  is  one  of  its  most  striking 
leotuKS.  Bveiy  person  who  has  been  in  the  North  of  England  must 
lwi«  hattd  Budi  phtaaes  as  "  cone  out  o'  house,"  "gang  into  field,** 
"puVttinpoke/'Jko;. 

All  these  peouliaiities  ol  our  Northetn  dialect  may  be  traced  to  the 
Anglo-Sascn  period ;  and  then  is  little  doubt  that  the  most  striking 
featUT*  of  the  Southern  cUaleot,  namdy,  ita  preference  of  the  vocal 
to  the  whisper  letters,  as  z  for  *,  imdv  for  /,  is  equally  ancient.  It 
always  preyed  in  the  Nethedandish  dialects,  and  may  be  tntoed 
in  the  orthography  of  our  Southern  manuscripta  to  the  beginning  of 
the  13th  century;  buib,  as  the  Anglo-Saxons  hod  neither  a  v  nor  a 
t,  it  is  on]y  by  aoa|ogy  ^e  iqfer  the  existence  of  the  corresponding 
sounds  in  their  language.  The  argument  however  from  analogy  is  so 
jtemg,  that  wa  may  safely  condude  eit)ipr  that  the  Ai«glo-Saxo|i 
/,  t,  were  pronounced  in  our  souther^  counties  as  v,  z,  or  that,  like 
the  modem*,  they  represented  both  a  whisper  and  a  vocal  sound; 
in  o^er  woi^,  irere  p^poiiounced  sometimes  as  /,  «,  and  sometimes 
aa  V,  7. 

It  may  posaihiy  be  asked,  vpre  not  the  forms  here  ^ttnbut^  to  our 
Northern  dialect  introduced  by  {he  Dan^  ?  Are  they  not,  in  fact,  the 
peculiar  feature^  of  the  "  Dano-Saxon ! "  ~  We  will  not  i^ect  to  treat 
these  questions  as  altogether  without  difficulty  ;  but  there  are  some 
considerations  which  may  be  laid  concisely  oefore  the  reader,  and 
whifji,  if  Uiey  appear  toj  him  i^  forcible  as  they  appear  to  via,  may 
lead  hiqt  to  answer  these  questions  in  the  negative^ 

In  the  first -plac^,  it  must  be  remembered,  that  if  no  Dane  had  ever 
set  foot  on  the  island,  the  very  results  which  iave  taken  plooe  might 
))ave  been  expected.  It  is  also  an  argument  of  weight  that  we  find  all 
the  great  features  of  ouc  Northern  dialect  in  places  where  there  never 
was  a  Danish  settlemeq^,  and  vainly  search  for  them,  or  at  beat  only 
fiunt^  trace  them,  in  counties  where  we  have  historical  evidence  that 
the  Northmen  were  numerous.  But  the  strongest  argument  may  be 
drawn  from  the  pages  of  our  Northern  manuscripts.  We  have  two  of 
very  ancient  d«te — the  Gloss  of  the  Durham  Bible,  written  by  a  priest 
named  Aldre^,  and  the  puibani  Bitual,  published  by  the  fiurtees 
Society.  The  fiisi  of  these  was  written,  according  to  Wanlcty,  in  the 
sgo  of  Alfred,  and  the  second  1^  been  assigned  by  Its  editor  to  the 
early  part  of  ^e  9th  century.  If  we  c^  rely  on  the  judgment  of 
either  of  these  antiquaries,  the  (Question  seems  to  be  answered :  for 
there  was  no  Dnniah  settlement  in  tlie  north  of  England  till  a  later 
period :  and  we  have  the  Northern  conjugation  and  other  peculiarities 
of  the  Northern  dialect  in  every  page  of  the  Qloas,  and  in  many  parts 
of  the  BituaL  Tiio  ni^e  too  of  Aldred^is  thorougUly  English;  and 
we  can  hardly  suppose  that  the  monks  o^  Durham  would  nave  per- 
mitted a  rude  and  uijettered  foreigner  to  interpolate  their  most 
precious  manuscript — a  va|ufite  which  we  know  they  reg^ided  with 
even  superstitious  ven^raiion.  The  language  used  by  Aldred  was  pro- 
bably a  mixture  of  the  written  language  of  the  day  and  tbo.  spoken 
dialect  of  his  shire,  such  as  mig^t  be  used  by  a  provincial  ?mter  of  the 
present  day,  and  audi  as  was  avowedly  used  by  Gawin  Douglas  in  the 
iSth  century,  and  at  a  later  period  by  Bums. 

This  mixture  of  the  written  and  the  spoken  language  i^  qt|r  nutnu- 
scripts,  and  the  total  extinction  in  many  comities  of  our  local  dialects^ 
render  it  extremely  difficult  ^  point  out  the  limits  within  which  our 
two  great  dialects  were  spoken.  Layamon,  whose  language  seems 
clearly  to  belong  tp  th<|  Southern  oialeqt,  is  described  in  all  the 
faistoriv8,of  our  poetry  as  a  native  of  South  Gloucestershire ;  but  the 


localities  mentioned  in  his  poem  belong  to  the  nort}^  of  Worcester- 
shire ;  and  he  was,  beyond  doubt,  an  inhabitant  of  Areley-Begis  neqr 
Stourport  in  that  county.  It  he  used  the  dialect  of  the  neighbourhood 
(and  ttiis  must  be  assumed  till  the  oontrary  be  shown),  ^e  Southern 
dialect  must  have  prevailed  over  the  wbol^  of  Worcestershire,  and  the 
men  of  that  shire  must  have  been  Se^ e  in  oqgin,  and  not,  %b  hithertft 
supposed,  a  colony  of  Engle.  Perhaps  a  line  £awn  fro^  (he  north  o| 
Essex  to  the  north  of  Worcestershire  would  psetty  accurately  define 
the  portions  of  the  island  respectively  colonise4  by  Ihp  Eqgle  and  the 
Sexi-.  -  (    .  .    .-^ 

Tue  origin  of  the  Jlidland  dialect  may  admit  of  the  following 
explanation.  Neither  natural  obstacles  jtpr  politigal  divisiona  ntf 
separated  the  Northern  and  the  Southern  disMpts.  Dvril^  the  iUep- 
tarchy,  Glouceatepihire  and  Qxlorddiire  belonged  to  Mcroi*,  and  not 
to  the  kindred  race  of  the  Weet-Saxe;  and  wtiw  ttte  Dwm  held 
possession  of  the  north  of  Kngland,  the  shires  of  Wwwiok  and  North- 
ampton, and  generally  ^i  of  Leicester  also,  w«re  unUed  in  th«  dowofe 
ties  w^h  the  Southern  countiifis.  This  f^mnldp  sMtqs  to  ham 
led,  at  a  very  early  period,  to  the  uim  ol  an  inteniaediittg  dialee^  whifih 
woul4  q2tt|iraUy  be  encoiusged  by  th^  vast  numbens  ttwt  fiockad  ftom 
all  ports  of  the  country  to  the  w^versities.  Thg  '  Beve's  Tile'  aSortto 
us  a  spefiimau  of  the  ridicule  trhioh  attached  M>  the  foites  p{  Nortlum 
speech,  and  we  know  that  the  speech  o|  the  Sout^snt  was  trmtad  With 
just  as  little  eeremony  in  the  north  of  EDgUnd.  (S«e '  Townelc(y 
Mysteries.')  Ilence  we  may  uuder8tjui4  *^b  progress  wade  by  iMn 
intermediate  diolept,  and  are  prepared  for  the  opncluwon,  to  whidi 
we  are  led  by  an .  examination  of  our  Old-Eoglidi  nMitUoripta,  ab 
less  than  )>j  the  express  dedatation  Of  a  oontempoiary  philologist. 
Higden,  who  lived  in  the  1 4th  century,  ranges  pur  provintMl  dialeote 
under  three  heads,  the  Northern,  the  Midliuqd,  and  the  Southern ;  raip 
this  division  seems  to  have  bpen  gen^niUy  recognised  by  our  antiqua- 
ries, for  in  our  catalogues  we  find  some  manusoripte  ootioed  m 
belonging  to  our  Southwii  dialect,  others  u  belonging  to  the  Nortiian, 
while  many  of  them,  exhibiting  the  mivxad  pewliwitiea  of  ntither 
dialect,  are  passed  over  without  remark.  • 

The  change  which  gra<lually  produced  the  Midland  (UolMt  meat  pi» 
bably  first  wowed  itself  in  u>«  oounties  of  Northampton,  Warnlck, 
and  Leicester.  It  seems  to  have  been  brought  al>oui  not  ao  mudi  by 
adopting  the  peculiarities  of  Southern  speech,  as  by  giving  greater 
prominence  to  such  parts  of  the  native  diolaot  a«  vere  aommon  to  the 
South.  The  Southern  conjugations  must  at  tU  timaq  have  baan 
^uniliar,  at  least  in  Signified  composition ;  but  other  ooniugajticos  wette 
jpopvUar^i  ^sed,  and  in  tke  gradual  dimM  of  these  and  othar  fooms 
peculiar^  the  North'  the  oaanga  consisted.  We  have  many  maoo- 
scripts  written  in  the  Midland  conntias,  lin  which  ail  traca  ottiip 
Northern  dialect  seems  to  have  been  studiously  avoided ;  yet  in  very 
many  of  them  may  be  found  aoma  verbal  inflexion  in  es,  or  some 
other  popular  form,  quite  suffioieat  to  betray  Vbn  wntar. 

The  Northern  dialect  waa  stil}  broadly  qMken,  within  the  last  three 
centuries,  in  the  counties  of  Lincoln,  Rutland,  Derby,  lyid  Stafibrd; 
but  it  has  been  gradually  giving  way  before  a  language  so  much  more 
widely  understood,  till  it  is  now  to  be  found  only  in  scattered  localities 
amid  the  mountains  of  the  north  of  England,  or  in  the  lowlands  of 
Scotland.  The  Southeim  dialect  began  to  yield  at  a  latar  period.  It 
waa  certainly  spoken  at  the  beginning  of  the  17<3i  century  in  all  the 
counties  round  London.  For  gpecimeos  of  the  Middlesex  dialeot  saa 
Ben  Jouson's  '  Tale  of  a  Tub ;'  '  Lear,'  iv.  6,  furnishes  us  with  an 
example  of  the  Kentish  dialect ;  and  nearly  ^one  half  of  '  Qammar 
Gurton's  Needle'  is  writteni  in  th«  some  dialect  of  Essex.  ^ton,whaa 
he  issued  forth 

"To  breathe 
Among  the  pleasant  Villages  and  fornWf^ 

must  have  heard  a  dialect  around  him.  in  all  Maantial  particulars  tha 
same  as  the  Somersetshire. 

We  will  now  take  a  rapid  survey  of  the  literatura  which  belongs  t<t 
the  language  whose  history  and  peculiarities  we  have  been  endeavour- 
ing to  traoe.  As  in  the  case  with  the  literature  of  most  nations,  wa 
find-that  all  its  earlier  specimens  are  metrical.  We  will  therefore  first 
call  the  reader's  attention  to  our  Anglo-Saxon  poems  ;  and  tq  defina 
more  clearly  the  range  of  our  present  inquiry,  we  will  briefly  oiotica 
the  properties  which,  at  that  early  period,  distinguished  vene  from 
pros*. 

An  Anglo-Saxon  verse  is  made  up  of  two  sectioni),  which  together 
may  contain  four,  five,  six,  or  even  more  accented  syllables.  These 
sections  are  bound  togedier  ^by  the  law  of  alliteration,  or,  iq  other. 
words,  each  verse  must  have  at  least  two  accented  syllablea  (one  in 
each  secUon)  bej^nning  with  the  same  consonant  or  with  vowela. 
Sometimes,  and  particularly  in  the  long^  verses,  there  are  twq  sucl) 
alliterativfl  syllables  in  the  first  section,  as  in  the  versa 


wut  I  od  for  I  thjr  I 


I  \  ejanefraai  | 


It  is  very  incorrect  to  call  this  alliteration  the  "essence'*  or  tha 
"groundwork"  of  Anglo-Saxon  verse.  It  is  certainly  an  important 
part,  but  still  a  mere  adjunct.  The  purposes  it  served  were  aimilar  to 
those  which  are  provided  for  by  the  final  rhyme  (rf  our  moderii  vend- 
ficatioQ.  ^e  essence  of  Aqgio-Soxon  vaiaa  consisted  in  its  system  of 
rhythm.    As  the  accents  generally  varied  from  four  to  six,  it  msj  ba 
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ihouglit  thttt  the  rhythm  was  too  yague  and  looae,  but  in  practice  it  is 
generally  found  suffieient^  definite ;  and  there  are  some  of  its  rules 
-which  certainly  give  it  a  more  scientific  character  than  belongs  to  tde 
system  that  hm  superseded  it.  For  example,  no  sentence,  nor  any 
important  member  of  a  sentence,  could  end  otherwise  than  at  the 
doee  of  a  lection.  In  our  modem  poetawe  often  find  a  sentence  ending 
in  tiie  midst  of  a  Mction,  or  even  immediately  before  the  last  syllable 
of  the  Terse : — 

"Hlapeen 
Hare  fonal  |  him  gnU  |  tj — of  liigh-trea  |  son,    Uneb— 
He  apoko  and  learnedly  for  life,"  fto. ; 

but  such  a  Terse  would  not  have  been  tolerated  in  an  Anglo-Saxon 
poem.  We  may  indeed  find  scores  of  such  Terses  in  the  printed 
editions  of  these  poems ;  but  not  one  single  example,  and  we  speak 
adTisedly,  in  any  Anglo-Saxon  manuscript. 

The  '  Gleeman's  Song '  is  the  oldest  specimen  extant  of  Anglo-Saxon 
literature.  It  is  found  in  what  is  called  the  Exeter  manuscript,  one  of 
I  the  books  left  by  Bishop  Leofrio  to  his  cathedral,  about  the  middle  of 
Ithe  11th  century.  Of  the  Gleeman  himself  we  know  nothing,  save 
what  can  be  learned  from  the  poem ;  but  from  certain  passages  in  it 
lire  may  gather  that  he  was  bom  among  the  Mirgings,  a  tribe  which 
dwelt  on  the  marches  that  separated  the  Engle  from  the  Swefe  in  the 
4th  century.  In.early  youth  he  attended  a  Miiging  princess  name^ 
Ealhild  to  ihe  court  of  Eormanrio,  the  celebrated  king  of  the  East-Qoten, 
and  who  figures  so  often  in  Roman  history  under  the  name  of  Ermen- 
rious.  ('  Amm.  Marc.'  zxxi.  8,  &c.)  His  professional  skill  appears  to 
hare  gained  him  the  favour  of  this  monarch,  and  of  tile  great  lords 
.who  nequented  the  court,  and  whom  he  visited  in  their  respective 
•govemmeuta.  He  afterwards  accompai^ed  4  Mirging  prince  into  Italy, 
'jirobably  during  the  inroad  of  Alaric,  a.d.  401 ;  and  oS  Gothic  leaders 
^«r6  now  rapidly  guning  a  footing  in  the  empire,  he  seems  to  have 
iadiedthe  opportunity  <a  wandering  through  its  provinces.  On  his 
ivtom,  he  must  have  been  an  eye-witness  of  the  wars  waged  between 
'JBtt»  (AttiUk)  and  the  East-Goten  ;  and  as  .£tla's  accession  dates  only 
in  488,  and  Eormanrio  died  in  S7S,  he  must  have  been  more  than 
oerenty  when  he  wrote  the  poem. 

The '  Gleeman's  Song,'  like  many  other  Anglo-Saxon  poems,  has  a 
short  preface  in  Terse,  which  appears  to  be  of  abnoat  equal  antiquity 
with  the  poem. 

Then  follows  a  list  of  celebrated  kings,  from  which  the  Gleeman 
•electa  for  spedal  notioe  Alexandreos,  who  appears  to  be  Alexander  of 
iKacedon,  and  Wala,  who  is,  no  doubt,  the  WalUa  that  founded  the 
adngdom  of  the  Visigoths  at  Toulouse,  a.d.  417.  With  the  exception 
«f  Alexander,  all  of  tiiem  appear  to  havt  been  the  Gleeman's  contem- 
porariea.  After  this  enumeration  he  proceeds — 
I 
"  80 1  ftured  through  many  stranger  lands, 

Tbnngh  the  vide  earth  ;  of  good  ud  evil  1 

Vhers  I  taalad ;  from  family  parted,' 

From  kinsmen  far,  widely  I  did  my  rait— 

Therefare  may  I  sing,  and  story  tell, 

B^te  fore  the  crowci,  in  mead-hall. 

How  me  the  high-botn  with  largess  bleat. 

I  was  with  the  Hnns,"  &c. 

We  have  th^t  the  names  of  nations  and  of  countries  Tisited  by  him, 
which  appear  to  be  strung  together  in  the  order  best  suited  to  the 
allitenuon.  There  are  also  certain  notices  of  the  great  people  by  whose 
bounty  he  had  benefited,  and  the  reader  will  not  be  surprised  at  the 
Gleeman  seeing  only  a  liberal  patron  in  the  same  monarch  (Eormanrio) 
■  whom  the  author  of  the  preface  denounces  as  "  a  wrathful  treachour." 
The  whole  concludes  with  a  short  eulogy  on  the  dignity  and  privileges 
of  hisoraft 

The  great  value  of  this  poem  lies  chiefly  in  that  string  of  names, 
which  wo  have  omitted  as  being  so  little  interesting  to  the  general 
reader.  We  do  not  stop  to  examine  the  question,  wheUier  any  or  how 
many  of  these  notices  have  been  interpolated  during  the  five  centuries 
which  elapsed'between  the  composition  of  the  poem  and  the  writing 
of  the  manuscript.  Our  kntwledge  of  early  Saxon  history  is  so  scanty 
tiiat  all  such  speculations  must  be  hazardous.  But  we  may  observe, 
that  the  Scriptures  had  been  translated  into  a  Gothic  dialect  long 
before  the  Gleeman  began  his  wanderings,  and  we  know  from  Roman 
history  that  during  the  4th  century  nearly  one-half  of  the  Gothic 
tribMwere  Christians.  We  need  not  therefore  necessarily  feel 
suspicion,  when  we  read  of  the  Assyrians  and  the  Persians,  the  Jews 
and  the  Idumseans ;  they  may  have  been  as  well  known  to  the  Glee- 
man as  to  the  Saxon  monk  who  transcribed  the  manuscript.  The 
chief  interest  however  attaches  to  the  mention  of  the  various  Gothic, 
Slavish,  and  Finnish  races.  In  tracing  their  history,  the  '  Gleeman's 
Son^'iathe  great  link  which  connects  the  knowledge  gained  from 
Latm  sources  with  the  information  gleaned  from  Sie  Middle-Age 
ehroniole.  In  many  instances  it  furnishes  the  only  means  of  penetrat- 
ing the  mystery  which  surrounds  these  races.  There  are  tribes,  still 
to  be  foood  between  the  Wolga  and  the  Vistula,  which  we  can  identify 
""Sli  1*"  .""°*^  "V  *^  Gleeman,  and  thereby  prove  to  have  had  a 
pohttcal  existence  fourteen  hundred  years  ago,  of  whom  hardly 
■aouMr  trustworthy  memorial  can  be  found,  till  vrithin  the  lost  two  or 


three  centuries.  The  helps  which  it  affords  us  in  unravelling  the  web 
of  Gothic  fiction  are  also  most  valuable,  and  may,  if  rightly  taken 
advantage  of,  save  us  from  much  of  that  speculation  in  which  German 
scholars  have  indulged  so  largely. 

There  are  two  ot^er  poems,  which  must  have  been  composed  before 
the  Engle  left  the  Continent,  the  "  Battle  of  Fins-buigh,"  and  the 
'  Tale  of  Beowulf.'  The  first  of  these  is  a  mere  fragment,  sad  appears 
to  have  belonged  to  one  of  those  historical  songs  which  Tacitus 
('  Germ.,'  2)  represents  as  the  only  literature  of  the  ancient  Germans. 
The  other  is  chiefly  taken  up  with  the  relation  of  two  of  Beowulf's 
adventures:  the  first  against  a  monster  called  the  'Grendel;'  the 
second  against  a  terrific  "  worm,"  or  "  earthdrake."  The  poem  has 
come  down  to  us  in  a  modernised  form,  and  the  mixture  of  Christian 
and  heathen  notions  is  sometimes  singularly  curious.  For  the  most 
part,  the  nature  of  the  subjeot,  and  the  marked  change  that  takes 
place  in  the  rhythm,  enable  us  to  lay  our  finger  on  the  very  line  where 
the  interpolation  begins.  The  following  is  one  of  the  attempts  to 
reconcile  the  old  superstitions  and  the  new  creed ; — 

"The  grim  stranger  was  Grendel  hight — 
Mighty  pacer  of  the  March  ;  irho  held  the  moor^ 
Fen  and  Eistness — land  of  the  lifel-kin. 

Tho  hapless  man  long  had  kept  it, 
Sithen  Us  Maker  him  had  doomed. 
On  Cain's  kin  the  slaughter  arengcd 
The  eternal  Lord, — for  that  hf  Abel  slew ; 
For  Joy'd  he  in  that  feud,  bnt  him  out-drava 
Bis  Maker,  for  tho  sin,  far  from  mankind. 
,  Thence  evil  births  all  proceeded,* 

Ettyns,  and  Elrn  and  Orknees ; 
80  too  the  Giants,  that  vith  God  fought 
A  long  throw — for  It  he  paid  them  meed  t " 

The  Qotihs  seem  to  have  peopled  every  solitude  with  a  race  of 
monsters  called  the  Fifel-kin.  The  sea,  the  moor,  the  fen,  the  march, 
or  desert  track  which  surrounded  'the  territory  of  every  Gothic  tribe, 
were  their  dwelling-place.  The  battle,  by  which  0£&  settled  the 
marches  between  the  Engle  and  the  Swede,  was  fought  at  Fifel-door 
(see  '  Gleeman's  Song'),  and  Alfred,  when  be  brings  his  hero  from  Troy, 
launches  him  on  Fifel-stream,  that  is,  the  monster-deep.  Ettyns  were 
long  remembered  in  our  popular  superstitions  : — 

"  They  say  the  king  of  Portugal  cannot  sit  at  his  meat,  bnt  the  giants  and 
«t(yfu  will  come  to  snatch  it  from  him." 

Beaom.  and  Fl.  KmgU  of  th»  Burning  Pt$tU. 

Elves  still  live  in  our  poetry ;  and  genuine  Gothic  giants  (notwith- 
standing the  worthy  monk  tried  hwd  to  convert  them  into  rebel 
angels)  still  terrify  or  amuse  the  nursery.  The  Orknees  are  probably 
the  same  monsters  as  the  Orks  of  the  Italian  romancers. 

Some  of  the  oldest  pieces  of  poetry,  written  after  the  removal  of  tho 
Eng^o  to  this  country,  and  now  extant,  are  the  songs  of  Csedmon.  The 
oircumstanoes  which  first  called  forth  the  talents  of  this  poet  ore 
related  by  Bede ;  and  as  he  must,  have  known  many  of  Csedmon's  oon- 
temporanes,  his  account  may  be  looked  upon  as  a  simple  narratiTe  of 
facts.  Ca;dmon,  it  appears,  was  neatherd  to  the  monastery  of  'Whitby, 
then  under  the  government  of  its  first  abbess,  the  celebrated  Hild. 
One  day  at  supper,  as  the  harp  was  passing  from  hand  to  hand,  and  it 
came  to  his  turn  to  amuse  the  company,  he  stole  from  the  room  in 
one  of  those  fits  of  diffidence  which  so  often  overtake  the  sensitive 
poet.  As  he  slept  in  the  neathouse,  somi  one,  he  thought,  encouraged 
him  to  sing,  and  the  song  he  composed,  and  which  was  next  day 
repeated  to  an  admiring  audience,  established  his  reputation  as  a  poet, 
and  gained  him  the  patronage  of  the  ab'bess.  He  became  a  monk :  was 
looked  upon  as  one  who  had  received  the  gift  of  song  from  above ;  and 
on  his  death  his  body  was  enshrined,  and  valued  as  one  of  their  most 
precious  relics  by  the  monks  of  Whitby. 

Only  six  of  Ccedmon's  poems  have  reached  us.  The  subject  of  the 
first  is  the  Creation ;  that  of  the  second,  the  Temptation  and  Fall,  to 
which  is  added,  rather  inartificially,  a  narrative  of  the  events  recorded 
in  Genesis,  to  the  offering  of  Isaac  ;  the  third  relates  the  Exodus ;  the 
fourth,  the  story  of  Daniel ;  and  the  Torments  of  tho  Damned,  and 
Christ's  Harrowing  of  Hell,  followed  by  his  Ascension  and  Glory,  are 
the  subjects  of  the  other  two.  Bedo  tells  us  that  he  also  wrote  on  our 
Lord's  Incarnation  and  his  Passion,  as  also  on  the  Advent  of  the  Holy 
Ghost,  and  the  teaching  of  the  Apostles.  What  remains  is  equal  in 
length'  to  about  one  hsJf  of  the  '  Paradise  Lost.'  [C^okon,  in  Bioo. 
DiT.]  ■ 

We  have  called  the  'Battle  of  Fins-burgh'  an  historical  poem  : 
another  poem  of  the  some  class  was  written  on  the  death  of  Byrthnoth, 
who  bravely  fell  in  resisting  one  of  the  Danish  inroads,  a.d.  993. 
Works,  now  lost,  were  written  in  the  11th  century,  by  Leofric,  Here- 
Ward's  chaplain,  on  tiie  warriors  of  our  early  histoiy;  and  the  songs 
commemoratire  of  Hereward's  exploits,  which  Ingulf  te'la  us  were  in 
his  day  so  popular,  were  probably  written  by  the  same  hand.  There 
can  be  little  doubt  also  that  many  of  the  Old -English  romances,  aa 
'  Hom,'  •  HaTelok/  '  Bevis  of  Southampton,'  '  Guy  of  Warwick,'  fta, 
are  mere  adaptations  of  Anglo-Saxon  poems.  Occasionally  the  subject 
was  taken  from  foreign  sources,  of  which  the  '  Tale  of  Judith,'  pro- 
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Itbly  written  in  tlie  10th  eenttuy,  aSbrds  a  gplendid  example.  The 
'Tile  of  ApolloniuB  of  Tyre'  ia  in  prose,  and  a  mere  translation  from 
tiie  Latin. 

There  are  other  songs  preserved  in  our  chronidee,  and  closely  allied 
to  those  last  mentioned,  but  which  are  much  shorter,  and  partake 
more  of  the  lyrical  character.  Among  them  may  be  enumerated  the 
Brunanburgh  war-song,  Edgar's  coronation  song,  the  two  songs  which 
commemorate  the  death  of  this  monarch,  and  the  elegy  written  nn  the 
death  of  the  Confessor.  The  first  and  last  of  these  are  among  the 
noblest  specimens  of  Anglo-Saxon  poetry.    ' 

A  great  deal  of  Anglo-Saxon  verse  was  written  during  the  11th 
oeotuiy.  One  of  the  writers  seems  to  have  been  called  Deor.  His 
name  occnra  in  a  poem  which  exhibits  many  difficulties  of  construction, 
and  perhaps  some  blunders  of  transcription ;  but  it  may  be  gathered 
that  he  was  wop  or  minstrel  to  the  Danish  princes  who  succeeded 
Knut,  and  he  appears  to  have  lost  his  place  at  court  when  the  Con- 
fessor mounted  the  throne  of  England.  The  name  of  Cynewulf  has 
also  been  extracted  from  certain  poems  found  in  the  Exeter  and 
YarcelU  manuscripts.  It  was  hid  in  a  kind  of  riddle,  similar  in 
diaracter  to  our  modem  acrostic.  He  was  probably  the  oompiler  of 
the  two  manuscripts,  and  may  have  been  the  authw  of  much  of  the 
poeby  which  they  contain. 

But  the  noblest  relio  of  this  period  is  the  Ftelter  published  by  the 
UniTersity  of  Oxford,  from  a  manuscript  preserved  in  the  '  Biblio- 
thdque  du  RoL'  In  the  first  part,  each  psalm  has  an  Anglo-Saxon 
translation  in  prose ;  and  also  a  preface  giving  some  account  of  its 
history,  general  scope,  and  tendency.  The  translation  often  para- 
phrases the  Latin,  so  as  to  show  more  elearly  its  doctrinal  or  prophet- 
ical meaning :  but  from  the  60th  Psalm,  the  translation  is  metrical, 
and  though  generally  literal,  exhibits  many  cases  of  glaring  miscon- 
ttmction.  l%e  pre&ces  also  disappear,  and  the  whole  seems  to  be  the 
work  of  a  man  very  slenderly  provided  even  with  the  rudiments  of 
learning.  This  deficiency,  however,  may  now  be  considered  as  amply 
compensated  for  by  the  high  character  of  the  poetry.  Some  of  the 
paalms  are  translated  wit]^  a  terseness  and  also  an  elegance,  which 
place  the  translation  far  above  any  of  our  modem  versions,  and  there 
is  occasionally  a  Miltonio  sweep  of  language,  that  has  not  often  been 
siupaased  even  in  the  choicest  specimens  of  our  sacred  poetry. 

A  note  in  the  mannseript  infonns  tis  that »  priest  named  Wulfwin 
Cad»  "  wrote  it  with  his  own  hand "  (manu  bu&  oonscripsit).  We 
think  it  extremely  probable  that  Wulfwin  copied  from  some  manu- 
script the  prose  vetsion  as  far  as  it  went,  and  then  drew  on  hia  own 
resources.  There  are  numberless  instances  of  transcribers  altering  and 
continuing  the  work  they  were  copying.  Most  of  our  manuscript 
chronicles  were  transcripts  up  to  a  certain  date,  and  were  then  con- 
tinued as  original  compositions.  The  verb  eomeriptit  shows  it  was  a 
eompilatien ;  and  if  Wulfwin  had  before  him  a  metrical  translation,  he 
would  hardly,  with  that  passion  for  stately  language  so  common  among 
his  oountnrmen,  have  postponed  it  to  the  prose  version.  To  Wulfwin 
Cada  we  think  may  fairly  be  ascribed  both  the  faults  and  the  merits  of 
the  metrical  translation. 

Among  the  moat  important  prose  works  of  our  Saxon  literature 
must  be  raziked  those  extraordinary  compilations  which  are  conmionly 
called  (as  if  they  constituted  but  one  work)  the  '  Saxon  Chronicle.' 
The  earliest  copy  of  a  Saxon  Chronicle  now  extant  is  the  Plegmund 
Uanuacript,  in  the  library  of  Corpus  Christ!  College,  Cambridge.  It  is 
written,  as  Wanley  observes,  in  the  same  hand  to  the  year  891,  and  in 
liands  equally  ancient  to  the  year  924.  After  that  date  it  seems  to 
have  been  continued  and  interpolated  by  various  transcribers,  whose 
notices  of  Clirist  Church,  Canterbury,  leave  little  doubt  that  the 
Tolame  was  onoe  the  property  of  that  cathedraL  As  Plegmund  was 
consecrated  archbishop  in  890,  and  died  in  928,  it  has  been  inferred 
■that  the  original  text  was  compiled  by  his  order,  and  continued- 
from  time  to  time  under  his  direction.  The  internal  evidence  favours 
this  suppodtion.  The  notices  which  it  contains  respecting  the  opera- 
tions of  Alfred  and  his  immediate  predecessors  could  hardly  have  been 
furnished  by  any  but  those  who  were  present  at  them,  and  were 
probably  the  substance  of  conversations  which  had  passed  between  the 
prolate  and  the  king. 

The  next  copy,  in  point  of  time,  is  the  Dunstan  manuscript  in  the 
British  Museum.  This  is  als»  a  Canterbury  manuscript,  and  appears 
to  have  belonged  to  St.  Austin's  Abbey.  It  is  written  throughout  in 
the  same  hand,  and  ends  in  the  year  977.  As  Dunstan  was  then  arch- 
bishop, and  as  the  Iiandwriting  resembles  that  of  other  manuscripts 
ascribed  to  him,  he  has  lieen  luuned  with  some  degree  of  confidence  as 
the  transcriber.  However  tliis  may  be,  it  must  have  been  written  by  a 
man'  of  seholarlike  attainment.  We  have  only  to  compare  the  passages 
which  relate  to  the  period  after  Plegmund's  death,  with  the  corre- 
sponding pasrages  in  the  Christ  Church  manuscript,  to  seojat  onoe  its 
superiority.  This  is  particularly  striking  in  the  poetical  portions.  The 
noble  ode  on  the  batUe  of  Brunanburgh  would  have  remained  for  ever 
mutilated,  and  in  parts  unintelligible,  but  for  the  copy  preserved  in 
the  Dunstan  Chronicle. 

Besides  these  two  chronicles,  we  have  a  Worcester,  an  Abingdon, 
another  Canterbury  Chronicle,  and  a  fonrth,  which  appears  to  have 
been  written  at  Peterborough.  It  has  been  inferred  (chiefly  for 
reasons  connected  with  the  handwriting)  tliat  those  were  compiled 
respectively   in  the  years  1016,  1048,  1058,   and  1125.      We  have 
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also  divers  transcripts  and  collations  made  by  Lambarde,  Jui^us 
Jo88elyn,and  other  antiqxiaries  of  the  16th  and  17th  centuries,  some  of 
which  were  evidently  token  from  manuscript  authorities  no  longer 
extant.  Josselyn  appears  to  have  had  in  his  possession  a  second 
Peterborough  Chronicle ;  and  Lambarde's  transcript  in  Trinity  College, 
Dublin,  is  thought  to  have  been  made  from  an  ancient  manuscript 
which  perished  in  the  fatal  fire  thot  destroyed  so  many  of  our  Cotto- 
man  treosures.  The  Plegmund,  the  Dunstan,  the  Abingdon,  and  the 
ancient  chronicle  transcribed  by  Lambarde,  all  began  with  Ctesar's 
invasion.  The  Worcester,  Peterborough,  and  latest  Canterbury  manu- 
scripts begin  with  a  description  of  Britain,  extracted  chiefly  from  Bedo 
andOraeiu& 

The '  antiquaries  of  the  leth  and  17th  centimes  seem  to  hsTS 
assumed  that  the  Anglo-Saxon  monasteries  kept  a  regular  Mcoid  of 
contemporary  events;  and  there  are  certainly  groundi  for  bdievimt 
that  roisters  of  a  certain  kind  were  really  kept  by  them.  Bede% 
'History'  (iv.  14)  has  been  referred  to  in  proof  of  this.  He  tells  us, 
that  in  the  year  681  a  boy,  who  was  an  inmate  of  Selsey  Abbey,  WM 
seized  with  the  plague,  which  was  then  desolating  the  countiy.  As 
the  poor  lad  was  lying  on  his  bed,  he  was  accosted  by  two  angel. 
visitants,  who  bade  him  tell  the  frightened  monies  that  i^e  plague 
.would  spread  no  farther,  that  it  been  stayed  by  the  prayers  of  Oswald, 
of  whose  death  that  very  day  was  the  anniversary.  "  Let  Ihem,"  said 
Saint  Peter,  for  no  less  a  person  is  the  speaker, "  search  in  their  books 
(in  suis  codicibus)  in  whidi  are  recorded  the  deaths  of  deceased  persona 
(defunctorum  depositio),  and  they  will  find  that  on  this  day  he  wss 
taken,"  ftc.  The  abbot,  we  are  told,  believed  the  boy's  words,  sad 
straightway  went  and  searched  in  his  clironicle  (in  Annali  suo),  and 
found  that  on  that  very  day  King  Oswald  had  been  slain,  Ac  Here 
reference  seems  to  be  made  to  some  public  register  of  the  convent; 
and  this  register,  or  the  earlier  manuscript  it  was  copied  fron^  seems  to 
have  furnished  materials  for  the  Peterborough  Chronicle. 

"  An.  642.  Now  was  Oswald,  king  of  the  Northhymbre,  slt^,'  Ac., 
"  upon  the  Haser-field,  on  the  day  called  the  nones  of  August,"  &c. 

The  mention  of  the  day  on  which  an  /event  occurred,  is  rare  in  our 
chronicles ;  it  is  therefore  probable  that  we  have  here  the  very  passage 
which  the  worthy  monk  was  sent  in  search  of. 

That  there  were  also  pubUo  (or  perhaps  we  might  say  national) 
registers,  in  which  were  recorded  the  accessions,  ftc.  of  the  kings,  we 
also  gather,  from  the  same  venerable  historian.  We  are  told  ('  Hist.' 
iii.  4),  such  was  the  horror  excited  by  the  cruelties  of  the  Welshman 
Ceadwalla,  and  the  apostacy  of  the  Northumbrian  kings,  that  "  it  was 
resolved  upon  by  all  who  had  to  reckon  Uie  chronology  of  the  kings 
(regum  tempora  computantibus)  that  the  memory  ot  the  faithless 
kings  should  be  blotted  out,  and  the  year  assigned  to  the  reign  of  the 
the  king  next  foIlowii)g,"  &c.;  and  he  elsewhere  adds,  with  studied 
phraseology,  "  unanimo  omnium  consensu  firmatmn  esty" '  Hist.,'  iii.  9, 
In  the  Chronicles  we  have  the  entry  :— 

"  An.  684. And  Oswald  also  took  to  the  kingdom  of  the  North* 

hymbre,  and  he  reigned  ix.  winters.  They  assigned  him  the  ninth,  on 
account  of  the  heathenism  which  they  practised  who  reigned  the  one 
year  between  him  and  Eadwine."    - 

Here  we  find,  within  a  century  after  Ida  landed  at  Bamborong^  a 
register  kept  of  the  Northumbrian  kings,  and  general  interest  eicited 
as  to  the  entries  made  in  it.  From  details  mentioned  by  Bede,  Hid 
which  could  only  have  been  supplied  by  written  documents,  it  is  dear 
that  these  historical  notices  r«ushed  to  the  times  of  psganism.  They 
must  have  been  originally  written  in  English,  and  wiw  Runes,  tiioae 
anoient  characten  which  were  only  partially  given  up  when  Chris- 
tianity introduced  the  literature  of  Rome,  and  miich  occasionally  make 
their  appearanoe  in -our  manuscripts  to  the  end  of  the  11th  century. 
[Runes.]  A  too  literal  translation  of  these  venerable  documents,  nd 
doubt,  introduced  the  many  AngUeitmt  to  be  found  in  the  wmks  of 
Bede,  and  even  of  the  Welslunen  Nennius  and  Asser.  On  this  ground 
only  can  we  account  for  the  intrusion  into  the  pages  of  scholars  like  the 
first  and  last  of  these  writers,  of  such  phrases  as  "  vict^riam  sumpsere* 
(sige  namon,  AiL-Sax.),  "  loco  funeris  dominati  sunt "  (ahton  wnlstow* 
geweald,  An.-Sax), &c. 

With  these  materials  at  hand,  we  may  readily  understand  the  course 
followed  in  the  compilation  of  our  early  chronides.  Who  were  the 
parties  that  continued  and  interpolated  these  chronicles,  is  a  question 
very  di6Scult  to  answer  satisfactorily.  Archbishop  Elfric,  Saint  WuU- 
stan,  Hugh  Wliite  the  monk  of  Peterborough,  and  others,  have  been 
named,  with  more  or  less  of  confidence,  by  different  critics.  For  our  own 
parts,  we  could  never  resist  a  feeling,  ahncet  amounting  to  conviction, 
that  the  character  of  William  was  the  work  of  the  venerable  Wulfrtan. 
It  begins  thus : — 

"  An.  1087. If  any  wish  to  know  what  manner  of  man  he  was, 

or  what  state  he  held,  or  of  how  many  lands  he  was  lord,  then  will  we 
of  him  write,  as  we  him  knew,  we  that  have  waited  on  him  (the  him 
onlooodon),  and  otherwhilee  in  his  court  have  wonned,"  &o. 

There  were  few  English  churchmen  at  the  close  of  William's  reign 
who  could  put  forth  Uiis  claim  to  the  confidence  of  their  reader,  and 
still  fewer  that  could  have  drawn  William's  character  with  the  freedom 
and  at  the  same  time  with  the  Christian  feeling  that  distinguishes 
the  whole  of  this  noble  composition.  Wulbtan  was  at  that  time  the 
only  English  bishop ;  and  when,  after  describing  the  cruelty  and 
stemnesB  of  the  king,  he  odds  the  prayer, "  may  the  Almiglity  Qod 
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'haw  to  hti  lonl  mercy,  and  grant  him  of  bia  sins  forgiveneas  I "  who 
^oe«  not  leel  that  the  moral  qualitiei  of  the  writer  were  aa  eminent  aa 
the  opportunities  enjoyed  or  the  talenta  that  improved  them  T 

AmongAnglo-Saxon  prose  writera,  we  miut  not  forget  the  name  of 
Alfred.  Hia  diief  worlu  are  tranalationa  from  the  liatin,  and  of  these 
the  most  remarkable  are  hia  veraiona  of  Bede,  Oroaiua,  and  Boethiua. 
Certain  veraea  of  the  last-named  author  he  has  also  paraphrased  in 
veraei  Among  what  may  be  termed  hia  original  works,  are  bis 
accounts  of  the  voyagea  of  the  two  Northmen  WuUstan  and  Ohthere, 
which  w^  inaerted  in  Eakluyi's  collection,  and  have  been  the  aubject 
oJE  so  mUfh  comment  and  criticism. 

Archbishop  WuUstan,  better  known  by  Uie  name  of  Lupus,  was  a 
T<dHininpna  writer  of  homilies.  Ha  was  transkited  from  Worcester  to 
Xotk  in  1003,  and  must  be  carefully  distinguished  from  the  Saint 
WuUatan  alr^dy  mentioned.  A  stul  more  celebrated  divine  was 
■^EUiit,  the  great  champion  who  lad  the  fjnglish  church  in  its  r»- 
^stiMica  U>  the  Bomish  innovaUons  of  the  11th  century.  As  might 
have  bean  expected,  his  authority  was  appealed  to,  and  with  powerful 
aSiect,  bv  the  biands  of  the  Beformation.  One  of  Archbiahop  Parker's 
worka  la  entitled  'A  Testimony  of  Antiquity,  showing  the  ancient 
Faith  of  the  Church  of  England,  ko.,  being  a  Sermon  translated  out  of 
Latin  into  English  by  Murie,  abbot  of  St.  Alban's,'  &c.  It  required 
all  the  ezertione  of  the  new  theologioal  school  founded  by  Lanfranc 
{tad  Anselm  to  keep  tmder  the  principlas  so  deeply  sown  by  .£lfric, 

We  wUl  close  this  notice  of  Buon  literature  by  observing  that  the 
influence  it  haa  exercised  upon  .the  modem  literature  of  the  country 
{has  been  much  undeixatfld,  Witliout  maintaining,  as  some  authors 
Ikave  don^,  that  Milton  diligently  studied  Cmdmon,  yet  we  do  not  fear 
to  assert  that  some  favourite  images,  snd  even  certain  terms  of  ezpras- 
•ion,  may  be  traced  through  our  literature,  century  after  century, 
tttaa  the  pagea  of  the  Saxon  $eop  to  those  of  Spenser  and  of  Shakspere. 
(The  mistaken  criticism  irtiich  some  of  these  have  called  forth  might 
afTeitl  matter  for  instruotivs  ^mmant ;  and  aerve  in  some  measure  to 
.  jteach  us  the  value  of  a  literature  which  has  been  so  much  neglected. 

SAXONS  is  the  name  of  a  branch  of  the  Qerman  nation.  Their 
name  is  derived  by  some  from  that  of  the  Saoes  on  the  Indus,  by 
jothers  from  $tx,  a  weapon,  probably  of  the  nature  of  a  stone  axe,  and 
by  others  it  is  traced  to  the  work  tanm,  that  is  '  settled,'  in  oontra- 
dlfrt^tion  from  those  Oennan  tribea  who  led  a  sort  of  nomadio 
life.  The  earliest  wiiteni  who  mention  the  Sazona  describe  them 
W  neii^bottn  of  the  panes,  south  of  the  Cimbrian  Chersoneeua. 
('  Oeogr^b.  Bavennas/  iv.  IZ.)  Ptolanueus  also  speaks  of  the  islands 
of  the  Salons,  which  were  proiiabbr  the  modem  islands  of  fUderstedt, 
^Tardstiand,  Wicking  Haraa,  and  Biiking  Harde.  Orosius  (vil'32> 
Mjs  (bat  they  inhabited  a  mitrahy  oountiy  which  was  almost  inaocee- 
swle  to  straneen.  Towards  the  south-west  they  seem  at  fir«t  not  to 
aave  extended  beyond  the  Elbe.  Tacitus,  though  he  speaks  ef  the 
'Angli  and  Varim,  who  must  have  been  dose  nei^^bours  to  the 
Saxona,  does  not  mention  them. 

The  similarity  of  their  language  to  that  of  the  Persians  and  ancient 
JnHiuiB  affords  rfaeon  for  believing  that  the  Saxona  were  of  eastern 
origin;  but  how  and  when  they  came  to  occupy  the  north-western 
extremity  of  Qeimaiiy,  are  questions  which  history  cannot  answer. 
tCbns'muoh  only  ia  ootain,  that  at  first  they  occupied  a  great  part  of 
the  country  between  the  Elbe  and  the  Cimbrian  CherscHiesua;  but 
when,  during  the  mipation  of  the  barbarians,  the  neighbouring  tribes 
ghanged  their  countries  and  migrated  towarda  the  aouthi  the  Saxons 
Ukewise  began  to  extend  in  the  same  diredaon,  and  at  last  we  find 
them  Qooupying  the  country  bstweeo  the  Elbe,  the  iUune,  the  Lippe^ 
and  the  Qerman  Ocean.  This  extensive  tract  of  land  ia  called  by 
Angb-Saxon  writera  Old  Saxony,  to  distinguish  it  from  New  Saxony, 
or  England. 

In  the  3rd  century  the  Saxona  often  Umded  on  the  ooests  of  England 
and  France,  and  ravaged  the  maritime  districts ;  but  about  the  middle 
of  the  6th  century  (449)  a  large  body  of  Saxons  and  Angles  established 
Bermauent  aettlsments  in  tbia  island.  The  Angles,  however,  seem  to 
have  prevailed  in  numbera  or  influenoe,  for  it  was  they  that  gave 
the  name  to  their  new  country.  Angel-land,  Anglia  (ESn^and),  though 
it  was  sometimes  called  Saxonia  Trao^aiina.  Tiie  name  Anglo- 
Saxons,  which  comprises  both  Angles  and  Saxons  [AiroLxa  and 
Enolaiio,  in  Qioo.  Div.1  waa  invented  by  later  historians  for  the 
sake  of  convenience.  The  history  of  tiie  Saxons,  who  settled  in 
England,  and  here,  t<)gether  with  me  Angles,  became  the  origin  of  a 
new  population,  baoceforth  forms  part  of  tiie  history  of  EngUmd. 

Those  Saxons  who  remained  in  Qermany  conquered,  about  630, 
eomointly  with  the  Franks,  the  northern  put  of  Tburingia  as  far  as 
the  little  river  Unstrut,  but  soon  after  gave  up  the  eastern  part  of  their 
Gonqunt  to  a  Slavonic  tribe.  The  southernmost  of  the  Saxons,  about 
650,  became  tributary  to  the  Franks,  to  whom  they  paid  an  anniud 
tribute  of  fiOO  cows.  In  proportion  aa  the  Saxons  advanced  towards 
the  interior  of  Qermany,  and  became  better  acquainted  with  the 
advantages  of  agriculture  and  the  breeding  of  cattle,  they  g^ually 
abandoned  their  former  piratical  mode  of  kving,  but  remained  never- 
ihelesa  a  spirited  and  warlike  people. 

Towards  the  dose  of  the  7th  century  we  find  the  faxons  divided 
into  three  great  tribes,  namely,  the  Ostfali  on  the  western  side  of 
the  Elbe,  the  WestfiiU  in  the  country  between  the  lihine,  Lippe, 
and  Ems,  and  the  Engeri  in  the   centre,  between  the  two  former 


tribea,  that  is,  on  both  banks  of  the  Weser.  Their  hostile  feeling 
towards  the  Franiu  was  kindled  into  a  war  uuder  Charles  Martel,  who 
conquered  some  Saxon  districts  on  the  northern  baulu  of  the  Lippe, 
and  made  their  inhabitants  tributary.  Ttus,  however,  was  only  a 
prelude  to  iJie  great  and  bloody  wara  which,  with  several  interruptions, 
were  carried  on  by  Charlemagne  from  772  till  803.  During  these  wars 
many  thousand  Saxons  fell  in  battle,  and  thousands  were  put  to  death 
because  they  refused  to  adopt  Cbristianity.  But  they  held  out  to 
the  last,  even  after  their  chief  Wittekind  liaa  submitted  and  become  a 
Christian.  The  treaty  of  Selz  on  l^e  Saale  (808)  at  last  terminated 
tlia  war  :  the  Saxons  agreed  to  become  Christians,  and  were  put  on  a 
footing  of  equality  with  the  Franks.  Henceforth  their  histoi?  forms 
a  part  of  that  of  the  Corlovingian  empire.  To  diffuse  a  knowledge  of 
Christianity  among  them,  and  to  establish  the  new  religion  more 
firm^,  Charleqagne  founded  seven  bishoprics,  and  from  the  places  he 
appomted  as  the  seats  for  these  new  ecclesiastical  dignities,  we  may 
see  the  extent  of  country  which  they  then  occupied.  Uie  beats  of  the 
bishops  were  Osnabriid(,  VerdMi,  Bremen,  Paderbom,  Uinden,  Hildes- 
heim,  and  Miinster. 

SBIRRI,  the  name  of  a  police  force  which  existed  in  the  Papal  and 
other  Italian  states.  They  were  not  a  military  corps ;  they  wore  no 
uniform,  and  Uved  in  their  own  houses ;  they  received  a  smul  pay,  and 
were  furnished  with  arms.  They  were  ready  at  any  time  of  tlie  day 
or  night  to  rally  at  the  summons  of  tiieir  captain,  who  was  styled 
Barg^o,  for  the  j)urpo3e  of  tracing  and  arreating  bad  characters  oe 
suspected  persons.  Parties  of  them  went  their  rounds  in  the  towns  at 
night.  The  Sbirri  acted  also  as  informers,  and  assumed  various  dis- 
guises for  the  purpose.  They  were  placed  under  the  orders  of  the 
resiKctiye  govemers  of  the  towns  and  districts.  This  body  of  men  fell 
at  lost  into  great  disrepute :  they  were  open  to  bribery,  and  often  had 
a  secret  understanding  with  robbers  and  aaaassins.  They  were 
recruited  from  among  bad  characters,  respited  criminals,  &c.  In  1809 
they  were  abolished  in  almost  every  part  of  Itcdy,  and  replaced  by  the 
Carabinieri,  a  regular  military  body,  like  the  Aench  gendarmes,  wlio 
are  found  much  more  efiective  and  tnytworthy.  Sbini,  however,  ar« 
still  employed  in  most  of  the  Italian  states,  but  geooally  under  » 
materially  improved  institution. 
SCABIES.    [Itch.] 

SCAFFOLD INO.  A  temporary  wooden  structure,  by  means  of 
which  the  workmen  employed  in  erecting  the  framework  of  a  buildiBg 
are  enabled  to  place  the  various  materials  in  their  definitive  poritiona, 
Scafibldings  are  either  supported  wholly,  or  in  part,  by  the  buildines  to 
which  they  are  attached  ;  or  they  are  made  totally  independent  of  thosa 
buildings,  with  points  of  support  upon  the  ground.  Sometimes  tha 
machinery  for  hoisting  the  building  materials  is  placed  upon  the 
independent  scaffoldings ;  at  others,  it  is  placed  on  the  walls,  or  at  th« 
foot  of  the  structure,  or  ag^,  the  materials  may  be  carried  up  inclined 
roads  formed  in  the  scaffolding. 

When  scaffoldings  are  supported  by  the  buildings  they  are  designed 
to  serve,  they  are  usually  formed  by  inserting  cross-beorsra  in  tha 
walls  (if  the  latter  should  be  of  a  con-  ^^ 

siderable  thickness,  and  at  some  diktanoe  ^^, 

apart),  which  cross  bearers  project  beyond  Vi", 

the  laces  of  the  wall  for  a  sufScisnt  dis- , U  — 

tance  to  allow  the  construction  of  a  gang- 
way for  the  workmen,  and  the  < 
are  strengthened  by  means  c 
struts.  These  Cfoss-bearers  are  placed 
about  5  feet  apart,  horizontally;  and  in 
rows,  vertically,  about  G  feet  apart ;  and 
upon  them  boards  of  1^  or  1^  inches  in  thickness  are  laid.  Holes  are 
left  in  the  walls  to  receive  the  bearers,  or  puilogt,  as  they  are  called, 
and  the  feet  of  the  struts  are  clipped  by  vertical  ties,  which  clip 
also  the  putiogs,  and  thus  form  a  complete  frame  acting  on  both 
sides  of  the  wall ;  the  whole  of  this  framing  ia  removed  on  tha  com- 
pletion of  the  work,  and  the  putiog-holes  are  filled  in.  When  tlia 
walls  are  close  together,  the  putiogs  bear  upon  them  without  any 
struts,  but  the  scaftolding  in  such  oases  rarely  goes  lieyond  the  external 
face  of  the  wall,  so  that  the  workmen  ore  obliged  to  lay  the  materials 
"  overhand."  Chimn^  shafts  are  built  in  this  manner,  without  framed 
scaffolding ;  many  of  the  keeps  of  mediseval  castles  were  built  by  means 
of  framed  projecting  trusses ;  and  in  Yiollet  le  Due's '  Dictionnairs 
BoiaouniS  de  rAJrchiteoture  Franfaise,'  some  curious  illustrations  of  the 
manner  in  which  the  mediieval  architects  combined  in  the  Eoma 
scaffolding  the  functions  of  a  working  stage,  and  of  an  inclined  road, 
will  be  found. 

The  ordinary  scaffoldings  used  in  the  south  of  England,  which  are 
partially  independent  of  the  buildings,  are  composed  of  poles  fixed  in 
the  groimd  at  distances  of  about  6  feet  from  centre  to  oentre ;  these 
poles  ore  called  the  standardly  and  they  are  tied  together  by  horizontal 
poles,  or  ledger*,  at  distances  of  about  6  feet  vertically,  as  well  as  by 
raking  braces.  Upon  the  ledgers  putlogs  are  Udd  at  distances  of  about 
4  or  0  feet,  and  with  dear  bearings,  between  the  wall  and  the  outer 
ledger,  of  from  3  feet  6  inches  to  6  feet.  The  boards  are  laid  upon 
the  putlogs.  Both  the  putlogs  and  boards  are  left  loose,  in  order  to 
allow  materials  to  be  hoisted  without  difficulty  ;  but  the  standards, 
ledgers',  and  braces  are  firmly  bound  together  by  cords  and  wedges ; 
nails  or  screws  being,  it  ia  to  be  observed,  rarely  used  in  the  coustruo- 


m  of  a  gang-    >«^"      1  k 

9  extremities       ^S^.    i 
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Hon  ot  seaflbldfaig.  It  ii  customary  to  atrengthen  some  portioiui  of  the 
scafiblcU  tiius  formed,  in  order  to  provide  for  the  recepUoa  of  the 
hoisting  machineiy  when  stonework  is  used  in  conjunction  with 
bricks ;  but  of  late  years  the  scaffoldings  of  buildings  m  which  stone 
is  Krgely  employed  iiave  been  executed  with  framed  baulk  timber  add 
constitute  structures  of  great  solidity.  Detailed  accounts  of  scaffolds 
of  this  description  are  to  be  found  in  the '  Transactions  of  the  Institu- 
tion c^  CiTJl  Engineers/  in  the  'Builder/  in  the '  NouTelles  Annalea 
de  Constructicm/  in  the  'Annates  des  Fonts  et  Chauss^es/  dec.  Is 
Rondelet's '  Art  de  Batir/  Kraft's '  I'Art  de  la  Charpente/  Perroimet'a 
'Kouyelle  Architecture  Hydraulique/  Fontana's  'Templutn  Vatica- 
anm/  bo.  Descriptions  of  soifibldiags  which  hare  been  made  to  serve  at 
ibe  some  time  as  centres,  or  supports  for  ports  of  the  work  of  the 
permanent  structure,  are  to  be  found  in  those  works.  In  Foster's 
'  Bauzeitung '  for  1854  there  is  a  very  good  account  of  tile  suspended 
Bcafiblding  used  in  the  reooaitniction  of  the  Font  Neui^  to  which  it  is 
desirable  to  call  attention.    See  also  Kmy's '  Traits  de  la  Charpenterie.' 

The  scaffoldinee  which  are  erected  independently  of  the  buildings, 
throughout,  are  in  point  of  fact  timbw  structures  of  a  very  elaborate 
description,  and  they  hare  to  resist  not  only  the  various  actions  pro- 
duced by  the  movements  of  the  materials  and  of  the  workmen,  but 
also  those  produced  by  the  wind,  acting  as  the  latter  frequently  does 
with  a  great  leverage.  It  becomes  essential,  under  these  circum- 
stances, to  frame  and  brace  the  whole  system  with  extreme  core ;  and, 
should  the  scaffolding  have  to  remain  a  long  time  in  place,  precautions 
must  be  teken  to  guard  against  any  decay  of  the  wood.  This,  of 
course,  would  be-the  most  likely  to  commence  in  the  portions  of  the 
scaffolding  built  into  the  ground,  or  in  .those  directly  exposed  to  the 
action  of  the  rain ;  the  scan  or  tenon  joints  also  ore  very  likely  in 
these  atructures,  which  jways  have  a  degree  of  flexibility,  to  give 
access  to  the  atmospheric  moisture,  ^nd  thus  to  rot.  It  is  only  in 
buildings  of  the  greatest  importance,  cv  of  a  very  peculiar  nature, 
thftt  scaffoldings  entirely  independent  of  the  walls  are  used ;  for  their 
construction  really  requires  the  erection  of  n  timber  frame  on  each 
side  of  the  wall,  and  is  consequently  ft  very  costly  operation.  The 
ecaBblds  used  for  raising  the  obelisks  of  Luxor,  and  in  the  Piazza  in 
f^nt  of  Bt.  Peter's  at  Home,  are  amongst  the  most  remarkable  works 
of  this  kind  yet  executed.    See  Fontana  and  Emy. 

SCAOLIOLA  (from  the  Italian  tcaglia,  a  scale  or  shell)  is  an  {n- 
enaiatim  of  artificial  composition  which  is  applied  to  columns,  and 

C duces  the  moat  perfect  imitation  of  marble,  from  which  it  can 
dly  be  distinguished  either  by  the  eye  or  the  touch,  as  it  takes  on 
equally  high  polish  and  feels  equally  bard  and  cold.  Scagliola  has  long 
been  in  use  in  Italy,  where,  occoraing  to  Lanzi,  it  was  invented  by 
Ouido  Fassi  of  Carpi  (1584-1649),  and  where  it  was  afterwards  much 
used  for  Florentine  or  inlay-work  of  the  kind  called  a  eommtuo.  It 
was  not  introduced  into  this  country  before  the  latter  half  of  the  last 
century,  an4  i>he  earliest  application  of  it  was  in  the  columns  of  the 
Pantheon  in  Oxford-street,  London,  built  by  James  Wyatt.  Since 
that  time,  it  has  been  brought  into  more  general  use,  the  manufacture  of 
it  has  been  ooniddeTably  improved,  and  it  can  be  executed  at  a  com- 
paratively moderate  cost.  In  fact,  It  has  to  a  great  extent  superseded 
the  use  of  coloured  marbles  for  columns  and  other  interior  decorations. 
It  is  far  less  costly  than  any  kind  of  variegated  marble,  though  too 
expensive  to  be  brought  into  ordinary  use  on  every  occasion,  and  it 
anawers  the  purpose  of  the  real  material  not  onlyoa  regards  appearance 
and  effect,  but  durability  alao,  since  it  will  last  quite  as  long  as  any 
other  port  of  the  interior  of  a  building.  There  is  besides  the  advan- 
tage attending  it,'that  columns  incrusted  with  scagliola  mAy  be  made  of 
wood  and  hollow,  or  else  filled  with  a  plaster  core,  and  consequently  do 
not  require  that  support  in  the  floor  beneath  them,  which  would  be 
necessary  if  solid  marble  shafts  were  employed;  or  if  required  to 
support  a  bearing  above  them,  the  columns  may  be  of  brick  or  ordinary 
atone,  and  afterwarda  coated  with  acagliola.  Nor  is  the  use  of  this 
composition  confined  to  columns  and  pilasters  only,  for  it  may  be  and 
indeed  ia  applied  to  other  ornamental  purposes,  for  table-slabsj  pedestal- 
stands,  dados  of  rooms,  borders  of  floois,  ^c. 

The  composition  or  cement  itself  is  prepared  from  the  purest 
gypsum,  which  is  first  broken  into  small  pieces,  and  after  being 
calcined  ia  reduced  to  powder.  It  is  then  passed  through  a.fine  sieve, 
and  mixed  with  Flanders  glue,  isinglass,  &o.  In  this  state  it  is  mixed 
up  with  colouring  matter  of  the  hue  required ;  and  as  it  ia  generally  em- 
ployed for  the  imitation  of  variegated  or  veined  marbles  (all  coloured 
ones  being  more  or  less  so),  as  many  different  colours  and  shades  of 
the  same  colour  must  be  mixed  up  separately  as  there  are  in  the  kind 
of  marble  to  be  imitated.  Thus  prepared,  the  composition  ia  applied 
to  columns'  ur  other  surface  intended  to  receive  it,  and  which  has  a 
rough  coating  of  lima  and  hair.  The  different  colours  are  laid  on  and 
mixed  by  the  workman,  and  consequently  much  depends  upon  his  skill 
and  taste  in  regard  to  the  exactness  of  the  imitation  or  the  beauty  of 
the  veining  and  streaking,  which  is  done  in  the  floating,  as  it  is  termed, 
or  layine  on  the  cement.  The  next  operation  is  to  prepare  the  surface 
for  (wlisning,  by  rubbing  it  with  pumice-stone  and  cleansing  it  with  a 
wet  sponge  "nie  polish  is  then  given  by  rubbing  it  again,  first  with 
tri[>uli  aiid  charcoal  on  a  piece  of  fine  linen,  secondly  with  felt  dipped 
in  tripoli  and  oil, aud  lastly  with  oil  alone.  By  thia  means  a  durable  lustre 
is  obtained  equal  to  that  of  the  finest  and  most  hi^^y  polished  marble. 
By  jneans  of  scagliola,  not  only  may  the  oostliest  and  rarest  stones. 


porphyry,  verde  antico,  giaSo  antico.  Sea,  Im  socoesafully  imitated  but 
any  combination  of  colours  may  be  produced:  for  instuice,  purple^  Mr 
emerald  green,  atreaked  witii  gold,  Siena  vemM  witli  pnrpl^  or  teaj 
other  spleiidid  caprice  that  fancy  may  dictate 

SCALD.    [BcBira  aro  Scai.db.] 

SCALD,  properly  SKAXLP,  is  an  ancient 'Scandbiavlan  word  yihitiL 
signifies  poet,  as  akiUdm&r  or  akdldkoDa  signifies  a  poetess.  The  name 
is,  therefore,  sometimes  applied  to  the  Scandinavian  poets  in  general ; 
but  it  belonged  more  especially  to  that  class  of  poets  who  cdebrated  in 
their  aongs  the  exploits  of  heroes.  The  Scalds  were  thus  not  mei^ljr 
poets,  but  also  the  historians  of  their  nation.  When  Snorr|  Sturliuou, 
the  last  and  tnoat  celebrated  of  the  Scalda  (1178—1241),  states  4f>at 
the  56alds  indeed  always  praised  their  contemporary  heroes  most,  but 
never  attributed  to  them  any  fictitious  deed,  we  must  infer  that  Ot». 
creative  powers  of  these  poeta  had  no  scope,  at  least  as  f^  as  contem* 
poraneous  history  was  concerned.  The  form  and  mode  of  dictioii 
were  thus  the  only  parts  in  which  they  (Ssplayed  their  poetic  powen  j 
and  how  they  availed  themselves  of  this  right  is  clear  from  the  pums- 
rouB  specimens  of  Soaldic  poetry  atiU  extant:  they  u«  full  of  the 
boldeat  and  moat  extraordinary  imagery,  whence  they  are  frequently 
very  obscure  and  almost  unintelligible. 

Soaldic  poetry  is  almos);  the  only  source  from  which  we  dertre  oar 
knowledge  of  the  andent  history  of  the  north  of  Europe.  A  consider: 
able  portion  of  it  goes  back  to  the  remotest  antiqnity,  and  contains 
only  mythological  legends;  while  another  portion.  In  the  form  ti- 
poetry,  contains  historical  accounts  of  contemporary  events.  Such 
poetical  histories,  veiy  different  from  the  rhymed  chronicles  of  othe^ 
nations,  continued  to  be  written  dovm  to  the  middle  of  the  IStil 
century.  The  Scalds  were  generally  in  the  sendee  of  a  chief  or  king, 
whom  they  accompanied  on  ms  expeditions  in  the  capacity  of  historio- 
gmphers ;  and  it  was  the  pride  of  the  chieftains  to  obtain  such  Scolds 
as  poaseaaad  moat  ability  and  learning.  Their  services  were  rioh^ 
rewarded  by  the  heroes  whose  praise  they  nng. 

We  still  poeaeaa  a  very  long  list  of  S<»Ida,  among  whom  are  pMlKnit 
of  the  highest  rank,  and  even  kings.  The  most  distinguished,  how- 
over,  were  those  of  Iceland,  and  it  is  to  these  that  we  are  indebted  fd); 
the  collection  of  ancient  poetical  traditions  known  under  the  name  <it 
the  Eddoa.  Those  which  are  more  historical  are  known  as  Sagasi 
though  in  many  cases  these  ore  mythical  or  legenduy,  as  in  the  saga 
of  Bagnar  Lodbrok,  and  the  '  Heldensage  von  V&lund '  (our  Waylond 
Smith).  Between  the  Ume  when  the  death-song  of  Bagnar  Lodbrok 
was  composed  (about  the  end  of  the  8th  century)  and  that  of  SirOBlit 
STUBLCsoir  [BioQ.  Div.,  wl}ere,  by  mistake,  it  ia  printed  Stusdlson], 
we  have  the  names  of  upwaida  of  two  hundred  Scalda,  of  whom  the 
mora  eminent  were,  Bgil  Skallagrimson,  wiio  wrote  in  praise  of  ^nk' 
BlSdoxe,  king  of  Norway ;  Binar  Skaloglam,  on  the  deeds  of  Hakoii 
Jarl;  Eynind  SkaldaspiUsr,  one  of  the  best  of  the  race,  whosq 
'  Harkinamal '  is  also  an  eulogiam  on  Hakon :  Olaf  Hvitaakald,  aud  to 
be  the  author  of  a  port  of  the  prose '  Edda;'  and  Sturia  Thordaraoit^ 
the  writer  of  the  'Rafnamal;'  but  none  of  them  poaaeaa  the  vigvur 
and  freabnoas  of  the  earlier  nroductions,  thou^  sumdently  curioua  a^ 
presenting  pletureB  of  the  Ufe  sod  manners  of  the  times.  With  tha 
introduction  of  Cliriatianity  the  poetic  power  waa  devoted  to  the  cele-. 
bration  of  aaints  and  miraclea,  and  the  seal  of  the  priests  aocceeded 
not  only  in  suppressing  the  inspiration  of  the  poets,  but  in  destroying 
the  existing  specimens,  so  that  only  in  Iceland,  whore  the  priesthood 
was  selected  from  the  natives,  and  no  foreign  influence  inteitered  with 
the  old  national  literature,  have  any  relica  been  preserved.  Compare 
'Fundgruben  dea  Nordena/  by  Legls;  John  O&faen,  'Om  Kotdena 
gamlt  Digtekonst,  Qrundregler,  Versarter,  Sprog  og  V&fe&ngfs  mode7 
Copenhsgen,  1786;  and  the  article  Sbobri  STimnLSoir,  in  Bnxb 
DiV. 

SCALE  (Mathematics).  A  scale  is  any  line  drawn  upon  wood  or 
other  solid  substance,  and  divided  into  parts,  equal  or  unequal,  tha 
lengtha  of  which  may  be  taken  off  Ify  the  compaases,  and  transferred 
to  paper,  in  aid  of  any  geometrical  construction.  The  manner  in  which 
the  scale  is  divided  dependa  of  course  upon  the  nature  of  the  alge- 
braical or  trigonometrical  expreaaion  the  valiiea  of  which  are  to  oe 
represented.  When  the  subdivisions  of  s  scale  ore  equal,  any  of  tha 
methods  noticed  in  Obadcatioh  may  be  employed  to  obtain  them ; 
but  in  other  cases,  and  indeed  in  the  preceding  one,  it  is  usual  to  lorm 
scales  by  copying  from  an  original  which  is  carefully  made  in  M^e  ^ni. 
instance. 

The  most  simple  of  all  scales  is  that  ia  which  the  subdivSuoBS  ant 
aU  equal,  or,  as  it  is  called,  a  scale  vl  equal  parts.  Such  a  scale  is  not 
only  the  most  eauly  constructed,  but  may  be  considerecl  as  Containing 
all  other  scales.  For  example,  suppose  it  rw^nired  to  lay  down  vatf. 
aaourotely  on  angle  of  26 .  It  appaais  fCaoRn]  that  U  the  radius 
contidn  600  equalparts,  the  d^ord  of  SS*  contains  216  such  parti  and 
jt^hs  of  a  port.  With  a  good  scale  of  equal  parts,  and  600  of  them 
taken  as  a  radius,  the  angle  may  be  laid  down,  if  required,  much  more 
correctly  than  by  a  common  scale  of  chords.  [Pbotbactob.]  The 
largest  table  of  chords  which  is  laid  down  on  common  scales  has  4 
radius  of  8  inches,  the  500th  part  of  which,  or  about  the  167th  of  aa 
inch,  is  a  very  small  length ;  and  it  is  difficult  to  trust  any  tcale  so  far 
without  verification,  except  the  scale  of  equal  ports.  In  the  latter 
speciea,  one  port  may  be  tried  against  another,  and  any  one  may  for 
Umaelf  veiy  soon  ascertain  whether  tiiere  be  any  perceptible  error. 
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In  all  the  moet  aocurate  species  of  drawing,  it  is  better  to  rely  on 
tables  and  a  really  good  scale  of  equal  parts  than  on  anjir  of  the  common 
Kales,  thoiigh  the  latter  are  genenlly  very  good,  and  will  do  abimdantly 
well  for  ordinary  purposes. 

Long  scales  of  equal  parts  are  made  with  different  subdivisions^ 
caaoiiig  from  the  SOth  part  of  an  inch  to  the  60th.  If  the  substance 
pfmeaoale  be  ivory,  an  inch  will  very  well  bear  division  into  60  parts, 
but  50  is  more  convenient  for  decimal  calculation.  A  common  ivory 
aoale,  of  a  rectangular  form,  such  as  is  usually  found  in  cases  of 
dxawing-instrvunents,  if  it  have  no  trigonometrical  lines  laid  down, 
usually  oontains  the  following  scales  of  equal  parts : — 
'  1.  The  qiiarter  of  an  inch  divided  into  10  equal  parts,  each  of  which  is 
again  subdivided  into  10  equal  parts  by  a  Biagonjo.  Scalk.  There  are 
commonly  two  diagonal  scales,  one  at  each  end  of  the  scale  of  quarters, 
the  one  on  the  left  dividing  the  8th  of  an  inch  into  100  parts,  and  the 
one  on  the  right  the  quarter.  It  will  easily  be  seen  that  the  400th  of 
an  inch  is  a  uselessly  small  quantity,  even  when  the  lines  are  drawn  on 
Ivoiy. 

2.  A  set  of  scales  in  which  the  inch  is  severally  divided  into  80,  35, 
40,  4S,  60,  and  60  equal  parts  :  10  of  these  parts  make,  in  each  case, 
one  of  the  larger  subdivisions  of  the  scale,  and  one  larger  division  is 
•lao  divided  into  12  equal  parts;  so  that,  when  the  larger  division  is 
made  to  represent  a  foot,  feet  and  inches  may  be  easily  laid  down. 

8.  A  set  of  scales  in  which  the  larger  divisions  are  1,  ;,  |,  |,  j,  |,  J, 
and  I  of  an  inch.  The  larger  division  is,  u  before,  divided  both  into 
)0  and  12  parts. 

When  tngonometrical  lines  are  laid  down  they  are  usually  one  or 
two  scales  of  chordt,  the  radius  of  each  of  which  is  found  by  its  chord 
of  60  degrees ;  a  scale  of  rumia,  which  is  nothing  more  than  a  scale  of 
chords,  tiie  sngular  unit  being,  not  a  degree,  but  a  point  of  the 
compass ;  a  scale  of  sines,  wiw  one  of  secants  sometimes  added ;  a 
.toale  of  tangents,  and  of  semitangents,  the  latter  being  really  the  same 
aoale  as  the  former,  but  mariced  with  double  angles,  semitaogent  being 
•  torhnical  term,  not  for  the  half  of  a  tangent,  but  for  the  tangent  of 
lialf  an  angle.  We  shall  have  something  more  to  say  of  these  lines 
under  Sictob.  In  Qunter's  scale,  as  it  is  called,  which  is  a  scale  of 
2  feet  in  length,  used  in  navigation,  there  are  also  scales  of  logarithms, 
of  numbers,  sines,  tangents,  £c.,  and  also  a  scale  of  meridional  parts 
[BcMB  Ldie];  of  these  logarithmic  scales  wo  shall  have  to  speak  more 
particularly  under  SLionro  Ruli. 

SCALE  (Music).  A  great  deal  has  been  written  on  this  subject, 
by  mathematicians,  by  musicians,  and  by  those  who  combine  both 
characters ;  but,  from  various  circumstances,  hardly  anything  which  is 
accessible  to  the  young  •arithmetician  wishing  for  something  which 
.may  really  be  a  help  to  him  in  his  musical  studies.  The  Qreek  soale 
[Musio ;  Tetkachobd],  the  only  fruitless  subject  of  inquiry  out  of  all 
that  is  Qreek,  has  exhausted  the  learning,  science,  and  ingenuity  of 
the  beet  writers,  vrith  no  result  but  this,  that  over-refinements  of 
theory  are  found  either  to  have  hindered  practical  excellence,  or  to 
have  arisen  out  of  the  want  of  it;  most  likely  the  latter.  ,  The  learning 
however  which  it  was  necessary  to  apply  to  the  explanation  of  the 
Greek  writers,  has  made  it  usual  to  write  on  this  subject  more  pro- 
foundly tbam  ob  othen  of  the  same  difficulty :  it  is  our  object'  in  the 
present  artide  to  explain  the  musical  scale,  if  possible,  more  simply, 
and  in  its_  simplest  parts :  leaving  to  the  article  TsHFEBAUEirr  such 
oonaiderations  as,  arising  out  of  the  present  article,  are  required  by 
those  who  would  understand  the  higher  practioU  details  of  the 
■abject. 

The  object  of  music  being  to  please  the  ear,  or  the  mind  through 
the  ear,  there  is  no  test  of  excellence  nor  criterion  of  fitness,  in  anyone 
detail,  except  the  opinion  of  the  best  judges.  This  seems  to  assume 
flie  queBUon,for  the  beat  judges  can  only  be  described  ss  those  who 
best  know  what  is  good  music.  This  circle  cannot  be  avoided,  either 
in  spiking  of  music  or  any  other  of  the  fine  arts ;  to  taste  we  must 
appeal,  but  not  to  the  taste  of  every  one.    All  we  have  here  to  do  with 

!  1*  *?  """"^i  *•"*  *^6  mathematical  considerations  employed  in  an 
article  like  the  present  are  not  to  be  considered  as  placing  the  musical 
scale  u]pon  a  mathematical  basis,  but  simply  as  showing  that  there  is 
somethuig  like  an  explanation  of  those  rules  which  derive  their 
uthonty,  not  from  the  mathematical  system  which  embodies  them, 
bntfromthesanctionof  the  majority  of  cultivated  ears.  Those  things 
much  are  agreeable  in  practice  are  found  to  be  in  certain  mathema- 
taoal  relations  to  one  another  which  make  the  theory  of  the  musical 
aoale  simple  and  interesting :  but  had  it  been  otherwise,  we  should 
have  left  mathematical  simplicity,  and  prefotred  »  mora  pleasing 

The  sounds  which  are  agreeable  to  the  ear  are  found  to  be  those 
irnicn  are  the  oonaequenoe  of  vibrations  of  equal  duration  following 
aiH>»nother :  and  the  pitch  of  the  note  depends  on  the  rapidity  of 
tllmUon  only.  [AcoDSTica.]  The  note  called  a.  for  instance,  sounded 
aX  the  same  time  on  a  harp,  a  flute,  and  a  horn, presents  three  different 
ehsractjrs,  three  different  intensities,  but  only  one  species  of  vibration 
as  to  the  time  of  lasting.  If  the  first  instrument  communicate  430 
vlbrabons  m  a  second  to  the  air,  so  does  the  second  instrument,  and 
also  the  third.  With  the  difference  of  intensity  or  loudness,  and  with 
the  difference  of  character,  the  twang  of  the  harp,  or  the  tone  of  the 
horn,  we  have  nothing  to  do  in  considering  the  place  of  the  note  they 
sound  in  the  scale;  a  cultivated  car  discoveis  that  Uioy  sojmd  t)ie 


same  note,  and  a  mathematioian  knows  that  they  severally  oominuni- 
cate  to  the  air  the  same  number  of  vibrations  per  second. 

Let  us  then  suppose  a  string  to  be  mounted,  and  stretehed  at  both 
ends,  or,  better  still  perhaps,  suspended  vertically  *  by  one  end,  and 
bearing  a  weight  at  the  other.  If  this  string  be  then  set  in  vibration 
by  the  finger  or  by  the  bow  of  a  violin,  a  musical  (that  is,  a  pleasant) 
sound  is  produced,  if  the  string  be  not  too  long,  nor  stietchad  by  too 
small  a  weight.  With  the  phenomena  of  vibration,  as  connected  with 
the  leugth,  material,  and  stretehing  weight  of  the  string,  we  have  here 
nothing  to  do  [Cord]  except  to  remark, — 1,  That  the  ear  observes  that, 
material  and,  tension  remaining  the  same,  the  longer  the  string  thft 
lower  the  tone,  and  vice  vertd.  2,  That  the  matjiiematician  Imowa 
that,  cceterii  paribuM,  the  longer  the  string  the  fewer  the  number  of 
vibrations  in  a  given  time,  in  inverse  proportion  to  the  length.  Thus 
if  a  cert^  string,  stretched  by  a  certain  weight,  give  100  vibrations 
per  second,  a  string  of  half  the  length,  stretched  by  the  same  weight, 
will  give  200  vibrations  per  second.  If  a  vibration  mean  a  double 
motion  of  the  string,  onoe  backwards  and  once  forwards,  the  effeota 
begin  to  be  musical  soon  after  the  string  is  short  enough,  or  stretehed 
enough,  to  give  SO  vibrations  per  second. 

The  number  of  musical  liones  is,  theoretically,  infinite :  that  is, 
between  any  two  tones  as  many  different  tones  as  we  please  can  be 
interposed,  no  one  of  which  is  so  high  as  the  higher,  nor  so  low  as  the 
lower.  Highness  and  lowness  of  tone  are  terms  which  are  purely 
relative,  and  refer  to  an  effect  upon  the  ear  which  does  not  admit  of 
definition;  common  terms  usually  distiingiiiRh  only  extreme  cases; 
thus,  a  tone  disagreeably  high  is  a  squeak,  and  one  disagreeably  low  is 
a  growl.  _  There  is  no  absolute  reason  why  we  should  call  the  former 
high  and  the  latter  low,  rather  than  the  contrary ;  and  in  fact  the 
eajiiier  Greeks  (naming  them  after  the  parte  of  the  throat  in  which 
they  thought  they  were  produced)  called  the  squeaking  sounds  low, 
and  the  growling  ones  high.  But  while  we  endeavour  to  separate 
names  from  things,  we  must  not  forget  that  there  is  much  which  all 
men  acknowledge  of  real  connexion  between  the  associations  which 
accompany  sounds  and  those  derived  from  other  sensible  phenomena. 
For  instance,  it  would  be  impossible  to  persuade  any  one,  that  if  light 
and  darkness  were  to  be  imiteted  by  musical  tones,  the  light  ought  to 
be  represented  by  low  notes,  snd  tiie  darkness  by  high  notes :  and  a 
composer  who  should  accompany  words  expressive  of  transition  from 
darkness  to  light  by  a  marked  descent  from  the  higher  part  of  the 
scale  to  the  lower,  would  be  thought  to  mean  irony  or  burlesque.  No 
satisfactory  explanation  has  ever  come  to  our  knowledge  as  to  what 
associations  are  awakened  by  the  lower  notes  of  the  scale  which  con- 
nect them  with  darkness;  but  that  this  connexion  does  exist  is 
certain. 

Taking  such  a  sti-ing  or  monocbord  (tvfigU  string)  as  above  described, 
it  is  immediately  found  that  any  alteration  of  ite  length  produces  some 
alteration  of  the  tone.  If  the  change  be  veiy  slight,  a  dull  or 
unpractised  ear  may  not  readily  perceive  it ;  but  let  the  alteration  be 
carried  a  litUe  further,  and  there  can  be  no  difficulty.  Such  tones, 
near  to  one  another,  when  sounded  together,  have  a  disagreeable  and 
jarring  effect,  accompanied  by  be&te  [Acoustics]  ;  but  when  the 
second  string  has  been  considsrably  shortened  (say  that  this  is  dona 
gradually),  uie  disagreeable  effect  ceases  almost  at  onoe,  and  at  the 
moment  when  the  shortened  string  is  to  the  longer  one  as  five  to  six. 
Two  sounds  are  then  heard  which  Aarmontw  together,  and  on  their 
joint  effect  the  ear  dwells  with  pleasure  until  it  becomes  monotonous 
(this  vety  common  word  is  itself  derived,  as  to  iU  common  significa- 
tion [here  used,  from  the  wearying  effect  of  the  same  tone,  or  set  of 
tones,  long  continued).  In  the  mean  while,  and  during  the  shortening 
of  tiie  string,  the  joint  effect,  though  always  disagreeable,  is  not 
equally  so  throughout ;  and  there  is  one  place  in  particular  where  the 
effect,  though  not  ogieeable  to  the  begumer,  is  bearable  for  a  little 
while,  and  highly  agreeable  to  the  practised  ear,  which  knows  that 
full  compensation  is  at  hand  in  what  is  called  the  resolution  of  the 
discord,  or  transition  to  a  more  hsrmonious  combination  in  a  manner 
which  seems  peculiarly  natural.  This  intermediate  and  more  tolerable 
phase  of  sound  takes  place  when  the  shortened  string  is  to  the  other 
as  eight  to  nine.  Moreover,  it  may  be  observed  that  this  last  com- 
bination, hardly  bearable,  is  rendered  perfectly  so  if  the  two  tones, 
instead  of  being  sounded  together,  are  made  to  follow  each  other  in 
succession,  no  matter  how  rapidly.  In  both  these  cases  the  student 
will  observe  that  the  proportion  of  the  lengths  of  the  strings  is  that  of 
some  small  numbera,  five  to  six,  and  eight  to  nine.  And  it  is  matter 
of  experiment,  that  the  more  simple  the  proportions  of  the  lengths  of 
two  strings  (stretched  by  the  same  weight),  the  more  useful  the  com- 
bination m  music — it  is  usual  to  say,  tne  more  agreeable  sounded  by 
itself ;  but  to  this  we  cannot  subscribe,  as  we  believe  that  to  most 
sara  the  more  complicated  combination  of  a  third  (presenUy  to  be 
described)  is  more  agreeable  than  the  less  complicated  one  of  ^  fifth. 

Instead  of  speaking  of  the  lengths  of  the  strings,  we  may  pass  to 
tho  relative  numbera  of  vibrationa  in  a  second,  which  are  inversely  as 
the  lengths.    Thus,  two  strings  of  ten  and  seven  feet,  stretched  by  the 

•  Woolhouse  '  On  Uoaical  laterrals,'  p.  64.  The  anthor  repeated  the  experi. 
menta  of  Fischer  [AcouBna]  and  found  a  monochord  thiu  eoiutructed  Setter 
tbnn  tho  common  ono  for  the  purpose.  HU  result  was  that  A  (the  scoond  space 
of  (lie  treble  clef]  made  424  vibrations  ia  oae  teeond. 
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while  the  second  makes  },  or  the  flnt  uukeB  1  vibratioo  while  the 
Beoond  makes  {  x  |,  or  g.  This  is  much  too  near  to  a  unison  for  oan;- 
tinual  repetition, 

2.  Thftt  a  frequent  repetition  of  sounds  too  ftf  from  eadi  otiier  is 
not  pleamng  to  the  ear,  after  a  little  culfcivakon.  If  we  look  at  th« 
intervals  from  the  fourth  to  the  fifth,  and  from  the  fifth  to  the  sixth, 
we  find  I  and  ^  for  their  reprssentativeB,  while  from  the  fiindamental 
note  to  the  minor  third,  and  also  from  the  sixth  to  the  optave,  tha 
interval  is  (,  much  larger  than  the  preceding  intervals. 

Both  these  defects,  as  must  easily  be  seen  arithmetically,  and  as  th» 
ear  finds  out  for  itself,. may  be  remedied  by  inserting  a  note  between 
C  and  E  in  place  of  E  t,  which  shall  make  a  better  division  of  tha 
interval  C  E,  and  by  placing  an  additional  note  betwam  A  and  C*. 
But  how  are  we  to  dioose  these  additional  notes  t  If  we  ooanot  turn 
any  mors  very  simple'  consonances  with  the  fundamental  note,  w« 
must  take  those  tones  which  make  the  simplest  consonances  with 
other  notes,  and  the  more  they  make  the  batter.  We  have  already  » 
repetition  pf  soma  oonaonanoes ;  forinstanca,  ^^ 

Intemi  FC*1«S-f}=|,ora  fifth.' 
laterral  GC'isI-r{  =  |,  era  fiMuth. 
laterval  FA   is  t  -f-  f  =  },  or  a  malor  third. 

Kow  since  |x|=|,  we  see  that  a  note|,  or  one  which  makes  9 
vibrations  while  the  fundamental  note  C  makes  8,  will  bo  a  fourth 
below  O,  and  |  divides  C  and  E  well,  the  three  notes  1,  t,  {,  giving  tha 
intervals  |,  'g,  already  found  in  another  part  of  the  soue,  Tliis  note 
is  D.    Again,  observe  the  interval  from  E  to  F,  or  M,  and  take  a 

fifth  above  E,  or  I X  j      "    '"    '     "         - 

looking  at  the  interva 

intervals  already  found.  __  _    

while  the  fundamental  note  makes  8,  is  B,  and  the  usual  scale  of 
civilised  nations,  called  the  diatonic  scale,  is  now  complete  in  tha 
following~ 

bOBFOABC 

,»  f  *  i  I  I  V  » 

This  diatonic  scale  seems  then  to  ba  tha  scale  of  tiie  simplest  eon« 
cords  of  the  fundamental  note,  with  one  alteration  on  acoonnt  of  the 
too  great  proximity  of  two  concoidont  notes,  and  one  interpolation  on 
account  of  the  too  great  distance  of  two  otheta  If  we  examine  all 
its  intervals,  we  shall  find  both  repetition  and  variety  as  follows 
(C  D  standing  for  the  interval  from  C  to  D,  &c.),  some  new  appd- 
latlons  being  added : 

CD  =  FQ  =  A.B  •       i       *  ■=   f   (malor  tone). 
DEbOA         .        •       •    I  s  V  Ciolaortoiu,  {f  ofmijor)> 
EF  =  BC^     .       .        «       .  •>  it  (distonio MBitoBe). 
CEsFAibOB     .       ,    .  ts   I   (major third). 
EObAC.       .       ;       •  =   ^  (minor tblid). 

DF s  ff  (ffofmSwirtUid). 

0F=DO  =  BAaO0>      .  c:   I   (fourth). 

FB s  H  (flattened flfth).* 

00<sEB  =  FC>         .        .=    1   (flfth).; 

DA >  (V  (tto'fiflh). 

OA  =  DB      .        .        .        .  "    ^    (•izth). 
EC^.        •        .        .        ..^1   (minor  sixth). 
CB         •       .       •       i        .  =  y  (seTeiith).* 
DC*  .       ;        ;       .       .    .  »  V  (flat •eTesth).t 
CC>        ;       ;       ;        .       •  <=   i   (octave). 

We  observe  here  the  consonances  mentioned  before,  two  inhw. 
monious  intervals,  a  new  species  of  consonance  (the  flat  seventh) 
standing  as  it  were  between  the  more  perfect  consonances  and  the 
others,  and  new  varieties  of  a  tone,  of  a  minor  tiiird,  and  of  a  fifth, 
differing  from  those  already  described,  ^d  flatter  by  the  interval  M. 
This  interval  is  called  a  eomma,  and  though  the  ear  can  distinguisa 
a  difference  between  the  tones  of  two  strings,  one  of  which  vibrate* 
81  times  while  the  other  vibrates  80,  yet  the  difference  is  so  slight  as 
to  produce  no  prejudicial  effect.  With  regard  to  the  comparatively 
hannonious  character  of  the  flat  seventh,  observe  that  }f  is  very 
nearly  equal  to  J ,  differing  only  by  the  interval  J|. 

We  have  also  the  diatonic  semitone,  {J,  which  is  incorrectly  named, 
since,  if  beginning  with  1,  we  repeat  the  interval  of  a  semitone  Irwioa, 
we  have  i]  x  if,  or  gf,  which  is  very  near  to  f,  sharper  (that  is,  higher, 
aa  flatter  means  lower)  than  a  major  tone  by  the  interval  g  and  than  a 
minor  tone  by  |g,  very  nearly. 

'We  shall  presently  resume  the  diatonio  scale,  but  we  now  piooeed 
to  mention  two  varieties  of  it.  It  seems  to  have  been  offensive  to  the 
ears  of  ruda  .nations  to  hear  any  semitones  at  all.  If  we  deprive  tha 
diatonio  scale  of  F  and  B,  the  notes  which  make  samitones  with  their 
nearest  neighbours,  we  have  C,  D,  E,  G,  A,  C,  for  all  the  sounds  which 
remain  in  Uie  octave.  This  unfinished  scale,  as  we  should  call  it,  is  tlie 
original  scale  of  the  Chineee,  Avans,  Hindus,  and  Eastern  Islands,  tha 

•  An  inharmonious  Interral,  when  the  notes  are  lonaded  togsthW; 
f  Deeidedl7  more  harmonlong  than  the  seventh. 


same  weight,  vibrate  so  that  the  one  of  ten  feet  makes  seven  vibrations 
while  that  of  seven  feet  makes  ten. 

We  now  proceed  to  consider  the  most  simple  oombinationa ;  and 
first,  that  of  two  to  one.  Let  the  second  stnng  be  half  the  first,  or 
make  two  vibrations  while  the  first  nukes  one :  there  is  then  not  only 
a  j(unt  efiSsct  which  is  agreeable,  but  a  peculiar  sameness  of  the  two 
notaa,  insomuch  that  two  instruments  made  to  play  together  in  such 
manner  that  the  notes  of  the  second  shall  always  be  of  twice  as  many 
vibrationB  aa  the  simultaneous  notes  of  the  first,  would  be  universally 
admitted  to  be  playing  the  same  air,  with  no  mere  difference  than  of 
that  sort  whioh  is  heard  when  a  man  and  a  boy  attempt  to  sing  the 
same  air  together.  This  perfeet  sameness,  for  so  it  will  be  oilled, 
thon^  the  two  insbuments  never  sound  the  some  tone  together, 
admits  of  no  explanation ;  for  though  the  ratio  of  the  simultaneous 
vibrations  is  the  simplest  possible  (two  to  one),  there  is  no  perceptible 
reason  why,  because  simple  ratios  generally  give  harmonious  com- 
binations, the  most  simple  of  all  should  produce  an  absolute  feeling  of 
identity  of  character  in  the  two  tones.  To  this  circumstance  however 
we  owe  the  nkost  material  siinidification  of  the  musical  scale ;  for  1st 
it  be  settled,  for  instance,  what  strings  give  agreeable  notea  between 
those  of  20  uid  10  feet  long,  and  division  by  two  will  give  all  the 
strings  whioh  can  be  admitted  between  those  of  10  and  6  feet;  thus, 
if  it  be  proper  to  admit  a  string  of  eight  feet  in  the  former  set,  one  of 
foor  feet  must  also  take  its  place  in  the  latter. 

AgUB,  it  is  observed  that  the  relative  effect  of  two  tones  is  always 
tiie  same  aa  those  of  oUier  two,  when  the  numbers  of  vibrations  made 
in  a  given  time  in  the  first  pair  ixe  in  the  tame  proportion  as  the  corre- 
sponding numbers  in  the  second  pair.  Thus,  suppose  that  in  a  given 
time  the  numbers  of  vibrations  made  by  four  strings  are  12, 18,  40, 
and  60.    Then,  nnoe  we  see  that 

11  :  18  :  :  40  :  60  or  H  =  1^ 

we  may  say  that)  aacording  as  the  first  and  second  sounded 
together  are  pleasant  or  unpleasant,  so  are  the  third  and  fourth ;  also 
if  an  air  begjiming  on  the  first  string  require  an  immediate  transition 
to  the  seccmd,  then  the  same  air  begun  on  the  third  string  will  require 
SB  immediate  transition  to  the  fourth. 

A  imwiool  interval,  then,  is  given  when  the  fraction  which  ezpiresses 
the  proportion  of  the  vibrations  of  its  two  notes  in  a  eiven  time  is 
gjven.  By  the  interval  }  we  mean  that  of  two  notes,  the  higher  of 
which  mues  three  vibntions  while  the  lower  makes  two.  Thus,  if 
18,  23,  and  SO  be  the  numbers  of  vibrations  made  by  three  strings  in 
the  same  time,  and  we  wish  to  find  a  fourth  note  which  is  as  much 
above  the  third  as  the  second  is  above  the  first,  we  must  not  make  a 
string  of  85  vibrations  in  the  same  time  (as  the  beginner  might  do), 
that  u,  not  one  of  80  -h  28  —18,  but  one  of  80  x  Q,  or  88}  vibrations  in 
the  some  time. 

Let  us  now  take  a  string,  and  call  the  note  sounded  by  it  C,  and  let 
the  string  of  twiee  as  many  vibrations  (or  half  its  length)  have  the 
same  name,  with  a  difference  (for  the  reason  above,  given) ;  call  it  C. 
Let  us  now  seek  for  the  simplest  fractions  which  lie  between  1  and  2. 
Take  the  numbers  up  to  6  (the  ear  does  not  so  well  agree  with  7  and 
all  higher  prime  numbers,  why  of  course  cannot  be  told,  but  sim- 

glidty  must  end  somewhere,  and,  by  the  oonstitution  of  the  ear,  ratios 
1  which  7  and  higher  primes  occur  are  not  agreeable),  and  form 
every  fraction  out  of  them  which  lies  between  1  and  2  ;  we  have 
then — 

«.*.*.*.  (!  =  «.»  , 
Put  these  down,  with  1  and  2,  in  order  of  magnitude,  and  we  have 
1    «   i    f    I   i     a 

Take  such  a  set  of  strings  that  while  the  first  makes  one  vibration  the 
aecoud  makes  g  of  a  vibration,  the  third  {  of  a  vibration,  and  so  on 
up  to  the  last,  which  makes  2  vibrations ;  or  take  a  set  of  strings 
equally  stretched,  of  which  the  length  of  the  first  being  1,  that  of  the 
seccmd  is  {,  &a,  and  of  the  last  },  Every  one  of  the  notes  thus  pro- 
duced will  be  agreeable  when  soimded  with  the  first,  and  if  the  first 
sotmd  C,  the  musician  will  have  the  following  part  of  the  scale  before 
him  in  its  most  natural  form : — 

0      4     E      F     O     A     C> 


I       ♦      »       f      f      *      « 

nieae  intervals  have  the  following  names;  why,  will  presently  be 


I  adnor  third. 
{  mafor  third. 
f  foarlb. 


I  flfth. 

f  major  sixth. 

t  oetare  or  eighth. 


We  have  not  yet,  however,  got  a  sufficiently  agreeable  scale,  and  the 
reasons  why  Uie  ear  will  not  be  contented  with  the  preceding  most 
simple  concords,  must  be  derived  from  observation,  from  wliich  it 
Ifipean — 

1,  That  a  frequent  repetition  of  sounds  very  near  to  one  another 
is  not  pleasing  to  the  imcultivated  ear.  Now  the  interval  tiom  the 
minor  to  the  major  third  is  as  follows :  the  first  makes  }  of  a  vibration 
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ilortheni  nations  of  Europe,  he.  It  Is  the  well-known  scale  of  tbe  oM 
Scotch  and  Irish  music ;  it  is  said  to  linvo  bean  found  in  Walca  and 
Cornwall,  in  various  parts  of  Africa,  and  even  in  old  Italian  music 
The  Chinese,  who  never  change,  have  preserved  it  in  absolute  perfec- 
tion, though  the  modem  form  of  most  ancient  airs  in  other  countries 
has  been  relaxed.  We  oopj  the  notes  of  a  Chinese  air  g^von  by 
lADOfao  :-^ 

t>CCGAOOCCAOEDCCaAaAAC£CAOOCCAOBCC£DAC 
It  IraU  ke  dbtewnd  that  V  and  B  narer  oocur.    An  almost  perfect 
apaetauti  of  this  aoAla  oatnita  la  the  Sootch  air  '  The  Cambbells  are 
aidniltg.'    The  efhet  of  the  wftle  may  be  tried  by  playing  ad  lH^twm  on 
tba  UmIc  key*  of  a  pitao-forta. 

Tbo  oUmt  Kale  whloh  wa  have  here  to  mention  is  that  known  by 
tbe  mniB  of  the  mimor  scale,  the  eommon  diatonic  scale  being  for 
Aatmotion  called  major.  It  may  easily  be  observed  that  the  intervals 
of  tba  minor  third  and  minor  sixth  have  a  sod,  or  at  least  plaintive 
effect,  as  compared  with  the  major  third  and  major  sixth.  No  expla- 
nation can  be  given  of  this  :  perhaps  the  effect  of  musical  intervals  is 
•governed  in  some  degree  by  associations  derived  from  the  human  voice 
in  speaking.  All  persons,  except  perhaps  schoolboys  reading  what 
they  do  not  undmtand  nor  care  about,  are  constantly,  whether  they 
Xpow  it  or  not,  varying  the  tone  in  which  they  speak,  and  making 
intervals  which  are  very  nearly  musically  correct :  and  the  effect  of 
wrrow,  regret,  fatigue,  4c.,  is  to  make  those  intervals  minor.  Any 
jierBon  of  a  quick  musical  ear  who  will  watch  the  method  of  saying 
the  simple  words  "  I  cannot,''  pronounced  as  a  determination  of  the 
nirip,  and  compare  it  with  Uie  same  when  it  is  an  expression  of  regret 
■for  want  of  power,  will  almost  always  find  such  on  interval  as  C  F  or 
jC«  Q  in  the  first,  and  C  £^  or  C  A  in  the  second ;  if  this  be  so,  it  is 
jUot  surprising  that  a  scale  in  which  minor  intervals  occupy  conspicuous 
pIoceR  which  in  the  other  scale  are  occupied  by  major  intervals, 
'Should  prodvce  those  associations  which  have  been  alluded  to.  This. 
;ia  a  oonpecture  merely,  for  after  all  nature  will  take  the  liberty  in  art, 
as  in  science,  of  concealing  her  operations.  But  this  mudi  is  certain, 
first,  that  the  minor  scale  is  more  plaintive  than  the  major,  and 
(IMondly>  th»t  dl  muaiaal  oomposen  are  aoquointed  with  the  fact, 
Ifrom  iM  African  women  who  sung  of  Mungo  Park,  "  Let  lU  pity  the 
white  mail,  bo  mother  has  he  to  bnng  him  milk,  no  wife  to  grind  his 
com,"  up  to  tbe  composer  of  '  Der  FreischiitB,'  with  all  the  power  of 
cultivation  and  the  msmoty  of  oeDturisa  of  art.  .^he  change  from  the 
miaor  U>  the  mi^or  scale  is  perhaps  tha  most  effootivs  of  musical 
resources,  certainly  the  most  powerful  of  those  which  ore  easily  under- 
stood by  ears  of  the  ordinary  degree  of  cultivation.  Take  as  an  in- 
stance the  music  of  t^e  following  wordsifrom  Oberon : — 

flli^tab]',-Ue(t.Ara>t>y,  m^  own,  my  aatiTMand-, 

Uethoutlit  I..imiaed^e  darlbblHe  «e>.  and  toodxed  a-gata-thy  strand; 

And-there  I  law  mj-Xatbei'i  home,  ftq. 

The  intervals  with  which  the  voioe  passes  over  the  hyphens  in  the  first 
two  lines  ^re  minor,  but  in  the  third  line  a  molulation  is  mode  into  a 
major  scale,  and  the  composer  has  skilfully  taken  core  to  produce  a 
Btrone  result  of  the  new  scale  in  the  first  two  syllables :  the  effect  of 
the  change  is  strikingly  appropriate. 

What  is  the  minor  scale  I  This  Jjuestion  has  been  differently 
answered  by  diSbrent  writera  on  -the  theory  of  mosic,  who  severally 
contend  for  one  or  another  scale  as  (/le  (rue  ttale.  For  ourselves, 
we  are  no  believers  in  true  and  orthodox  scales,  or  rather  we 
hold  every  scale  to  have  that  ctiaractev  yi}dc\  ha^  been  used  by 
good  composers  and  approved  by  good  hearers.  It  seems  to  have 
been  thought  that  because  there  is  one  diatonic  major  scale,  by 
universal  consent,  therefore  therfe  m"Ust  %e  6no  lawful  diatonic 
minor  scale :  just  as  well  might  it  be  said,  that  because  the  iambic 
trimeter  u  the  one  metre  of  Greek  tragic  dialogue,  there  must  also  be 
some  one  other  metre,  and  that  one  only,  m  the  choruses.  Fortunately 
however  the  scholar  knows,  what  the  musician  ought  to  know,  that  no 
due  metro  is  dictated  by  any  absolute  law  of  taste,  and  teaches  that 
the  best  tragedians  must  be  the  guide,  because  of  the  universal  approval 
which  has  been  conceded  to  their  writings.  Taking  the  same  sort  of 
guide,  we  find  in  thewritngs  of  musicians  (the  unknown  authors  of 
national  airs,  writers  of  very  high  authority.  Included)  one  major  scale 
and  several  minor  scales;  a  thing  not  more  atrociously  wrong  in  itself 
than  the  one  metre  of  dialogue,  and  the  variety  of  chorus  metres,  of 
the  Qraeks,  And  if,  moreover,  we  take  the  mathematical  theory  of 
the  scale,  we  shall  find  several  with  equal  claims  on  the  score  of  lim- 
pucity  of  oonsonaoces. 
[  Behim  to  the  fundamantal  not*  C  and  its  consonoocea,  namely 

C      £^       E      F      O      A      C> 

»       «  f       t       »       I       S 

Ihltead  of  throwing  out  E|>  as  too  near  to  K,  let  it  be  the  latter  which 
we  reject;  if  we  finish  this  with  the  D  and  B  of  the  diatonic  scale,  we 
have  what  is  called  the  common  ascending  minor  scale,  the  common- 
now  of  which  we  cannot  deny  upon  data,  though  it  strikes  us  that 
others  are  as  common,  if  not  more  so. 

(>)  C      D      E|»       F      O      A      B      C> 

»    I     I       I     f     J    V    « 

The  ear  will  not  vary  quickly  acknowledge  this  as  a  minor  scale  in 


descent,  and  for  the  obvious  reason  that  in  going  from  C>  to  0  there 
ia  no  distinction  between  tlits  scale  and  the  major  scale  till  we  oome  to 
E  ^  ;  though  in  the  ascent  the  minor  interval  ooouiis  early.  -To 
remedy  this,  A  and  B  are  both  lowered  a  semitone,  or  tha  A  is  made 
A  i>,  a  fourth  to  E  ^,  and  the  B  is  mode  B  '^^  fifth  to  E  b,  whiob 
gives 

(i}  C      O      Xt      F      O      AU    Bt>  -  C> 

111        I     I     I      I       s 

and,  this  scale  ravervad  ia  called  tha  common  mode  of  descending  t^ 
minor  scale ;  but  as  we  also  find  it  used  in  ascending,  we  put  it  down 
as  a  aecopd  minor  seals,  both  for  ascent  and  descend  observing  also  ' 
that  (1)  majr  be,  and  is,  used  in  descent.    Again,  Bupposs  we  retain 
the  B  of  the  original  scale,  and  lower  the  A,  wa  liava  then 
(!)  C      O      Eb       F      O      Ab       B      O 

»     I     I       III      VI 

a  wild  slid  pleasing  seals,  both  in  aaoent  and  descent,  and  employed 
too,  in  spite  of  the  wide  interval  between  A  ^  and  B. .  Its  harmonieai 
taohnically  speaking,  ore  easier  and  more  natural  than  those  of  the 
common  scale,  and  Bohneider  ('  Elements  of  Harmony ')  makes  it  the 
prinDipal  minor  scale,  treating  all  others  as  incidental  deviations  :  tiie 
English  translator  pf  Bchnaidor  oontends  for  its  absolute  truth,  and 
asks  (justly  enough)  which  scale  a  oompoaer  would  take  who  was  con- 
verting the  air  of  '  Hobin  Adair '  into  the  minor  key  (the  original  lur 
having  the  notes  Gl  A  B  C  D  E)  namely,  aABCDS^orQA^B 
C  D  K  ^  ?  There  oan  be  no  doubt  that  the  latter  would  be  preferable, 
but  we  might  add,  that  if  the  composer  were  required  to  make  two 
variations  in  the  minor  key,  he  would  probably  choose  scale  (1)  for  his 
other  case.    The  following  minor  scales  are  usedj  and  are  agreeable  < — 


(•) 


C  D^       E      F      O      At  B  0 

»  «        fill  V  > 

0  S       Et       P      O      A  B|^  O 

t  I    I     iff  I  > 


Of  all  these  minor  keys,  we  prefer  (3)-  For  an  instance  of  the  use  of 
it,  take  tbe  first  part  of  the  air  "  Cbarlio  is  my  darling,"  the  notes  of 
which  run  thu8,CDEtFaC'OAi>C' Ai»aC',CD  aFQC'D' Eifc 
C'D'BC.  It  is  also  the  scale  used  in  the  first  two  lines  of  the  air 
from  Oberon,  already  noticed. 

We  now  come  to  the  extension  of  the  diatonic  scale  by  the  inter- 
polation of  notes  between  all  such  notes  as  are  far  enough  apart  to 
bear  it,  which  completes  what  is  called  tha  chromatic  scale.  There 
ore  various  ways  in  which  this  Can  be  done,  and  if  notes  were  only 
occasionally  interposed  between  those  of  the  diatonic  scale,  it  would 
be  a  subject  of  comparatively  little  importance  how  it  was  done.  But 
we  must  now  explain  what  is  meant  by  different  kej/t  in  music 

The  note  C  having  heeo  fixed,  and  tjie  diatonic  scale  on  it,  let  an  air 
be  composed  and  written  down,  say  '  Hobin  Adair.'  Tho'consecutive 
notes  of  tbe  first  port  of  this  air,  played  in  the  key  of  C,  that  is,  in  the 
diatonic  scale  which  has  C  for  its  fuudameutal  note,  are  (we  have 
nothing  here  to  do  with  the  time) 

Q  A  B  C>  0>  B>,  O  C>  A  0>  B  D>  0 

Let  us  now  tranepose  this,  aa  it  is  said,  into  the  key  of  F,  that  is,  show 
how  it  is  to  be  played  in  a  diatonic  scale  having  the  F  of  the  preceding 
scale  for  its  fundamental  (or  k^)  note.  If  all  the  iatervals  of  the 
scale  were  equal,  this  would  be  done  by  playing  as  follows : — 

COEFOA,  CFDF,  EOF 

Again,  to  remove  this  air  into  the  key  of  A,  or  into  the  diatonic  scale 
constructed  on  A,  we  should  write  (if  tha  intervals  were  all  equal), 

EFOABC*.  EAFAOBA 

If  me  chose  to  confound  the  intervals  of  a  major  abd  minor  tone,  wo 
shoald  find  the  second  of  these  (so  it  happens)  correct,  for  the  intervals 
of  the  original  au'  are  (m,  minor  toQe;  M, major  tone:  s,  semitone) 
mM8Mm(2M  +  2m  +  s)(M-i-m-l-s)  (M-Hs)  (M-fs)  s  (M-fs)  H,  and 
those  of  tbo  second  are  M  m  s M  m  (2  M  -I- 2  m  -f  s)  (M  -I- m -f- s)  (m -|-s) 
(m  -I-  s)  8  (M  -I-  s)  M,  which  are  undistinguishable  from  each  other,  if  M 
and  m  be  supposed  (as  is  the  fact)  too  nearly  equal  to  make  it  "worth 
while  to  take  account  of  their  difference.  But  the  third  is  s  U  m  M  a 
(2  M-l-2s  +  m)(M-em  +  s)(M-hm)(M-t-m)m(m-fM)M,  which  does  not 
agree  with  either  of  the  other  two,  nor  con.  do  so,  except  to  an  ear 
which  cannot  distinguish  s  from  m  or  M.  To  see  what  intennediata 
notes  will  be  wanted,  we  must  construct  a  diatonic  scale  on  each  of  tha 
seven  notes,  which  we  shall  now  do,  putting  an  equivalent  to  every 
note  above  C'  or  below  C  into  the  octave  between  C  and  C,  by  halving 
or  doubling  the  fraction  which  expresses  its  vibrations.  Moreover,  we 
express  tbe  notes  in  the  diatonic  scale  on  D  by  D,  D,i  D,ii  D|,  D,  D,i 
Drii  and  D^ ;  and  so  on.  Also  let  ||D  stand  for  an  octave  below  Dh* 
hC  stand  for  the  note  on  octave  below  C, ,  and  so  on,  the  rule  being 
that  nC  and  C.  are  octaves  when  m  and  n  together  make  nin'e.  AU 
this  ia  well  known,  if  anything  of  tha  scale  be  practically  uudenstooil. 
What  we  have  to  do,  for  instance  in  forming  tbe  dktonic  Bcal.o  on  K.  is 
to  take  },  the  ropreaentative  of  F  in  the  diatonic  scale  of  C,  and  multiply 
it  successively  by  1,  |,  {,  &c.  Our  scales  then  ore  aa  follows,  putting 
down  under  each  note  gained  any  note  of  the  original  diatonic  scale. 
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or  any-oM  ol  the  nales  pravioasljr  formed,  ftom  wliicli  it  diCbn 
iiueusibly  little,  removing  each  note  an  ootave  lower  when  neoeuaiy. 


(D) 


(B) 


(f) 


(0) 


(it) 


m 


HI 


D 

f 

D 


Dli 
B 


{UB 
H 

f    I.F 

1    J 

r  «iA 
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V       I. 

D        E 
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A 
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B 

B 
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H 

E,i 
Bu 

w 
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In  order  -therefore  to  make  an  iiutruii\ent  which  shall  play  in  perfect 
tune  in  every  one  of  these  diatonic  scales,  we  must  have  it  capable  of 
sounding  the  following  notes,  those  of  the  original  diatonic  scale,  or 
very  near  to  them,  being  in  parentheses,  and  requisite  notes  of  nearly 
equal  sound  being  written  under  one  another. 


(I) 


(I) 


»  (DH/^Hf 


m  (V)  («) 


With  this  wa  might  go  on  od  injlnitutf  ;  for  it  might  be  required  to 
Mnstruot  new  diatonic  scales  upon  every  one  of  these  new  notes, 
which  would  introduce  more  new  notes,  on  which  again  new  diatonic 
seales  might  be  produced,  and  so  on.  But  since  the  original  scale 
consists  only  of  major  and  minor  tones  (nearly  equal)  and  diatonic 
semitones  (nearly  half-tones),  tiie  new  notes  will  very  nearly  divide  the 
whole  tinieB  into  eqnsl  parts,  a  circumstance  of  which  advantage  will 
imsently  be  taken.  In  the  mean  time  we  proceed  to  explain,  so  &r  as 
It  can  be  done,  the  distinction  musicians  draw  between  jCttt  and  tharpi. 
Unforttmately  we  are  unable  to  make  writers  on  this  subject,  agree 
with  each  other,  or  with  themselves,  as  to  the  meaning  of  these  words 
in  an  laUempend  scale.  The  conventions  under  which  the  names  sharp 
and  flat  are  used  come  easily  enough,  and  temperament  avowedly 
mokes  small  adjustments  and  accommodations  between  the  seveiul 
notes,  which  cause  the  sharpened  A  to  be  practically  the  same  as  the 
flattened  B,  and  so  on.  But  what  the  clear  and  admitted  distinction 
of  sharp  and  flat  is  previously  to  that  adjustment,  we  wish  we  could 
evoke  or  provoke  soma  musician  to  tell  us.  One  word  to  those  who 
write  on  the  scale  without  much  mathematical  knowledge :  get  into  a 
tempered  scale  as  fast  as  you  can,  and  keep  there. 

The'  nomenclature  ia  regulated  ss  follows.  The  notes  A,  B,  C,  D, 
K,  F,  Q  are  preserved  in  every  key ;  so  that  if  any  key  contain  A  and 
a  note  between  A  and  B,  the  latter  is  not  called  AS — for  then  (A  AS) 
A  would  occur  twice  in  the  scale — but  B|>,  giving  A  B^  Follow  this 
rule  in  every  one  of  the  scales  just  given,  and  w^  shall  find  the 
following  seta  of  notes  in  them  severally :— 


Name  of  tho  Key. 

c 

D 

B 

F 

0 

A 

B 

Ci 

(natural,         .    C) 

D 

B 

FJ 

Q 

A 

B 

CJ 

D> 

(two  iharps,    .    D) 

E 

FJ 

Gt 

A 

B 

C« 

DJ 

K' 

(four  sharps,  ,    X) 

F 

G 

A 

Bt> 

0 

D 

K 

F' 

(one  flat.        .    F) 

O 

A 

B 

C 

D 

E 

F« 

0> 

(one  sharp,     .    G) 
(three  shurpB,      A) 

A 

B 

c» 

D 

E 

F« 

OJ 

A> 

B 

C8 

DJ 

B 

Ft 

OS 

AJ 

B' 

(fire  ahoriis    .     B] 

That  ia  to  say,  a  diatonic  scale  on  D,  for  instance,  only  keeps  D,  E,  O, 
A,  B,  or  notes  very  near  to  them,  of  the  diatonic  scale,  and  requires 
the  insertion  of  notes  between  F  and  G  and  C  and  D,  which  the 
avoidance  of  repetition  of  letters  requires  us  to  denote  by  Fit  and 
Ctt,  and  not  by  U^  or  D^.  In  the  preceding  keys  then,  we  have  five 
sliarps  mentioned  (though  really  seven  notes  of  the  kind,  two  between 
C  and  D,  two  between  F  and  0,  one  between  each  of  D  and  E,  Q  and 
A,  A  and  B)  and  one  flat  (between  A  and  B).  Where  are  the  other 
two  abaipe  ?  If  we  construct  diatonic  scales  upon  Ft  and  C8  we  shall 
find 

FJ    04    AJ    B      C      »J    El    F'J    (sU  sharps,       .    Fj) 
CJ    I>S    BJ    FJ    OJ    AJ    BJ    C>S     (teren  sharps,    .    Cj) 

with  not  precisely  the  same  notes  as  beifore,  but  very  near  to  them, 
excepting  two  notes  which  are  new ;  one  between  F  and  Q  (called  £S), 
and  one  note  between  B  and  C  (called  B!).  But  on  which  of  the  values 
of  Ft  and  Ct  in  th»  table  are  these  scales  to  be  constructed,  and  why  ? 
Again,  as  to  the  flats,  if  we  construct  diatonic  scales  on  El>,  and  on 
each  new  flat  as  it  is  successively  introduoed,  we  shall  find  that  our 
nou>enclatiu«  gives  us  new  keys,  aa  follows : — 


B,V 

o 

D 

Kb 

F 

a 

£l> 

F 

a 

A|» 

B  |> 

o» 

A,l» 

B,b 

c 

'ot 

E  k 

F 

Db 

E    ► 

F 

A  |> 

B  K 

G  ^ 

A    > 

Bt 

C|» 

n 

^'b 

c  b 

D   t 

Et 

F^ 

Afc 

A 

Bb 

(l««fla<s,    . 

BU 

D« 

B'b 

(three  flats,  . 

Eb) 

O 

A  b 

(drar  flats,    . 

AU) 

C 

B'|» 

(Ave  flats.    . 

I>l>) 

F' 

(sUflsti^     . 

G|») 

B|» 

(aevss  flats, . 

Ct) 

But  if  we  were  aetutQly  to  proceed  to  form  this  scale,  twinning  from 
Bit  Oj")  gained  from  the  preceding  process,  we  should>mid  ourselvcR 
keeping  very  near  the  chromatic  scale  of  shMps  already  obtained,  ap 
that  the  notes  which  appear  in  the  preceding  as  remnants  of  tiie 
diatonic  scale  would  realfy  be  close  to  the  real  noteai.  Let  ua  see,  foir 
intauoe,  what  the  F  would  be  in  the  key  of  a)>  t — 

Bb,  a  fourth  ahovs  F=y,  X'  b,  a  Awrth  above  B^  s|f. 
.  Eb -Hi  Ab,  a  rearth  shove  £^  E  y^. 

D«|>,  a  fourth  ah0VBAl>  =  |H,Db*Hf.  ■ 

0  b,  a  fonrth  above  D^  =  yff.  | 

F>  (bo  called),  a  seventh  above  G^  b  \\y  X  V  « |}t> 
F  (K)  caUcd)  =  IH,  F  (leally)  s.  |^ 

Now  from  S^  to  |  the  interval  it  only  |j,  the  eomma,  which  wa  meet 
with  so  often  elsewhere.  But  we  should  find  diflbrent  values  for  thp 
same  flat  in  the  difllarent  keys  above,  just  as  we  hare  found  diflerei^ 
values  for  the  some  sharp  in  the  preceding.  To  diow,  however,  in 
how  confused  a  state  the  natural  chromatic  scale  has  been  left,  we 
copy  three  scales,  the  first  from  Wallis  fPhiL  Trans.,'  No.  243, 1W8), 
t^e  second  from  La  Borde  ('  Kssai  sur  la  Uuaique  ancianne  et  nkodenie/ 
vol.  ii.  p.  9,  A.S.  1 780),  and  the  third  from  Hontferrier  ('  Diet,  dsa  ibth.,' 
voL  iii.  p.  218,  a.d.  1840).     All  these  writen  omit  tktJUUi,  niMttiaiBn| 


only  the  sharps  :— 

0     CJ     D 

DJ 
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E 
f 
f 

f 

F 
1 
f 

FJ 

H 
ft 

o 
i 
f 
f 

OJ 

H 
U 
t 

A 
\ 

At 

H 
HI 

V 

IB 

V 
V 
V 

It  has  been  laid  down  by  some  writers  tiiat  the  defisili<m  of  % 
sharp  and  flat  is  as  follows :  when  it  ia  necessary  to  take  a  not« 
between,  say  A  and  B,  that  note  is  called  A  J  when  it  is  nearer  t« 
A,  and  B^  when  it  is  nearer  to  B.  Let  suoh  be  the  definition  i  the^ 
the  note  which  is  exactly  half  way  between  C  and  D,  being  expr««Be4 
by  V  (9  :  8),  is  10607,  whUe  y, »,  and  ^  are  severally  1-0588,  1-0417. 
and  1-0667.  The  two  first  only  oome  under  the  denomination  of 
C  J,  according  to  this  definition,  while  the  third  ought  to  be  called 
Db.  In  faot,  this  third  scale  is  almost  a  scale  with  its  semitones, 
collected  from  the  minor  keys  which  ore  found  to  please  the  ear^ 
vrith  a  slight  alteration  and  one  addition.  In  (S)  B^  is  made  as  4 
fourth  to  F,  instead  of  •  fifth  to  E^  (giving  y  in  place  of  |,  the 
interval  of  the  two  being  onl^  •  comma);  let  {  be  token  instead  of 
y.  Then  between  F  and  Q  insert  Q  ^ ,  a  minor  third  to  E^  (givintf 
y).  Take  the  simplest  sharps  from  the  diatonic  scales  hermnbeforq 
found,  and,  putting  all  the  results  together,  we  shall  have  the  foUaw< 
ing,  which,  if  a  complete  untempered  KHHAaMOHia  scale  is  to  bei 
given,  will,  we  believe,  be  aa  defensible  as  any.  The  sharps  are  all 
derived  from  the  diatonic  major  scale,  the  flats  from  minor  scales 
made  by  the  usual  minor  intervals ;  the  sharp  of  eadi  note  is  lower 
than  the  flat  of  the  following,  though  the  former  and  tlie  latter  are 
not  always  in  difforent  halves  of  the  intervid  :— 

C    Ct    Db   D    DJ  Bb  X    F    FJ   Ob   O   OJ  AU  A    AJ   Bfk    B    0 

1  tt  if   I  H  I  i  4  tt  11  i  tt  f  t  fit  i  V  < 

The  enharmonic  Intervals  of  this  scale  are  as  follows : — 

CtIV>*l'>14,  DtEV=l'02«,  FtO^>:l-OI4,  OHkl^mXtU,  AtB|>>il-»14r 

so  that  this  enhuTOonic  interval  will  be  in  every  instance  JH,  or 
1-024.  Tliis  circumstance  woa  not  looked  for  in  the  formation  of  tba 
scale,  and  it  ia  thus  seen  that  if  the  sharps  be  derived  froo)  tha 
major  diatonic  scales  of  the  different  notes  in  the  fundwnental 
diatonic  scale,  and  the  flats  solely  from  the  minor  scales  which  hove . 
been  judged  admissible,  the  result  is  an  enharmonio  seals  in  whi^h 
the  enharmonic  interval  is  everywhere  the  some,  namely,  the  ioterva) . 
by  which  three  major  thirds  fall  short  of  an  octave. 

If  an  instrument  could  give  oU  the  above  sounds,  the  same  musin 
played  in  different  keys  would  have  slightly  differuit  eflects.    yiti. 
remember  to  have  seen  a  staiement  of  tiie  supposed  '  oharacten  M ! 
the.  different  keys,  which  would  be  useless  here,  on  account  of  its . 
not  describing  the  scale  which  was  supposed  to  be  the  basis.    We '. 
might  suppose  beforehand  that  of  two  keys,  the  one  in  whidi  soma ' 
prominent  consonances  are  a  UtUe  flatter  than  in  tho  other,  woul4 , 
partake,  in  a  slight  degree  more  than  the  other,  of  the  plaintive  cha- 
racter which  distinguishes  the  minor  keys.    But,  in  Uie  first  place, 
instruments  in  general,  and  particularly  the  piano-forte,  on  whiim  the 
greater  port  of  music  first  comes  into  existence,  have  not  tw9  note* 
interposed  between  each  note  of  the  diatonic  scale,  but  one  only,  which 
must  aerve  both  to  sharpen  the  lowar,  and  flatten  the  higiiar.    Next, 
the  preceding  scale  would  be  found  not  very  tolerable  in  some  keys, 
partieubrly  if  laid  down  on  an  oisan.    Borne  TBxrsBAXxn,  that  ii^ 
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mutnal  acQommodAtioii  of  notea  to  each  other,  would  he  neceasaiy, 
and  thouf^  we  defer  to  a  nepante  article  the  account  of  Uie  systems 
which  .prevail,  or  have  been  proposed,  it  will  be  desirable  here  to  lay 
the  mathematical  foundation  of  the  subject,  which  is  easy  enough  to 
one  who  can  use  logarithms.  The  following  table  will  be  necessaiy, 
whioh  we  proceed  to  explain : —  — 


1 

00  00 

31 

68-07 

101 

79-90 

151 

■  86-86 

101 

91-81 

3 

12-00 

32 

68-40 

101 

80-07 

151 

86-98 

201 

91-90 

S 

1901 

38 

68>73 

108 

80-14 

138 

87-09 

103 

91-99 

4 

14-00 

34 

69-08 

104 

80-40 

154 

87-10 

204 

91-07 

( 

17-86 

33 

69-38 

103 

80-37 

155 

87-81 

105 

92-15 

6 

81-01 

36 

69-69 

106 

80-78 

156 

67-41 

108 

92-24 

7 

88-69 

37 

70-00 

107 

80-90 

137 

87-54 

107 

92-31 

» 

86-00 

38 

70-80 

108 

81-06 

138 

87-63 

208 

91-40 

» 

88-04 

39 

70-39 

109 

81 -M 

139 

87-73 

109 

91-49 

10 

8«>86 

60 

70-88 

110 

81-38 

160 

87-86 

110 

91-57 

11 

41-Sl 

61 

71-17 

111 

81-58 

161 

87-97 

111 

93<65 

11 

43-01 

61 

71-43 

111 

81-69 

161 

88-08 

111 

'  92-78 

1> 

44-40 

68 

71-78 

lis 

81-84 

168 

88-18 

lis 

93-83 

11 

43-69 

64 

72-00 

114 

82-00 

164 

88-19 

114 

93-00 

li 

46-88 

63 

72-17 

113 

82-16 

163 

88-40 

115 

93-98 

16 

48-00 

66 

71-38 

116 

81-30 

166 

88-30 

116 

93-06 

17 

49-03 

67 

71-70 

117 

81-44 
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68 
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69 
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82-88 
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88-91 
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98-88 

11 

31-71 

71 

78-80 

111 
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89-01 

321 

93-45 

11 

38-31 

71 

74-04 

121 

83-17 

171 

89-11 

311 

93-3$ 

M 

64-18 

78 

74-17 

113 

88-31 

173 

89-31 

133 

93-61 

M 
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74 

74-31 
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88-43 
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89-31 
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93-69 

IS 
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75 
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HI 

88-39 
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89-41 
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93-76 
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36-40 

76 

74-98 
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83-73 
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89-51 

216 

93-84 

17 

37-06 

77 

73-10 

117 

83-86 

177 

89-61 
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93-91 

i« 

37-69 

78 

73-4! 
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84-00  . 

178 

89-71 

228 

94-00 

19 

38-80 

79 

73-65 

119 

64-14 

179 

89-81 

339 

94-07 

10 

38-88 

SO 

73-86 

130 

84-27 

180 

89-90 

130 

94-15 

SI 

S9'4i 

81 

76-08 

131 

84-40 

181 

90-00 

131 

94-31 

SI 

CO-00 

81 

76-S9 

132 

84-33 

181 

00-09 

132 

94-80 

ts 

60-33 

88 

70-30 

133 

84-67 

188 

90-19 

138 

04-87 

84 

61-05 

84 

76-71 

134 

84-79 

184 

90-28 

384 

94-44 

Si 

61-33 

83 

76-91 

133 

84-93 

185 

90-37 

133 

04-51 

36 

62-04 

86 

77-11 

186 

8303 

186 

90-47 

136 

94-39 

S7 

6131 

87 

77-81 

187 

83-18 

187 

90-36 

237 

94-67 

S8 

62-98 

88 

77-31 

138 

83-30 

188 

90-66 

338 

94-74 

S9 

68-41 

89 

77-71 

189 

83-43 

181 

90-73 

189 

94-81 

40 

63-86 

90 

77-90 

140 

83-33 

190 

90-84 

140 

94-88 

41 

64-19 

91 

78'09 

141 

83-68 

191 

90-9S 

141 

94-95 

41 

64-71 

91 

78-28 

141 

85-60 

191 

91-01 

141 

95-01 

41 

63-11 

98 

78-47 

148 

85-92 

198 

91-11 

143 

93-10 

44 

63-31 

94 

78-06 

144 

86-04 

194 

91-20 

144 

93-17 

4S 

6390 

OS 

78-84 

143 

86-16 

195 

91-29 

145 

93-14 

46 

66-28 

96 

79-01 

146 

86-18 

106 

91-38 

146 

93-31 

47 

66-66 

97 

79-10 

147 

86-40 

197 

91-47 

147 

93-38 

4» 

67-01 

98 

79-88 

148 

86-51 

198 

91-35 

148 

93-43 

49 

67-88 

09 

79-33 

149 

86-63 

199 

91-64 

149 

93-31 

to 

67-78 

100 

79-78 

130 

86-74 

100 

91-78 

130 

93-39 

Since  all  intemh  are  found  by  mvUtpUcation  and  divinon,  it  is 
obvious  that  if  for  intervals  we  substitute  the  logarithms  of  intervals, 
we  form  logarithms  of  new  intervals  by  addition  and  tubtraelum. 
Hitherto,  we  express  a  note  which  makes  a  vibrations  while  the  f  un- 

fUmentil  note  makes  i  vibrations,  by  r  >'  let  ns  now  express  it  by 

log  •— log  &,  the  logaiidun  of  the  preceding.  It  only  remains  to  see 
what  system  of  logarithma  it  will  bo  most  convenient  to  take.  Having 
made  the  octave,  or  the  interval  from  1  to  2,  consist  of  twelve  semi- 
tmes  (not  equal  indeed,  but  nearly  so),  let  us  take  a  new  scale,  to 
which  all  others  shall  be  referred,  and  which  divides  the  octave  into 
IS  tgual  semibmes.  This  is  a  tempered  scale,  on  the  (theoretically) 
■fanplest  system  of  temperament,  and  it  is  agreeable  enough  to  the  ear 
in  practice.  Let  1  be  made  the  logarithm  of  the  interval  of  any  one 
of  these  mean  aanitones,  then  12  is  the  logarithm  of  tiie  interval  of  on 
oetave,  or  we  must  choose  that  system  of  logarithms  in  which  log  2  =  12. 
The  preceding  is  such  a  table;  to  the  mathematician  it  would  be 
described  as  s  system  the  base  of  which  is  y/2.  But  to  the  musician 
it  may  be  described  as  follows  :  it  shows  the  number  of  mean  semi- 
tones contained  in  every  Hasuohic  of  the  fundamental  note,  from  the 
fint  to  the  2S0th  inclusive.  Thus,  opposite  to  21  we  see  written  52'71, 
which  means  that  the  21st  part  of  a  string  sounds  a  note  which  is  52 
mem  lemitooea  and  -71  or  j'y,  <rf  a  mean  semitone  above  the  funda- 
mental note  of  the  string;  or  tiiat  there  are  62-71  mean  semitones  of 
interval  between  two  notes,  one  of  which  vibrates  in  a  second  21  times 
M  often  as  the  other.  This  interval  -71  of  a  mean  semitone  is  one 
which,  repeated  a  hundred  times,  gives  71  mean  semitones.  All  the 
numbers  of  the  table  must  be  understood  to  be  approximate,  within 
the  hundredth  of  a  semitone  or  thereabouts ;  which  is  more  than 
exact  enough  for  practical  purposes.  The  following  role  is  all  that  is 
a 
-If  a  note  make  t  vibrations   while   the   fundamental 


note  mikei  1,  then  that  note  is  log  a  -  log  &  mean  semitones  above,  or 


lo^  b  —log  a  mean  semitones  below,  the  fundamental  note,  •coording  u 
a  IS  greater  than  b,  or  b  greater  than  a. 

Example  1.  What  is  the  value  of  a  comma  in  mean  semitones  I 
Log  81 -log  80  is  76-08 -75-86  = -22,  and  the  answer  is,  that  the 
comma  is  22-hundredths,  or  something  less  than  a  quarter,  of  a  mean 
semitone,  Baising  a  note  by  a  comma  four  times  sucoesmvedy  would 
not  raise  it  quite  a  semitone. 

ISxample  2.  What  is  the  enharmonic  interval  above  obtained,  in 
mean  semitones?  Log  128— log  125  =  84-00— 83*59= -41,  or  about 
four-tenths  of  a  mean  semitone.  This  shows  that  an  untempered 
enharmonic  scale,  such  as  that  proposed,  if  bearable  when  the  snups 
and  flats  are  only  incidental  deviations,  would  never  do  for  any  other 
key  except  the  natural  one. 

The  following  is  the  complete  hami  above  given,  of  the  enharmonic 
scale,  with  all  the  intervids,  measured  from  the  fundamental  note, 
expressed  in  mean  semitones ;  it  shows  hew  much  alteration  a  system 
of  mean  temperament  would  require :  it  being  remembered  that 
although  some  few  instruments  have  been  made  which  give  more  than 
twelve  different  notes  in  the  octave,  this  is  so  unuBusl  a  drcumatonoe 
that  it  is  not  worth  while  to  dwell  upon  it :— 
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The  first  column  gives  the  name  of  the  note ;  the  seoond,  the  ratio 
of  its  number  of  vibrations  per  second  to  those  of  the  fundamental 
note ;  the  third,  the  interval  from  the  fundamental  note  in  mean  semi- 
tones ;  the  fourth,  the  interval  between  each  consecutive  pair  of  notes. 
The  small  variations  observable  in  the  last  oolumn  arise  from  imper- 
fection of  the  table  (every  table  must  be  imperfect  in  its  last  figures) ; 
and  we  see  four  intervals  in  it,  namely,  the  old  diatonic  semitone  1-12, 
the  major  and  mtnor  diromatic  temitona  (as  we  will  call  tiiem)  -92  and 
'71,  and  the  enharmonic  interval  (or  enharmonic  dietit,  as  it  is  caUed) 
•il.    And  the  major  tone  is  in  every  instance 

maj.  chrom.  lemit.  -i-  min.  do.  +  enh.  int. 
while  the  minor  tone  is 

2  min.  semit.  -I-  enh.  int. 

If  we  confound  the  major  and  minor  tone  (and  to  distinguish  them 
is  the  ultima  Thule  of  temperament),  we  must  take  a  mean  value,  and 
.  substitute  it  both  for  the  major  and  minor  chromatic  semitone.  The 
mean  tone  is  1-9,  which  is  to  the  diatonic  semitone  nearly  as  5  to  3. 
The  mean  chromatic  semitone  is  -81,  about  |  of  the  diatonic  semitone, 
and  the  enharmonic  interval  is  its  half.  This  is  a  well-kndwn  ^rstem 
of  temperament  (that  of  Huyghens) :  the  octave  being  divided  into  81 
equal  parts,  five  of  -them  are  a  tone,  three  a  diatonic  semitone,  two  a 
chromatic  semitone,  and  one  the  enharmonic  intervaL  Introduce 
£  $  and  C  ^ ,  which  are  omitted  in  the  preceding,  and  we  have  the 
following  for  a  tempered  enharmonic  scale,  upon  which  we  doubt  of 
any  improvement  being  practicable,  without  attempting  the  distinction 
between  a  major  and  minor  tone  : 

C  CIt  Dt  D  Dt  E|>  £   F|>  Kit  F  Fit  Ob  O   G&  Ab  A   AS  Bb  B    C|>  Bff  C 
1122      111111111113      11111 

This  system,  however,  is  useless,  inasmuch  as  instruments  are  required 
to  have  only  twelve  notes  in  the  octave ;  but  we  should  recommend 
the  student  to  bear  it  in  mind,  as  explaining  those  enharmonic  clunges 
which  in  pianoforte  music  are  only  fictions.  This  scale  would  enable 
us  to  play  with  equal  correctness  in  all  keya  up  to  seven  flikta  among 
the  flats,  and  seven  sharps  among  the  sharps.  learning  these  keys  by 
their  principal  notes,  they  are  the  keys  of 

p        G        D        A        E        B        F$        CJt 
^        F         Bb      Kb      Ab      Db      Ob        C^ 

Now  suppose  an  incidental  deviation  into  the  key  of  A  t .  Looking 
into  the  preceding  scale  from  Alt  ascending,  we  find  we  can  get  a 
whole  tone  at  B  Jt ,  but  the  next  whole  tone  is  wanting,  nor  can  we  get 
it  except  by  interposing  a  note  between  D  |»  and  D,  two  tempered  chro- 
matic semitones  above  C,  and  therefore  catted  CSS  or  C  x  .  Ou  the 
piano-forte  we  must  be  content  with  D  fur  CS  $,  and  ocoordingly  we 
have  in  like  manner 

E  for  DU,  D  for  Ebb,  Dt  for  Fbb,  &«. 

In  the  preceding  scale  also,  when  enharmonic  transitions  arewrittenf 
they  can  most  frequentiy  be  actually  made ;  on  the  piano-forte,  though 
written,  they  can  only  be  mode  in  imagination.  The  ear,  knowing  what  is 
coming,  so  soon  as  the  enharmonic  modulation  is  teat,  prepares  itself 
for  a  change  of  key,  and  gives  the  chord  in  its  poasesaion  to  the  mind 
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not  altogether  in  the  mmb  way  as  when  it  was  not  a  note  of  prepara- 
tion. U  any  one  will  compare  the  effect  of  mnsio  heard  the  second 
time  with  that  produced  by  the  first  time,  he  will,  we  think,  be 
inclined  to  aocede  to  our  opinion,  that  sounda  heard  witLout  any 
knowledge  of  what  is  to  come  afterwards,  difier  more  from  those  which 
are  heard  with  such  knowledge  than  the  eSecta  of  two  scales  con- 
structed on  the  two  most  remote  of  all  the  approved  systems  of  tem- 
perament. In  Huyghens's  system,  his  subdivision  is  '887  of  a  mean 
semitone,  the  chromatic  semitone  is  •77i,  the  diatonic  semitone  1*161, 
and  the  tone  1'93S. 

The  harmonies  of  any  string  C  may  be  readily  found  from  the 
table,  reduced  into  the  octave  between  C  and  C  ;  they  may  then  be 
eompored  with  the  .untempered  diatonic  scale.  For  example,  what  is 
the  68rd  harmonic  of  C  ?  C  itself  counting  as  the  first.  It  is  by  the 
table  68-78  mean  semitones  abovo  C,  lower  this  five  octaves,  by  sub- 
tracting 60,  and  we  have  8'78,  lying  tl^erefore  between  A  ^  and  A,  but 
nearer  to  the  latter. 

[Cbbomatio  Scalb  ;  Diatokio  ;  Eshabkonio.  For  Scales  of  Voices, 
Alto,  Base,  &o.  For  Scales  of  Musical  Instruments,  Sassook, 
CLARnrKT,  Habf,  Vioiiiir,  &c.] 

SCALENE,  a  name  given  by  Euclid,  in  his  definitions  (but  seldom 
or  never  afterwards  used  by  him),  to  a  triangle  no  two  aides  of  which 
are  equal  to  one  another. 

SCAMHONY,  properly  so  called,  is,  in  tie  present  day,  the  produce 
of  Oonvolvulia  icammonia,  a  plant  growing  in  Qreece  and  the  countries 
along  the  Levant.  The  scammony  of  the  ancients  was  in  all  proba- 
bility yielded  by  C.  tagiUifoUui  (Sibthorp),  C.  SibtKorpii  (Romeretsch), 
from  which  it  is  conjectured  that  the  scammony  calleid  of  Samoa  or 
Trebicond  is  obtained.  The  best  comes  from  Al^po ;'  the  next  from 
Smyrna.  The  French  scanmiony,  called  MontpeUier  S.,  is  the  pro- 
duce of  O^nandum  Afotupeliacvm,  an  asclepiadaceous  plant,  endowed 
with  most  of  the  acrid  and  poisonous  properties  of  that  tribe,  and 
therefore  a  dangerous  substance.  But  even  of  the  products  of  con- 
▼i^vulaoeous  plants  the  qualities  are  so  various,  either  from'  natural 
infeiiori^,  or,  far  more  frequently,  from  carelessness  in  collecting  it, 
or  intenttonal  adulteration,  that  no  drug  is  more  unequal  in  its  consti- 
tution or  more  uncertain  in  its  operation.  Strictly  speaking,  it  is  a 
gum-resin ;  but  the  proportion  of  gum  is  at  all  times  small,  while  the 
resin  in  different  specimens  varies  from  81  per  cent,  ia  the  best  to  16 
in  the  wont,  Bemdea  mechanical  impiuitiee,  such  as  sand,  fragments 
of  the  stem  or  roots,  owing  to  the  manner  of  collecting,  chalk/  and 
flour  of  wheat  or  barley,  or  dextrine,  are  purposely  mixed  with  it  to 
bring  it  down  to  the  market  price.  The  latter  sophistications  are  not 
objectionable,  further  than  they  necessitate  a  lai^r.  and  more  bulky 
dose.  But  a  most  pure  preparation  can  now  be  obtained  by  extracting 
the  resin  from  the  root  itself,  according  to  the  patent  plan  of  Prof. 
Williamson,  suggested  b^  Mr.  Clark  of  Sockia,  Asia  Minor.  (See 
'  Pharm.  Jowm.,'  vol.  xvii.,  p.  87 ;  and  voL  zviii.,  pp.  449  and  646.) 
For  an  account  of  the  mode  of  collecting  scammony  m  the  north-west 
of  Asia  Minor,  see  the  same  Journal,  voL  i,,  p.  522,  new  sertes,  April, 
1860.  PerfecUy  pure  scammony  is,  in  a  very  small  dose,  a  very 
efficacious  purgative,  clearing  away  mucous  aocumulations,  more  espe- 
olally  from  the  bowels  of  children,  which  are  the  favourite  reaort  of 
-worms.  To  expel  these,  scammony  is  often  associated  with  calomel ; 
but  this  is  generally  needless,  as  extract  of  rhubarb,  from  its  bitter 
and  tonic  properties,  is  in  every  way  more  to  be  commended.  By 
giving  bitwtrate  or  tartrate  of  potass,  with  carbonate  of  soda,  its 
properties  are  heightened,  and  it  may  be  rendered  a  useful  hydrogogue 
cathartic.  It  should  not  be  too  frequently  repeated,  as  it  is  apt  to 
abrade  the  mucous  covering  of  the  intestines ;  nor  should  it  be  given 
in  inflammation  of  these. 

SCANDAL  {Kcmdalum  magnatun,  slander  of  great  men).  By  the 
statute  2  R.  II.,  c.  5,  confirmed  12  R.  11.,  c.  11,  as  to  "  devisers  of  false 
ziews  and  teUers  of  horrible  and  false  -  lies  of  prelates,  ke,,"  rt  was 
enacted  that  none  devise  or  speak  false  news,  lies,  or  other  such  false 
things  of  the  prelates,  nobles,  and  great  men  of  the  realm.  By  the 
name  statute  tiie  tellers  of  such  lies  were  liable,  as  by  the  statute  of 
"Westminster  the  first,  to  be  imprisoned  till  they  discovered  the  authors 
of  them.  No  statutory  punishment  was  provided  against  the  authors, 
perhaps  because  they  were  liable  at  common  law  to  fine  and  imprison- 
ment. Upon  this  statute  is  founded  the  action  of  scandalum  magnatum, 
irtiieh  is  now  fallen  into  disuse,  and  superseded  by  the  common  action 
of  libel  and  by  the  criminal  information.  It  lies  at  the  suit  of  any 
nobleman,  though  of  a  dignity  created  since  the  date  of  the  statute,  of 
the  judges,  and  of  other  great  officers  of  the  realm.  It  has  been  held 
that  the  aotion  may  be  brought  not  only  for  such  words  as  are  action- 
able in  ordinary  easel,  but  even  for  those  which  are  not  oertain  enough 
to  maintain  an  action  against  a  oommon  person,as  where  one  said, "  My 
lord  has  no  more  conscience  Uian  a  dog. 

The  object  of  the  statute  originally,  though  afterwards  it  appears  to 
hav%  been  applied  in  private  cases,  was  wholly  of  a  political  dbaiscter. 
The  mischief  recited  is  that  "  debates  and  discords  might  arise  betwixt 
the  said  lords,  or  between  the  lords  and  Uie  commons,  which  God 
forbid,  whereof  great  peril  and  mischief  might  come  to  all  the  realm, 
and  quick  subversion  and  destruction  of  the  aforestiid  realm."  The 
statute  of  Westminster,  8  Edw.,  c  38,  referred  to,  is  also  directed  to 
cure  the  some  mischiefs,  the  discord  and  scandal  that  might  arise 
between  the  king  and  his  people,  or  the  great  men  of  the  realm. 

ABTS  AND  SCI.  DTV.  TOI.  TH. 


The  term  teandaloia  is  q>pUsd  to  matter  in  a  bill  w  answer  in 
chancery  which  reflects  on  the  character  of  a  defendant  or  plaintiff, 
and  is  at  the  sometime  irrelevant.  Su(^  matter  will  be  struck  out  on 
exceptions  being  token  to  it  and  allowed.  ' 

(2  ImU,  225 ;  Com.,  Dig.,  tit. '  Action  on  the  case  for  Defiunation : ' 
B.,  Liba,  C.  B.) 

SCANDINAVIAN  LITERATURE.  The  ancient  Scandinavian 
language,  once- common  to  the  whole  north-western  portion  of  Etvope 
beyond  the  Baltic,  is  now  confined  to  Iceland,  where  it  has  undergone 
little  change  since  the  9th  oentnry.  [Ioeland,  in  Qsoa.  DiT.]  This 
dialect  of  the  Qotbic  is  the  parent  stodk  of  both  Swedish  and  Dai^ah, 
the  former  of  which  tongues  has  retained  more  of  the  original  character 
than  the  other,  which  is  also  the  language  of  Norway ;  and,  if  not  for 
the  literature  they  contain,  in  a  philological  point  of  view  they  deserve 
far  more  attention  than  they  have  hitherto  obtained  from  Englishmen, 
since  they  throw  consideiable  light  on  the  history  of  our  own  language. 
There  is  also  a  striking  similarity  of  construction  between  them  and 
English,  which  renders  them  of  comparatively  easy  acquisitioa  to  our' 
selves.  Nearly  the  same  grammatical  simplicilj  prevails,  nor  are  their 
verbs  and  nouns  subject  to  those  numerous  cluuiges  of  terminations 
which  render  such  languages  as  the  Qerman  and  the  Russian  so  per- 
plexing to  a  foreigner. 

Though  literature,  in  the  usual  meaning  of  the  term,  was  of  ex- 
ceedingly tardy  development  in  both  Denmark  and  Sweden,  the  people 
poBsessiad  an  abundant  stook  of  those  traditional  poetical  records  which 
scarcely  lay  any  claim  to  individual  authorship,  being  nthar  the 
embodying  of  the  sentiments  and  feelings  of  an  entire  laoe  than  those 
of  individuals.  Of  these,  by  br  the  most  important  ore  the  Eddas. 
Though  conmiitted  to  writing  by  Bishop  SKmund  only  in  the  11th 
century,  it  is  supposed  that  an  earlier  collection  was  then  in  existence. 
A  part  of  Bishop  S&mund's  gathering  has  been  lost,  and  what  remoinn 
we  owe  to  Snorri  Sturluson,  the  grandson  and  pupil  of  S&mund.  Tho 
elder  Edda  is  in  verse,  not  rhymed,  but  rendered  metrinl  by  the  use 
of  alliteration  or  assonance,  in  which  the  alliteration  is  employed  twice 
in  the  first  line  of  a  conplet,  and  the  second  begins  with  the  same 
letter.  Many  variations,  including  end  rhymes,  were  snfasequentiy 
introduced.  The  younger  Edda  is  in  prose,  with  a  mixture  of  yene, 
TOrUy  quoted  from  earlier  poems,  in  nearly  every  case  from  thb  dder 

Though  a  distinction  has  been  drawn  between  the  elder  and  younger 
Eddas,  there  is  httie  doubt  but  that  some  parts  of  iHe  lattw  are  at 
least  equal  in  ant^uity  to  some  of  those  in  the  elder :  and  as  litUe 
that  in  the  elder  Edda  there  have  been  many  interpolations,  which 
have  been  pointed  out  by  Sunrock  ('  Die  Edda,  die  altere  und  jiingere,' 
1856),  who,  however,  says,  "  Who  would  venture  to  lay  hands  on  so 
reveren4  a  piece  of  ontiquity,  and  where  would  it  end  if  each  were  to 
follow  his  inclination  or  caprice,  and  be^^  to  model  the  tradition 
according  to  his  own  notions.  The  elder  Edda  consists  of  thiri^-sevea 
poems,  of  varioiis  degrees  of  poetical  merit,  all  relating  to  the  mytho> 
logy,  which  will  be  treated  of  in  the  next  article.  After  being  forgotten 
for  nearly  four  centuries,  a  copy  was  found  by  Bishop  Svensen,  and 
published  in  8  vols.  4to,  containing  the  original  text,  a  Latin  trans- 
lation, and  a  dictionary  of  the  northern  mythologr,  in  1787.  A  later 
and  more  correct  edition  has  been  since  published  by  Raak  in  1818. 

The  later  Edda  is  divided  into  two  books, — Oyluginning,  or  Qylfa'a 
fascination,  and  relates  a  like  story  to  that  of  Vafthrudnismal  (or  song 
of  Vafthrudni)  in  the  elder  Edda ;  but  occasion  is  taken  to  dehver  the 
principal  doctrines  of  the  northern  &ith  in  answer  to  the  disguised 
Odin's  inquiries.  Biagaroedhur,  or  Bragi's  Discourse,  borrowed  siso 
from  the  Oegirsdrecka,  or  Oegir's  Drinking  Feast :  here  Brsgi,  the 
scald  of  the  gods,  discourses  of  the  origin  of  poetry,  These  were  first 
translated  and  published  by  Resenius  in  1640.  In  some  manuscripts, 
however,  and  in  Rask's  printed  edition,  these  are  accompanied  by  some 
of  the  Sealdaic  songs.    [Scald.] 

Of  other  Scandinavian  poems  there  are  maqy  distinguished  by  the 
title  of  Kampe  Viser,  or  Heroic  Ballads,  which  strains  of  romantic 
minstrelsy  serve  to  give  an  idea  of  the  compositions  of  the  ancient 
bards  or  scalds.  Deeds  of  arms  and  bravery  constitute  their  main 
subjects ;  for  in  Ae  infsocy  of  states  personal  oourage  and  f^ysicol 
strength  ore  regarded  as  tiie  chief  tities  to  pre-eminence,  more  especially 
in  such  a  region  as  Scandinavia,  where  the  sword  was  the  only  pabhnony 
of  the  younger  branches  of  a  family,  and  was  a  possession  quite  as 
honourable  and  frequenUy  more  lucrative  than  that  of  the  soiL 
Possessing  a  very  great  extent  of  seo-coost,  the  inhabitants  regarded 
that  element  also  as  their  natural  territory.  Their  piratical  expeditions, 
undertaken  portiy  through  necessity  and  partly  from  the  love  of 
adventure,  obtained  for  them  a  fearful  &me ;  and  the  leaders  of  these 
hardy  pirates  assumed  the  imposing  tiUe  of  Sea-kings.  These  '  Viser ' 
contain  moreover  no  small  quantity  of  legendary  &ble  and  supernatural 
lore,  derived  from  the  ancient  Sagas  and  the  mythology  of  the  Edda 
[ScABStNATiAM  Mitholoot],  whose  wild  traditions  were  so  oongeinial 
to  the  spirit  of  the  people  that  they  continued  to  cherish  the  remem- 
brance of  them  long  after  the  establishment  of  Christianity  (which  was 
not  earlier  than  the  commencement  of  the  11th  century);  and  in 
modem  times  they  have  been  largely  mode  use  of  by  OehlmisnhlHger 
and  other  living  or  recent  poets,  who  have  found  in  them  a  source  of 
powerful  interest  for  then:  countrymen.  For  a  while  indeed  it  was 
very  doubtful  Whether  the  Qocr.d  would  prevail  sgainst  the  popular 
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belief  in  the  Valhalla.  The  labours  of  tho  early  missionaries  in  the 
9th  and  10th  centurieB.  produced  veiy  little  effect;  the  people  con- 
tinued to  be  almost  entirdy  pagan,  and  Svend  TvicskiiGK,  the  successor 
of  HttNddj  renounced  Christiani^,  and  did  all  he  could  to  re-establisli 
the  worship  of  the  ancient  idols ;  nor  waa  it  until  after  the  accession 
of  Canilte  the  Great  (1014),  that  Christianity  became  the  national 
religion,  and  churches  and  convents  began  to  be  built.  For  seTeral 
years  afterwards,  however,  little  improvement  took  place  in  the  intel- 
lectvial  (fbndition  of  the  people.  Literature  can  hardly  be  said  to  have 
been  cultivated  at  all.  Its  sole  monument  is  the  history  (written  in 
Latin)  by  SazO  Gnunmaticus,  who  died  in  1208.  In  Germany,  as  well 
as  in  England  and  Scotland,  where  this  literature  and  mythology  were 
once  pi^ominant,  both  faded  away  more  quickly  under  the  iufluraice 
of  civilisatioq,  Odin,  or,  as  he  was  called  by  those  natioi^,  Woden, 
was  forgotten,  but  the  popular  tales  and  fictions  remained.  The  ballad 
poetry  of  Scotlazid  retains  many  a  lay .  identical  almost  with  those  of 
the  Scolds  |  while  Puss,  in  Boots,  Blue  Beard,  the  Pig  who  would  not 
go  over  the  style,  and  Jack  the  Giant-killer,  have  their  Scandinavian 
origiaabl.  Bowitt's '  Literature  and  Romance  of  Korthem  Europe ;'% 
and  .Dasent's  '  Tales  from  the  Nonse,'  contain  much  that  is  interesting 
en  tne  subject. 

urUie  otodem  literature  of  the  Scandinavian  nations,  Iceland,  Sweden, 
Norway,  fttid  Denmark,  notices  will  be  found  in  the  Bioobaphicai. 
DmsioSi  under  the  nvties  of  the  more  eminent  authors. 

SCANDINAVIAN  MYTHOLOGY.  The  genuine  and  older  Scan- 
dinavian lUythologf,  which,  in  regard  to  wild  imagination,  sublime  con- 
.  ceptlsUs,  a  rough  vigour,  atid  a  naive  simplicity  sometimes  approaching 
the  ludlerous;  will  bear  comparison  with  those  of  the  Hindus,  the 
Greeks,  or  Romans ;  and  which,  from  the  extensive  influence  it  has 
exercised  On  all  nations  of  Gothic  and  Teutonic  descent,  has  a  peculiar 
interest  for  them,  is  to  be  found  in  the  Edda,aword  meaning  great  grand- 
mother, or  rsther  ancestress,  probably  used  to  indicate  that  the  cycle 
of  poems,  to  which  the  name  is  given,  had  a  more  remote  origin.  As 
we  haya  Stated  in  the  preceding  article  [Scandinaviax  Litebatcre], 
the  Edda  consists  of  two  parts — the  elder  Edda,  a  cycle  of  poems,  and 
the  yotmeer  ot'  prose  Edda,  which  is  chiefly  s  compendium  of  the 
eldo-,  witii  occasional  extracts  from  it. 

The  Scandinavian  mythology  comes  to  us,  not  in  the  shape  of  a 
religioTis  system,  so  much  as  the  poetical  expreSnon  of  some  of  the 
worshippers.  It  does  not  approach  a  qrstem  even  so  much  as  Hesiod's 
Theogony;  for  it  has  to  be  gathered  from  various  poems  or  frag- 
ments of  poems,  of  which  some  ore  manifestly  of  much  greater  anti- 
quity thim  others.  Some,  no  doubt,  are  of  a  period  anterior  to  the 
Christian  era ;  but  as  all  were  collected  at  a  long  subsequent  period,  it 
is  probable  that  the  belief  in  the  destruction  of  the  world^and  its 
renovation  moy  have  been  derived  from  Christian  sources.  Thus  the 
Edda  presents  in  the  very  beginning  the  germs  of  one  all-destroying 
catastn>phe,  of  a  creation  which  by  necessity  involves  the  final  destruc- 
tion of  the  universej  with  a  promise  of  a  resurrectioh  and  tt  happier 
existence.    This  destruction  has  been  long  foretold. 

The  history  of  the  Creation  by  the  Asar  has  little  resemblance  to 
that  of  Christianity.  In  every  creation  by  the  heathen  gods,  the  mate, 
rial  stiifF  is  always  in  existence.  In  the  Asar  creation,  the  world 
becomes  a  living  organism.  Nature  is  not  a  rude  mass,  she  is  not 
dead,  but  an  organised  whole,  that  is  ever  penetrated  1^  a  super- 
human life.  When  this  idea,  which  approaches  to  the  pantheistic,  is 
expressed  in  a  poetically-material  manner,  we  may  compare  it  with 
other  mythologies,  jn  which,  like  it,  giants,  Titans,  Cyclops,  the  original 
dwellers  in  Chaos,  embody  the  unrestrained  force  of  the  elements  till 
subjected  to  the  might  of  a  higher  and  reg\ilating  power.  There  is 
also  the  peculiarity  of  accepting  the  principle  of  evil  as  the  first  exist- 
ence, to  counteract  which  the  principle  of  good  *as  formed,  or  rather 
descended,  for  Odin's  mother  was  a  daughter,  of  the  giants. 

In  the  beginning  was  a  chaos.  On  the  north  was  Niflheim,  cold,  dark, 
and  foggy ;  on  the  south,  Muspclheim,  warm  and  light ;  betwixt  these 
two  was  Qlnnunga-gap,  in  which  contended  the  ice  and  frost  of 
Niflheiin,  the  light  and  heat  of  Muspclheim,  and  into  which  flowed 
twelve  Btreama  called  EUvagar,  which  were  poisonous,  issuing  from  the 
foimtain  Hvergelmir.  This  water,  hardened  by  the  frost,  by  degrees 
filled  the  gap ;_  was  again  gradually  melted  by  the  warmer  south ;  and 
the  heat  thus  imparted  at  length  produced  Ymir,  a  being  of  enormous 
size  and  rtialignaiit  disposition.  Ymir  fell  asleep,  and  under  his  left 
arm  grew  a  male  and  female;  from  his  right  hand  and  foot  a  ax- 
heodbd  giant  These  were  the  progenitors  of  the  race  of  giants.  The 
ice  continued  tomelt,  and  a  cow,  Audhumbla,  was  produced,  by  whom 
Ymir  was  nourished  from  its  four  milk-streams  (the  four  elements). 
The  cow,  Audhumbla,  licked  the  icy  salt  stones,  and  on  the  evening  of 
the  first  day  arose  the  hair  of  a  man,  on  the  second  his  head,  and  on 
the  llfird  the  complete  man,  handsome,  large,  and  strong.  He  was 
named  Buri,  and  had  a  son  (no  mother  is  mentioned)  called  Bbr,  who 
took  to  wife  a  daughter  of  the  giant  Bolthom,  and  had  by  her  Odin  (or 
Odhin,  Hie  Woden  of  the  Saxons),  Veli,  and  Ye— the  first  of  the  Asar. 
These  three  having  slain  Ymir,  carried  the  body  to  Ginnunga-gap,  and 
with  it  therein  formed  the  world  :  the  blood  became  water ;  the  flesh, 
earth;  the  bones,  mountains;  tho  teeth,  pebbles;  the  hair,  grass, 
trees,  and  other  vegetation;  the  skull,  tho  firmament;  the  brains, 
thrown  into  the  air,  became  clouds ;  and  of  the  eyebrows  were  made  a 
wall  of  defence  against  the  frost-giants.     This  round  flat  world  was 


called  Midgard,  and  was  eucircled  by  a  deep  ocean  (soinetimes  typtSed 
by  a  v;ist  serpent),  outside  of  which  was  Jotunheim,  this  abode  of  the 
giants.  With  siiarks  of  hot  cinders  from  Muspelheim  were  formed 
sun,  moon,  stars,  lightning,  and  meteors;  and  their  courses  wsre  pro- 
scribed, thus  forming  night  and  day,  and  the  seasons. 

Asgard,  the  residence  of  the  Aiar,  was  apportioned  into  Vanheim, 
the  domain  of  tho  elementary  deities ;  Glodsheim,  in  which  was  Val- 
halla, where  dwelt  Odin  and  the  deities  of  his  family ;  Muspelheim, 
the  district  of  celestial  fire ;  and  Lichl-Alfheim  (elves  of  light),  the 
residence  of  the  benevolent  dwarfs,  or  eUs,  in  which  also  was  situated 
Gimli,  the  place  of  luturs  beatitude. 

Utgard  was  under  the  earth,  deprived  of  the  sun's  light,  and  was 
divided  into  Jotunheim,  the  country  of  the  giants;  Swart-Alfheim, 
that  o!  the  black  dwarfs,  or  gnomes;  Niflheim,  in  which  was  Hel,  the 
re^dence  of  Hela,  goddess  of  death ;  and  Nastriind,  a  horrible  swamp, 
inhabited  by  serpents,  into  which,  at  the  end  of  the  world,  the  Wicked 
are  to  be  tlu-own. , 

According  to  the  Vbluspd,  the  (three !)  gods  in  council  noEt  created 
the  dwarfs,  who  had  been  bred  like  maggots  from  the  corruption  of 
•Ymir's  blood,  and  who  were  now  endowed  with  human  shape,  though 
often  deformed ;  and  they  formed  o  counterpoise  to  the  giants,  who 
are  represented  as  stupid,  while  the  dwarfs  inoke  up  for  their  want  of 
size  by  their  ingenuity,  acuteness,  and  knowledge.  Thw  have  still, 
however,  to  dwell  in  the  earth  or  m  rocks  and  caveriis.  The  Voluspd 
and  the  prose  Edda  differ  here,  as  ihe  Voluspi  says  they  were  created 
from  Brimir's  blood.  They  also  differ  as  to  the  next  creation,  that  of 
mankind.    The  Voluspd  says,  after  creating  the  dwar&i — 

''^en  (he  tbrce  vciit,  Froin  tbts  uscmUyi 
Highly  dud  mild  Tho  Atiir  MpcdlAlly. 
Tbc^  foand  on  tho  sca-eoast,  Powerlcai^ 
Ask  and  EmblS,  'Without  ilxed  destiny  | 

fossearlng  no  iOnl,  Having  no  sense, 

Neither  blood  nor  motion.  Nor  jret.bloomijig  oolong. 

Odliin  gave  toal,  UOnir  gdvo  aciiBO, 

Iiodor  (LoUJ  gave  blood  and  bloomlbg  colour." 

In  the  prose  Edda,  as  the  children  of  i3br  wandered  by  thb  sea-shore 
they  found  two  trees,  of  which  they  formed  the  male  and  fetnale,  Ask 
aud  Embla  :  Odin  bestowing,  on  them  life  and  spirit ;  Veli,  sense  and 
feeling ;  and  V^  visage,  speech,  hearing,  and  sight;  and  from  these  two 
are  descended  the  whole  human  race.  Jacob  Grimm  remarks  oh  tiiis 
('  Deutsche  Mythologie ')  that  only  dwarfs  and  nien  iu-e  created ;  the 
giants  and  the  gpds  come  into  existence  as  if  of  themselves,  from  the 
influence  of  merely  natural  forces;  they  owe  their  being  to  the  union 
of  fire  and  water,  while  mankind  and  the  men-like  dwarfi  are  made  by 
the  formative  activity  oi  the  gods  themselves  Acting  with. a  purpose. 

After  the  creation  came  toe  golden  age  of  the  Asar,  till  at  length 
three  maidens  of  the  race  of  giants  surprised  them.  They  took  away 
their  golden  table,  ai;d  left  instead  a  desire  for  gold ;  .this  led  to  a  war 
with  the  Vanir,  who  had  broken  down  the  outer  wall  of  Asgard ;  but 
a  peace  was  at  length  concluded,  when  Bodur  was  given  as  a  hostage  on 
one  side,  and  Nibrd  on  the  other,  who  received  a  seat  and  a  dwelling 
in  Asgard. 

Ygdrassil,  tho  tree  of  life,  which  forms  so  important  a  pui  of  tbe 
cosmogony,  is  first  mentioned  very  abruptly  in  the  'Vbluspit,'  and 
equally  so  in  the  '  Grinmismal '  (song  of  Grimui).  This  tree  has  three 
roots,  one  in  heaven,  one  in  the  residence  of  the  Frost-giants,  and  the 
third  in  Niflheim  or  Hela.  At  each  root  was  a  fountain  possessing 
wonderful  powers,  and  its  branches  spread  around  the  whole  uuiverEC. 
At  the  root  in  !^f iflheim  lives  tho  serpent  Nithhbgg,  constantly 
gnawing  them,  and  in  its  topmost  branches  sits  on  eagle  with  a  hawk 
between  his  eyebrows.  A  squirrel,  Ratatoska,  tuns  up  aud  down, 
exciting  strife  betwee^i  the  eagle  and  the  serpent ;  and  on  its  branches 
browse  four  stags.  The  tree  is  an  ash,  and  is  the  greatest  and  holiesi 
of  all  trees,  uniting  heaven,  earth, 'and  the  lower  regions.  The 
springs  are  also  sacred.  Round  the  heavenly  Urdar-brunnen  the  Asar 
assemble  every  day  to  pronounce  judgments,  assisted  by  ihe  three 
chief  Nomen — Urd,  Verdaldi,  and  Skuld.  'There  are,  however,  many 
other  Nomfen,  who  decide  on  .the  length  of  life,  and  the  good  or  ill- 
fortune  of  every  individual  of  the  hnman  race,  sonic  of  whom  are 
descendants  of  the  Asar,  some,  of  the  races  of  elves,  and  some  of  the 
race  of  the  dwarfs.  Every  day  the  Nomeh  water  the  tree  from  tho 
fountain,  to  keep  it  in  vigour,  and  from  its  leaves  falls  the  dew.  The 
well  of  the  giants  in  guarded  by .  Mimir,  an  old  and  wise  man,  but 
whether  god,  gi.int,  or  demi-god  is  imcertain,  and  in  this  well  lie 
hidden  vrisdom  aud  knowledge.  The  ihird  is  Hvergelmir  or  the  roaring 
basin. 

The  chief  gods,  who  were  especially  to  be  worshipped,  are  twelve ; 
the  goddesECB  ore  fourteen.  The  subordinate  superhuman  powers  are 
numberless.  We  only  enumerate  the  chief,  wnich  are — 1,  OcUn,  who 
governs  all  things,  and  who  is  obeyed  by  the  other  deities,  as  a  father 
by  his  children.  Hence  he  is  named  Alfadir  (All-father)  and,  with 
numerous  other  names,  Valfadir,  from  having  prepared  VoUialla  and 
Vingolf  for  the  reception  of  the  Einheriar  (hia  selected  heroes)  who 
have  fallen  in  battle.  Near  hia  seat  in  Hlithskiolf  are  two  wolves, 
which  he  feeds  with  the  viands  set  before  him,  as  he  needs  no  food ;  and 
on  his  shoulders  sit  two  ravens,  Uugin  and  Munin  (Thought  and  Mind) 
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wbo  whisper  in  his  ear  all  the  tidings  they  have  collected.  His  -niie  is 
Fri0{a,  who  loresees  all  things,  hut  never  foretells  them.  2,  Thor,  the 
mistiest  and  strongest  of  gods  or  men ;  possessing  a  hammer,  Miblnir, 
of  enormous  power,  which  returns  of  itself  to  him  after  having  been 
flung  at  any  one ;  a  belt  by  which  his  strength  is  doubled  when  it  is 
worn ;  and  gauntlets  without  which  he  cannot  grasp  the  handle  of  his 
hammer.  He  was  the  son  of  Odin  by  Fiorgyn  (the  earth),  who  also 
figures  as  a  male,  the  father  of  Frigga,  the  wife  of  Odin.  Thor  is  the 
protector  of  the  earth,  whose  cultivation  he  has  estabhshed,  whose 
Iruitfulneea  and  kindliness  in  favour  of  its  inliabitants  he  unweariedly 
fosters  and  furthers,  and  is  therefore  in  continual  conflict  with  the 
wild  elements.  His  wife  is  Sif,  from  whom  by  a  trick  Loki  stole  her 
hair,  and  was  forced  by  Thor  to  supply  its  place  with  hair  of  gold.  8, 
BalduT,  the  seoond  son  of  Odin  by  Frigga,  the  handsomest  <^d  best  of 
the  Ami,  the  wisest,  mildest,  and  most  eloquent.  His  wile  was 
Naima.  fie  was  early  threatened  with  death,  to  guard  against  which 
every  created  thing  was  required  to  swear  to  do  him  no  harm ;  but, 
instigated  by  LoU,  his  blind  half-brother,  Hiidur  (unreasoning  strength), 
dew  him  by  throwing  at  him  a  branch  of  mistletoe,  which  liad  been 
oreilooked  m  the  swearing.  His  fate  occasioned  the  visit  of  Odin  to 
Hela,  which  has  bean  paraphrased  by  Gray,  i,  Kiord  governs  the 
winds,  stills  the  sea,  wd  oh^ks  the  fire.  But  he  is  not  of  the  race  of 
the  Asar.  Bom  and  bred  in  Vanaheim,  a  district  of  the  giants,  he  was 
given  as  a  hostage  to  the  Asar  on  a  peace  being  concluded  with  the 
Vaoen,  who  received  frpm  the  Asar  as  a  hostage  on  their  part,  Hodur, 
one  of  the  joint  oreators  of  mankind.  His  wue  was  Skiidi,  daughter 
of  tl)e  giaiit  Thiassi.  They  had  two  children ;  s  son  named  Freyr,  and 
•  dau^ter  named  Freyja,  both  beauteous  and  powarfuL  6,  Freyr 
governs  the  rain  and  sunshine,  gives  abunda,nt  harvests,  promotes 
peace,  and  dispenses  riches  to  men.  He  fell  in  love  with  Gterda,  the 
daoghtei  of  Gymir,  one  of  the  giants  in  Jbtunhelm,  and  obt^ed  her 
for  his  wife  throng  the  intervention  of  Skirnir,  and  this  forms  the 
subject  of  one  of  the  poems  of  the  elder  Edda,  Skirnirsfdr  or  Skimir's 
JoutnOT;  His  sister  is  equally  benevolent,  she  assists  all  who  desire 
her  asautance,  is  especially 'favourable  to  lovers,  and  doims  the  half  of 
idl  who  &U  in  battle  (the  other  half  bdonging  to  Odin),  whom  she 
entertains  in  Sessrumnir,  her  mansion  in  Al^ard.  G,  Tyr,  whose 
descent  is  uncertain,  is  bold  and  courageous,  promotes  strife,  and  gives 
victory  in  war.  He  has  but  one  hand,  as  the  other  was  bitten  oIF  by 
Fenrir,  the  wolf,  who  demanded  of  the  Asar  the  pledge  of  one  of  their 
hands  in  his  mouth  before  he  consented  to  be  bound  in  order  to  tiy 
bis  strength.  None  of  the  4-sar  diired  this  but  Tyr.  The  wolf 
remains  bound  until  the  day  of  the  destruction  of  the  world.  7, 
Bragi,  celebn^ed  for  wisdom,  eloquence,  and  his  skill  in  poetry  ;  he  was 
the  slfald  of  the  gods.  His  wife  was  Idnna,  who  had  charge  of  the 
golden  apples,  by  eating  of  which  the  gods  renewed  their  youth. 
iMki  by  a  trick  ddivered  her  aad  her  apples  to  one  of  the  giants ;  the 

gods  became  wrinkled  and  gray ;  and  then  Loki  by  another  tnck  brought 
er  and  her  treasure  back  to  the  Asar.  8,  Heimdall  is  one  of  the  Asar, 
the  son  of  nine  virgin  sisters,  but  beyond  the  epithet  wetoe  Aa 
(white  Acs,  singular  of  Asar)  his  descent  must  be  admitted  as  obscure. 
He  was  a  powerful  god,  and  much  honoured.  He  is  the  warder  of  the 
bridge  Bi&ost  (the  rainbow),  requires  less  sleep  than  a  bird,  sees  by 
night  as  well  as  by  day,  can  even  hear  the  gross  grow  on  the  earth, 
and  the  wool  on  the  sheep's  back.  His  horn  when  sounded  is  heard  all 
over  the  yrofld,  and  his  syrord  fij^ts  of  its  own  accord.  9,  Vidar  is 
one  of  the  sons  of  Odin,  and  sumamed  The  Silent  He'is  next  to 
Thor  in  yti<ength,  and  on  the  day  of  combat  Sfiunst  the  giants  is  to  kill 
the  wolf  Fenrir,  by  drivinB  his  swgrd  down  his  open  jaws.  10,  Vali, 
another  son  of  Odin's  by  Kinda,  who  uhde^ok  to  revenge  the  death 
of  Baldur,  and  assisted  in  binding  Loki.  11,  Ullur  is  the  son  of  Sif, 
■tep-son  of  Thur,  skilful  with  the  bow,  swift  on  snow  shoes,  handsome 
and  brave.  12,  Foraeti,  the  son  of  Baldur  and  Nonna,  celebrated  for 
his  coiTeot  judgments,  from  which  all  disputants  depart  satisfied. 
Other  lists  somewhat  vary  from  this.  Hodur,  t^e  blind  and  strong, 
has  been  mentioned,  but  seems  not  to  be  included  among  the  twelve. 
The  prose  Bdda  says,  "  the  gods  might  well  wish  they  hod  never  to 
name  buA,  for  too  long  will  his  deed  remain  in  their  memory." 

Besides  the  Asar,  there  are  some  other  important  deities.  One  of  the 
chief  is  Loki,  one  of  the  sons  of  the  giant  FarbauU  and  Nal,  of 
Loufey,  his  wife;  the  others  being  Bylelst  and  Helblindi.  Lolu  is 
handsome  in  person,  but  capricious,  cunning,  and  perfidious.  He  was 
at  times  the  fnend,  and  commonly  the  associate,  of  the  Asar,  but  the 
continual  oontriver  of  mischief  against  them.  He  had  a  wife  called 
Siguna,  and  a  son  by  her  named  Nari,  ^ho  was  devoured  by  his 
brother,  the  wolf.  But  his  most  celebrated  progeny  was  by  the 
giantess  Angurbodi,  by  whom  he  had  the  wolf  Fenrir,  who  used  to 
follow  the  sun,  endeavouring  to  swallow  it,  whose  binding  has  been 
already  mentioned,  and  who  will  at  length  break  loose,  and  assist  in 
the  destruction  of  the  world;  the  serpent  Jdnuungand,  who  was 
thrown  by  Hie  gods  into  the  deep  ocean  that  sun'oundis  Midgard, 
which  he  encircled,  holding  his  tiul  in  bis  mouth ;  and  Hela,  who  was 
cast  into  Niflheim,  and  has  power  over  nine  regions,  into  which  she 
distributes  all  who  die  through  old  i^e  or  sickness.  The  dominion 
of  Hela  is  not  a  place  of  puni^iment,  but  only  the  abode  of  those  not 
deemed  worthy  of  dweUing  in  Valhalla.  Loki  himself  is  at  length 
boimd  on  shaip-pointed  rocks,  with  a  serpent  suspended  over  hUn ; 
whose  venom  should  fidU  on  bis  jace,  but  hu  wife  Siguna  catches  the 


drops  in  a  cup  till  it  is  full;  she  then  has  to  empty  it;  and  while 
this  ia  being  done,  the  drops  which  fall  on  his  face  cause  sudi 
extreme  pains,  that  he  writhes  and  causes  earthquakes.  He  is  thus  to 
lie  till  the  end  of  the  World.  Oegir,  also  called  Gymir,  is  one  of  the 
giants,  and  has  dominion  over  the  sea.  It  will  be  seen  that  Odin's  two 
brothers,  Veli  and  Ve,  have  disappeared.  At  the  end  of  heaven  sits 
Hrasschwelger  (corpse-devourer),  one  of  the  giants,  in  the  shape  of  an 
eagle,  and  from  the  flapping^  of  his  wings  proceeds  the  wind,  according 
to  the  force  of  their  motion.  Surtur,  another  god  or  giant,  who 
remains  in  Muspelheim,  is  only  to  appear  at  the  day  of  destruction. 
All  the  monsters  are  loosed,  whom  he  will  lead  to  the  conflict  with  the 
Asar,  some  are  killed,  but  they  remain  conquerors.  After  this  final  com- 
bat, Surtur  spreads  flames  over  the  earth,  and  all  will  be  consimied.  But 
Nastrond  is  formed,  a  place  of  punishment  vast  and  awful,  constructed 
of  serpents,  whose  venom  collects  in  floods,  through  which  wade 
murderers,  perjurers,  and  adulterers ;  but  in  the  plain  of  Ida,  where 
Asgard  formerly  stood,  another  earth  will  arise  from  the  sea,  and  says 
the  Yoluspi — 

"I  see  a hsU,  Brighter  tban  tbe  aoo, 
With  gold  covered.  On  Oimll's  height; 
Then  will  tbe  worthy  Princes  dwell. 
And  without  end,  E^Joy  their  honeor  ;*' 

where  Surtur's  fire  can  no  longer  iatta  them. 

The  prose  Edda  adds,  that  a  man  and  wopitn  BQryive,  hid  io  A 
forest,  and  fed  with  dew,  who  are  to  replenish  the  world;  oi^d  the  sun 
is  to  bring  forth  a^daughter  (the  suu  is  feminine  in  the  northern 
dialects)  more  lovely  than  herself.  This  seems  to  be  an  addiUon.  This 
Edda,  compiled  by  Christians,  has  much  more  of  the  Christian  element 
than  the  elder,  and  is  therefore  leas  to  be  depended  on  as  a  fi^thful 
transcript  of  the  ancient  mythology. 

Of  the  goddesses,  besides  those  mentioned,  the  most  prominent  after 
Frig^,  were — Saga  (history),  a  favourite  of  Odin's ;  £ir,  skilful  in  the 
healing  art/;  Geflon,  who  is  a  virgin,  and  to  whom  belong  all  who  die  - 
unmarried ;  Fulla,  also  a  maiden,  the  attendant  and  confident  of 
Frigga ;  Freyja  (already  mentioned)  was  married  to  Odhur,  who  l^t 
her,  and  Freyja  wept  tears  of  gold.  She  boors  several  other  names, 
which  she  assumed  while  seeking  her  husband,  and  was  the  possessor  of 
a  famous  necklace  called  Brisinga ;  Siofna,  who  turns  the  hearts  of  men 
and  women  to  thoughts  of  love ;  Lofn  and  Viira  are  also  deities  &vourabie 
to  lovers ;  Syn,  is  door-keeper  of  the  hall  of  the  gods,  shutting  it  tfpiaft 
all  who  have  not  the  right  of  e^tering,  and  likewise  presides  at  triali 
in  wliich  anything  is  denied  on  oath ;  Snotra,  the  wise  and  courteous ; 
Gnii  is  the  messenger  of  Frigga,  riding  a  horse  on  which  she  glides 
through  the  air;  Sol,  so  named  by  her  father  on  oocoant  of  her 
beauty,  while  her  brother  he  named  Mani  (moon).  This  pride  ofiianded 
the  gods,  who  made  the  sister  the  driver  of  the  horses  of  the  stm,  and 
the  brother  those  of  the  moon.  -There  are  other  goddesses,  such  as  the 
Valkyrien,  who  servo  the  mead  in  Valhalla,  and  are  sent  by  Odin  to 
every'battle-field  fo  select  ^the  slain  and  to  give  victory ;  the  Nomeu 
also  assist  in  this  latter  office.  Also,  Jord  ^the  earth),  Thor's  mother, 
and  Binda,  the  mother  of  Vali.'ore  reckoned  among  the  goddesses. 

In  Asgard  are  the  twelve  heavenly  palaces  or  abodes,  of  such  extra- 
ordinary splendour,  that  jthe  light  qf  the  sun  or  moon  was  not  needed. 
Asgard  is  protected  by  an  abyss  crossed  by  a  heavenly  bridge,  strong 
enough  to  bear  the  gods,  but  which  will  break  under  the  weiglit  of  the 
giants.  This  is  colled  Blfriist,  and  is  the  rainbow,  formed  of  w^ter, 
air,  and  fire,  as  shown  by  its  colours.  Tbe  water  and  air  would  have 
been  sufficiently  strong  for  the  Asar,  but  the  fire  was  added  to  guard 
against  the  giants.  On  the  boundiuy  between  Asgard  apd  Hidgard 
stands  Thrudheim,  the  dwelling  of  Thor,  which  forms  a  thirteenth. 
The  twelve  are  :  1.  Ydali,  the  valley  of  moisture,  in  which  Uller,  tbe 
son  of  Sif,  and  the  step-son  of  Thor,  dwells.  2.  Alfheim,  or  Elfinlond, 
inhabited  by  Freyr,  the  son  of  Niord,  and,  according  to  the  prose  Edda, 
by  the  elves  of  light  (by  which  is  thought  to  be  represented  the  ger- 
piinating  powers  of  the  sun's  rays),  who  are  to  exist  till  the  overthrow 
of  the  universe,  and  then  to  bet.ike  themselves  to  the  higher  heaven. 
8.  Vahiskialf,  ValL's  watchtower,  in  which  dwells  Vali,  the  son  of  Odin 
and  Rinda.  Here  was  also  built  Odin's  chief  seat,  Hlithskialf,  &om  the 
elevated  throne  of  which,  he  and  his  wife'  Frigga  could  overlook 
the  whole  world.  4.  Sockvabeck  (the  stream  of  descent  or  d^th), 
rushing  vrith  cold  water,  whence  Odin  and  Sngs  (history)  drink  every 
day  from  golden  vessels,  and  intoxicated  with  the  precious  drink, 
rejoice  in  the  love  that  may  be  derived  from  the  woter-oracle.  S. 
Qladsheim  (realm  of  joy),  where  is  IdavoUe  (th&  field  of  business), 
because  here  are  foiled  the  arms  with  which  the  heroes  disport. 
This  is  the  gathering-place  of  the  Asar;  here  are  held  the  feasts 
and  the  combats  of  the  souls  of  departed  heroes  who  reside  in 
Valhalla ;  they  wander  arm  in  arm  with  the  virgin  Valkyrien,  whose 
love  and  unfading  charms  are  the  rewards  of  those  who  have  received 
their  kiss  in  battle,  the  sign  of  an  invitation  to  the  feast  of  tiie 
gods.  In  Idavolle  both  Valhalla  and  Vingolf  are  situated.  The  last 
IS  the  residence  of  the  Einheriar  (or  heroes),  whpse  help  is  needed  by 
the  gods  in  their  final  contest  against  the  iuhabitauts  of  Muspelheim, 
on  the  destruction  of  the  world.  Vijagolf  is  a  palace  of  gold  reaching 
to  the  clouds.  Before  the  gates  of  Valhalla  lies  the  forest  of  Glasir 
in  which  the  trees  bear  leaves  of  red  gold.  But  Vingolf  is  the 
sanctuaiy  of  the  goddesses,  where  the  boU  of  tbe  slain  whom  F^yja 
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lias  chosea  ara  immedutely  conveyed,  while  the  other  haU  are  received 
by  the  Valkyrien  in  Ytdhalla.  Lastly,  in  Idavblle  is  the  seat  of 
judgment,  under  the  ash  Yggdrassil,  upon  the  actions  of  -gods  and 
men.  Seaie  were  here  provided  for  the  twelve  gods  ab«ady  men- 
tConed.  In  like  manner,  upon  earth,  courts  of  judgment  were  to  be 
held  under  a  sacred  tree  and  near  a  sacred  well.  After  having  dis- 
pensed justice,  the  Aear  ride  on  splendid  horses,  6.  Thiymheim 
(groaning  or  thunder-home),  where  dwelt  the  giant  Thiassi,  and  after 
Ins  death  his  daughter  Skadi.  7.  Breida-blik  (world-glancing)  the 
most  magnificent  of  the  heavenly  dwellings,  where  is  not  the  least  soil, 
and  whidi  is  Baldur's  residence.  8.  Himun-biorg  (heavenly  palace)  on 
the  border  of  the  celestial  region,  where  resides  the  wise  god  Heimdall, 
who  is  entrusted  with  the  care  of  the  bridge  Windhjalm,  from  being 
possessed  of  the  Giallarhom,  which  is  heiud  throughout  the  world, 
from  his  sleeplessness,  and  from  his  wonderfully  acute  senses ;  in  .order 
that  the  Asar  may  not  be  unexpectedly  surprised,  one  end  of  this 
bridge,  called  Bifriist  (rainbow),  is  dose  to  Heimdall's  abode.  At 
the  time  of  the  destruction  of  the  world,  the  invaders  from  Huspelheim 
will  attempt  the  passage,  the  bridge  will  break  or  dissolve.  9.  Fiilkn- 
vangr  (field  of  uie  combatants),  the  abode  of  Freyja;  a  splendid 
palace,  surrounded  by  a  beautiful  garden,  in  which  is  the  htdl  Sessrumer, 
wherein  the  fortunate,  who  have  been  selected  by,  the  benevolent 
goddess,  enjoy  every  blus  the  world  can  bestow.  1 0.  Qlitnir  (splendour), 
the  palace  of  Foraetl,  resting  on  golden  pillars,  the  windows  of 
diamonds,  and  the  roof  covered  with  silver.  11.  Niia-tun  (Newcourt), 
the  palace  of  Niord;  and  12.  Landvidi  (Brosdland),  overgrown  witji 
long  grass,  that  of  Yidur. 

Tbii  under  the  symbols  of  these  twelve  palaces,  the  twelve  months, 
or  the  zodiacal  signs,  are  to  be  understood,  there  can  be  little  doubt, 
though  it  has  been  controverted,  and  although  we  are  unable  to  decide 
wli»£  month  or  sign  the  various,  palaces  are  meant  to  represent. 

In  Asgard  the  gods  had  placed  their  dwellings  in  the  earliest  times 
(Uneit),  and  they  will  all  perish  in  the  general  conBagration.  But 
this  conflagration,  though  destroying  everything,  is  to  give  birth  to  a 
new  creation,  in  which  Asgard  will  re-appear  with  increased  splendour, 
and  the  Asar  will  revive  to  resume  their  original  powers.  Odin  and 
Thor  only  vrill  disappear,  and  the  late  palace  of  Odin  will  become,  after 
this  terriflo  crisia,  the  abode  of  Baldur  and  Hiidur.  In  the  first  poem, 
the  Yoluspd  (the  decision  or  judgment  of  the  Yeli  or  prophetess*),  it 
is  said, — 

«  The  sun  beooaiM  Uack,  The  earth  sinks  in  the  sea, 
Xrom  heaven  fsU  The  btl^t  staia, 
A  Serjr  vortex  rages  round  The  aU-nooriahiilg  world's  tre<^ 
The  hot  flames  Uek  the  iktes." 

After  which  the  Asar  are  to  reassemble,  to  find  fields  that  bear  produce 
vitiiout  sowing,  whence  everything  evil  has  vanished ;  and 

"  There  ride  the  mighty  To  the  cousoll  (or  Jndgment)  of  the  gods ; 
The  great  ahove  all,  Who  guide*  all  IhlDgi. 
He  deeldei  diiputee.  Appeases  qnarrels. 
And  otdaiai  for  ever  Hi*  InsUtation*." 

Of  this  "great  above  aU,"  the  '  HyndluUddh '  (the  song  of  Hyndlu) 
^ys,  after  having  given  a  genealogy  of  the  Asar ; — 

"Then  oomea  anotber,  Mightier  than  he, 
Yet  him  to  name  I  do  not  venture, 
Pew  would  wish  Further  to  look 
Xhan  when  Odin  The  wolf  attacks." 

We  shall  not  attempt  to  g^ve  any  of  the  legends  incorporated  with 
this  system,  nor  with  the  esoteric  meaning.     On  the  whcue  it  will  be 

Ethat  the  deities  are  personifications  of  physical  forces  and  of 
lan  passions,  fashioned  by  a  northern  imagination.  J.  Grimm,  in 
I  'Deutsche  Mythologie,'  endeavoius  to  prove  timt  the  northern 
ideities  are  nearly  identical  with  the  Qreek  and  Roman  and  the  Hindu 
daties.  There  are,  necessarily,  points  of  resemblance,  but  sufiicient 
Idifbrenoes  to  render  the  conceptions  in  each  case  original 

The  Hawamal,  or  High  Son^,  contains  the  ethics  of  the  system; 
there  are  many  striking  sayings  in  it,  but  we  cannot  do  more  than  give 
s  specinten  :— 

"'With  his  weapon  No  one  ihonldpart 
In  the  open  field ; 

Ko  one  knows,  How  non  on  the  way 
He  may  need  hia  spear." 

"XoderaUIr  wise  Should  a  man  be 
Bat  not  too  wise; 

The  heart  of  the  vlw  I*  Kldom  serene 
If  it  beeomes  too  wiae." 

For  a  fuller  investigation  we  may  refer  to  Jacob  Grimm's  '  Deutsche 
Mythologie,'  1854  -^  Karl  Simiock's  '  Die  Edda,  die  alters  und  die 
IfiniMre/lSSI!;  and' Das MythologischeHandbuch,' 1858;  L.1Thland's 


jflngere, 


*  Ths  form  of  the  word  is  perhaps  deserring  of  a  notice,  as  giving  the  origin 
U  the  SsotUsh  word  jinm,  to  foretell ;  and  ipaeKife,  a  fortune-teller. 


Grimm,  and  others,  in  '  Zeitachriften  filr  Qeschjchtswissenschaft ;' 
Mannhardt's  'Qcrmanische  Mythen;'  W.  G.  Piye's  'Trois  Chants  de 
I'Edda,'  Paris,  1844;  and  Mallet's  'Northern  Antiquities,"  edited  by 
L  A.  HackweU,  1847. 

SCAXTLING,  a  term  used  by  carpenters  to  express  the  transversa 
dimensions  of  a  piece  6f  timber ;  and  also  in  some  cases  as  a  general 
name  for  small  timbers,  such  as  the  quartering  for  a  partition,  rafters, 
purlins,  or  pole  plates  in  a  roof,  &c.  .  All  quartering  or  squared  timber 
under  five  inches  square  is  designated  scantling.     [Tqcbeb.] 

In  masonry  the-  same  word  is  used  to  express  the  size  of  stones  in 
length,  breadth,  and  thickness. 

SCAPEGOAT,  or  AZAZEL  (^JSJS!).  On  the  great  day  of  atone- 
ment among  the  Jews,  the  high-priest  was  to  choose  two  goats,  and 
after  presenting  them  before  the  Lord  at  the  door  of  the  tabernacle,  ha 
WBs  to  cost  lots  upon  them,  one  lot  being  for  the  Lord,  and  the  other 
"  for  Azazel."  The  one  upon  which  the  Lord's  lot  fell  was  to  bj  e.-icri- 
fioed  as  a  sin  ofiering,  and  the  other  was  to  be  presented  alive  before  the 
Lord  to  make  an  atonement  with  him,  which  was  done  by  the  high- 
priest  laying  both  his  hands  on  the  haul  of  the  goat,  and  confessing 
over  him  the  sins  of  all  the  people,  which  were  thus  said  to  bo  "  put 
upon  the  head  of  the  goat."  The  goat  was  then  to  be  sent  away  into 
the  wilderness  by  the  hand  of  a  fit  man,  who  was  to  let  him  go  in  the 
wilderness.    (Levit.,  xvi.  8-28.) 

The  meaning  of  the  word  Atazd  is  very  doubtfuL  It  seems  to  be 
derived  from  a  root  (which  still  exists  in  Arabic)  meaning  to  teparate. 
1.  The  common  interpretation  refers  it  to  flie  goat  itself  as  bemg  tent 
cacay.  2.  Some  take  it  to  be  the  place  to  which  the  goat  was  sent,  as 
being  either  a  proper  name,  or  merely  a  general  term  for  a  lepanUe 
place  or  wilderness.  3.  Spencer  and  most  of  the  Gemum  critics  con- 
sider it  to  be  the  name  of  an  evil  spirit,  who  was  supposed  to  inhabit 
desert  places ;  and  they  would  trarislate  Levit  xvi.  10,  "  to  let  him  go 
to  Aatzel  (instead  of,  for  a  scapegoat)  into  the  wilderness."  4.  It  is 
maintained  by  Hengstenberg  and  others,  that  Satan  is  typified  by  the 
goat,  the  separated  one,  and  this  view  seems  corroborated  by  the 
passage  in  Zecli.  iil.  Bepreeenting  the  sins  of  tile  people,  which  are 
upon  repentance  to  be  forgiven,  he  is  driven  away  into  the  desert.  It 
is  ahio  considered  to  be  typical  of  Christ,  so  far  as  a  vicarious  atonement 
is  to  be  accepted  under  certain  conditions  for  committed  suia, 

SCARFING,  the  mode  of  joining  two  pieces  of  timber  end  to  end, 
in  such  a  manner  that  they  may  appear  but  one,  and  cannot  be  pulled 
asunder  by  a  force  applied  in  the  direction  of  their  length,  without 
breaking  off  part  of  the  wood  at  the  joint. 

Other  modes  of  uniting  two  timbers  ini»  one  continuous  length  are 
sometimes  practised ;  as  for  instance,  the  simple  plan  called  Juhing  a 
beam,  in  which  the  ends  abut  against  each  other,  and  pieces  of  wood 
(re  added  on  each  side,  as  Bho^v^  in  fig.  1 ;.  the  whole  being  held 

Fig.  1. 


together  by  iron  bolts.  The  strain  on  the  bolts  may  be  reduced  by 
indenting  the  pieces  added  at  the  joint  into  the  beam,  as  represented 
in  the  lower  part  of  the  figure  ;  or  by  transverse  keys  of  hard  wood 
driven  into  grooves,  of  which  one-hsif  is  cut  in  the  beam,  and  the 
other  in  the  supplementary  pieces,  in  a  similar  manner  to  thooe  shown 
'mfig.6. 

Where  neatness  is  more  essential  than  strength,  scarfed  joints  are 
preferred  to  any  arrangement  of  this  kind,  because  a  beam  united  by 
them  is  of  the  same  breadth  and  depth  at  the  joints  as  at  other  parts. 
Figt.  2  and  S  represent  two  of  the  simplest  forms  of  scarfing,  in  both 

•   Fig.  J. 


Fig.  S. 
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of  which  the  strain  is  home  wholly  by  the  holts.    It  is  advisable  to 

add  a  plate  of  iron  on  the  faces  of  the  beam  where  the  heads  and  nuts 
of  the  bolts  pass  through,  and  the  ends  of  these  plates  may  be  turned 
into  the  wood,  as  shown  in  the  cuts.  Of  these  two  plans  the  first 
appears  rather  preferable,  because  the  screwing  up  of  the  bolts  has  no 
tendency  to  alter  the  position  of  the  parts ;  while  in  the  second  it  has 
a  tendency  to  make  the  inclined  faces  slide  upon  each  other,  and 
thereby  to  open  the  joint. 
It  is  desirable  to  avoid  depending 'solely  upon  bolts  for  the  strength 
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of  a  Boarf,  owing  to  tlie  eSed  of  the  shrinUng  of  the  timber,  and  the 
liability  of  lie  bolte  to  be,  in  consequence  of  their  amall  dimensions, 
pressed  into  the  vood.    Fig,  4  is  a  soorf  that  may  be  used  without 


Fig.  4. 


bolts,  although  the  addition  of  them  adds  much  to  the  security  of  the 
joint.  In  this  plan  a  key  or  wedge  is  driven  gently  into  the  square 
space  at  a,  to  bring  the  parts  i&to  their  places.  Two  other  illustra- 
tions will  suffioe  to  explain  other  varieties  of  scarfing.    Fig.  5  is  a 

Fig.  5. 


diagonal  scarf,  in  which  the  parts  are  said  to  be  taiUd  together;  they 
being  so  eat  and  fitted  to  each  other  that  no  force  can  sepyate  them 
longitudinsUy,  without  breaking,  so  long  as  the  bolts  hold  them 
together  sideways.    Fig.  6  diows  a  very  simple  and  good  plan  of 


Bcarfing,  which  is  easily  execated  with  accuracy,  owing  to  the  absence 
of  oblique  faces.  In  this  arrangement  keys  are  used  to  resist  any  force 
tending  to  separate  the  beam  in  the  direction  of  its  fibres,  instead  of 
the  parts  being  tabled  together.  The  ends  of  the  keys,  which  should 
be  of  hard  wood,  and  let  into  both  pieces  of  the  beiun  to  an  equal 
depth,  are  shown  by  the  dark  tint  in  the  cut. 

.varieties  may  be  almost  infinitely  multiplied  by  increasing  the 
number  of  the  faces;  whether  oblique  or  square,,  and  uniting  the  parts 
either  by  tabling,  keying,  or  a  combination  of  the  two ;  but  in  most 
cases  the  greatest  simplicity  should  be  aimed  at,  in  <nder  that  the 
parts  may  tiie  more  rnidily  be  made  to  fit  each  other  with  accuracy, 
Yeiy  conq>licsted  scarfe  have  been  used  by  some  old  carpenters, 
rtspeoting  which  Robison  observes  that "  many  seem  to  aim  at  making 
the  beam  stronger  than  if  it  were  of  one  piece ; "  an  absurdity  too 
manifest  to  need  refutation.  Where  a  scarfed  beam  is  exposed  to 
transverse  strains,  the  joint  should  be  varied  from  the  ordinary  form ; 
but  for  these  and  some  other  contrivances  to  meet  peculiar  circum- 
stances the  reader  is  refarred  to  the  practical  works  of  Tredgold, 
Kicholson,  &c.  When  a  piece  of  ti,mber  subject  to  compression  in  the 
direction  of  its  length  has  to  be  scarfed,  oblique  faces  should  be 
•voided,  because  of  their  tendency  to  slide  upon  each  other.  Though 
bolts  are  commonly  used  to  secure  scarfed  joints,  iron  hoops  or  straps, 
driven  on  tightly,  have  been  recommended  in  their  stead,  and  possees 
the  advantage  of  not  weakening  the  timber.  In  joints  that  depend 
wholly  on  bolts,  Tredgold  recommends  that  the  sum  of  their  areas 
should  never  be  less  than  two-tenths  of  the  area  of  the  section  of  the 
beam.  From  the  same  authority  tre  ^ve  the  following  rules  for  the 
length  of  scarfs : — 

ik  oak,  ash,  or  elm,  the  whole  length  of  the  scarf  shoold  be  six 
times  the  deprth  or  tliickness  of  the  b^m,  where  there  are  no  bolts. 

In  fir,  without  bolts,  twelve  times  the  depth. 

The  whole  length  of  a  scarf  dependent  wholly  upon  bohs  should  be 
in  oak,  ash,  or  elm,  about  three,  and  in  fir,  six  times  the  deptii  of  the 
beam. 

When  bolts  and  indents  are  used  together,  the  length  of  the  scarf 
tain  be,  in  hard  woods,  twice,  and  in  soft  woods  four  times  the  depth. 

SCABIFIEB.    [Arable  Lasd.] 

SCARLATINA  (originally  written  Scarlattina,  from  icarlatta,  a 
Md-ooloured  cloth).  Scarlet  fever.  This  disease  was  not  distinguished 
by  the  andents  from  any  of  the  other  eruptive  fevers;  th^  contented 
themselves  with  classing  together  all  these  fevers  as  pestilential,  and 
they  attributed  the  variety  of  eruptions  that  accompanied  them  to 
dirorent  combinations  of  the  humours.  Small-pox,  measles,  and 
scarlatina  were  described  by  the  Arabians,  but  they  looked  upon  them 
merely  as  varieties  of  the  same  disease,  and  even  to  the  close  of  the 
I8th  century  the  two  last-named  maladies  were  confounded.  Dr. 
Withoiag,  in  a  second  edition  of  an  essay  which  he  published 
on  scarlet  fever,  in  the  year  1798,  first  pointed  out  its  custinctivo 
dbaracters. 

Scarlatina,  like  small-pox  and  measles,  may  appear  as-an  epidemic, 
or  it  may  be  propagated  by  a  specific  contagion ;  as  an  epidemic,  it 
most  usually  appears  at  the  latter  end  of  the  summer  and  the  beginiftng 
of  autumn ;  sporadically,  4t  is  met  with  at  all  seasons ;  it  further 
resembles  the  diseases  we  have  just  named  in  rarely  attacking  twice 
^he  same  individuaL  Scarlatina  varies  much  in  severity,  frran  the 
mild  febrile  disturbance  which  has  been  pronounced  by  Sydenbau  to 


be  fatal  only  throu(^  the  ofSciousneas  of  the  doctor,  to  that  grave 
form  of  the  disease  which  has  received  the  appellation  of  malignant. 
This  difference  has  given  rise  to  its  division  mto  three  species,  the 
Scarlatina  timplex,  8.  anginota,  and  S.  maligna.  Scarlatina  is  ushered  , 
in  by  rigors,  followed  by  increased  heat  of  the  body,  thirst,  loss  of 
appetite,  and  all  the  symptoms  of  inflammatoiy  fever.  On  the  second 
day  of  this  fever,  or  somewhat  later  in  the  severer  forms  of  the  disease, 
patches  of  a  scarlet-coloured  efflorescence  begin  to  appear  on  the  face 
and  neck,  which  extend  downwards,  and,  coalescing,  soon  spread  over 
the  whole  body.  On  the  trunk,  however,  the  rash  is  seldom  uniform, 
but  is  distributed  into  difiiise  irregular  patches,  the  scarlet  hue  being 
most  vivid  about  the  fiexures  of  the  joints  and  on  the  loins ;  occa- 
sionally minute  vesicles  are  visible,  'and  Sauvages  has  considered  this 
ciroumstanoe  suffiment  to  constitute  a  distinct  species,  wliich  he  calls 
3.  variolodet.  On  the  third  and  fourth  days  the  eruption  is  at  its 
height;  even  the  mouth  and  fauces  are  not  free  from  it,  the 
papilla)  of  the  tongue  are  unusually  red  and  elongated)  and  the  face  is 
generally  more  or  less  swollen.  On  the  fifth  day  it  begins  to  dsdine, 
disappearing  by  interstices,  so  that  the  patches  reappear  as  at  the  com- 
mencement, and  it  is  generally  gone  before  the  end  of  the  seventh. 
Between  the  eighth  and  twelfth  days  the  cuticle  comes  off  in  the  form 
of  a  scurfy  desquamation,  and  the  fever  has  subsided.  This  is  the 
course  of  Scarlatina  timplex.  At  those  periods  of  the  disease  when 
the  eruption  is  in  patches,  scarlatina  is  apt  to  be  mistaken  for  measles, 
but  it  may  readily  be  distinguished  from  the  last-named  disease  by 
the  following  signs  : — In  meases,  the  patches  are  of  a  rosy  hue,  of  a 
crescentic  form,  and  elevatod  above  the  surroimding  skin ;  in  scarlatina 
th«ry  resemble  more  the  colour  of  boiled  lobster,  want  the  creaoentio 
shape,  and  the  hand  passed  over  them  detects  minute  asperities,  but 
no  elevated  patches.  It  is  further  distinguished  from  m^sles  by  the 
greater  heat  of  skin,  the  temperature  being  sometimes  as  high  as  108° 
or  112°  of  Fahr.,  bytho  absence  of  catarrhal  symptoms,  and  by  the 
state  of  the  papillie  of  the  tongue. 

Roseola  is  Uie  name  of  an  affection  which  is  characterised  by  an 
eruption  bearing  some  resemblance  to  scarlatina ;  but  it  is  of  a  man 
crimson  colour,  pursues  its  course  in  a  direction  oontraty  to  that  of 
scarlatina,— namely,  from  the  extremities  and  trunk  to  the  neck  and 
face, — and  is  attended  with  less  constitutional  disturbance. 

Scarlatina  accompanied  with  sore  throat — S.  on^nosa,  or  eynanAiea, 
as  it  is  termed — is  a  much  more  frequent  and  severe  form  of  the 
disease  than  that  which  wo  have  just  described.  Not  only  are  the 
precursory  febrile  symptoms  more  violent,  but  the  whole  course  of  the 
malady  is  protracted ;  the  eruption,  is  seldom  so  universal  as  in 
the  simple  variety,  but  is  in  scattered  patches,  which  frequently  vanish 
and  reappear ;  the  interior  of  the  mouth  and  &uces  is  of  a  high  red 
colour,  tumefied  and  painful ;  superficial  ulcerations  not  nnfrequently 
form  on  the  tonsils,  uvula,  and  soft  palate ;  and  the  throat  is  much 
clogged  up  witii  a  tough  viscid  phlegm.  In  S.  maligna  the  fever  is  of  n 
a  typhoid  character';  the  pulse  is  small  and  feeble ;  the  tongue  and 
lips  dry,  and  encrusted  with  a  brown  fur ;  there  is  delirium  alternating 
with  coma,  and  the  rash  is  faint  and  continually  coming  and  going ; 
the  ulcers  in  tho  throat  are  covered  with  dark-coloured  sloughs,  and  a 
large  quantity  of  viscid  mucus  clogs  up  the  fauces  and  impedes  respira- 
tion and  deglutition.  These  symptoms  are  often  accompanied  by 
diarrhoea,  and  by  petechiEB  on  the  skin,  with  hasmorrhage  from  the 
nose,  throat,  bowels,  or  other  parts,  which  generally  lead  to  a  fatal 
termination :  this  may  occur  on  the  third  or  fourth  day  of  the  disease, 
or  the  patient  may  linger  to  the  second  or  third  week ;  if  recovery  take 
place,  it  is  exceedingly  tedious.  It  has  been  observed  that  daring  the 
prevalence  of  scarlatina  adults  are  not  unfrequently  afiiscted  with  the 
efflorescence  in  the  mouth  and  throat,  without  the  skin  partici{>ating 
in  the  affection.  For  this  dass  of  cases  Dr.  Tweedy  has  proposed  the 
name  of  S.  faueium.  All  the  varieties  of  scarlatina  that  we  have 
mentioned  may  be  observed  during  the  prevalence  of  the  same  epi- 
demic, and  even  among  members  of  the  same  family ;  but  it  is  no  less 
true  that  each  epidemic  has  generally  a  certain  character  or  type, 
which  it  is  important  to  ascertain  in  order  to  r^ulate  the  treatment. 
This  circumstance  renders  it  difficult  to  iome  to  any  just  condumon  as 
to  the  mortality  from  this  disease. 

The  reports  of  the  Registrar-Gteneral  for.  1858  and  1859  show  the 
mortality  in  London  from  scarlatina  as  compared  with  other  forma  ot 
symotio  disease : — 

Diseucs.  1898.       1868.' 

BcaiMt  fever      .»••••    411S        4197  ' 
BmalUpoz      ....*..      147        tlS< 

Measles 2S8S        1S03 

Hooping-eoncli      .        .        .        ...    2700        1741 

Scarlet  fever  visits  certain  districts  as  an  epidemic,  and  that  whilst 
in  some  years  it  fells  down  to  a  level  with  otiier  diseases  of  the  same 

g moral  nature,  or  even  below  them,  it  rises  at  others  hi  above  them, 
uring  the  years  1857,  58,  69,  and  60,  scarlet  fever  has  prevailed  in 
London  as  an  epidemic,  and  has  carried  off  little  short  of  12,000 
persons.  During  these  years  it  has  been  associated  with  Hxe  disease 
called  diphtheria,  but  they  are  distinct  diseases  and  not  in  any  manner 
produced  by  the  same  causes.     [Diphtheria.] 

Scarlatina  is  often  followed  by  other  ionaa  of  disease.  .  One  of  the 
most  frequent  of  these  is  anasarca,  whicb  frequentiy  terminates  fatally. 
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This  disease  arises  |rom  ^i^e  morbid  conditiop  q(  the  kidneys.  Jn  ^. 
Iwgp  number  of  cases  of  scartatina  the  kidneys  are  primarily  afiected, 
ftnd  the  uriue  presents  4  low  specific  gravity,  and  cont^na  albumen. 
In  the  anasarca  which  comes  on  after  the  febrile  sytnptoms  have  passed 
iway,  ihere  is  invariably  present  albuminuria.  This  conditio^  of  the 
nstem  often  terminates  fati^Uy  by  drijpsical  effusions  oacurring  in  the 
pleura,  the  pericardium,  or  the  membranes  of  the  brain.  It  sometimes 
Iiappens  that  an  attack  of  scarlet  fever  may  not  obviously  produce  the 
usi^al  skin  and  throat  symptoms,  but  .expend  all  its  force  on  thfi, 
internal  organs,  especially  the  kidneys.  Unde^r  these  ciroumstaaces' 
anasarca  may  come  on  and  lead  to  a  fatal  result 

Amongst  oUier  sequelai  or  results  of  the  action  of  jthe  scarlatinal 
poison  is  an  extension  of  the  inflammation  of  the  throat  into  the 
eustachian  tube,  and  the  internal  ear.  In  this  way  the  bones  of  the 
ear  are  destroyed,  and  ulceration  of  the  tympanum  al|d  its  destruction 
follow.  Fcetid  discharges  take  place,  and  the  whole  of  the  internal  ear 
not  unfrequently  becomes  involved,  producing,  should  the  inflammation 
not  extend  to  th^  brain  and  destroy  the  patient,  permanent  deafness. 

In  other  cases  on  affection  of  the  joints,  not  unlike  rheumatiiim, 
comes  on  during  the  attack  of  scarlet  fever.  This  affection  of  the 
joints  continues  sometimes  %  long  while  after  the  active  symptoms  of 
the  fever  have  disappeared. 

Scarlatina  is  on  example  of  a  contagious  and  infectious  disease.  In 
t]ie  majority  of  cases  the  origin  of  the  disease  can  be  traced  to  exposure 
to  the  poiton  arising  from  a  previous  case.  The  intensity  of  the  poison 
seems  greater  than  even  that  of  small  pox  or  typhus.  Dr.  Watson 
Isays, "  it  lurks  about  an  apartment,  or  cUngs  to  furniture  and  clothes, 
for  a  very  long  time,  even  after  some  care  has  been  taken  to  purify 
them.  Of  this  I  have  known  several  j-emarkable  examples.  You  wiu 
be  asked  at  what  period  the  danger  of  imparting  the  disease  on  the 
one  hand,  or  of  catching  it  on  the  other,  is '  over  j  and  I  would  recom- 
mend you  to  answer  tbat  you  do  not  know.  •  I  am  sure  1  do  not." 
Many  persons  go  through  life  without  catching  this  disease,  and  it  is 
piost  desirable  that  all  should.  The  only  certain  way  of  avoiding  it 
is  the  strictest  quarantine.  Any  thing  which  has  been  near  the 
patient,  or  handled  by  persons  attending  upon  the  patient,  may  com- 
municate the  disease.  The  only  certain  prevention  of  ito  spread  in 
families  is  either  the  removal  of  the  sick  or  those  liable  to  take  the 
disease.  The  spread  of  the  scarlatinal  poison  is  not  depudent  on  dirt 
and  squalor,  and  other  circumstances  injurious  to  health,  although  the 
fatality  of  the  disease  is  greatly  increased  by  these  circumstances.  The 
disease  is  generated  and  spread  by  the  poison  alone.  It  is  on  this 
account  that  the  ^eatest  attention  should  be  paid  in  nursing  this 
disease  to  prevent  mfected  things  from  passing  out  of  the  patient's 
bedroom.  All  Unen  or  clothes  worn  by  the  patient  should  be  imme- 
diately after  they  are  used  placed  in  boiling  water.  All  vessels  u^ed  in 
the  bedroom  should  bo  immediately  emptied  after  they  are  used, 
chlorinated  lime  or  soda,  or  the  permajiganate  of  soda,  being'added  to 
t^eir  contents.  The  vessels  should  also  be  washed  and  rinsed  out  with 
amutions  of  these  substances.  After  the  patient  has  recovered,  every 
thing  in  the  room  that  can  be  placed  in  boiling  water  should  be 
submitted  to  its  action,  and  books,  papers,  and  things  which  will  not 
bear  water,  should  be  placed  in  an  oven.  The  room  should  be  fumi- 
gated wjih  chlorine,  and  the  walls  and  ceiling  whitewashed. 

In  the  treatment  of  scarlatina  it  should  be  remembered  that  in  the 
miJdef  cases  little  or  no  medicine  is  reqiiired.  The  pati'eut  passes 
through  all  stages  with  little  derangement  of  the  system,  and  the  only 
tiling  required  is  to  prevent  exposure  tb  cold,  and  to  watch  for  the 
accession  of  any  of  tiie  symptoms  of  the  sequela)  above  mentioned. 
^hen  the  symptoms  are  more  severe  »o  alkaline  treatmemt  may  be 
recommended.  Dr.  Watson  especially  recommends  the  chlorate  of 
potash  with  hydrochloric  add.  When  the  throat  svmptoms  are  severe 
m  adults,  leeches  to  the  tiiroat  or  cupping  at  the  nape  of  the  neck  have 
beep  strongly  recommended.  Some  practitioners  recommend,  in 
case?  of  a  low  type,  small  and  often  repeated  doses  of  sulphate  of 
ijuimne.  Where  the  pulse  is  rapid  and  the  tongue  becomes  dark,  the 
administration  of  wine  is  indicated,  and  where  wine  fails  to  stimuUite 
sulEciently,  brandy  has  been  given  with  advantage.  The  sesquicarbo- 
nate  of  ammonia,  in  cases  with  low  symptoms,  has  been  vaunted  as  a 
specific  :  it  may  be  given  with  advantage  in  cases  in  which  wine  is 
indicated.  Purgatives  arid  saline  diaphoretics  may  be  administered  as 
the  symptoms  indicate.  The  throat  demands  especial  attention  :  where 
the  tonsils  are  merely  swollen  a  gargle  of  alum  or  powdered  alum  may 
be  applied.  When  it  is  ulcerated  the  ulcers  may  be  touched  with 
nitrate  of  silver  or  a.  lotion  applied.  The  chlorate  of  potash,  with 
nitrohydrochlorio  acid,  may  be  used  as  a  gargle.  Where  the  ulcerations 
are  foetid,  syringing  the  throat  with  a  lotion  of  chlorinated  lime  or 
soda  will  greatly  contribute  to  the  comfort  of  the  patient.  There  is  no 
one  system  of  treatment  that  is  adapted  for  all  cases,  and  those  writers 
who  advocate  one  system  can  have  had  but  little  experience  of  the  great 
variety  of  forms  which  the  disease  preseift^ 

The  treatment  of  the  anasarca  and  other  sequela)  will  depend 
on  the  symptoms  present.  When  dropsical  eiTusion  comes  on,  the 
patient  will  bear  more  active  treatment  than  in  the  primary  and 
secondary  stages  of  the  disease.  Cupping  or  leeches  to  the  loins  is  of 
service,  and  active  puigatives.  The  chlorate  of  potash  may  be  con- 
tinued in  this  form  of  the  disease,  and  when  the  more  formidable 
f^ptoms  are  subdued,  the  laltj)  of  iron  may  be  admiuistertd. 


(Bennett,  Principles  of  Medicine ;  Hood,  On  the  Faipl  Diteaiei  of 
Children;  Watson,  Lccturea  on  the  Practice  of  Phytic, •  Aitken,  The 
Science  and  Art  of  Medicine.) 

SCAULET  DYE.    [Calico 'Printino ;  Cochineal;  Dteiho.] 

SCAKLET  FEVER.     [Soaihatima.] 

SCENE-PAINTINQ.  With  respect  to  the  stage  of  the  ancient 
theatres  very  littje  is  known,  and  even  that  is  exceedingly  indistinct, 
being  founded  not  upon  description,  bijt  merely  on  incidental  allusions. 
But  graating  that  they  employ^  some  kind  of  temporoff  ?tage 
decoration  suited  to  the  subject  of  t^e  piece,  the  presumption  is  that 
it  did  not  at  all  resemble  our  modem  scenery.  The  width  of  their 
stages  renders  it  difficult  to  understand  how  any  scene  painted  upon  a 
mngle  piece  of  canvas  of  sufficient  size  could  nave  been  let  down,  or 
rather  drawn  up,  as  it  Is  supposed  the  au&ra  were,  or  otherwise  changed 
during  the  performance ;  and  it  is  quite  certain  that,  since  the  per- 
formances took  place  in  the  open  air  and  by  daylight,  however  con- 
trived or  executed,  any  kind  of  scenery  like  that  of  our  moderi)  theatres 
could  not  have  produced  the  same  degree  of  illusion. 

With  the  rise  and  progress  of  scene-painting  and  atage-effect  in 
modei-n  times  we  are  Hot  much  better  acquiunted,  since  no  specimens 
of  early  scenery  have  been  preserved,  and  only  scanty,  casual,  and 
fragmentary  notices  relative  to  it  have  come  down  to  us.  From  what 
is  recorded  of  Baldassari  Feruzzi's  [Pehuzzi,  in  Bioa.  Div.]  works  of 
this  class,  and  those  of  some  other  artists,  it  would  seem  iliat  scene- 
painting  was  very  greatly  improved,  though  it  may  not  have  been 
brought  all  at  once  to  perfection,  about  the  time  of  Leo  X.  Consider- 
able improvement  appears  also  to  have  token  place  in  the  general 
economy  of  the  stage  and  everything  connected  with  scenic  apparatus, 
as  well  as  in  scene-painting.  For  much  of  his  reputation  with  his 
contemporaries  luigo  Jones  was  indebted  to  the  fancy  and  talent  ho 
displayed  not  merely  as  a  scene  painter,  but  in  getting  up  pageants 
and  mosques,  and  planning  the  decorations  and  machinery  for  them. 
But  with  respect  to  the  nature  of  his  scenic  effects  and  contrivances, 
vfe  have  little  more  than  traditional  report  to  depend  upon,  for  there 
exists  no  history  of  theatrical  painting  and  of  the  various  improve- 
ments which  liave  from  time  to  time  taken  place  in  the  decorations 
and  apparatus  of  the  stage.  '  ' 

Of  this  last,  and  of  the  quantity  of  hidden  machinery  requiute  for 
expeditiously  cliangiug  the  scenes,  as  well  as  for  effecting  more  com- 
plex displays  in  pieces  of  tpectacle,  we  shall  not  bete  speak,  but  confine 
our  remarks  to  the  painted  scenery  alone.  Beginning  with  what  is 
technically  termed  the  drop-seme,  as  being  the  simplest  of  all,  we  have 
merely  to  remark  that  it  is  no  more  than  a  picture  or  single  painted 
surface  let  down  by  way  of  blind  or  curtain  between  the  acts,  so  as  to 
close  up  the  opening  of  the  proscenium.  As  it  generally  continues  to 
be  used  for  an  indefinite  time — thirty  or  forty  years  in  some  instances 
— t}ie  drop  is  more  carefully  executed  than  back  scenes,  which,  showy 
as  they  may  be  in  effect,  are  required  only  for  a  season,  and  are  at  a 
much  greater  distance  from  the  spectators.  As  for  too  as  pictorial 
effect  and  truth  of  ])erspective  are  concerned,  a  drop  shows  itself  to  far 
greater  advantage  than  other  scenery,  which  is  composed  of  dif- 
ferent pieces  constituting  what  is  oalled  a  set  of  scenes.  These  consist 
of  the  narrow  upright  pieces  called  iidcscenai  or  vringt,  of  the  narrow 
horizontal  ones  (hanging-scena  or  loffiu,  paiuted  to  imitate  a  sky  or 
ceiling,  but  chiefly  intended  to  screen  the  space  over  the  stage),  and  of 
the  hack-Kene.  Backs  again  are  of  two  kinds,  namely,  rolling  scenes 
which  are  let  down  from  above,  and  jlat»,  which  are  formed  of  ttvo 
sliding  scenes  strained  upon  fnuuiug,  like  the  wings,  and  meeting  each 
other  and  uniting  in  the  centre.  These  are  employed  when  what  are 
termed  practicable  scenes  ore  required,  that  is,  with  doors,  windows, 
&a,  which  admit  of  being  used  as  real  doors,  tM. ;  or  else  when  there 
is  occasion  that  the  "  flat "  shouM  suddenly  open  and  discover  another 
scene  behind  it  In  atldition  toThese,  there  are  what  are  termed  open 
fiats,  which  are  scenes  cut  out  in  places  so  that  both  the  backgronnd  is 
seen  and  the  actors  can  pass  through  them.  They  are  commonly  usc;d 
for  the  representation  of  groves  or  forests,  but  sometimes  for  interiois 
with  open  arches.  There  are  besides  what  are  technically  known  as 
pieces,  narrow  scenes  placed  obliquely  on  one  side  of  the  sta^e  when  it 
is  wanted  to  show  a  cottage  or  comer  of  a  house,  with  a  praciicaile 
door  in  it.  Lastly,  there  is  >et  eceitery,  as  it  is  termed,  where,  instead 
of  the  usual  wings  ranged  one  behind  the  other,  there  is  a  single  scene 
on  each  side  extending  from  front  to  back,  so  that  the  stage  is  con^- 
pletely  enclosed.  By  this  means  a  more  perfect  represcntatioh  of  a 
room  can  be  obtained  than  where  wings  are  employed- 

In  fact  side-scenes  or  wings  con  be  regarded  as  little  better  Uian  so 
many  detached  screens  absolutely  necessary  to  shut  out  from  view  the 
space  on  each  side  of  the  stage,  since  in  themselves  they  rather  detract 
from  than  at  all  aid  illusion  and  effect ;  more  especially  in  interiors, 
where  what  should  represent  a  continuous  wall  or  surface  on  either 
side  is  broken  into  several  pieces,  which  are  besides  placed  parallel  to 
the  back  scene  or  flat,  instead  of  being  at  right  angles  to  it.  If  the 
scenery  be  viewed  exactly  from  the  centre  and  from  the  true  perspec- 
tive distance,  the  defect  thus  occasioned  is  not  very  striking  or  offen- 
sive ;  but  if  the  spectator  be  near  to  the  stage,  or  placed  on  one  side 
of  the  house,  the  whole  becomes  more  or  less  distorted,  and  the  wings 
appear  to  be  only  so  many  disjointed  fragments,  so  that  all  scenic 
illusion  is  destroyed. 

^ceue-paintiiig  is  executed  in  dittemper,  that  is,  with  colours  mixed 
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up  with  size,  the  design  heing  first  made  in  a  sketch^which  is  accu- 
rately laid  down  to  scale,  and  from  which  the  perspective  outline?  are 
tiafuferred  to  the  larger  surface.  Instead  of  beginning  with  dead 
colouring  and  then  gradually  worldng  up  his  picture,  the  artist  puts  in 
all  his  effects  at  once<  (as  in  fresco-paintmg) — the  full  toqe  of  the  lights 
and  shadows,  flhlshiiig  as  hb  proceeds,  and  inerely  retouchifig  or  glazing 
those  paiil  atUrwdrOs  ItHlch  i^uit'e  additiolial  depth  or  brilliancy. 
In  this  klfad  of  pfildtlilb,  brdrira  of  ezecutiod  and  stHkingnesB  of 
effect  are  lndlA|l<iiilsablt;,  Sbd  iidturti  iUUsi  be  tathei'  exaggerated  than 
the  conttaTy ;  si  the  sdttib  titne  bit6  ifaust  Vb  ^tceh  leiil  iricre  gaudiness 
be  Bubstiiiliteil  for  BHlUaDoy  and  Hchlie*!  FUHlifei-j  U  tHtloh  of  the 
costume  b!  {fig  f '^■'■i  depends  Utiou  h!iil|  \h  in  iiiltiOi-liiJli:  that  the  scene 
painter  SKditljl  not  biilt  be  akijled  lii  irthltectiir^  dfilllleatton,  but  alao 
well  infoHded  as  to  ihe  strifes  Of  diflbreiit;  bbtlHiHiri  ttild  {tferiods,  so  as 
to  avoid  ihoKe  errotil  atid  aiidchrotijsnis  which  SiS  frequently  com- 
mitted, ahd  ^hich  lU^  temetidiea  so  glaritig  that  ho  beaulrf  of  Execution 
can  atone  tor  them. 

Much  of  the  effect  of  scenerjr  depends  upon  a  sViUul  mode  of  light- 
ing it ;  in  which  respect  considerable  improvements  have  taken  place 
of  late  years,  and  the  light  is  now  occasionally  thrown  from  above,  as 
well  as  from  the  sides  and  the  foot-lights,  coloured  glass  and  other  con- 
trivances being  also  occasionally  employed.  A  variety  of  mechanical 
contrivances  have  indeed  been  brought  to  great  perfection  so  as  to 
imitate  particular  effects  in  the  most  deceptive  manner,  such  as  those 
of  moonlight,  where  the  moon  breaks  through  the  clouds  and  gleams 
upon  water,  fto.,  chahges  of  the  sky  from  olear  to  stormy,  or  the  con- 
tiaiT,  the  sudden  glare  of  fire,  &c. ;  the  most  elaborate  and  costly 
combinations  of  mechanioil  apparatus  with  carefully  painted  scenery 
are  now  exhibited  in  the  "  transformation  scenes  "  of  Christmas  panto- 
mimes and  extravaganzas. 

Though  looked  upon  as  a  very  subordinate  branch  of  the  pictorial 
art,  many  artists  of  superior  ability  have  applied  themselves  to  scene^ 
painting.  To  the  name  of  Psruzzi  we  may  add  those  of  Bibiena,  Ser- 
Tftidom,  Loutherbourg,  Lambert,  Hooker,  Gonzago,  Quaglio,  Sanqui- 
rico,  Stanfield,  Koberts,  Qrieve,  and  Beverly. 

SCEPTIC  (ZxtrriKiii),  one  who  doubts,  who  deliberates,  who  cir- 
cnmspects.  Such  is  the  primary  meaning  of  the  word,  but  like  most 
words  it  has  been  wrested  from  its  primary  signification  by  ignorance 
or  prejudice,  and  is  now,  beyond  its  philosophical  meaning,  used  to 
express  a  dissenter  from  an  established  rehgion,  In  one  sense  it 
denotes  a  philosopher ;  for  doubt  is  the  first  step  in  science ;  it  is  the 
refusal  to  take  for  granted  any  explanation  of  phenomena  that  may  be 
offered,  and  the  einumtpectimi  of  Uie  grounds  and  truth  of  this  expla- 
nation. In  common  usage,  Sceptic  denotes,  loosely  enough,  an  atheist, 
deist,  pantheist,  &c.,  or,  more  precisely,  the  holder  of  any  heterodox 
opinions.  Common  usage  is  here,  as  is  usually  the  cose,  wrong.  To 
set  the  matter  in  its  true  light,  we  must  remark  that  scepticism  is 
simply  doubt,  while  heterodoxy  is  disbelief;  something  manifestly 
distinct  from  doubt,  which  is  a  mere  oscillation  of  the  mind  between 
opinions ;  the  belief  of  this  moment  passing  into  the  contrary  belief  of 
the  next ;  whereas  disbelief  is  the  belief  in  something  contradictory. 
Keid,  and  others  of  the  Scotch  school,  class  disbelief  as  on  independent 
jMwer  of  the  mind,  equally  with  belief.  We  hold  that  the  two  are  One 
and  the  same  power  exercised  on  contrary  opinions.  The  mind  must 
believe  a  thing  or  disbelieve  it  (that  is,  believe  something  else  which  is 
contradictory),  or  must  oscillate — one  moment  believing  this  thing,  and 
the  next  beueving  another  thing.  If  then  this  distinction  be  borne  in 
mind — ^if  we  have  rl^tly  demarcated  doubt  from  disbelief — the 
erroneous  application  of  sceptic  in  common  usage  will  be  obvioua 
An  unbeliever  and  an  infidel  are  convertible  terms  in  ordinary  lan- 
guage ;  but  nothing  can  be  more  erroneous.  An  unbeliever,  in  a 
}>ositive  sense,  is  the  believer  in  some  other  religion,  and  as  dogmatic  in 
his  belief  as  the  m'ost  orthodox  (and  hence  the  early  Christians  were 
called  atheists  by  the  Greeks,  because  they  disbelieved  in  their  gods), 
and  might  turn  round  upon  the  orthodox  believer  with  the  charge  of 
unbelief  in  hu  religion.  Thus  4  Mohammedan  is  an  unhelievdr  to  the 
Christians,  and  vice  vena.  An  Infidel,  on  the  other  hand,  as  the  word 
implies,  is  one  with  no  belief,  a  doubter,  a  sceptic.  The  Infidelj  when 
truly  such,  does  not  dissenl  because  he  believos  something  else — not 
because  he  has  a  contrary  faith — but  because  he  cuinot  believe  for  any 
length  of  time  either  the  one  or  the  otiier ;  he  oacULites  between  them 
This  last  is  the  true  sceptic  ;  this  he  always  remains ;  he  doubts,  he  de- 
liberates, he  drcumspects  to  the  last  day  of  his  existence  :  as  soon  as  he 
ceases  to  doubt,  delibeiate,  and  circumspect,  and  takes  up  a  distinct 
faith  his  character  as  a  sceptic  vanishes;  he  becomes  a  believer.  AVhen 
considering  the  great  and  awful  subjects  ol  religion  or  philosophy,  the 
weakness  of  the  human  mind  must  ever  keep  it  in  this  state  of 
scepticism,  when  once  it  has  renounced  its  faith  in  things  higher  than 
its  own  logic  : — when  once  reason  is  set  up  as  the  standard,  measure, 
and  exponent  of  all  things,  the  human  being  is  lost  in  the  shoreless  sea 
of  scepticism. 

In  one  sense,  there  are  few  who  are  not  sceptics  oil  certain  points, 
>nd  on  the  other  hand,  few  who  can  properly  be  designated  as  sceptics ; 
for  to  deserve  this  they  most  continue  in  the  state  of  doubt  which 
admits  of  no  affirmation.  Most  meu  begin,  as  was  said  of  Descartes,  in 
doubting  everything,  and  end  in  believing  everything.  The  few  who 
have  couiistontly  preserved  the  character  of  sceptic  have  been  among 
the  most  celebrated  in  the  history  of  philosophy.    [Scepticism.] 


SCEPTICISM  (SKAfij),  doubt,  deliberation,  circumspection,  thfita 
are  two  significations  to  this  word :  the  one  denoting  doubt  of  d^ 
explanation  of  phenomena ;  the  other  the  more  precise  indication  of  a 
certain  class  of  philosophers  who  have  continued  sceptics,  whose  ^sterii 
of  thought  in  its  fundamental  points  ever  remained  sceptical  ft  this 
latter  we  alone  direct  ourselves. 

Socrates  has  been  comrnouly  called  the  founder  of  this  sect  by  the 
enunciation  of  hii  fiimons  tenet/— all  he  knew  was  that  he  knew 
nothmg.  But  this  was  more  a  limitation  of  the  confidence  of. the 
Dogmatists  and  Sophists,  and  a  confession  of  the  weakness  of  the  huinan 
understanding,  than  any  fundamental  scepticism,  such  as  was  sub- 
sequently embraced  by  Pyrrho  and  others;  tor  though  Socrates,  more 
occupied  with  pulling  doivii  thah  building  up,  advanced  few  speculative 
opinions  of  his  own,  yet  we  agree  with  Schleiermacher  in  awarding  to 
him  the  merit  of  having  first  posited  the  true  idea  of  science  (as  the  in- 
tercommunion of  dialectics,  physics,  and  ethics) ;  and  this  one  positive 
principle  in  his  philosophy  is  sufficient  alone  to  demarcate  him  from 
the  sceptics.  As  well  might  Bacon  be  accused  of  scepticism,  his  posi- 
tion in  the  'History  of  Philosophy'  being  very  similar  to  that  of 
Socrates.  How  different  this  is  from  the  scepticism  of  Pyrrho, 
whose  whole  philosophy  consisted  in  a  suspension  of'judgmentj  or 
perpetual  negation  rPifBBiio,  in  feioo.  Dlv.J,  may  be  seen  by  a  com- 
parison with  some  definitions  of  sceptioisn^  by  the  philosophers  them- 
selves. Sextus  Empiricus,  the  historian  of  the  sect,  defines  it  OS  "  the' 
power  {iivaius)  of  opposing  iii  all  their  contradiction  the  teniuoiu  repre- 
tmtationt  and  the  cmceptiont  of  the  mind  {ip<uv6ntya  Tf  kcU  I'ooiiuya)^ 
and  thus  to  induce  perfect  suspension  of  judgment"  (Sextus  Knlp, 
'  Pyrrho.  Hypot.,'  i.  1,  4) ;  and  Cameades  denied  the  possibility  of  real 
knowledge  of  anything  from  the  twofold  relations  of  the  representa- 
tion (image-idea,  favriurta)  to  the  object  (t4  ^anaar^),  and  to  the 
mind  (i  ^arjaaioiiJLfvos),  as  the  mind  had  no  criterion  of  the  truth  :  all 
that  could  be  aifirmed  was  the  mere  probability  (ri  riBay6v).  ^aeA- 
demus  defines  it  as  the  recollection  of  opinions  from  the  testimony  of 
the  senses  or  other  evidence,  by  which  means  one  dogma  was  opposed 
to  another,  and  upon  comparison  oU  found  useless  and  connised« 
(Brucker,  '  Instit.  Philos.,'  ii.,  c.  \i,  §  7.)  Prom  the  fallaciousness  of 
sense,  the  differeiioes  of  sensuous  perceptions  in  different  organisations, 
the  weakness  of  understanding,  and  the  impossibility  of  diving  beneath 
the  appearances  to  the  real  causes  of  thmgs,  the  sceptics  deduced  a 
system  of  indifference  which  became  equeJly  difficult  to  accept  or 
refute.  They  maintained  thatevery  proposition  requires  a  prior  pro- 
position to  support  it,  and  so  on  ad  mfinitam  ;  or  else  it  assumes  some 
axiom  which  cannot  be  proved,  and  is  to  be  taken  for  granted  without 
demonstration,  and  consequently  may  be  denied  with  thb  same  forca 
with  which  it  is  assumed.  Further,  that  nothing  can  be  known  by 
means  of  itself,  nor  by  means  of  something  else,  whilst  that  othet 
remains  unknown,  and  that  other  must  either  be  unknown  or  known 
by  means  of  something  else,  and  so  on  ad  infinitum.  (Sextus  Emp.,  L 
15.)  This  Isst  is  extremely  subtle,  and  ip  itself  is  irresistible ;  but  as 
Kant  profoundly  remarked,  there  is  this  fundamental  flaw  in  absolute 
scepticism,  "  that  it  gives  out  everything  for  appearance.  It  therefor* 
distinguishes  appearance  from  truth,  and  of  course  must  have  a  mark 
of  distinction;  consequently  presupposes  a  knowledge  of  the  truth, 
thus  contradicting  itself."  The  careful  avoidance  of  any  expression 
savouring  of  certainty — the  using  of  the  term  teemt  for  it — which  was 
adopted  by  this  sect,  has  been  inimitably  ridiculed  with  all  his  wit  and 
vivacity  by  HoU&re  ('Mariago  Forc^,'  act  L,  so.  8);  and  indeed  « 
system  so  unsatisfactory  never  could  and  never  has  taken  inuoh  root 
except  in  minds  of  a  very  pecuUar  and  indolent  nature.  The  abnega- 
tion of  man's  proudest  facull?,  reason,  the  perpetual  indecision  on 
every  point,  so  little  accords  with  the  fertile  and  prodigious  activity 
and  creative  power  of  the  mind,  tliat  the  real  professors  of  sp^ticism 
have  been  universally  indolent,  easy-natured,  sensual  mep,  with, whom 
the  speculative  doubting  was  stimulus  enough.  Morhoff  ('  Polyhistor,* 
ii.,  lib.  i.,  c.  G,  and  1.  ii.,  c.  ix.)  givte  on  account  of  all  the  soeptioal 
writers  in  his  dull  laborious  way;  Brucker  and  Endfield  ('Hist,  of 
Philos.,'  i.,  b.  ii.  c.  16)  give  a  more  detailed  account  iof  their  teaeia, 
[Pykbho,  in  Bioo.  Drv.J 

Of  modem  scepticism  it  is  remarkable,  that  it  differs  little  from  the 
ancient,  and  that  whatever  strides  philosophy  may  have  token  in  other 
departments,  it  has  made  little  or  none  in  that  of  doubt.  The  same 
clenching  subtle  arguments  occurred  to  a  Theoetetus  as  to  a  Hume. 
However  we  will  proceed  to  give  a  brief  historical  Account  of  thb 
attempts  made  to  revive  it. 

Sanchez,  a  Portuguese  physician,  published  in  1581  a  treatise 
entitled  '  De  multum  nobUi  et  primll  universali  Scientli  quod  nihil 
sdtur '  (on  the  excellent  and  first  universid  science  that  nothing  is 
known),  a  fare  and  extraordinary  work,  containing  the  leamng 
arguments  of  the  sceptics  propounded  in  an  extravagant  manner;  but 
after  many  sweeping  assertions  on  the  impoesibility  of  dll  science;  hb 
at  last  admits  the  possibility  of  truth,  and  hints  very  plainly  that  he 
himself  hosattained  it.  It  is  an  evidence  of  the  restiess  spirit  of  the 
times  and  the  growing  servility  to  the  authority  of  Aristotle  and  his 
followers.  But  nothwithstandmg  his  q»taral  confidence  In  his  own 
exclusive  perteption  of  truth,  Sanchea  was  a  real  sceptid.  Jeroltt 
Hemhaym,  an  abbot  of  Pragne,  on  the  other  hand,  who  wrote  a  work 
'  De  Typho  Generis  Humani '  (on  the  vain  glory  of  human  nature),  in 
which  he  endeavours  to    expose  the   falsehood,  presumption,  and 
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tiBoartainty  of  humui  science,  is  to  be  distinguished  from  Sanchez  and 
the  PyrrbonistB ;  he,  yra»  a  pseudo-sceptic,  and  his  evident  design  was 
to  depreciate  human  learning  as  inimical  to  divine  wisdom,  and  to  lead 
men  wholly  to  rely  upon  religious  faith. 

Of  a  similar  tendency  is  the  culebrated  work  of  Bishop  Huet  ('  Essai 
■ur  la  Faiblesse  de  I'Esprit  humain '),  in  which,  ^ter  exhibiting  the 
principal  points  of  the  sceptic  philosophy  as  given  in  Seztiis  Empiricus 
to  prove  the  insufficiency  of  human  Imowledge,  he  falls  back  upon  the 
consequent  necessity  of  retiring  within  faith  and  being  content  with  it. 
So  palpable  is  the  pretence  of  his  scepticism,  that  besides  being  a 
devout  and  learned  bishop,  he  was  tiie  author  of  '  Demonsttatio 
Evangelica.'  Yet  with  singular  inconsistency  he  addressed  this 
demonstration  to  the  very  understanding  which  he  had  so  triumphantly 
asserted  could  not  attain  truth. 

Bayle  is,  as  Cousin  rei&arks,  the  ideal  of  sceptics.  [Batlb,  in  Bioo. 
Div.J 

Olanvill,  whose  '  Scepsis  Scientiflca,  or  Contest  Ignorance  the  way  to 
Science,' "  has  hardly,"  says  Hallam,  "  been  seen  by  six  Ifving  persons" 
(Hallam, '  Lit.  of  Europe,'  iv.),  is  the  systematic  sceptic  of  the  17th 
century,  and  his  work  is  altogether  a  curiosity  from  the  rarity  of  its 
notice,  the  extraordinary  nature  of  its  contents,  and  from  its  author 
having  been  a  clergyman  and  member  of  the  Boyal  Society,  and  from 
his  having  one  year  afterwards  published  a  book  in  favour  of  witch- 
craft. [OliAirvnx,  JosKFH,  in  Bioo.  Div.] 

Bishop  Berkeley,  so  commonly  classed  with  the  philosophical 
sceptics  upon  that  misconception  of  the  term  we  have  before  adverted 
,to,_  is  to  be  regarded  simply  as  a  believer  in  another  system  of 
philosophy  from  that  usually  accepted.  He  denied  the  existence  of  an 
external  world.  [BebkSlet,  in  Bioo.  Drv.]   , 

Hume  was  the  greatest  and  the  legitimate  sceptic  of  the  18th 
century.  His  was  genuine  Pyrrhonism.  He  attadked  the  very 
foundations  of  our  knowledge  by  contrasting  with  them  their  self- 
contradictions.  "The  truth  is,"  observes  Dugald  Stewart,  "that 
whereas  Berkeley  was  sincerely  and  bond  Jide  an  idealist,  Hume's 
leading  object  waa  phunly  to  inculcate  univenal  scepticirni."  ('  Essays,' 
ii.,  c.  1.)  Hume  accepted  Berkeley's  arguments  in  disproof  of  external 
rrality,  but  he  went  still  farther ;  after  denying  a  mbttanlive  world 
(consciousness  being  concerned  only  with  ideas  or  representations),  he 
denied  oh  the  same  ground  a  tubitantive  mind.  For,  he  asks,  as  we 
know  but  impressions  and  ideas,  how  can  we  know  that  there  in  any- 
thing mor«  than  these  ?  These  are  the  substance  and  limit  of  our 
knowledge.  _  The  mind  itself  has  no  distinct,  energetic,  tuittantire 
existence — it  is  but  a  luccettion  of  ideal.  This  is  the  doctrine 
expounded  by  Theeetetus  the  Sophist,  in  Plato  :  "  there  can  be  nothing 
true,  nothing  existent,  distinct  from  the  mind's  own  perceptions"  {ri 
^r6nera  iKturrtf  ravra  Kui  ttvtu).  In  truth  the  assumption  of  an 
external  reality  upon  any  grounds  hitherto  proposed  is  gratuitous  and 
questionable.  In  the  fact  of  perception  it  is  aswmed  that  there  is — 
1,  the  consciousness ;  and,  2,  the  exciting  external  cause.  But  upon  a 
patient  and  rigid  interrogation  6f  consciousness,  all  we  find  in  it,  as  a 
factj  is  a  change  in  our  state  of  being ;  beyond  this  no  other  element 
IS  given,  but  attumtd.  Now  the  question  can  never  be — whether  we 
are  conscious  of  a  change  of  being  (since  change  is  the  condition  of 
consciousness,  and  the  individual  consciousness  is  proof  of  itself),  but 
whether,  as  the  sceptic  requires  to  know,  we  have  or  can  have  any 
TmovUdge  or  cantdoatnen  of  this  external  exciting  cause  in  itself. 
This  we  must  give  up.  It  being  admitted  that  we  are  influenced  by 
extenlals  mediately  (that  is,  in  repretentatum),  therefore  our  con- 
scioumess  is  of  the  ideat,  not  of  the  objecU  themtdvet.  All  that  we 
really  know  is  our  own  consciousness—  our  change  of  being — but  we 
remain  ignorant  whether  that  change  proceed  from  an  evolution  of  being 
it»^,  or  from  ,the  correlation  of  being  and  an  external  object.  The 
reasonings  of  Reid,  Stewart,  Brown,  &c.  against  this  doctrine  are  most 
puerile.  Stewart  alone  seems  to  have  comprehended  it  in  some  of  its 
aspects,  but  he  nowhere  fairly  exposes  and  refutes  it.  If  Hume  is  to 
be  refuted,  it  must  be,  as  Kant  i4ainly  saw,  by  a  reconsideration  of  the 
very  elemente  of  perception,  and  an  investigation  of  the  received 
doctrines  which  Hume,  assuming  as  established,  employed  as  first 
principles.    This  was  the  work  of  Kant. 

Comte,  though  he  calls  his  system  positivisme  [CoMTE.in  Bioo.  Drv.] 
may  be  considered  a,  sceptic  in  ite  modem  sense.  Nothing,  according 
to  him,  can  be  believed  that  cannot  be  proved ;  so  he  discards  all 
that  is  accepted  as  revealed  as  wholly  uncstablished,  and  nothing  but 
the  positive  facts  of  physical  science  are  admitted.  His  own  notions 
of  a  new  religion  require  a  far  greater  amount  of  belief  than  the  system 
he  attempts  to  discredit. 

S^PTRE,  from  the  Greek  *keptron  (aieirrrpoy),  a  staff,  or  rod 
earned  by  princes  as  the  ensign  of  judicial  and  sovereign  power: 
whence  m  the  Old  Testament  (Numbers  xvu.  2),  and  in  Homer  the 
most  solemn  oaths  are  sworn  by  it.  In  the  PersepoUtan  sculptures 
the  sceptre  figures  as  a  long  vralking  staff,  and  in  the  sculpture  found 
at  Nineveh  by  Botta  and  Layard,  the  great  king  is  sometimes  repre- 
sented carrying  a  similar  long  staff;  but  the  sceptres  borne  by  the 
«>y"  *»ptre-bearers  (and  Xenophon  mentions  that  Cyrus  waa  always 
attended  by  800  sceptre-bearers),  are  shorter  and  more  ornamented. 
Among  the  Egyptians  sceptres  were  also  much  ornamented;  of  their 
appearance  the  following  group  will  give  a  notion. 

The  leader  who  desires  to  know  the  different  forms  in  which  the 


sceptre  is    represented  upon    ancient  coins,  may  consult    Rasche's 
'Lexicon  Rei    Nummaria;,'    v.    'Sceptrum.'      Le    Oendre    tells    us 


('  Nouvelle  Histoire  de  France,'  8vo,  Paris,  1719,  torn,  ii.,  p.  116)  that 
with  tiie  kings  of  Franco  of  the  first  rsice  the  sceptre  was  a  golden  rod 
as  tall  as  the  king  himself.  The  sceptre,  as  an  ensign  of  ro;^ty,  is  of 
greater  antiquity  than  the  crown. 

SCHEELE'S  GREEN.    [Coppib.] 

SHILLING.    [iloNETj 

SCHISM,  SCHISMATICS.  The  Greek  word  tchitm  (trx^aiu)  u 
used  several  times  in  the  New  Testament  in  its  literal  sense  of  a  rent 
or  rupture  tn  one  and  the  tame  object  (Matt.,  ix.  16 ;  xxvii.  51 ;  Mark, 
i.  10;  ii.  21;  Luke,  v.  36;  xxiii.  45;  John,  zix.  24;  xxi.  ll);  and 
also  in  a  figurative  sense  for  a  division  of  opinion  among  a  number  of 
persona  considered  ooUectivcly  as  constituting  a  whole  (John,  viL  43 ; 
ix.  16;  X.  19;  Acts,  ziv.  4;  Triii.  7).  In  refer«n,ce  to  the  Christian 
chureh,  tchitm,  in  the  abstract  sense,  is  never  mentioned.'  SAitna  are 
spoken  of  twice  only  (1  Cor.,  i.  10;  xi.  18);  and  in  a  third  passage, 
where  the  union  of  iho  members  of  the  church  is  compared  to  that  of 
the  parts  of  \he  human  body,  the  object  of  this  union  is  stated  to  be, 
"that  there  should  bo  no  Khitm  in  the  body."  (1  Cor.,  xil  24-26.) 
From  a  comparison  of  these  passages,  it  clearly  appears  that  a  tdam, 
in  the  New  'Testament  sense,  does  not  imply  the  open  separation  which 
exists  between  Christians  and  unbelievers,  nor  that  between  the  mem- 
bers of  different  Christian  communions,  but  it  denotes  something 
existing  within  one  and  the  same  church;  and  further,  it  does  not 
appear  to  designate  any  difference  of  opinion  respecting  doctrines  or 
ceremonies  or  forms  of  government,  but  rather  to  refer  to  a  state  of 
mind,  to  the  absence  of  a  spirit  of  united  Christian  love.  ('  Dissent 
not  Schism,'  a  discourse  by  T.  Binney.) 

The  common  use  of  the  word  in  ecclesiastical  writers  is  different 
from  this.  With  them  tchitm  )i  nearly  synonymous  with  teparation  ; 
but  in  its  stricter  use  schism  is  a  separation  from  the  communion  of  a 
church  on  the  part  of  certain  of  its  members  who  do  not  differ  from 
its  other  members  on  any  point  of  religious  doctrine.  Herety  consists 
in  a  dissent  from  the  doctrinet  of  a  chureh ;  tchitm  is  a  dissent  from 
its  goremmeni.  From  this  definition  it  clearly  appears  that  any  attempt 
to  enumerate  the  schisms  of  the  Christian  church  would  be  fruitless, 
since  every  community  is  considered  schismatical  by  all  the  rest. 

The  event  which  ecclesiastical  historians  call  the  great  Schitm  of  the 
Wat  occurred  in  the  14th  and  15th  centuries.  After  the  death  of 
Gregory  XI.  (a.d.  1378),  the  cardinals,  being  compelled  by  the  clamour 
of  the  people  of  Rome  to  elect  an  Italian  to  the  popedom,  chose  - 
Urban  VI. ;  but  afterwards  the  leading  members  of  the  college  retired 
to  Fondi  in  Naples,  and  elected  Clement  VII.,  who  set  up  his  court  at 
Avignon,  while  Urban  remained  at  Rome.  Clement  was  recognised  as 
pope  by  France,  Spain,  Scotland,  Sicily,  and  Cyprus,  and  Urban  by 
the  rest  of  Europe.  This  schism  continued  till  the  year  1417,  when 
it  was  healed  by  the  Council  of  Constance,  which  elected  Martin  V.  to 
the  papacy.  (Mosheim's  '  Ecclesiastical  History,'  cent,  xiv.,  pt.  ii.,  c.  iL, 
sect.  15,  Ac.;  Waddington's '  Chureh  History,'  c.  xxiii.) 

The  other  great  schism  is  that  between  the  Greek  and  Latin  churches. 
[Greek  Chhroh.] 

SCHISMA  (from  ffx'ir/ui,  deft,  dirition),  an  interval,  used  only  in 
mathematico-miisical  calculations,  equal  to  half  a  comma.    [Comma.] 

SCHLIPPE'S  SALT.  The  sulphantimoniate  of  sulphide  of  sotlium. 
[Antimony.    PentatulpJiide  of  Antimony.] 

SCHOLIUM,  SxiJAiof  (Mathematics),  a  tuude  given  in  the  older 
mathematical  writers  to  the  remarks  which  follow  a  proposition.  A 
scholium  must  be  distinguished  from  a  corollary,  inasmuch  as  the 
latter  necessarily  contains  some  deduction  from  the  demonstration 
which  precedes,  which  is  not  the  case  with  the  formers  A  scholium  is 
an  appendix  containing  general  remarks  upon  the  scope  of  a  propo- 
sition, its  application,  or  its  history  :  everything,  in  short,  which  is  not 
an  absolute  corollary.  The  word  is  used  by  Cicero  ('  Ep.  ad.  Att,'  zvi. 
7)  in  its  general  sense  of  remark,  commentary,  or  explanation. 

SCHOOLS.  The  true  Theory  of  Education  can  only  be  developed  by 
considering  what  the  being  is  on  whom  it  is  designed  to  operate.  Educa- 
tion is,  according  to  its  etymology,  the  leading  out  or  unfolding  of  the 
human  powers.  It  is  obviously  therefore  a  means  for  a  certain  purpose. 
To  learn  what  that  purpose  is  we  must  refer  to  experience,  and  we  must 
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investigate  tiie  capacitiep  of  the  )iuman  being.  These  being  ascer- 
tained, it  follows  tiiat  education  is,  in  any  particular  case,  an  instru- 
ment fur  developing  them.  Kow  we  know  that  man  has  not  only 
^ysical  and  intellectual,  but  also  moral  and  spiritual  faculties,  all  of 
which  education  ought  to  take  under  its  care.  That  education  is 
incomplete  which  neglects  any  one  of  these  faculties;  and  that 
education  discharges  its  functions  imperfectly  which  does  not  cultivate 
the  faculties  in  such  degree  that  their  action  may  be  well  adjusted,  and 
their  general  working  be  harmonious.  But  if  there  appear  to  be  any 
one  of  the  faculties  apart  from  whose  inBuence  the  rest  work  indifier- 
entiy  or  produce  baneful  results,  and  which  is  found  when  in  healthful 
vigour  to  stnngthan,  refine,  and  control  the  whole  nature,  this  power 
ought  to  receive  primary  and  chief  attention.  The  work  then  of 
education  is  to  foster,  strengthen,  and  ruse  the  physical,  intellectual, 
moral,  and  spiritual  capabilities  of  man.  Some  important  deductions 
flow  from  these  principles.  Education  ought  to  be  universal  both  in 
relation  to  each  individual  and  the  community  at  laige ;  for  it  ought 
to  be  co-extensive  with  the  capabilities  on  which  it  is  intended  to  act. 
It  is  contrary  to  the  constitution  ot  man  and  to  the  designs  of  Qod 
for  any  one  of  our  capacities  to  remain  undeveloped.  They  err  who 
neglect  to  educate  the  body,  and  they  also  who  neglect  to  educate  the 
mind.  These  errors  represent  two  different  classes  of  men.  A  oei^ 
tainVbool  of  philosophy  at  least  makes  light  of  religioiu  education; 
phymcal  education  has  been  lamentably  neglected  by  the  recognised 
teachers  of  religion.  The  latter  error  i«.  now  disappearing,  but  the 
former  has  been  gaining  groimd ;  and  this  error  is  the  more  to  be 
deplored  because  its  consequences  must  be  serious  and  lasting.  If  any 
cue,  certainly  the  religious  faculty  may  be  considered  as  the  moving 
power  of  the  human  being.  Religion  indeed  rightiy  understood  is  the 
cential  science,  round  which  all  other  branches  of  knowledge  and  all 
other  pure  influences  are  grouped,  towards  which  they  gravitate,  and 
from  which -they  receive  their  light,  thsfr-heat,  and  their  highest 
-value.  But  for  the  peculiar  political  drcunutances  of  England,  any 
ayatem  of  popular  education  which  <nnitted  direct  religious  culture 
would  probably  have  been  considered  by  thinking  men  as  defective. 

There  is  in  truth  no'  other  way  than  that  which  is  afforded  by  a 
religious  training  for  forming  such  a  character  as  the  trials  and'  duties 
of  life  require  both  among  tiie  rich  and ,  the  poor.  The  mere  com- 
munication of  knowledge,  and  evein  habits  of  reflection  and  inquiry, 
can  do  very  Httie  towaids  real  happiness.  What  the  people  want  is 
true  wisdom  and  moral  power,  without  which  life  is  a  scene  of  con- 
flict and  misery ;  but  wisdom  and  moral  power  are  the  peculiar  gifts 
of  religion. 

Morality  therefore  should  be  taught  in  the  schools  in  connection 
with  the  sanctions  of  religion.  Apart  from  religious  influence  morality 
may  direct  bulT  cannot  controL  Morality  may  enlighten  and  it  may 
enjoin,  but  of  itself  it  is  powerless  to  govern ;  it  is  preceptive,  not 
impulsive,  pointing  out  our  path,  but  not  urging  us  on  to  pursue  it. 
Now  it  is  power  rather  than  knowledge  t^t  man  wants;  and  all 

riuine  poller  for  moral  purposes  hss  its  source  in  religion.  It  may 
well  to  remember  that  thtee  distinctions  of  mqraUty  and  religion 
tre  factitious  and  arbitrary ;  they  are  not  recognised  in  the  records  of 
the  Christian  revelation ;  they  find  no  authority  in  the  human  mind. 
Beligion  indudes  morality,  or  rather,  is  morality  as  well  as  religion, 
comprising  in  itself  whatever  is  necessary  for  man  to  know,  do,  and  be, 
whether  in  this  state  or  the  next,  in  order  to  fulfil  the  divine  will,  to 
perfect  his  character,  and  work  out  his  highest  good.  Consequentiy, 
ne  that  is  wiell  trained  in  the  knowledge  and  practice  of  the  Christian 
religion  has  received  both  a  moral  and  a  religious  education,  and  is 
fitly  prepared  for  the  duties  «f  life. 

Prom  this  it  will  be  seen  that  the  religious  education  here  demanded 
is  not  of  a  dogmatical,  much  less  a  sectarian  kind ;  but  such  instruc- 
tion as  may  enlighten  the  mind  of  the  child  and  the  adult  as  to  th«r 
capacities,  their  duties,  and  their  hopes ;  and  such  a  discipline  as 
may  work  the  instruction  into  the  chsjacter  till  it  "  leaven  the 
whole  lump."  , 

It  is  not  a  littie  curious  that  in  regard  to  education  we  may 
take  a  lesson  from  the  ancient  Persians,*  who,  according  to  Xenophon, 
removing  education  from  the  hands  of  the  parents  into  the  hands  of 
the  state,  gave  the  same  attention  to  the  moral  training  of  the  young 
as  is  now  under  the  best  circumstances  given  to  their  intellectual 
instruction,  and  so  brought  them  up  under  the  influence  of  precept 
and  example,  that  the  state  was  saved  from  the  painful  necessity  of 
inflicting  punishment,  in  consequence  of  having  taken  such  preventive 
measures  as  relieved  the  youtii  from  the  desire  of  what  is  low  and 
unjust.  Morals  with  tiiem  were  a  practical  science,  the  principles  of 
which  were  first  taught  Inr  word  of  mouth,  and  then  by  actual 
examples  and  by  daily  practice. 

The  morals  tmight  in  primary  schools  should  have  a  regard  to  per- 
sonal, domestic,  and  social  duties,  or  the  obligations  which  an 
individual  owes  to  his  family  and  to  the  state.  The  instruction  should 
consist  not  of  a  mere  dry  detail  of  precepts,  but  should  appeal  to  the 
reason  and  affections,  that  it  may  both  devdope  them  and  gain  such  a 
reception  in  the  breast  of  the  scholar  as  to  become  the  living  power 
whiui  governs  his  conduct. 

*  Kot  that  ire  nppoae  Xenophon  ropreaants  a  teal  stats  of  KMiety ;  bat  the 
•piniou  are  Jut  aa  raluable  u  U  ho  did. 
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The  preceding  remarks  lead  also  to  the  oondusipn  that  the  culture 
which  ensues  from  education  is  in  itself  on  end,  if  indeed  it  is  not 
the  primaiy  and  great  end  of  education.  The  husbandman  sows  the 
seed  in  order  to  produce  grain ;  the  educator  disciplines  the  faculties 
that  he  may  bring  them  into  vigorous,  healthful,  and  pleasurable 
activity.  In  both  cases  there  is  an  adequate  end,  a  result  in  wluoh 
the  agents  may  satisfactorily  rest.  Education  can  have  no  hi(^er 
object  than  the  creation  of  happiness  by  means  of  the  foimation  of 
character.  This  is  the  great  object  of  the  Deity  himself  j  sad  if  even 
the  power  which  education  gives  is  regarded  as  an  instrumeot,  as  a 
means  to  some  outward  result,  still  the  pursuit  of  mental  and  monl 
culture  OS  a  good  in  itself,  can  have  no  otiier  than  a  benefieial  result. 
It  is  important  therefore  that  the  purposes  for  which  education  is 
sought  should  be  placed  and  kept  in  their  proper  rank.  That  which 
is  secondary  must  not,  however  good,  bo  t^itst  into  the  first  place ; 
and  above  all  that  must  not  be  altogether  lost  sight  of,  which  in  reality 
is  in  itself  a  most  important  result,  if  not  the  great  end  of  education. 
The  formation  of  character  then,  to  make  (so  to  speak)  true  men  and 
women,  beings  with  their  faculties  complete,  and,  in  oimsequenoe, 

with  all  their  internal  sources  of  happiness,  entire,  fuU,  and  aotivs 

this  should  be  an  object  carefully  studied  and  diligenUy  pursued  by 
the  educator.  But  here  even  superior  minds  halt  behind  the  truth, 
making  the  chief  object  of  education  some  extrinsic  result — such  as, 
in  the  case  of  males,  fitness  for  the  duties  of  their  station  in  life ;  in 
the  case  of  females,  such  as  may  prepare  them  to  be  pleasing  wives 
and  useful  mothers — aims  excellent  in  themselves,  but  scarcely 
entitled  to  hold  the  first  rank,  if  for  no  other  reason  than  this, 
that  an  outward  accomplishment  does  not  of  necessity  imply  such 
an  inward  culture  as  will  ensure  health  and  vigour  of  cnaraoter, 
and  that  durable  and  growing  happiness,  which  attends  os  genuine 
personal  excellence. 

The  real  nature  of  education  considered  as  an  instrument  may  «iy> 
be  gathered  from  these  remarks.  If  the  subject  on  which  education 
operates  is  mental  and  moral  in  its  oharaater,  and  the  effects  which  it 
labours  to  produce  and  the  aims  which  it  ought  to  pursue,  slso  mental 
and  moral,  the  instrument  must  be  of  •  simihur  kind. '  Setting  aside 
then  so  much  of  it  as  is  designed  for  a  physical  result,  education  is  a 
meut^anda  moral  influence;  in  ether  words,  it  is  mind  acting  on 
mind ;  it  is  a  superior  acting  on  an  infoior  character ;  it  is  human 
thought  and  human  sympathies  brought  to  bear  on  kindred  elements 
in  the  bosoms  of  the  young ;  it  is  the  power  of  religion  living  and 
breathing  in  one  soul,  going  forth  into  anotlier,  and  fcmHling  within 
that  other  corresponding  vitality.  Whenoo  it  is  obvious  that  much  of 
what  is  called  education  does  not  deserve  the  name ;  that  a  mechanical 
routine  is  not  education,  nor  dexterity  of  hand,  nor  skill  in  shaping 
oertain  forms,  nor  the  utterance  of  articulate  sounds.  If  so,  then 
reading,  writing,  and  arithmetic,  how  well  soever  they  may  be  taught, 
ought  not  to  be  dignified  with  tiie  name,  though  they  may  in  favour- 
able circumstances  contribute  something  to  education. 

The  tenor  of  these  obsefvations  has  determined  another  thing, 
namely,  what  ought  to  be  the  prevailing  spirit  and  what  the  disoipliiie 
of  a  BchooL  School  in  reality  holds  the  place  of  home ;  home  is 
Qod's  school,  but  since  present  modes  of  life  do  not  permit  the  parent 
to  give  his  child  a  suitable  training,  he  tnnsfen  education  to  the 
BchooL  The  school  therefore  should  approximate  as  closely  as  possible 
to  the  hom&  Now  in  theory  the  homes  of  this  land  are  Christian 
homes ;  the  school  in  consequence  should  be  a  sort  of  Christian  home. 
Such  a  union  of  terms  calls  up  in  the  mind  ideas  of  gentleness,  for- 
bearance, and  affection.  These  then  are  the  moral  qualities  which 
ought  to  prevail  in  the  schooL  If  so,  severity  and  harshness  must  be 
banished  as  incompatible  with  the  objects  for  which  schools  are 
instituted.  Nor  are  they  only  incompatiUe,  but  they  are  aetually 
preventive  and  subversive  of  those  objects.  The  display  of  every 
moral  quality  produces  its  like  in  those' wha  habitually  witness  it; 
and  unless  the  aim  in  school-training  is  to  produce  a  severe,  hanh, 
and  unloving  character,  severity  and  harshness  must  be  studiously 
avoided. 

So  also  the  intellectual  influence  employed  should  be  such  as  is 
likely  to  call  out  aiid  strengthen  the  mental  powers.  The  chief  good 
of  education  is  not  to  be  looked  for  in  outward  results,  nor  even  In 
the  amount  of  knowledge  communicated,  but  rather  in  such  habits  of 
mind, — power  to  fix  the  thoughts  on  any  given  object,  to  comprehend 
many  putioulars  at  one  view,  to  resolve  a  complex  subject  into  its 
component  elements,  to  endure  lengthened  exertion,  to  cany  deter- 
minations into  practice,  to  find  resources  for  thinking  and  for  happiness 
within — as  may  fit  a  young  pwson  for  discharging  his  duty  under  all 
circumstances.  Mere  instruction  therefore  is  not  education,  but 
simply  on  instrument  of  education.  The  aim  should  be  so  to  inform 
the  mind,  as  by  the  very  act  of  informing  to  develops  and  sfaiengthen 
its  powers.  The  instruction  then  that  deadens  the  appetite  for  know- 
ledge and  overloads  the  powers  is  not  education,  but  something 
forogn  to  its  nature, 

Hiere  are  two  modes,  corresponding  with  two  processes,  by  which 
the  mind  carries  on  its  own  education,  namely,  synthesis  and  analysis, 
which  should  be  studied  and  employed  by  the  educator  as  his  great 
instruments.  By  synthesis  he  will,  both  orally  and  by  means  of 
m annals,  offer  tuiowledge  to  the  mind  in  a  simple,  attractive,  yet 
systematic  form,  rising  by  degrees  from  the  more  to  the  less  easy,  and 
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from  the  simple  to  the  oomplez.  By  analyBis  he  will  lead  the  child  to 
decQinpose  the  matter  of  metruction  -which  he  has  received,  to  trace 
out  the  relattons  of  the  several  portions  to  one  or  more  elementaiy 
principles,  their  connections  with  other  hranches  of  knowledge,  and 
the  more  ohvious  deductions  which  may  be  made  from  them.  Thus 
will  he  at  once  asoertain  that  he  has  succeeded  in  conmlunic&ting  his 
lessons  to  the  pupil,  and  in  "'^V'"g  those  lessons  themselves  prolific  in 
additional  information. 

In  Hie  employmetit  of  these  instruments  the  educator  must  be 
careful  to  follow  nature-  in  her  order  of  unfolding  the  faculties;  he 
must  address  those  first  which  appear  first,  and  he  must  carefully 
abstain  from  anything  calculated  to  force  any  natural  power  into 
premature  activity,  -or  to  overwork  any  facility  when  it  has  come  forth. 
Now  the  sight,  the  hearing,  and  the  touch  are  the  gifts  of  nature 
which  are  earliest  developed.  The  power  of  reflection  comes  at  a  later 
period,  and  only  as  a  result  of  the  operation  and  influence  of  the  senses. 
The  mind  of  a  child  is  an  empty  storehouse ;  the  eye,  the  ear,  and  the 
touch  are  the  portals  through  which  this  storehouse  is  supplied  with 
matter,  which,  received  and  laid  up,  is  afterwards  operated  upon  by 
the  tnind,  pursuant  to  its  own  laws.  If  then  the  senses  are  the  first  of 
our  faculties  which  are  fit  for  use,  the  senses  should  receive  tiie  earlieet 
attention  of  the  educator.  A  child  can  immediately  observe ;  therefore 
the  power  of  observation  should  be  first  cultivated.  It  is  important 
that  all  the  senses  should  receive  cultivation,  not  merely  for  the  infor- 
mation of  which  they  may  be  made  the  vdiide,  but  also  with  a  view 
!to  that  training  which  is  first  among  the  purposes  of  education ;  but 
jthe  eye  may  t^e  some  precedence,  as  the  sense  of  sight  comes  first  in 
.the  order  of  natural  sensibility.  At  a  very  early  period  the  educator 
should  begin  to  teach  his  scholar  how  to  use  his  eyes  and  other  senses, 
both  by  words  and  by  examples ;  and  as  the  other  faculties  are  found 
to  expand  themselves,  so  should  they  be  from  the  first  taken  under  his 
fostering  care,  that  by  exercise  he  may  bring  them  to  act  harmonionsly 
and  efficiently. 

It  is,  however,  necessary  that  education  should  be  also  regarded  as  a 
Means  to  some  outward  result,  and  here  at  once  tiie  social  distinctions 
of  life  present  themselves  to  our  attention  and  modify  our  views.  It 
is  obvious  that  a  child  should  leAm  that  which  will  best  prepare  him 
for  the  labours,  the  trials,  and  the  duties  through  which  he  will  have 
to  pass.  In  other  words,  Uie  children  of  the  poor  ought  to  be  taught 
what  most  concerns  them  to  know,  what  they  will  have  immediately 
to  do,  find  what,  other  things  remaining  the  same,  will  prove  the  most 
fruitful  source  of  happiness.  At  the  same  time,  tie  primary  object  of 
education — the  formation  of  character — should  also  be  kept  in  view ; 
and  the  discipline  through  which  a  child  ought  to  be  conducted 
and  the  subjects  of  knowledge  to  be  placed  before  him,  must  be  deter- 
-mined  by  a  joint  reference  to  his  capacities  and  his  probable  future 
station  in  life. 

Now  in  treating  of  the  mere  external  parts  of  education,  health  of 
the  body  is  the  first  thing  that  demands  our  attention.  The  body  is 
the  instrument  by  which  the  mind  executes  its  purposes,  and  by  whioh 
therefore  much  of  the  good  which  education  does  makes  itself  felt.  It 
would  consequently  seem  to  be  of  the  first  importance  that  this  instru- 
ment should  be  kept  in  the  highest  state  of  efficiency.  But  this  is  an 
end  which  cannot  be  attained  if  men  are  brought  up  in  total  ignorance 
of  the  structure  of  theii-  bodies,  and  of  the  laws  of  health.  From  the 
firat,  therefore,  children  should  be  habitually  taught  to  know  the  con- 
ditions on  which  health  depends ;  such  as  relate  to  the  state  of  their 
dwellings,  the  condition  of  their  persons  as  to  cleanliness  and  other 
matters  of  the  like  kind,  of  which  not  only  the  labouring  classes  but 
many  others  are  extremely  ignorant.  Tliere  is  no  peculiar  difficulty 
in  communicating  the  requisite  knowledge,  and  on  the  part  of  the 
young  the  reception  of  it  would  be  easy  and  pleasant.  If  we  measure 
knowledge  by  its  real  usefulness,  that  is,  its  power  to  promote 
happiness,  what  comparison  is  there  between  this  information  and  a 
knowledge  of  geography,  history,  or  other  things  of  the  kindt  A 
maa  may  be  ignorant  of  all  these  matters,  and  yet  live  a  virtuous, 
happy,  and  long  life,  but  he  cannot  with  impunity  remain  ignorant  of 
the  laws  of  health.  The  most  absurd  and  the  most  injurious  pre- 
judices prevail  on  this  point  among  the  peoi^e ;  and  in  general  they 
imagine  that  sickness,  disease,  and  death  depend  on  causes  altogether 
beyond  their  reach,  on  luck  or  chance,  and  that  they  have  no  other 
resource  Uum  passive  submission. 

It  is  also  by  means  of  the  body  that  the  children  Ot  the  poor  will 
have  to  get  their  bread.  They  should  be  taught  to  know  this  as  a  fact,  as 
a  simple  piece  of  information,  which  involves  ndther  merit  nor  demerit, 
neither  honour  nor  dishonoui'.  For  such  exercises  of  tie  body  as  they 
are  likely  to  be  called  to,  tiiey  ought  from  an  early  period  to  bo  pre- 
pared while  at  school  by  an  industrial  training. 

This  remark  comprlus  much  more  than  a  demand  of  bodily  labour 
from  the  young.  It  involves  such  a  course  of  instruction  as  may  best 
prepare  them  for  their  future  occupations.  There  is  no  pursuit  in 
life — not  even  that  which  is  most  mechanical— which  does  not  depend 
on,  or  is  not  connected  with,  certain  principles;  for  all  manual  labour 
is  only  the  carrying  out  and  realisation  of  results  for  which  science  has 
prepared  the  way.  It  is  equally  certain  that  there  is  no  labour  whioh 
may  iiot  be  lightened  or  relieved  by  knowledge.  A  good  education 
therefore  would  make  the  laboiu^r  acquainted  with  the  facts  and 
principles  on  which  his  art  is  built;  and  thus  enable  him  to  enjoy  the 


rational  and  sustaining  pleasure  of  .working  understandingly,  with  a 
view  to  a  given  result,  and  labouring  therefore  in  a  manner  fitted 
to  improve  his  character  as  a  man  as  well  aa  his  efficiency  as  a 
workman.  » 

But  no  improvement  can  be  expected  in  popular  education  until  a 
better  race  of  teachers  is  provided.  Qreat  as  is  the  deficiency  of 
schools,  yet  if  they  were  filled  with  competent  instructors,  the  chief 
evil  would  be  remedied. 

In  the  houses  too  of  the  working  classes,  particularly  in  the  manu- 
facturing districts,  a  change  is  most  deairabla  Whatever  time  may  be 
occuiHed  in  school  duties,  there  ard  many  hours  which  a  child  spends 
during  which  the  educator  has  no  infiuenoe  over  him;  and  these  are 
the  very  times  at  which  the  young  are  most  susceptible  of  ioipi^essioos ; 
when  the  moral  and  intellsotual  capacities  open  to  surrounding 
infiuenoes,  and  receive  them  readily  and  retain  the  impression  deeply. 
In  the  actual  state  of  things  then,  the  real  educaton  of  the  young  ore 
their  parents,  their  brothers  and  8isterB,'their  playmates,  their  casual 
companions — in  one  word,  their  home.  Ko  small  part  of  these  evils 
results  from  the  employment  of  females  in  mills  and  faotcniea.  In  the 
ordinary  state  of  society  all  that  should  be  peculiar  in  a  female's 
education  would  be  left  to  her  mother.  But  among  a  large  part  of 
the  manufacturing  dasses  there  are  not  mothers  who  could  give  any- 
thing ^iproechiog  to  the  requisite  education.  There  is  then  no 
otiier  resource  but  the  school  It  is  altogether  impossible  Vbat  th« 
labouring  classes,  at  least  of  the  manufaotoring  districts,  can  ever 
be  happy  until  a  new  and  improved  nee  of  mothers  appears.  In 
addition,  therefore,  to  tiie  educational  requisites  already  mentioned, 
it  is  necessary  that  there  should  be  •  sufficient  number  of  girls' 
schools  in  wluch  the  ordinary  arts  of  domestic  life — baking,  cooking, 
sewing,  knitting,  making  and  mending,  should  be  taughU  Tliis  matter 
is  of  vital  interest  to  the  working  man,  and  therefore  to  the  country, 
for  it  matters  little  what  the  labourer's  earnings  are,  what  his  own 
intelligence  is,  if  he  has  not  a  tiuifiy,  kind-hearted,  sensible,  and 
industiiouB  wife. 

Among  the  changes  desh^ble  on  the  part  of  the  parents  is  the 
ezlBtence  of  a  disposition  to  provide  out'  of  their  own  resources  suit- 
able means  for  the  education  of  their,  children.  That  it  is  their  duty 
to  make  this  provision  when  they  have  the  power  is  unquestionable ; 
.and  although  it  is  too  much  to  ei^wot  at  the  present,  yet  something 
may  be  done  towards  it,  and  the  complete  fulfilment  of  the  claim  may 
be  looked  to  as  an  ultimate  end.  There  is  nothing  but  their  own  exer- 
tions which  can  bring  to  the  labouring  climnrii  all  the  good  which 
educatio;!  can  convey.  The  charity  of  education,  hke  charity  of  every 
kind,  tends  to  pauperise  those  whom  it  sima  to  benefit :  and  so  long  as 
the  education  of  <the  poor  depends  on  the  effijrts'of  rival  and  conflict- 
ing parties  in  religion  or  in  politics,  it  is  impossible  that  the  power 
thus  gained  should  not  be  used  in  order  to  further  the  opinions  and 
interests  of  the  several  parties.  In  the  meantime  the  people  are 
regarded  and  treated  as  instruments  for  a  pui^Mwe,  and  their  education 
is  shaped  and  varied  not  by  a  regard  to  what  is  absolutely  best,  but  to 
what  is  Conducive  to  the  ends  of  the  party  which  directs  it.  It  is 
true  that  some  good  has  resulted  from  the  efforts  of  .individuals  and 
societies  by  which  such  education  as  the  j>oor  have  received  has  been 
conducted  during  a  century.  It  is  equally  tarue  that  these  voluntary 
exertions  have  in  many  cases  q>rung  &om  pure  and  enlarged  benevo- 
lence. Still  they  could  not  under  the  circumstances  fail  to  be  ac- 
companied by  a ,  large  amount  of  sectarian  and  party  feeling.  At  the 
present  hour  tMs  is  peculiariy  the  casK  The  church  is  arrayed  against 
dissent,  dissent  is  arrayed  against  the  church,  in  competition  for  the 
largest  share  in  the  education  of  the  children  of  the  poor ;  and  the 
rivalry  is  in  greater  or  less  activity  thiouj^  every  city  and  village  of 
the  kingdom. 

The  m^r^itude  of  the  evil  and  of  tiie  interests  whici  are  at  stake 
seen!  to  demand  the  intervention  of  tii«  government-  by  means  of  a 
general  catholic  and  truly  nati<«al  eduoaticai.  But  the  conflict  of 
parties  gives  little  reason  to  expect  this  at  present.  Still  the  govern- 
ment is  doing  something ;  but  the  remedisl  measures  employed  cannot 
overtake  the  disorder.  Perhaps  after  all,  the  end  to  be  aimed  st  is, 
that  the  people  should  seriously  take  the  education  of  their  children 
into  their  own  hands,  or  inti^st  it  to  propw  persons  of  their  own 
choice.  This  end  maybe  facilitated  by  that  love  of  independence 
which  has  hitherto  been  a  marked  feature  in  the  character  of  lilnglish- 
men,  who  do  not  like  either  a  government  or  individuals  to  be  obtru- 
ding on  their  private  conceniB,  AMiiiminff,  then,  that  the  importance 
of  ^ucation  for  all  classes  is  now  generally  adinitted,  we  proceed  to 
notice  our  grammar  and  primaiy  Mhoola^  and  the  Imm  vrtuch  affect 
them. 

JEndoaed  SdiooU.  An  endowed  school  in  England  is  a  school  which 
was  established  and  is  supported  by  funds  given  and  appropriated  to 
the  perpetual  use  of  such  school,  either  by  the  sovereign  or  by  private 
individuals.  The  endowment  provides  salaries  for  the  master  and 
usher,  if  there  be  one,  and  gratuitous  instruction  to  pupils,  either 
generally  or  the  children  of  persons  who  live  within  certain  defined 
limita  Endowed  schools  may  be  divided,  with  respect  to  the  objects 
of  the  founder,  into  ghimmar-BchoolB,  and  schools  not  grapomar-Bchook. 
A  grammar-Bchool  is  generally  defined  to  be  a  school" in  which  the 
learned  languages,  the  Latin  and  the  Qreek,  are  taught.  Endowed 
schools  may  also  be  divided,  with  respect  to  their  constitution  for  the 
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purposes  of  government,  into  schools  incorporated  and  schools  not 
incorporated.  Incorporated  sch^ls  belong  to  Hxe  class  of  corporations 
called  eleemosynuy,  wliich  comprehends  ooU^ges  and  halls,  Hid  char- 
tered hospitals  or  iJihs-houses.     [College.]  ^ 

Endowed  schools  are  comprehended  under  the  general  legal  name  of 
Charities,  as  that  word  is  used  in  the  act  of  the  43rd  of  Elisabeth, 
chap.  4,  which  is  entitled  "  An  Act  to  redress  the  Kisemployment  of 
Lands,  Oooda,  snd  Stocks  of  Money  heretofore  given  to  Charitable 
Uses,"  Incorporated  schools  have  gederally  been  founded  by  the 
auUiori^  of  letters  patent  from  the  crown,  but  in  some  cases  by  act  of 
parliament.  The  usual  coarse  of  proceeding  has  been  for  the  person 
who  intended  to  give  property  for  the  foundation  of  a  school,  to  apply 
to  the  crown  for  a  licence.  The  licence  is  give»  in  the  form  of  letters 
patent,  which  empower  the  person  to  found  such  a  school,  and  to  make, 
or  to  empower  others  to  make,  rules  and  regulations  for  its  govern- 
ment, provided  they  are  not  at  vuisnce  with  the  terms  of  the  patent. 
The  patent  also  incorporates  oartain  persons  and  their  successors,  who 
ar«  named  or  referred  to  in  it,  as  the  governors  of  the  school.  This 
was  the  form  of  foundation  in  the  case  of  Harrow  School,  which  was 
founded  by  John  Lyon,  in  the  1 4th  year  of  Elisabeth,  pursuant  to  letters 
patent  from  tbe  queen.  Sometimes  the  master  and  usher  are  made 
members  of  the  corporation,  or  the  master  only ;  and  in  the  instance 
of  Berkhampstead  School,  wliich  was  founded  by  act  of  parliament  (2  & 
3  Edw.  VI.,  reciting  certain  letters  patent  of  Uenry  VIII.),  the  corpo- 
ration consists  of  the  master  and  usher  only,  of  whom  the  master  is 
appointed  by  the  crown,  and  the  usher  is  appointed  by  the  master. 
Lands  and  other  property  of  such  a  school  ore  vested  ia  the  corpora- 
tion, whose  duty  it  is  to  apply  them,  pursuant  to  ^e  terms  of  the 
donation,  in  supporting  tjie  achooL  Many  sohool  endowments  are  of 
a  mixed  nature,  the  funds  being  appropriated  both  to-the  support  of  a 
free-EchooI  and  for  other  ehsritable  purposes.  These  other  purposes 
are  very  various ;  bat  among  them  the  union  or  connection  of  a-hospital 
or  almshouse  with  a  free-adiool  is  one  of  the  most  common. 

Where  there  is  no  charter  of  incorporation,  which  is  the  case  in  a 
great  number  of  school  endowments,  the  lands  and  other  property  of 
the  school  are  vested  in  trustees,  whose  duties,  as  to  the  applicaidoD  of 
the  funds,  are  the  same  as  in  the  case  of  an  incorporated  sohool.  It  is 
necessary  from  time  to  time  for  the  actual  trustees  to  add  to  their 
numbers  by  such  legal  modes  of  conveyance  as  shall  vest  the  school 
property  in  them  and  the  new  trustees  jointly.  These  conveyances 
sometimes  cause  a  considerable  expense;  and  when  they  have  been 
n^Iccted,  and  the  estates  have  consequently  become  vested  in  the 
heir-at-law  of  the  surviving  trustee,  some  difficulty  is  occasionally 
experienced  in  finding  out  the  person  in  whom  the  school  estates  have 
thus  become  vested.  When  the  school  property  consists  of  money,  the 
same  kind  of  dif&oulty  arises ;  and  money  is  also  more  liable  to  be  lost 
than  land. 

Every  charity,  and  schools  amongst  the  rest,  seems  to  be  sabjeot  to 
visitation.    We  shall  first  speak  of  incorporated  schools. 

The  founder  may  make  the  persons  tu  whom  he  gives  the  'bohobl 
property  on  trust  also  the  governors  of  his  f oundatian  for  all  purposes ; 
and  if  he  names  no  special  visitor,  it  appears  tiiat  such  persons  will  be 
visitors  as  well  as  trustees.  If  he  names  a  person  as  visitor,  such 
person  is  called  a  special  visitor  ,■  and  it  is  a  general  rule  tliat  if  the 
founder  names  no  special  visitor,  and  does  not  constitute  the  governors 
of  his  foundaGon  the  visitors,  the  heir-at-law  of  the  founder  will  be 
visitor ;  and  if  there  is  no  h«ir-at-lav^  the  crown  wi&  visit  by  the  lord 
keeper  of  the  great  seal.  The  king  is  visitor  of  all  schools  founded  by 
himself  or  his  ancestors.  The  duties  of  trustees  and  visitors  are  quite 
distinct,  whether  the  same  persons  are  trustees  and  visitors,  or  the 
trustees  and  visitors  are  different.  It  is  the'  duty  of  trustees  to  pre- 
serve the  school  property,  and  to  apply  it  to  the  purposes  intended  by 
the  founder,  in  respect  of  their  trust,  trustees  are  subject  to  the 
jurisdiction  of  the  Court  of  Chancery,  like  all  other  trustees ;  and  of 
course  they  are  answerable  for  all  misapplication  of  the  funds.  It  is 
the  visitor's  duty  to  inquire  into  the  behaviour  of  the  master  and 
usher  in  their  respective  offices,  and  into  the  general  conduct  of  the 
school.  He  must  judge  according  to  the  foundrn's  rules,  which  he 
cannot  alter  unless  he  is  empowered  by  the  terms  of  the  donation  to 
do  so.  There  seems  to  be  no  reason  for  supposing  that  the  king,  in 
respect  of  royal  foundations,  has  any  further  power  than  other  per- 
scAis,  and  consequentiy  he  cannot  alter  the  terms  of  the  donation, 
unless  this  pawer  was  originally  reserved  to  the  founder  and  his  soc- 
cessors ;  but  on  this  matter  there  may  be  some  difference  of  opinion. 
The  visitor,  or  those  who  have  visitorial  power,  can  alone  remove  a 
master  or  usher  of  on  endowed  School.  The  Court  of  Chancery  never 
removes  a  master  or  usher,  when  they  are  part  of  the  corporate  body, 
on  the  general  principle  that  this  conrt  has  no  power  to  remove  a 
corporator  of  any  kuia ;  and  when  there  is  a  visitor,  or  persons  with 
visitorial  power,  the  court  never  attempts  directly  to  remove  a  master 
or  osher,  even  if  they  are  not  members  of  the  -corporation.  (17  Yes., 
Att.-Gen.  v.  the  Eait  of  Clarendon.) 

Trustees  of  endowed  schools  which  are  not  incorporated  are  ac- 
countable in  a  court  of  equity  for  the  management  of  the  bi^km)! 
property.  But  the  internal  management  of  the  school  still  belongs 
to  the  special  visitor,  if  there  is  one ;  and  if  there  is  no  special  visitor 
it  belongs  to  the  founder's  heir.  Trustees  of  endowed  schools,  simply 
as  such,  are  merely  the  guardians  of  the  property,  as  already  obierved; 


and  it  is  their  duty  to  take  oare  of  it,  and  to  apply  the  income  aocordii)g 
to  the  founder's  intention.  It  has,  howe^r,  happened  that  in  schools 
not  incorporated  the  jurisdiction  of  the  Court  of ,  Chancery  and  the 
visitorial  jurisdiction  have  not  been  kept  quite  distinct;  and  cases. have 
arisen  in  which  it  has  been  found  difficult  to  determine  what  ought  to 
be  the  proper  mode  of  proceeding. 

A  free  granunar-sohool  was  an  endowment  for  teaching  the  learned 
languages,  or  Qreek  and  Latin,  and  fpr  no  other  purpose,  tmless  the 
founder  has  prescribed  other  things  to  be  taught  besides  grammar. 
This  legal  meaning  of  the  term  grammar-school  has  been  fixed  by 
various  judicial  decisions,  and  it  appears  to  be  established  that,  if  the 
founder  merely  expresses  his  intention  to  found  a  grammar-school,  the 
school  must  be  a  school  for  teaching  Latin  and  Qreek  only^  at  least,  so 
far  as  the  teaching  is  gratuitous ;  other  branches  of  instruction  may 
be  introduced,  but  the  scholars  must  pay  for  this  extra^  instruction, 

Qiammar-schools  have  now  for  a  long  time  been  solely  regulated 
by  the  Court  of  Chanceiy,  which,  though  afiiscting  merely  to  deal 
with  them  in  respect  of  the  trusts  and  tjie  application  of  the 
trust-monies,  has  in  fact  gcme  much  farther.  The  court  may  be 
applied  to  for  the  purpose  of  establishing  a  school  where  jonds 
have  l^een  given  for  the  purpose,  but  the  object  oonnot  be  effected 
without  the  aid  of  the  court.  It  may  also  be  applied  to  for 
the  purpose  of  oorreoting  a  misapplicftiion  of  the  funils.  The  «ourt 
may  also  be  applied, to  ia  order  to  sanction  the  application  of  the 
school  funds  when  they  have  increBBe4  beyond  the  amount  required 
for  the  purposes  indicated  by  the  founder.  Such  surplus  funds  are 
often  applied  in  establishing  exhibitions  or  aqnual  allowanoes  to  be 
paid  to  nwritorious  boys  who  have  been  educated  at  the  school,  during 
their  residence  at  ooUege.  The  master's  scheme  for  the  regulation  of 
Tunbridge  school,  in  Kent,  which  was  confirmed  by  the  Court  of 
Chancery,  established  sixteen  exhibitions  of  IQOL  each,  wUch  are 
tenable  at  any  college  of  Oxford  or  Cambridge,  and  payable  out  of  the 
founder's  endowment.  It  also  extended  the  benefits  of  the  school 
beyond  the  limits  fixed  by  the  founder,  and  made  various  other  regu- 
lations for  the  improvement  of  the  tohool,  having  regard  to  tiie  tiien 
annual  rvnts  of  the  school  estates. 

The  previous  remarks  on  grammar-sohools  must  be  taken  subject  to 
the  provisions  contained  in  a  reoent  Act  of  Parliament,  which  is  the 
only  attempt  that  has  been  made  by  the  legislature  to  regulate  schquls 
of  this  class.  This  act  (8  &  4  Vict,  a  77)  is  entitled  "An  Act  for 
improving  the  Conditio*  and  extending  tfa^  Benefits  of  Qrammar^ 
Schools."  The  act  recites,  among  other  things,  that  the  "patrons, 
visitors,  and  governors  of  such  grammar-schools  are  generally  unable  of  , 
their  own  authority  to  establish  any  other  system  of  education  than 
is  expressly  provided  for  by  the  foundation,  and  her  m^esty's  courts 
of  law  and  equity  are  frequently  unable  to  give  adequate  relief,  snd  in 
no  case  but  at  considerable  exjiense."  The  act  then  declstres  that  the 
courts  of  equity  shall  have  power,  as  in  the  act  provided,  "  to  make 
such  decrees  or  ordsrs  as  to  the  said  courts  shall  seem  expedient,  im 
weU  for  extending  the  system  of  education  to  other  useful  bianohes  of 
Uteratiure  and  science,  in  additioq  to  or  (subject  to  tihe  proviaioos 
thereinafter  contained)  in  lieu  of  the  Greek  and  Latin  languages,  or 
such  other  instruction  as  may  be  required  by  the  terms  of  the  founda- 
tion or  the  t^en  existing  statutes,  as  also  for  extending  or  restricting 
the  freedom  or  tiie  right  of  admission  to  such  school,  by  determining 
the  number  or  tiie  qualifications  of  boys  who  may  thereafter  be 
admissible  thereto  as  free  scholars  or  otherwise,  and  for  settling  th« 
terms  of  admission  to  and  continuance  in  the  same,  and  to  establish 
such  schemes  for  the  application  of  the  revenues  of  any  such  schools 
as  may  in  the  opinion  of  the  court  be  conducive  to  the  rendering  or 
maintaining  such  schools  in  the  greatest  degree  efficient  and  useful, 
with  due  regard  to  the  intentions  of  the  respective  founders  and 
bene&ctors,  and  to  declare  at  what  period,  and  upon  what  event,  such 
decrees  or  orders,  or  any  directions  contained  therein,  shall  be  brought 
into  operation;  and  that  such  decrees  and  orders  shall  have  force 
and  eSect,  notwithstanding  any  provisions  contained  in  the  instruments 
of  foundation,  endowment,  or  ben^iction,  or  in  the  then  existing 
statutes ; "  but  it  is  provided,  that  if  there  shall  be  any  special  visitor 
^>pointed  by  the  founder  or  other  competent  authority,  he  shall  be 
h«ird  on  the  matters  in  question  before  tiie  court  makes  any  orders  or 
decrees. 

This  enactment  extends  the  power  of  the  court  ov^,  grammar, 
schools  very  considerably,  as  will  ^>pe«r  from  what  has  been  said ;  not 
so  much  however,  if  we  view  what  tJia  court  has  done,  as  if  we  take 
the  deelantions  of  the  most  eminent  equity  judges  as  to  what  the 
eonrt  can  do.  The  power  however  of  changing  a  grammar-school  into 
one  not  a  grammar-school,  whidi  is  given  by  this  act,  is  a  considerable 
extension  of  authority ;  but  the  power  is  limited  to  cases  (§  8)  whSre 
the  necessity  of  such  a  change  arisen  from  insuffieiensy  of  the  Venues 
of  a  gnmimar-school  for  the  purpose  of  such  aohooL  But  this  provisioa 
as  it  has  property  been  remarked,  will  be  of  very  difficult  applia»i 
tion ;  for  in  many  suooessful  grammar-aohoolB  the  revenue  is  raoall, 
and  in  some  which  are  not  successful  it  is  large.  Saiallness  of  revenue, 
therefore,  will  not  of  itself  prove  "  insuffidency  of  revenues  "  in  the 
sense  intended  by  the  act  The  same  section  contains  also  a  provision, 
that  except  in  this  case  of  insufficient  revenues,  the  court  sh^  not  by 
this  act  be  authorised  to  dispense  with  any  statute  or  provision  now 
existing,  so  far  as  relates  to  the  qualification  of  any  scoioolfflaater  or 
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under-muter.  The  dupeimng  power  then  which  the  court  hm  often 
Hsumed,  u  ihown  in  some  instances  above  mentioned,  remaina  u  it 
waa ;  that  ia,  it  doea  not  exist  at  all. 

When  a  gnnimar-school  shall  have  been  made  into  another  kind  of 
Bchool  nnder  the  proriaionB  of  thia  act,  it  is  still  to  he  considered  a 
grammar-aohool,  uid  subject  to  the  jurisdiction  Of  the  ordinary  as 
heretofore. 

In  oaae  there  shall  be  in  any  dty,  town,  or  place,  any  grammar- 
aohool  or  eranunar-achools  with  insufBcient  revenues,  they  may  be 
united,  wiut  the  consent  of  the  visitor,  patron,  and  govemor  of  every 
•obool  to  be  affected  thereby.  The  legal  meaning  of  city  and  town 
(township)  is  anfficiently  precise,  but  "  place"  haa  no  le«^  meaning, 
and  the  framen  of  the  act  have  foigotten  to  give  it  one  m  their  25ui 
■eotion,  which  treats  of  the  oonstmction  of  terms  in  that  act. 

The  conrt  is  also  empowered  (§  14)  to  enlarge  the  powers  of  those 
who  have  "  authority  by  vray  of  visitation  or  otherwise  in  respect  of 
the  disclipine  of  any  grammai^achool ; "  and  where  no  authority  by 
vray  of  visitation  ia  vested  in  any  known  person,  the  bishop  of  the 
dkKSM  may  a^ply  to  the  Court  of  Chancery,  stating  the  facts,  and  the 
conrt  may,  if  it  so  think  fit,  give  the  bishop  liberfy  to  visit  and  regu- 
late the  Bid  school  in  respect  of  the  discipline,  tmb  not  otherwise. 
His  provision,  for  various  reasons,  will  prove  completely  inoperative. 

The  act  givas  »  snmmai>  remedy  against  masters  who  hold'  the 
premises  of  any  grammar-school  after  dismissal,  or  after  ceasing  to  be 
masters.  Such  masters  are  to  be  turned  out  in  like  manner  as  is  pro- 
vided in  the  case  of  other  persons  holing  over,  by  the  Act  of  the  1  & 
2  Vict.,  entitled  "  An  Act  to  facilitate  tiie  Recovery  of  Possession  of 
'Tenements  after  due  Determination  of  the  Tenancy. 
.  All  applicationa  to  the  court  under  this  act  may  be  (not  mtuf)  made 
t^  petition  only,  and  such  petitions  are  to  be  presented,  heaid,  and 
determined  aoooiding  to  t^  provisions  of  the  62  Oeo.  III.  c  101.. 

The  act  saves  the  rij^ts  of  the  ordinary.  It  is  also  dechnd  not  to 
extend  "  to  the  univenities  of  Oxford  or  Cambridge,  or  to  any  college 
or  hall  within  the  same,  or  to  the  imiversity  of  London,  or  to  any 
odleges  connected  therewith,  or  to  the  university  of  Durham,  or  to  the 
coU^es  of  St.  David's  or  St.  Bees,  or  the  gnunmar-schools  of  West- 
minster, Eton,  Winchester,  Harrow,  Charter-House,  Bugby,  Merchant 
TailonF,  St.  Paul's,  Christ's  Hospitsl,  Birmingham,  Hsnchester,  or 
Haoolesfield,  or  Lowth,  or  such  schools  as  form  part  of  any  cathedral 
or  collegiate  church."  But  the  exemption  does  not  extend  to  the 
grammar-schools  of  which  the  universities  of  Oxford  or  Cambridge,  or 
the  colleges  and  halls  within  the  same,  are  trustees,  though  these 
schools  were  excepted  from  the  Commissioners'  inquiir  by  the  6  &  6 
Wm.  IV.  0.71.  '  . 

It  appears  from  the  rules  of  many  gramtBar-schools  that  religious 
instntction  according  to  the  principles  of  tiie  Cfaurdi  of  England,  as 
established  at  the  Beformation,  is  a  part  of  the  instruction  which  the 
founder  contemplated ;  and  when  nothing  is  said  about  religious 
Instruction,  it  is  probable  that  it  was  always  the  practice  to  give  such 
instruction  in  grammar-schools.  That  it  was  part  of  the  discipline  of 
such  schools  before  the  Reformation  cannot  be  doubted,  and  there  is 
no  reason  why  it  should  have  ceased  to  be  so  after  the  Reformation,  as 
wUl  presentiy  appear.  It  is  generally  asserted  that  in  every  grammar- 
school  religious  mstruotion  ought  to  be  given,  and  accordkig  to  the 
tenets  of  the  Church  of  England ;  and  that  no  person  can  undertake 
the  ofHce  of  schoolmaster  in  a  grammar-school  without  the  licence  of 
the  ordinary.  This  latter  question  was  argued  in  the  case  of  Rex  v. 
the  Archbishop  of  Tork.  .  (6  '  T.  R.,'  490.)  A  mandamus  was  directed 
to  the  archbishop  directing  him  to'Iicense  R.  W.  to  teach  in  the 
grammar-school  at  Skipton,  in  the  county  of  Tork.  The  return  of 
the  archbishop  was  that  the  licensing  of  schoolmasters  belongs  to  the 
archbishops  and  bishops  of  England ;  that  R.  W.  had  refused  to  be 
examined ;  and  he  relied  aa  well  on  the  ancient  canon  law  as  upon  the 
canons  confirmed  in  1608  by  James  I.  (•  The  Constitutions  and  Canons 
Ecclesiastical,' "  Schoohuaster,"  77,  78,  79.)  The  return  was  allowed ; 
uid  consequentiy  it  was  determined  that  the  ordinary  haa  power  to 
license  all  schoolmasters,  and  not  merely  masters  of  grammar-schools. 
As  to  schoolmasters  generally,  the  practice  is  ducontinued,  and 
probabfy  it  is  not  always  observed  in  the  case  of  masters  of  grammar- 
schools. 

From  the  terms  of  this  licence  it  appears  that  the  master  of  every 
school  who  is  licensed  by  the  ordinary  must  be  a  member  of  the 
Church  of  England,  and  must  take  tiie  oath  and  make  the  subscriptions 
and  declarations  which  are  recited  in  tiie  licence. 

It  is  a  common  notion  that  the  master  of  a  grammar-school  mtist  be 
a  graduate  of  Oxford  or  Cambridge,  and  in  holy  orders,  and  such  is  the 
present  practice ;  but  it  ia  by  no  means  always  the  case  that  the  rules 
of  endowed  schools  require  the  master  to  be  in  holy  orders.  The 
founders  seem  generally  to  have  considered  this  a  matter  of  indif- 
ference; but  many  of  them  prorided  that  if  the  master  wasjn  ordera, 
or  took  orders,  he  should  not  at  least  encumber  himself  with  the  cure 
of  souls.  The  prindple  dearly  was,  that  the  master  of  a  grammar- 
school  should  devote  himself  solely  to  that  work ;  and  it  was  a  good 
principle.  The  Court  of  Chancery  has  in  various  cases  ordered  that 
the  master  should  be  a  dergymao,  where  the  founder  has  not  so 
ordered.  Dean  Celet,  the  founder  of  St  Faul'a  School,  London, 
ordered  by  his  statutes  that  neither  of  the  masters  of  that  sdiool,  if  in 
orders,  nor  the  chaplain,  shall  have  any  benefice  with  cure  or  service 


which  ipay  hinder  the  business  of  tiie  schooL  He  appointed  a  chiylain 
to  the  school,  thereby  appearing  to  intend  that  the  religious  instruction 
should  not  be  given  by  the  masters  of  grammar,  who  would  be  fully 
employed  otherwise. 

It  has  sometimes  been  doubted  whether  a  master  of  a  grammar- 
school  could  hold  eedesiastical  preferment  with  it.  If  the  founder 
has  not  forbidden  this,  there  is  no'rule  of  law  which  prevents  him.  If 
the  holding  of  the  two  offices  should  cause  him  to  neglect  the  duties 
of  either,  the  remedy  is 'just  the  same  as  if  he  neglected  either  of  his 
o£Bces  for  sny  other  cause. 

Hany  grammar-schools  are  only  free  to  the  childrien  of  a  particular 
parish,  or  of  some  particular  parishes ;  but  this  privilege  has  c«ca- 
sionally  been  extended  to  a  greater  surface,  aa  in  the  case  of  Tunbridge 
BchooL  Some  are  free  to  all  persons,  which  is  the  ease  with  some  of 
King  Edward  VI.'s  endowmmts.  Sometimes  the  number  of  free  boys 
is  limited,  but  the  mastor  is  allowed  to  take  pay  scholars,  either  by 
usage  or  by  the  founder's  rules.  At  present  the  practice  is  for  masters 
of  grammar-schools  to  take  boarders  if  they  choose,  but  in  some  cases 
the  number  is  limited.  Abuses  undoubtedly  have  arisen  from  the 
practice  Of  the  master  taking  boarders,  and  the  children  of  the  parish 
or  township  for  which  the  school  was  intended  have  been  neglected  or 
led  to  quit  the  school  sometimes  in  consequence  of  the  head  master 
being  solely  intent  on  having  a  profitable  boarding  schooL  But  in 
most  cases  the  school  has  boiefited  by  the  master  taking  boarders ; 
and  thia  has  frequently  been  the  only  means  by  which  the  school  haa 
been  able  to  maintain  itself  as  a  grammar-school.  When  the  situaticm 
has  been  a  good  one,  an  able  master  has  often  been  found  willing  to 
take  a  grammar-school  with  a  house,  and  a  small  salaryattached  to  it, 
in  the  no^  of  making  up  a  competent  income  by  bodders.  As  this 
can  only  be  effected  by  the  master's  care  and  diligence  in  teaching,  a 
smsll  neighbourhood  has  thus  frequentiy  enjoyed  the  advantage  of  its 
grammar-school,  which  otherwise  would  have  been  lost. 

Endowments  for  education  are  probably  nearly  as  old  aa  endowments 
for  Uie  support  of  the  church.  Before  the  Reformation  there  were 
schools  connected  ^th  many  religloua  foundations,  and  there  were 
also  many  private  endowments  for  education.  Perhaps  one  of  the 
oldest  schools  of  which  anything  is  known  is  the  school  of  Canterbury, 
Theodore,  who  was  consecrated  archbishop  of  Canterbury  in  668  (ac- 
cording to  some  authorities),  founded  a  school  or  college  by  licence 
from  tiie  pope.  This  school  certainly  existed  for  a  long  time;  and 
there  is  a  record  of  a  suit  before  the  Archbishop  of  Canterbury  in 
1821,  between  the  rector  of  the  grammar-schools  of  the  city  (supposed 
to  be  Theodore's  school  or  its  representative)  and  the  rector  of  St. 
Martin's,  who  kept  a  school  in  right  of  the  ohurch.  -  The  object  of  the 
suit  was  to  limit  tiie  rector  of  St.  Martin's  in  the  number  of  bis 
Bcbolus.  This  sdiool  probably  existed  till  the  Reformation,  at  least 
this  is  the  time  when  the  present  King's  school  at  Canterbury  was 
established  by  Henry  VIII.,  and  probably  on  the  ruins  of  the  old 
school.  Before  the  Reformation  schools  were  also  connected  with 
chantries,  and  it  was  the  duty  of  the  priest  to  teach  the  children 
grammar  and  singing.  There  are  still  various  indications  of  this  con- 
nection between  schools  and  religious  foundations  in  the  &ct  that  some 
schools  are  still,  or  were  till  lately,  kept  in  the  church,  or  in  a  building 
which  was  part  of  it.  There  are  many  schools  still  in  existence  which 
were  founded  before  the  Reformation,  but  a  very  great  number  were 
founded  immediatdy  after  that  event,  and  one  professed  object  of 
king  Edward  VI.  in  dissolving  the  chantries  and  other  religious  founda- 
tions then  existing  vras  for  the  purpose  of  establishing  grammar-schools, 
as  appears  from  the  rental  of  the  act  for  that  purpose  (1  Ed.  VL 
c.  14.)     rCHAMTBT.] 

Thou^  the  act  was  much  abused,  the  king  did  iound  a  considerable 
number  of  school^  now  commonly  colled  KUig  Edward's  Schools,  out 
of  tithes  that  formerly  bdonged  to  religious  houses  or  chantry  huids  ; 
and  many  of  these  schools,  owing  to  the  improved  value  of  their  pro- 
perty, are  now  among  the  richest  foundations  of  the  kind  in  England. 
In  these,  as  in  many  other  grammar-schools,  a  certain  number  of  per- 
sons were  incorporated  as  trustees  and  governors,  and  provision  was 
made  for  a  master  and  usher.  At  that  time  the  endowments  varied 
in  annual  value  from  twenty  to  thirty  and  forty  pounds  per  anniim. 

A  large  proportion  of  the  gnunmar-schools  were  founded  in  the 
reigns  of  Edwsid  VI.  and  WliiMwytii,  and  there  is  no  doubt  that  the 
desire  to  give  complete  ascendancy  to  the  tenets  of  the  Reformed 
Church  was  a  motive  which  weighed  strongly  with  many  of  the 
founders.  Since  the  reign  of  Elizabeth  we  find  grammar-schools  occa- 
sionally established,  but  less  frequently,  while  endowments  for  schools 
not  grammar-schools  have  gradnaUy  increased  so  as  to  be  much  more 
numerous  than  the  old  s(mools.  Foundations  of  the  latter  kind  are 
still  made  by  the  bounty  of  Individuals  from  time  to  time ;  and  an 
Act  of  Parliunent  (2  jc  8  Wm.  IV.  c  116)  has  made  it  lawful  to  give 
money  by  will  for  the  establishing  of  Roman  Cathdic  schools.  By  the 
23  Vict,  c.  11;  passed  in  1860,  the  trustees  of  grammar-schoola  in 
England  and  Wales  are  empowered  (except  those  mentioned  in  the 
8  &  4  Vict.,  0.  77,  those  in  connection  with  the  National  Sodety,  those 
maintained  by  private  subscriptioli,  and  those  where  the  endowment 
does  not  expressly  demand  conformity  to  certain  religious  doctrines)  to 
frame  orders  for  securing  the  admission  of  children  whose  parents  are 
not  in  communion  with  the  denomination  or  sect  of  which  the  doc- 
trines are  taught  in  the  schooL    The  statute  of  the  9th  Qeo.  IL  c.  SO, 
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eommonly  called  the  Moiimain  Act,  has  placed  certain  reetiictiona  on 
gifts  by  will  for  eharUahU  purpoBes,  which  restrictionli  conaequently 
extend  to  donationi)  by  will  for  the  establinhment  or  support  of  schools. 

[UOBTICAIII.] 

The  history  of  our  grammar-schools'  before  the  Hef ormation  would 
he  a  large  ysirt  of  the  lustory  of  education  in  England,  for  up  to  that 
time  there  were  probably  no  other  schools.  From  the  time  of  the 
Beformation,  and  particularly  till  within  the  last  half-century,  the 
Emnmar-schools  of  England  were  the  chief  plaoes  of  early  instruction 
for  all  those  who  reoeired  a  Uberal  training.  Frdm  these  often  humble 
and  unpretending  edifices  has  issued  a  series  of '  names  illustrious  in 
the  annals  of  their  country — a  succession  of  men,  often  of  obscure 
parentage  and  stinted  means,  who  have  justified  the  wisdom  of  the 
founders  of  grammar-schools  in  providing  education  for  those  who 
would  otherwise  have  been  without  it,  and  thus  securing  to  the  state 
the  services  of  the  best  of  her  childron.  Though  circumstancea  are 
now  greatly  changed,  there  is  nothing  in  the  present  condition  of  the 
country  which  renders  it  prudent  to  alter  we  foundation  of  these 
schools  to  any  great  extent ;  and  certainly  there  is  every  reason  for 
supporting  them  in  all  the  integrity  of  their  revenues,  and  for  labour- 
ing to  make  them  as  sjScient  as  their  means  will  allow. 

The  voluminous  Reports  of  the  Commissioners  appointed  id  1818 
and  1837  to  inquire  into  Charities,  contain  the  most  complete  acces- 
sible information  on  the  several  schools  which  were  Tinted  by  the 
commissioners.  But  this  vast  mass  of  materials  is  only  useful  for 
those  who  wish  to  inquire  into  some  particular  endowment,  or  for  the 
few  wba  have  leisure  to  study  the  Reports  and  the  knowledge  neces- 
sary to  enable  them  to  make  a  right  use  of  them.  The  number  of 
grammar-schools  reported  on  by  the  commissioners  is  700 ;  the  number 
of  endowed  schools  not  classical,  2150 ;  and  of  charities  for  education 
luat  attached  to  endowed  schools,  3390.  The  income  of  grammar- 
schools  reported  on  was  162,047i.  14tr.  Id.;  of  endowed  schools  (not 
classical),  141,8852.  2i.  6d. ;  and  of  the  other  charities  given  for  or 
applied  to  education,  19,1122.  8<.  8d. 

Primary  SchooU.  The  education  supplied  by  primary  schools  may 
be  considered  as  embracing  not  only  that  of  young  children,  but  that 
of  the  children  of  the  poor  in  genera.  The  consideration  of  it  involves 
the  whole  matter  of  what  is  generally  tenned  "  popular  education," 
comprising  the  Sunday-school,  the  Day-school,  and  the  Infant-school.  . 

llie  theory  of  the  !^glish  church  establishment  supposes  that  the 
youth  of  the  coimtty  are  directly  or  indirectly  under  the  care  of  the 
deigy  for  the  purposes  of  education ;  and  there  was  a  period  in  whieh 
none  but  the  clergy  wwe  engaged  in  the  business  of  instruction. 
Various  circumstances,  however,  added  to  the  increase  of  population, 
its  growth  in  wealth,  the  rise  of  new  conmiercial  interests,  together 
with  the  spread  of  dissent,  caused  the  people  to  outgrow  the  very 
scanty  provision  made  for  their  education,  so  that  towards  the  end  of 
the  last  century  an  opinion  became  prevalent  of  the  urgent  necessity 
both  for  the  extension  and  the  improvement  of  the  means  for  the 
education  of  poor  children.  The  result  was  the  commencement  in 
England  of  a  series  of  efforts  whifsh  have  led  both  here  and  abroad  to 
the  most  beneficial  re8nlt& 

'Raikee  of  Qloucester  is  generally  considered  thereunder  of  Sunday- 
schools,  but  other  persons  preceded  him  in<  the  benevolent  effort  to 
make  the  Sunday  subservient  to  the  education  of  neglected  children. 
The  Rev,  Theophilus  Lindsey,  shortly  after  he  had  taken  possession  of 
his  vicarage  of  Catterick  in  Yorkshire,  in  1763,  employed  in  this  way  a 
portion  of  each  Sunday.  Mrs.  Cappe,  wife  of  the  Rev.  Newcome 
Cappe  of  York,  then  Miss  Harrison,  "  endeavoured,"  she  observes  in 
her  Life, "  to  imitate  at  Bedale  the  example  which  I  so  much  admired 
at  Catterick."  In  the  year  1769  a  Sunday-school  was  commenced  by 
If  iss  Ball  at  High  Wycombe,  Bucks.  She  was  a  lady  of  great  piety, 
and  very  earnest  in  doing  good.  Her  custom  was  to  assemble  as  many 
OS  thirty  or  forty  children  on  Sunday  morning,  in  order  to  hear  them 
read  the  Scriptures  and  repeat  the  Catechism  and  the  Collect  prepara- 
tory to  going  to  church. 
'  The  idea  of  Sunday  instruction  was  communicated  to  Mr.  Raikes  by 
the  Rev.  Mr.  Stock,  curate  of  St.  John's,  Qloucester.  [Raikes,  in 
Bioo.  Drv.] 

The  "  National  Schools  "  took  their  rise  from  the  impulse  given  by 
the  exertions  of  Dr.  Andrew  BelL  [Bell,  Dr.  Amdbbw,  in  Bioa. 
Div.] 

Joseph  Lancaster,  born  in  1771,  was  a  member  of  the  Society  of 
Friends.  [Lamoastkr,'  Joseph,  in  Bioo.  Div.]  His  efforts  resulted  in 
the  formation  of  the  British  and  Foreign  School  Society. 

Infant-ichooU  are  designed  to  prevent  evil,  and  to  train  young 
children  in  the  practice  of  virtue  and  kmd  feeling,  as  well  as  to  the 
pursuit  of  knowledge,  particularly  in  those  cases  in  which  the  parents 
from  their  occupation  are  unable,  or  from  their  dispomtions  are  un- 
willing, to  take  proper  care  of  their  offiipring.  At  present  having  been 
found  of  great  service  in  the  humbler  ranks  of  society,  they  are  slowly 
extending  themselves  among  the  middle  classes.  If  the  whole  of 
English  education  were  planned  with  similar  foresight  and  care,  and 
conducted  on  similar  principles,  so  as  to  make  one  connected  series 
from  infancy  to  manhood,  extending  through  all  ranks,  modified  only 
by  the  peculiar  facilities  and  destination  of  each,  the  highest' advantages 
would  follow.  The  infant-school  qrstem  makes  the  school-room  into  a 
nurseiy  and  a  playground^  in  which  virtue,  intelligence^  aqd  k>Te 


preside,  direct  the  movements,  and  regulate  and  foster  the  emotions, 
The  scholars  ore  instructed  while  they  play,  and  learn  to  assodata 
pleasurable  feelings  with  their  school  puisuits. 

The  real  founder  of  Infant-Schools  appeara  to  have  been  the  Pastor 
OberKn  [Obebuk,  in  Bioo.  Drv.] ;  but  Psstalozzi  [Btoo.  Drv.]  also 
aided.  Mr.  Owen  was  the  first  Englishman  to  establish  an  in&nt- 
school  on  a  large  scale,  and  for  definite  purposes — and  certainly  the 
school  which  he  founded  at  New  Lanark  in  Scotland  at  least  ranks 
among  the  earliest. 

In  the  year  1819  Henry  Brougham,  the  Marquis  of  Laosdowne, 
Joseph  Wilson,  John  Smith  (who  had  seen  the  schools  at  New  Lanark 
five  years  previously),  and  otiAr  gentlemen,  established,  by  subscription 
among  themselves,  a  school  in  Brewer'rGreen  (now  Vincent  Square), 
Tothill  Fields,  Westminst^,  on  the  plan  of  Mr.  Owen's  schools  at  New- 
Lanark  ;  and  James  Buchanan,  an  experienced  teacher  in  those  schools, 
came  to  London,  with  Mr.  Owen's  approbation,  to  superintend  the  new 
schooL 

On  the  24th  of  July,  1820,  an  infant  school  was  opened  in  Quaker- 
Street,  Spitalfields,  London.  This  school  was  established  at  the  solo 
expense  of  Joseph  Wilson,  above  mentioned.  Samuel  Wildenpin  and  his 
wife  were  engaged  to  manage  the  school,  and  their  salaries  were  fixed 
and  paid  by  Mr.  Wilson.  Wilderspin  had  been  previously  a  clerk 
in  a  mercantile  house  in  the  city.  He  remained  in  this  situation  some 
years,  and  published  a  small  work  '  On  the  Importance  of  educating 
the  Infant  Poor  from  the  age  of  eighteen  months  to  seven  years,  con- 
taining an  account  of  the  Spitalfields  In&nt  School,  and  the  new 
System  of  Instruction  there  adopted.  By  S.  Wilderspin,  master  of  th» 
above  schuoL  12mo,  2ud  edition,  with  considerable  additions,  Lond., 
1824.'  The  first  edition  was  probably  published  in  1823,  but  we  havo 
no  evidence.  Mr.  Wilderspin  was  afterwards  employed  in  delivering 
lectures  on  infant  education,  in  assisting  in  the  estabHahment  of  new 
schools,  and  in  otherwise  promoting  the  cause  of  infant  education  in 
all  parts  of  Great  Britain  as  well  as  in  London.  Hr.  Buchanan  was 
master  of  the  Westminster  infant  school  about  twenty  years,  and  then 
went  to  America. 

Of  a  different  class  in  many  respects  to  either  of  those  yet  noticed 
are  the  schools  called  Birhbede  Sc)umU.  They  were  establi^ed  by  a 
private  gentleman,  Mr.  William  Ellis  [Ellis,  William,  in  Bioa.  Div.], 
at  his  own  expense,  but  are  intended  to  be  ultimately  maintained  by 
^he  weekly  payiuents  of  the  children^  As  is  more  fully  explained  in 
the  article  referred  to  (see  also  the  '  Companion  to  the  Almanac,'  for 
1860,  p.  13,  &0.),  the  distinctive  feature  of  the  schools  is  that  iostraction 
in  locial  tdenee  is  made  a  matter  of  primary  importance :  it  being  th* 
opinion  of  the  founder  "that  the  habits  of  reflection  and  self- 
examination,  which  its  study  calls  forth,  cannot  fail  to  impart  a  useful 
bias  to  the  character  and  conduct  in  after  life."  Several  of  these 
schools  are  in  operation,  the  principal  one,  a  lai^e  and  flourishing 
establishment  in  which  several  hundred  children  are  tmder  instruction, 
is  at  Peckham. 

Rrformatory  and  Bagged  SehooU  have  been  treated  of  under  those 
heads. 

A  "  College  of  Preceptors"  has  been  also  established,  which  examines 
and  gives  certificates  of  competence  to  persons  intending  to  be  teachers. 
This  has  tended  greatly  to  improve  Uie  teaching  in  private  schools; 
while  the  Oxford  and  Cambridge  middle-class  examinations  of  the 
scholars  of  any  school,  as  well  as  the  throwing  open,  to  a  certiin 
extent,  of  government  situations  to  public  competition,  have  had  con- 
siderable influence  in  raising  the  character  of  the  instruction  given. 

Training-schools  have  also  been  established  in  connection  with  the 
National  Society.  Some  of  the  Diocesan  Boards  of  Education  appro- 
priate a  part  of  their  funds  to  the  erection  of  school-houses ;  otheta 
assist  in  increasing  the  salaries  of  teachers  and  improving  the  routine 
of  schools. 

In  giving  a  brief  notice  of  what  has  been  done  for  the  improvement 
of  education  in  England,  the  efforts  of  government  claim  chief  atten- 
tion. Those  efforts  have  proceeded  on  the  principle  of  stimulating  and 
ext^ding  the  agencies  which  are  already  in  existence,  rather  than  of 
supplying  the  means  for  establishing  a  general  and  uniform  system  of 
education,  under  the  control  of  the  state.  For  several  years  grants  of 
20,0002.  per  annum  were  made  by  Parliament,  and  distributed  chiefly 
through  the  National  and  the  British  or  Lancasterian  schools,  in 
furtherance  of  education. 

These  schools  increased,  and  witti  them  the  government  grants. 
Schools  receiving  grants  are  subject  to  the  inspection  of  persons 
appointed  by  govenunent.  In  1869  there  was  granted  by  Parliament 
836,9202.  for  public  education  in  Oreat  Britain,  and  249,4682.  for 
Ireland ;  and  in  England,  in  1858,  at  the  time  of  inspection  there  were 
821,744  scholars  present.  In  1860  the  grants  were  ^98,1672.  for  Oreat 
Britain  and  270,7222.  for  Ireland;  and  in  Ireland,  on  Dec.  31, 1859, 
there  were  619,175  children  on  the  rolls,  and  an  average  of  269,203  in 
daily  attendance.  Qiants  are  allowed  by  the  Council  of  Education  to 
all  schools  admitting  of  the  inspection  of  the  government  inspectors. 
There  are  24  training  collies.  In  almost  every  Poor-Law  Union 
schools  are  established  for  the  pauper  children,  at  which,  in  July,  1869, 
there  were  65,656  children  receiving  instruction.  In  Ireland,  agricul- 
tural schools  have  been  established  in  connection  wiUi  the  Poor-Law 
Union,  which  have  proved  succaasf ul  in  their  pecuniary,  results  and 
beneficial  to  the  children. 
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The  eflbrts  of  the  l^slatute  have  not  been  confined  to  grantrof 
money  or  to  the  poor.  Without  noticing  the  number  of  schemes  pro- 
poeed,  and  the  debates  upon  them,  in  which  the  adherents  of  the 
voluntaiy  principle,  and  those  advocating  a  national  superintendence 
and  support,  have  contrived,  to  neutralise  each  other's  efforts,  we  will 
shortly  notice  what  has  been  actually  done.  In  1842  an  act  was  passed 
for  fiudlitating  the  acquisition  of  sites  for  school-houses,  which  was 
repeated,  amended,  and  extended  in  1850, 1852,  and  1853.  In  1843 
land  and  buildings  occupied  by  societies  for  literary  and  scientific  pur- 
poses were  exempted  from  the  p.tyment  of  county,  borough,  parochial, 
and  other  local  rates ;  and  in  1854  further  facilities  for  the  institution 
of  such  societies  were  afforded  by  another  act.  In  i  844,  in  a  Poor-lAW 
Amendment  Act,  the  Poor-Law  Commissioners  were  empowered  to 
combine  parishes  and  unions  into  school  districts,  to  form  boards  for 
their  goyemanoe,  which  boards,  subject  to  tiie  regulations  of  the  com- 
missioners, were  to  appoint,  pay,  and  control  its  teachers  and  other 
officers  for  the  purpose  of  instructing  the  children  of  the  poor ;  but  no 
child  was  to  be  compelled  to  attend  any  religious  service  contrary  to 
the  principles  of,  or  be  instructed  in,  any  reh'gious  creed  contrary  to 
that  professed  by,  the  parents ;  and  in  1848  the  provisions  of  the  aot 
were  amended,  by  extending  them  to  parishes  not  in  uniops,  and 
removing  the  limitation  of  expense,  previously  limited  to  one-fifth  of 
the  aggregate  of  the  poor-law  expenditure.  The  18  Vict.  c.  34, 1853, 
gives  guardians  of  poor-law  unions  power  to  afford  relief,  so  as  to 
enable  poor  children,  between  the  ages  of  four  and  sixteen,  to  be  sent 
to  schools.  In  1847-  the  law  regulating  the  attendance  at  school  of 
children  employed  in  print-works  was  amended.  In  1850  an  aot  was 
passed  empowering  town-councils  tor  establish  public  libraries  and 
museums,  by  imposing  a  small  rate,  such  libraries  and  museums  to  he 
open  to  the  public  free  of  expense;  extended  in  1855  to  places  not 
having  councils  and  to'  parishes;  and  similar  acts  were  passed  for 
Scotland  and  Ireland  in  1853,  1854,  and  1855. 

In  addition  to  this  legislative  action,  the  general  public  have  not 
been  wanting  in  efforts  to  diffuse  education.  In  most  of  the  large 
towns  ragged  schools  have  been  formed  and  supported  for  the 
instruction  of  the  mora  destitute  cliildren;  and,  in  conjunction  with 
mere  school  learning,  it  has  been  endeavoured  to  inculcate  habits  of 
industry,  by  establishing  shoe-black  brigades  and  crossing  sweepers,  by 
which  boys  during  the  day  are  enabled  to  earn  money,  a  part  being 
devoted  to  their  support,  and  the  remainder  placed  to  their  account,  to 
form  a  f luid  for  their  future  advancement,  their  evenings  being  spent 
in  school.  The  results,  on  the  whole,  have  been  very  satisuictory. 
Schools  have  also  been  established  for  teaching  girli  common  things, 
chieily  in  domestic  economy.  The  preparation  of  teachers  has  been 
also  mora  attended  to,  and  few  of  the  paid  instructors,  either  male  or 
female,  are  now  appointed  to  any  of  the  schools  without  certificates  of 
capability  from  recognised  examiners.  For  this  purpose  the  National 
Society,  the  British  and  Foreign  School  Society,  the  Congregational 
Board  of  Education,  and  the  Voluntary  School  Society,  have  established 
normal  and  model  schools,  where  instruction  is  afforded,  capability 
tested,  and  certificates  granted.  Inspectors  are  appointed  to  visit  aU 
the  schools  by  the  Board  of  Education,  and  also  by  the  above-named 
societies  to  visit  their  own. 

In  1845  an  act  was  passed  for  endowing  Maynooth  College  for  the 
bettor  education  of  the  Boman  Catholic  priesthood.  In  the  same  year 
was  also  passed  an  act "  enabling  her  Majesty  to  endow  new  Colleges," 
in  eonsequ,ence  of  which  the  Queen's  Colleges  of  Belfast,  Cork,  and 
Qalway  have  been  built  and  endowed.  A  sum  of  100,0OW.  was 
assigned  out  of  the  Consolidated  Fund  for  purchasing  the  sites,  and 
erecting  and  furnishing  the  buildings  of  the  three  Colleges.  '  Her 
Majesty  and  her  successors  were  made  visitors,  with  power  to  appoint, 
by  sign  manual,  persons  to  execute  the  ofSce.  The  appointment  of 
the  presidents,  vice-presidents,  and  professors,  was  entrusted  to  the 
Crown,  until  parliament  should  otherwiBo  determine.  The  Commis- 
sioners of  the  Treosurv  were  empowered  to  issue  annually  a  sum  not 
exceeding  7000i.  for  the  payment  of  salaries  and  other  expenses  in 
each  college ;  it  being  moreover  provided  that  reasonable  fees  should 
be  exigible  from  the  students;  Lecture-rooms  were  directed  to  bo 
assij^ed  for  religious  instruction  :  and  it  was  enacted  that  no  student 
should  \fB  allowed  to  attend  any  of  the  colleges  unless  ho  should  reside 
with  his  parent  or  guardian,  or  some  near  relation,  or  with  a  tutor  or 
master  of  a  boarding-house  licensed  by  the  president,  or  in  a  hall 
founded  and  endowed  for  the  reception  of  students. 

A  president  and  vice-president  for  each  college  were  soon  after 
nominated,  and  the  erection  of  the  buildings  was  begun.  The  other 
appointments  were  made  in  August  184a,  and  the  three  colleges  were 
opened  in  the  end  of  October  following.  An  additional  sum  of 
12,000t  had/  shortlv  before  been  granted  by  Parliament  for  pro- 
viding them  with  libraries,  philosophical  instrumente,  and  some  other 
requisites. 

The  pecuUarity  of  and  the  need  for  such  colleges  arose  from  the 
state  of  religious  feeUng  in  Ireland.  The  greatest  proporUon  of  the 
people  are  Boman  Catholics,  and  there  is  4  large  number  of  Presby- 
terians;  but  in  Trinity  College,  Dublin,  there  are  no  arrangements 
which  even  recognise  Uie  existence  of  any  form  of  religious  belief  but 
that  of  the  Established  Church ;  not  only  is  the  student  who  may 
hold  any  other  creed  (in  so  far  as  such  dissentmg  students  are  admitted 
at  all)  left  without  any  spiritii.il  superintendence  whatever,  but  tlio 


entire  system  of  teaching  ahd  discipline  is  in  the  hands  of  mambers  of 
the  Chureh  established  by  law,  and  is  regulated  and  administered  in 
all  respects  in  conformity  with  the  doctrines  and  ritual  of  that  Church. 
Notwithstanding  considerable  opposition  the  experiment  has  succeeded. 
The  colleges  are  attended  j)y  students  of  aH  religious  creeds;  but 
while  thus  free  to  all,  the  morals  and  the  peculiar  faitb  of  the  student 
are  sedulously  attended  to. 

Neither  in  England  have  the  efforts  to  promote  education  been  con- 
fined to  the  poor.  At  Durham  the  bishop  and  dean  and  ch>ipter 
obtained  an  act  of  Parliament  in  1832,  authorising  the  institution  and 
endowment  of  a  university,  which  was  opened  for  students  in  October 
1883.  In  1887  a  royal  charter  of  incorporation  was  obtained  by  which 
the  style  and  title  of  "the  Warden,  Masters,  and  Scholars  of  the 
University  of  Durham"  was  given  to  the  institution.  The  charter 
gave  the  power  of  conferring  degrees,  and  confirmed  the  rights  and 
privileges  assured  to  it  by  act  of  Parliament,  usually  enjoyed  by 
chartered  imiversities.  The  bishop  is  appointed  visitor ;  the  dean  of 
Durham  is  constituted  warden.  To  the  professorships  of  divinity  and 
ecclesiastical  histoiy  and  of  Greek  and  classical  literature,  which  are 
both  in  the  patronage  of  the  bishop,  canonries  in  the  cathedral  are 
annexed.  The  professor  of  mathematics  and  astronomy,  the  readers 
in  law,  Hebrew,  history  and  polite  literature,  and  natural  philosophy, 
the  lecture  on  chemistry  and  mineralogy,  and  other  of^ceis  of  the 
university,  are  appointed  by  the  dean  and  chajfter.  Of  University 
College  the  wai-den  of  the  university  is  master.  Bishop  Hatfield's 
Hall,  instituted  in  1846,  is  for  divinity  students.  It  has  four  tutors, 
one  of  wliom  is  principal,  a  censor,  and  a  chaplain.  The  academical 
year  consists  of  three  terms  of  not  less  than  eight  weeks  each,  which 
are  called  Michaelmas,  Epiphany,  and  Easter  Terms.  The  age  of 
admission  to  the  academical  course  is  from  16  to  21 ;  and  for  the 
divinity  course,  between  21  and  26 ;  beyond  this  age  studente  must  be 
admitted  by  special  leave.  Care  has  been  taken  that  the  necessary 
expenses  of  students  shall  be  as  moderate  as  is  consistent  with 
comfort,  and  any  approach  to  extravagance  ia  sedulpusly  guarded 
against. 

In  1854  an  act  of  Parliament  extended  the  right  enjoyed  by  the 
graduates  of  Oxford  and  Cambridge  to  practise  physio  without  farther 
examination,  to  the  graduates  in  medicine  of  the  University  of 
London.  In  the  Ba|])e  year  by  another  act,  a  commission  was 
appointed  to  draw  up  regulations  for  the  improvement  of  Oxford 
University,  and  in  1857  a  similar  one  was  passed  for  Cambridge, 
Under  these  commissions  many  valuable  improvements'  have  been 
effected,  and  more  may.  be  confidently  expected.  Among  those 
effected  ore  the  breaking  up  of  the  close  scholarships  (especially  those 
of  Winchester  school),  and  throwing  tliem  open  to  general  competi- 
tion ;  the  dispensation  from  the  taking  of  a  number  of  unnecessary 
oaths ;  the  establishment  of  private  halls ;  and  the  abolishing  of  the 
oath  on  matriculatiou  and  on  taking  the  de^ee  of  B.A. ;  by  which 
lost  regulation  Dissenters  are  admitted  to  the  whole  advantages  of  a 
university  education.  lu  Scotland  also  an  agitation  is  being  made  for 
some  improvement  in  the  universities, 
SCHOONEU.  [Snip.] 
SCHWEINFUKf H  OREEN.  [Copper.] 
'  SCIATICA  is  a  name  often  applied  to  all  rheumatio  affections  about 
the  hip-joint  and  the  back  of  the  thigh,  but  which  is  more  properly 
adapted  to  a  disease  of  thq  sciatic  nerve,  either  inflammatory  or  similar 
in  its  nature  to  those  which  in  other  parte  are  designated  Neuralgia, 
or  Tie  doloureux.  The  pain  in  sciatica  commonly  follows,  or  is 
situated  in  some  part  of,  the  course  of  the  sciatic  nerve,  extending 
from  the  inner  portion  of  the  buttock  along  the  back  of  the  thigh  to 
the  ham,  and  is  sometimes  oontiuued  to  the  foot  along  the  track  of  the 
nerves  of  the  leg.  It  occurs  specially  in  adults  and  in  old  persons,  and 
more  particularly  in  those  that  have  been  subject  to  rheumatism ;  the 
pain  is  generally  remittent,  and  seldom  ceases  altogether;  but  is 
commonly  aggravated  in  the  evening.  For  the  treatment  and  other  . 
circumstances  connected  with  sciatica,  we  must  refer  to  the  articles 
Nedbaloia  and  Rhkumatism. 

SCIENCE,  The  word  sdcntia,  in  real  Latin,  simply  means  know- 
ledge, and  we  must  attribute  the  subisequent  application  of  the  word 
to  particular  kinds  of-kuowledge,  to  causes  similar  to  those  which  have 
influenced  the  use  of  the  equally  general  term  Mathematics.  It  does 
not  appear  that  in  the  earlier  parte  of  the  middle  ages  Kienee  had  any 
distinct  meaning  as  opposed  either  to  literature  or  to  art.  Almoat  at 
the  eai'Iiest  establishment  of  universities,  the  great  preliminary  branchea 
of  knowledge  were  separated  from  the  rest  under  the  name  Of  liberal 
art»:  that  is  to  say,  the  Trivinm,  containing  grammar,  logic,  and 
rhetoric;  and  the  Quadrivium,  containing  arithmetic,  geometry,  astro- 
nomy, and  music.  If  theology,  law,  and  medicine  were  called  sciences, 
it  was  not  in  any  distinctive  sense,  and  we  are  inclined  to  think  that 
Kieniiu  must  then  have  been  ratiher  a  term  subaltern  to  art,  than 
opposed  to  it.  We  find  Roger  Bacon  ('  Op.  Maj.,'  cap.  xv.)  speaking  of 
the  nine  mathematical  sciences,  and  the  six  great  natural  sciences, 
which  contain  under  them  many  other  sciences :  and  lusjcontemporary 
Robert  of  Lincoln  ('  Tract,  de  Art.  Lib.'),  after  laying  it  down  that  the 
arte  (not  sciences),  of  which  it  is  the  ofiSco  "  operationes  humanas 
corrigendo  ad  perfectionem  ducere,"  are  seven  in  number,  proceeds  to 
describe  them  without  a  single  use  of  the  word  science.  How  the  word 
giew  it  is  not  our  business  to  inquire  closely ;  but  by  the  middle  ot 
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tha  18th  oentuiy  the  word  tdence  had  begun  to  appear  a«  denoting 
connected  and  demonatrated  knowledge,  in  opposition  to  art,  which 
ngnified  digested  rules  of  operation  not  connected  with  each  other  by 
d«luction  from  common  firat  principles.  Thu«  Tartaglia,  a  writer  on 
algebra  (which  was  then,  and  most  properly,  called  only  an  art ;  an 
magna,  or  arte  maggiore),  styles  Euclid,  in  we  pre&ce  to  his  edition  of 
the  Elements,  "  the  sole  g\iide  to  the  mathematical  leimca."  By  the 
middle  of  the  17th  century,  tiie  term  science  was  freely  used  in  the 
sense  which  It  has  never  since  lost,  namely,  that  in  which  it  is  opposed 
to  literature.  But  the  old  distinction  of  science  as  opposed  to  art  has 
still  remained,  though  the  two  terms,  in  this  sense,  hare  been  in  great 
measure  supereeded  by  theory  and  practice ;  but  improperly,  for  the 
dist^ction  between  science  and  art  is  one  thing,  and  that  between 
.theory  and  practice  another.    [Theory.] 

A  science,  as  distinguished  from  an  art,  is  a  body  of  traths,  the 
common  first  principles  of  which  are  supposed  to  be  known  and  sepa- 
rated, so  that  the  individual  truths,  even  though  some  or  all  may  be 
clear  in  themselves,  have  a  guarantee  that  they  could  have  bean  dis- 
covered and  known,  either  with  certainty  or  with  such  prob<kbi]ity  as 
the  subject  admits  of,  by  other  means  than  their  own  evidence.  It 
is  not  necessary  that  these  truths  should  have  been  discovered  by  a 
scientific  process;  it  is  enough  that  they  admit  of  such  treatment 
subsequently.  The  telescope,  for  instance,  may  have  been  discovered 
accidentally ;  but  it  can  now  be  dempnstrated  beforehand  that  such  aa 
instrument  must  produce  the  effect  which  it  is  known  to  produce,  and 
the  rules  for  its  construction  may  be  deduced  from  the  simple  funda- 
mental properties  of  light.  In  the  sense  of  the  word  above  used, 
the  number  of  perfect  sciences  is  not  so  great  as  is  commonly  sup- 
posed; for  many  branches  of  knowledge  which  bear  the  name  are  not 
perfect  sciences,  such  as  medicine,  zoology,  and  geology ;  in.  all  of 
fhese.  Urge  classifications  have  been  made,  many  principles  have  been 
deduced  which  seetn  to  be  of  universal  appliooition,  and  much  has 
been  done  to  make  these  known  principles  point  out  the  direction  of 
inquiry ;  but  it  would  \ie  idle  to  say  that  either  of  them  is  a  science  in 
the  sense  in  which  astronomy  is  a  science. 

Sdenc^  as  opposed  to  literature,  means  any  branch  of  knowledge  in 
which  the  affections  of  mind  or  matter  ore  to  be  made  the  subject  -of 
reasoning,  with  a  view  to  discover  and  apply  first  principles.  The  dis- 
finctions  of  mental  and  physical  sciences,  the  subdivision  of  the  former 
into  ethical  and  psychological,  ftc,  whatever  terms  may  be  employed, 
are  real  and  useful.  But  as  it  is  not  the  object  here  to  classi^  human 
knowledge,  but  only  to  give  a  slight  account  of  the  mode  of  using  a 
word,  we  may  pass  on  to  its  common  signification. 

By  science,  in  popular  language,  is  meant  simply  mathematical, 
phykcal,  or  natural  science,  not  with  reference  to  principles,  but  to 
results.  Calculation,  colleption  of  natural  objects,  construction  of 
models,  use  of  philosophical  instruments,  any  or  either,  is  science,  or 
part  of  science ;  and  a  man  of  science  (man  of  a  science,  or  man  of 
the  art  which  is  built  upon  a  science,  would  frequently  be  a  correct 
description)  may  be  eiuer  a  mathematician,  mechanist,  engineer, 
medi(»l  practitioner,  astronomer,  geologist,  electrician,  zoologist,  orni- 
thologist, &c.  To  this  sort  of  designation  there  con  be  no  objection  in 
itself,  and  it  is  convenient  as  distinguishing  followers  of  science,  or  of 
a  science,  from  those  of  literature.  But  it  is  not  sufficiently  precise 
in  itself  to  distinguish  the  followers  of  different  sciences  from  one 
another.  When  a  literary  man  is  named,  his  pursuit  is  generally 
indicated;  the  histonas,  the  ontiquaiy,  the  poet,  the  novelist,  the 
politician,  the  scholar,  and  the  linguist,  are  not  confounded  by  means 
of  a  general  term :  insomuch  that "  literary  man,"  by  itself,  generally 
implies  one  of  information,  but  not  of  diBtinguished  depth  in  any  one 
particular  branch.  But  the  inquirer-  into  the  sciences  of  electricity 
and  magnetism,  for  example,  has  no  name  to  distinguish  him  from  the 
observer  and  classifier  of  insects ;  that  is  lo  say,  the  proper  technical 
names  are  not  familiar  to  the  world  at  large.  But  this  is  the  least 
inconvenience.  When  the  word  science  comes  to  be  used  in  its  high 
and  proper  sense,  indicative  of  truth  discovered,  error  prevented, 
inquiry  organised,  judicious  habits  formed,  and  mental  energy 
strengthened,  it  must  be  difficult  for  those  who  are  used  to  the 
common  sense  of  the  word  toimagine  the  truth  of  many  things  which 
are  said  about  it.  "  All  we  require  is,  that  he  will  hold  his  former 
opinions  and  judgments  without  bigotry,  ret^n  till  he  shall  see  reason 
to  question  them,  be  ready  to  resign  them  when  foirly  proved  untena- 
ble, uid  to  doubt  them  when  the  weight  of  probability  is  shown  to 
lie  against  them.  If  he  refuse  this,  he  is  inwpaile  of  icience."  Now 
thia,  though  the  word  of  a  good  authority,  and  perfectly  true,  is  never- 
theless notoriously  false  in  the  common  sense  of  the  word  science : 
a  man  may  be  incapable  of  the  preceding  state  of  mind,  and  may 
be  a  man  of  icienee.  There  is  no  remedy  for  this  confusion  of 
terms,  except  that  ^Jfluch  every  one  must  make  for  himself,  by 
attention  to  the  tlifferent  senses  of  the  word,  the  higher  sod  the 
lower. 

SCIENCE  AND  ART,  DEPARTMENT  OP.  TWs  department  of 
the  Committee  of  Privy  Council  on  Education  owes  its  origin  to  the 
0iiggeetions  contained  in  the  Second  Report  of  the  Commissioners  for 
the  Exhibition  of  1861.  After  urging  the  necessity  of  the  industrial 
classes  of  this  country  receiving  more  systematic  instruction  in  science 
and  art  in  order  to  enable  them  to  maintain  their  pre-eminence  in  the 
neutral  markets  of  the  world,  the  Commissioners  impressed  on  the 


govenUnent  the  advantages  which  would  remit  from  bringing  tlw 
various  institutions  connected  with  Scienoe  and  Art  that  were  supported 
by  the  public  funds,  into  close  connection  wiUi  each  other,  instead  of 
their  remaining  under  different  departments  of  the  government  The 
government  took  a  favourable  view  of  the  suggestion ;  and,  as  a  port 
of  the  "  comprehensive  scheme  for  tba  advanoemsnt  of  the  fine  arts 
and  of  practical  science,"  announced  from  the  itrone  at  the  opening  of 
the  session  of  1862-53,  the  Lords  of  the  Treasury,  in  March,  1868,  gave 
their  formal  concurrence  to  the  proposed  arrangement  of  the  Privy 
CouncU  to  "  unite  in  one  department,  under  the  Board  of  Trade,  with 
the  Departments  of  Practical  Art  and  Science,  the  kindred  and  analogous 
institutions  of  the  Qovemment  School  of  Mines  and  Science,  the 
Museum  of  Practical  Geology,  the  Geological  Survey,  the  Museum  of 
Irish  Industry,  and  the  Royal  DubUn  Society,  all  of  which  are  in  part 
supported  by  parliamentary  grants; "  and,  the  Treasury  minute  proceeds, 
"  my  Lords  have  given  directions  that  the  estimates  for  all  these  insti- 
tutions shall  be  brought  together  under  the  general  head  of  '  Board  of 
Trade  Department  of  Science  and  Art.' "  The  immediate  purpose  of 
this  amalgamation,  it  was  declared,  was  to  bring  the  whole  of  these 
institutions  under  one  common  superintendence,  to  establish  a  Central 
MetropoUtaa  School  of -Practical  Science  a»  well  aa  of  Art,  and  to  en' 
courage  and  extend  the  formation  of  minor  local  institutions  which 
should  be  in  connection  with,  and  assisted  by,  the  central  institutions, 
but  as  far  OS  possible  self-supporting  and  under  the  maoagement  of  Um 
local  authorities. 

As  was  stud  above,  the  institutions  thus  brought  together  under  one 
department,  were  all  in  part  supported  by  parliamentary  gnats.  The 
sums  voted  for  each  in  the  year  previous  to  the  amalgamation  were : 
Ckvemment  School  of  Mines  and  Boience,  8002. ;  Museum  of  Practical 
Geology,  62721. ;  Geological  Survey,  660M. ;  Museum  of  Irish  Industry, 
93iSl. ;  Royal  Dublin  Society,  68401 ;  DepatimeDt  of  Practical  Art, 
■including  the  provincaal  Schools  of  Design,  17,»2W. ;  in  all,  8«,18U. : 
but  the  sum  actually  granted  was  41,58e<. ;  additions  having  been 
sanctioned  of  1502.  to  the  School  of  Mines,  and  22691.  to  the  Depart- 
ment of  Practical  Art. 

Of  these  institutions  the  character  may  be  briefly  inldicoted.  The 
Government  School -of  Mines  and  of  Science  applied  to  the  Arts  was 
founded  in  1861,  in  consequence  of  memorials  addressed  to  government 
by  the  mining  dLstricts  of  the  United  Kingdom,  in  which  it  was  shown 
that  the  schools  for  the  instruction  of  persons  engaged  in  *"ining 
pursuits  by  various  Continental  governments  hod  much  inoreoaed  the 
economy,  efficiency,  and  safety  of  mining  operations  in  the  countries  in 
which  they  hod  been  established,  and  that  the  want  of  similar  schools 
had  long  been  felt  in  the  Tnining  districts  of  this  kingdom.  The 
Government  School  of  Mines  was  accordingly  opened  in  connection 
with  ihe  Museum  of  Practical  (Geology  in  1861.  It  is  now  merged  in 
the  MetropoUtan  School  of  Scienoe  applied  to  Mining  and  the  Arts, 
wliich  forms  one  of  t^e  two  avat  branches  of  the  d^urtment  whidi  ie 
the  subject  of  this  article.  The  Museum  of  Practical  Geology,  which 
will  be  noticed  more  fully  presently,  was  in  1860  removed  to  the 
btdlding  erected  fur  its  reception  in  JTermyn  Street,  St.  James's.  Ever 
since  the  establishment  of  the  Museum,  the  Geological  Survey  of  the 
United  Kingdom  has  been  carried  on  in  connection  with  It.  To  these 
institutions  we  may  add  the  Royal  College  of  Chemistry,  founded  in 
1816,  it  having  been,  in  1853,  traDsfetxed  to  the  Department  of  Sdenoe 
and  Art.  i 

The.  Department  of  Fraetical  Art  was  a  development,  or  rather 
reconstitution,  of  the  central  Schools  of  Design,  ori^nally  founded  ia 
1837,  in  accordance  with  the  recommendations  of  a  committee  of  the 
House  of  Commons.  The  Department  of  Practical  Art  was  created 
but  a  short  time  before  its  amalgamation  with  the  other  institttiixiDS 
in  the  Department  of  Science  and  Art,  and  before  it  hod  eeme  into  full 
operation  aa  a  separate  institution. 

The  Royal  Dublin  Society  for  the  improteuent  of  husbandry,  wami- 
factures,  and  other  us^ul  arts  and  sciences,  was  founded  in  1731,  alid 
incorporated  by  royal  ehuter  in  1 749.  It  poasesaes  a  valuable  mnaeum 
of  natural  history;  an  agricultural  museum;  on  excellent  library ;  a 
museum  of  sculpture,  casta,  &».  From  its  establishment,  we  believe, 
it  has  hod  ita  schools  of  pointing,  sculpture,  and  the  fine  arts,  from 
which  many  of  the  best  native  aitiata  hove  proceeded.  It  has  also  a 
good'chemicU  laboratory ;  and  a  convenient  ttieotre  for  the  deliveiy  of 
tectures.  The  Botanic  Gardens  at  Qhumevin  belong  to  the  Society, 
and  the  Zoological  Gardens,  Phoenix  Park,  are  in  connection  wiih  it. 
Though  amalgamated  with  the  Department  of  Science  and  Art,  the 
Society  is  conducted  wholly  by  its  own  oouneil,  the  dutiea  of  the 
department  being  confined  to  superviakm  and  suggestiua. 

The  Museum  of  Irish  Induslay  was  establidied  by  the  government 
in  1845,  and  placed  under  the  direction  of  Sir  Robert  Kane,  so  honour- 
ably dtatingiiirfied  for  investigations  in  connection  with  the  industrial 
pursuits  of  Ireluid.  In  object,  the  Museum  of  Irish  Induatir  resembles 
pretty  closely  the  London  Museum  of  Praatical  Geology,  but  takes  a 
somewhat  wider  and  more  diveraifled  range.  It  has  a  stolf  of  professora 
who  lecture  in  the  theatre  of  the  Royal  DuUia  Society ;  tiie  profesaon, 
i^noe  the  union  ynVb.  the  Department  of  Scienoeond  Art,  being  common 
to  the  two  institutions.  The  system  of  lectures,  which  has  some  pecu- 
liarities, is  an  extension  of  that  previously  adopted  by  the  Royal  Dublin 
Sodiety.  Short  courses  are  given  duringwthe  day,  chieSy  to  the  upper 
claaaes;  and  other  oounes  are  given  is  Ithe  ereoings,  diieSy  to  the  sons 
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and  a«aiatants  of  persons  engaged  in  trade,  and  to  artisans.  Exami- 
nations take  place  at  the  end  of  every  coursOj  when  prizes,  are  awarded 
to  the  more  successful  students,  and  a  general  oompetitive  examination 
is  held  at  the  end  of  every  year.  In  addition  to  this,  lecturers  on 
science  are  sent  to  the  provincial  towns,  and  local  examinations  take 
place  at  stated  periods  in  connection  with  their  instruction. 

The  institutions  which  were  united  to  form  the  Department  of 
Science  and  Art,  it  will  have'been  noticed,  all  belonged  to  England  and 
Ireland.  But  in  1854  the  necessary  steps  were  taken  for  the  formation 
of  an  Industrial  Museum  for  ScotLmd,  similar  to  those  of  London  and 
Dublin.  A  site  was  purchased  by  the  government  near  the  Univetsity 
of  Edinburgh  for  the  building;  and  the  museum  belonging  to  the 
town-oouncil,  and  the  valuable  collection  of  models,  minerals,  Sx.,  of 
the  Highland  Society  were  transferred  to  the  Crown,  and  thus  an  excel- 
knfbasia  was  obtained  iof  the  proposed  museum.  The  museum  was 
placed  under  the  direction  of  Dr.  Qeorge  'Wilson,  through  whose 
zealous  exertions  singularly  rapid  progress  was  made  in  forming  the 
collections,  which  at  his  death,  in  November,  1859,  already  numbered 
upwards  of  10,800  specimens.  A  Huseum  of  Natural  History,  Edin- 
{burgh,  has  also  been  formed  in  connection  with  the  Department  of 
Science  and  Art.  A.  building  is  now  in  course  of  erection  which  is 
intended  to  contain  both  these  museums. 

Originally  the  Department  of  Science  and  Art  was  constituted  a 
section  of  the  Board  of  Trade,  but  in  February,  1856,  it  was,  by  an 
order  in  council,  transferred  to  the  Committee  of  Privy  CquncU  on 
Education.  Of  tliat  committee  it  now  forms  a  distinct  division :  its 
functions  having  reference  to  the  secondary  instruction  of  all  classes  of 
the  community  in  those  principles  of  art  and  science  which  conduce  to 
the  industrial  interests  of  the  country,  while  the  functions  of  the  other 
(division  of  the  Committee  of  Education  refer  to  the  primary  instruction 
«f  the  young;  the  two  divisions  being  kept  entirely  unconnected. 
;Tbe  Department  itself  consists  of  two  sections — a  School  of  Science, 
nrith  its  connected  museums  and  affiliated  institutions,  having  its  head- 
quarters at  Jermyn  Street;  and  a  School  of  Art,  with  its  various 'col- 
lections and  associated  schools,  having  its  head-quarters  at  South 
'Kensington,  where  also  are  the  offices  of  the  Department.  The  sum 
voted  for  the  Department  of  Science  and  Art  in  1860  was  94,9512., 
being  an  increase  of  11,7092.  over  the  previous  year,  and  more  than 
double  the  sum  voted  for  the  several  institutions  prior  to  their  con- 
fwlidation. 

It  remains  to  notice  shortly  the  present  {Kisition  of  the  two  sections 
of  the  Deportment.  The  Metropolitan  School  of  Science,  applied  to 
mining  and  the  arts,  has,  in  the  words  of  the  official  prospectus,  "  for 
its  chief  object  and  distinctive  character  (to  which  everything  else  is 
■ubsidiary),  to  give  a  practical  direction  to  the  course  of  scientific 
study."  Arid  the  course  of  instruction  which  is  imparted  to  the 
student,  while  it  does  not  profess  to  qualify  him  to  undertake  the 
direction  of  mining  or  other  technical  operations,  is  intended  in  com- 
bination with  future  training,  to  "  render  him  in  the  highest  degree 
competent,  not  only  to  engage  in  any  special  branch  of  industry,  but 
to  promote  its  further  development.''  The  institution  is  under  the 
general  supervision  of  a  director,  Sir  R.  I.  Murchison,  the  eminent 
geologist,  who  succeeded  the  late  Sir  H.  T.  de  la  Beche,  and  the  instruc- 
tion is  given  by  {xrofessors  of  chemistry,  natural  history,  appUed  to 
geology,  physical  Bcience,'applied  to  mechanics  and  mechanical  drawing, 
metallurgy,  geology,  and  mining  and  mineralogy,  each  men  of  the 
highest  standing  in  their  respective  departments.  The  mode  of 
instruction  is  by  lectures,  by  written  and  oml  examinations,  by  practical 
teaching  in  the  laboratories  and  drawing  office,  and  by  fieldsurveying 
and  geological  and  natural  history  excursions.  The  ^eld  of  study  is 
separated  into — a  general  division,  for  those  who  desire  a  general 
knowledge  of  science ;  a  mining  and  metallurgical  division ;  a  technical 
division,  for  those  who  propose  to  engage  in  arts  or  manufactures 
depending  chiefly  eitiier  on  chemical  or  on  mechanical  principles.  For 
each  of  these  divisions  the  course  of  study  extends  over  two  years,  of 
three  terms  in  each.  Students  must  be  at  least  16  years  of  age  on 
■dmiaaion.  Several  exhibitions  have  been  founded,  to  be  competed  for 
l>y  matriculated  students.  The  lectures  are  open  to  occasional  or  non- 
matriculated  students,  on  payment  of  a  somewhat  higher  fee ;  and 
special  short  courses  of  evening  lectures,  at  an  extremely  low  fee,  are 
given  every  session  to  working  men  only,  and  are  attended  always  by 
as  large  a  number  (600)  of  diligent  students  of  that  class  as  the  theatre 
will  accommodate. 

The  MetropoUtan  School  of  Science  enjoys  rare  advantages  from  the 
ready  access  which  the  students  have  to  the  treasiu-es  accumulated  in 
the  museum  at  Jermyn  Street,  These  consist  of  the  extensive  and 
.  admirably  arranged  collections  formed  during  the  progress  of  the 
geological  survey  of  the  United  Kingdom, "  iUustrative  of  the  structure 
of  the  British  islands,  and  of  the  applications  of  geology  to  the  useful 
purposes  of  life,"  tmder  the  able  directors  and  indefatigable  staff  of  the 
survey.  To  these  have  been  added  a  numerous  selection  of  models  of 
mines,  mining  tools,  and  working  models  of  mining  machinery;  of 
tools,  and  models,  and  specimens  of  macliinery  for  general  purposes ; 
of  historical  specimens  of  manufactures  in  glass,  earthenware,  and  the 
metals;  and  of  foreign  and  colonial  mineral  productions.  Many  of  the 
specimens  are  of  great  rarity  and  beauty,  but  their  main  interest  Ues 
in  their  technical  or  scientific  value,  and  the  whole  are  qarefully 
classified  and  conveniently  arranged.    The  museum  is' opengratuitously 


to  the  public  during  five  days  of  the  week.  In  1859  it  was  visited  by 
25,309  persons. 

The  maps  and  sections  of  the  geological  survey,  and  a  large,  collection 
of  plans  and  sections  of  mines,  &c.,  belonging  to  the  Mining  Record 
Office,  are  deposited  in  the  building  in  Jermyn  Street.  The  chemical 
laboratories  are  those  of  the  Royal  College  of  Chemistry  in  Oxford 
Street,  which,  as  already  mentioned,  became  in  1854  the  property  of 
the  Qovemment. 

In  connection  with  the  Metropolitan  School  of  Science, '  special 
schools  of  science,  or  classes  for  instruction  in  science,  have  been 
established  since  1853  in  several  of  the  large  manufacturing,  mining, 
and  pottery  towns.  These  schools,  in  aocordance  with  the  principle 
laid  down  by  the  government  on  the  formation  of  the  Department  of 
Science  and  Art,  are  in  a  groat  measure  self-supporting,  the  Depart- 
ment exereising  a  certain  amount  of  control,  and,  in  return,  affording 
a  limited  pecuniary  aid  to  certified  masters  of  the  schools.  Certificates 
are  also  granted  by  the  Science  Inspectors  to  any  teachers  who  pass  a 
satisfactory  examination  in — 1,  practical  and  descriptive  geometry,  with 
mechanical  and  machine  drawing ;  2,  physics,  mechaniod  and  experi- 
mental ;  3,  c'hemistry ;  4,  geology ;  S,  natural  history :  and  those  who 
are  successful  "receive  certificate  allowances  of  202.,  152.,  or  102.,  in 
each,  while  engaged  in  teaching." 

Navigation  Schools  have  also  been  established  in  connection  with  the 
Deixu-tment,  They  are  intended  to  afford  instruction  to  officers  of  the 
mercantile  marine  on  the  subjects  of  their  examination  for  certificates 
of  the  Board  of  Trade,  and  similar  instruction  t» youth  about  to  enter 
on  a  seafaring  life.  Besides  three  in  London,  Navigation  Schools  have 
been  opened  in  nine  of  the  principal  outports,  and  tliey  seem  on  the 
whole  to  have  met  with  a  fair  amount  of  success.  In  1859  there  were 
2490  students  in  the  Navigation  Schools. 

The  Art  Schools  are  of  older  date  than  the  Schools  pf  Science,  and, 
appealing  to  a  wider  circle,  have  almost  necessarily  made  greater 
numerical  progress.  The  Art  branch  of  the  Department  has,  as  we 
have  already  said,  its  head-quarters  at  South  Kensington,  on  the  estate 
purchased  by  the  Commissioners  of  the  Exhibition  of  1851,  and  is  a 
development  or  reorganisation  of  the  old  Schools  of  Design.  As  at 
present  organised,  the  special  objects  of  the  Art  section  of  the  Depart- 
n^ent  are  in  the  words  of  the  official  programme — "  1.  To  train  male 
and  female  teachers  to  give  instruction  in  Art,  to  certify  them  when 
qualified,  and  to  make  them  annual  fixed  payments,  varying  according 
to  their  acquirements.  '  2.  To  aid  and  assist  committees  in  the  pro- 
vinces desirous  of  establishing  Schools  of  Art.  3.  To  hold  public 
inspections  and  examinations,  and  to  award  medals  and  prizes  to  the 
most  deserving  candidates.  4.  To  cdllect  together  works  of  art, 
pictures,  &c.,  in  the  central  Museum,  and  books  and  engravings  in  the 
central  Library.  5.  To  circulate  among  tiie  Schools  of  Art  objects  from 
the  Museum,  and  books  and  engravings  from  the  Library." 

The  buildings  at  South  Kensington  include  the  offices  of  the  Depart- 
ment, the  Trmning  School  for  Masters  and  Mistresses,  the  Normal 
Central  School  of  Art,  the  Art  Library,  and  the  Museum, 

"  The  Training  School  has'  for  its  special  object  the  education  of 
Art-teachers,  male  and  female,  but  it  also  aids  in  supplying  certificated 
Art-masters  or  mistresses  to  teach  drawing  to  schools  in  oonnection 
with  the  Committee  of  Council  on  Education.  The  course  of  studies 
embraces,  besides  all  the  ordinary  branches  of  Art-Education,  instruc- 
tion in  various  direct  applications  of  Art-power  to  mechanical  and 
manufacturing  industry.  It  comprehends  the  following  subjects: — 
Free-hand,  architectural,  and  mechanical  drawing ;  practical  geometry 
and  perspective;  painting  in  oil,  tempera,  and  water-colours;  and 
modelling,  moulding,  and  casting.  These  classes  include  architectural 
and  other  oi-naments,  fiowers,  landscape,  objects  of  BtiU-Ufe,  &c,  the 
figtire  from  the  antique  and  the  life,  and  the  study  of  anatomy  as 
applicable  to  Art ;  and  some  technical  studies,  such  as  enamel  paint- 
ing, and  drawing  and  engraving  on  wood.  The  students  h.ive  full 
access  to  the  Museum  and  Library,  either  for  consultation  or  copying, 
as  well  OS  to  all  the  public  lectures  of  the  Department.  Special  classes 
are  arranged  in  order  to  qualify  schoolmasters  and  schoolmistresses  of 
parochial  and  other  schools  to  teach  elementary  drawing  as  a  part  of 
general  education." 

In  connection  with  the  Central  School  of  Art  there  are  nine  Metropo- 
litan District  Schools,  and  one  school  for  female  students  only. '  The 
provincial  Schools  of  Art  have  increased  greatly  in'  number  since  the 
formation  of  the  Department.  These  schools  are,  like  the  Schools  of 
Science,  in  the  main  self-supporting,  but  the  Department  assists  in 
paying  the  certified  teachers,  and  in  various  ways  aids  in  providing  the 
school  materials,  and  in  rendering  assistance  to  the  institution.  They 
are  now  in  all  eighty-six  in  number ;  and  at  the  last  return  they  were 
the  means  of  affording  instruction  in  drawing  and  painting  to  above 
84,000  students — but  this  number  includes,  besides  students  in  the 
art  schools,  pupils  in  training  colleges,  and  children  jn  various  classes  of 
primary  schools  "  under  instruction  in  drawing,"  who  con  hardly  in 
fairness  be  ranked  as  Art-students.  The  Department,  in  fact,  now, 
besides  tl)e  training  which  it  affords  in  its  central  and  metropolitan 
schools,  and  the  special  Provincial  Schools  of  Art  in  connection  with 
it,  proffers  the  services  of  a  certified  teacher  in  drawing  to  any  school 
or  schools,  furnishing  an  aggregate  of  600  children  for  instruction  in 
drawing;  and  it  further  offers  the  aid  to  such  schools  of  examinations 
and  prizes,  at  stated  periods. 
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The  Huseum  of  the  Department  at  South  Eenmngton  will  be  noticed 
under  South  Kekbikotok  Mcseuu. 

SCILLA,  or  aa  Steinheil,  who  separates  it  and  another  specicts 
(S.  Pancration)  from  the  old  genua,  terms  it,  Squilla  Maritiina,  also 
Urgines  Seilla  (Steinh.),  or  Sea-onion,  is  a  plant  common  on  the  sandy 
shores  of  the  Mediterranean,  Portugal,  the  Levant,  and  in  North 
Busaia.  It  is  imported  into  Britain  from  Ilalta  and  other  parts  of 
the  Hedibenanean,  and  also  from  Petersburg  and  Copenhagen.  The 
officinal  port  is  the  bulb,  of  which  there  are  two  varieties :  the  one 
large  and  whitish  externally;  the  other  smaller,  of  a  brownish-red 
Colour.  The  former  is  preferred  in  England,  the  latter  in  Germany. 
This  appears  to  be  the  Squilla  Pancration  of  SteinheiL  The  bulb  pi^ 
partakes  in  its  outer  part  of  the  nature  of  a  Utnicated,  in  its  inner,  of 
the  nature  of  a  K<dy  bulb.  It  abounds  in  an  acrid,  mucilaginous  juice, 
with  an  alliaceous  odour,  and  a  bitter,  acrid,  nauseous  taste.  It  is 
imported  whole,  or  cut  in  slices  and  dried.  The  bulb  is  not  of  equal 
potency  in  every  part.  The  outer,  dry,  scarious  integuments  ore 
devoid  of  activity ;  the  subsequent  fleshy  scales  are  the  most  powerful ; 
while  the  internal  young  ones  are  mucilaginous,  nearly  insipid,  and 
powerless.  It  is  clear  from  this  that  the  bat  mode  of  drying  squill  is 
to  decorticate  it  by  removing  the  outer  segments,  and  carefully  sepa- 
Tstiog  the  internfediate  large  fleshy  scales,  to  dry  these  quickly,  and  to 
leave  the  central  ones  as  inefficient.  The  drying  should  be  conducted 
quickly,  but  not  by  too  high  a  temperature,  lest  some  of  the  active 
prindplea  b^  driven  off.  Putting  the  thick  scales  on  sieves  or  willow- 
tMskets  in  a  moderately  heated  oven,  or  in  a  room  fitted  with  a  drying 
ApparatoB,  is  the  best  plan.  Stringing  them  on  threads  and  drying 
them  slowly,  by  which  they  become  paper-like  and  tasteless,  ia  bad. 
The  common  method  however  is  to  cut  the  bulb  into  transverse  slicea, 
which,  when  dried,  have  a  homy  appearance,  and  are  semi-tianslucent. 
In  this  cose  the  active  and  inactive  portions  are  blended  together. 
After  whatever  means  are  used  to  dry  them,  it  is  necessary  that  the 
squills  be  kept  in  well-stoppered  bottles  in  a  dry  place,  as,  in  common 
with  all  bulbous  plants,  they  quickly  absorb  moisture  from  the  atmos- 
phere.   In  the  process  of  diying,  four-fiftiis  of  the  weight  are  lost 

The  chief  constituents  of  squill  are — an'  acrid  bitter  principle 
(SeiUititt),  sugar,  mucilage,  salts  of  citrate  or  tartrate  of  lime,  also 
phosphate  of  Umo,  tannin,  and  a  volatile  acrid  principle,  which  in  the 
process  of  decorticating  fresh  squill  causes  a  flow  of  tears  from  the 
eyes,  sneeaiug,  &o.,  and  severe  itching,  with  burning  pains  of  the  hands 
and  arms,  yet  without  obvious  swelling  or  inflammation.  A  scale  of 
fresh  squill  applied  to  the  skin  rapidly  excitos  rubefaction  and  vesica- 
tion, like  a  sinapism.  Squill  in  large  dose  is  unquestionably  poisonous, 
but  in  maoy  cases  it  fortunately  acts  as  its  own  antidote,  by  causing 
vomiting.  But  even  in  moderate  doses  it  may  still  do  much  harm,  by 
its  stimulating  effect,  if  jirematurely  employed,  as  it  often  is,  as  a 
popular  or  domestic  medicine  in  the  early  stages  of  colds  and  coughs. 
It  is  for  the  second  stage  alone  of  these  tliat  it  is  suited.  It  augments 
the  secretion  from  moat  mucous  sm'iaces,  and  also  stimulates  the 
kidneys,  and  sometimes  the  skin.  For  the  reason  above  stated,  it  is 
unsuited  to  inflaminatory  dropsies,  but  it  is  proper  for  the  efi^isions 
occurring  in  leucophlegmatic  subjects,  depending  on  debility,  and  for 
general  anasarca  rather  than  local  eSusions.  Its  diuretic  properties 
^re  increased  by  the  previous  moderate  use  of  mild  mercuriau,  and  by 
uniting  it  with  other  diuretics,  either  vegetable  or  saline,  and  still 
more  by  adding  bisulphate  of  quinia  or  other  tonics.  Its  expectorant 
properties  are  greatly  heightened  bjtthe  addition  of  tonics,  such  as 
exist  in  the  Histiba  Cascarillse  Composito.  Squill  is  a  very  improper 
emetic  for  young  children,  as  it  seriously  irritates  the  coat  of  the 
stomach. 

SOILLITIN,  the  bitter  principle  of  squills  {Seilla  maritima).  This 
is  obtained  by  first  inspissating  the  juice  of  the  root,  then  treating  it 
with  alcohol,  and  after  having  evaporated  the  solution,  dissolving  the 
residue  in  water ;  to  the  solution  acetate  of  lead  is  to  be  added,  which 
gives  a  precipitate  that  is  to  be  separated;  afterwards  sulphuretted 
hydrogen  is  to  be  passed  into  the  solution,  and  it  is  finally  to  be  evapo- 
rated. By  this  process  sdUitin  is  obtained,  which  has  the  follovrmg 
properties :  it  is  colourless,  friable,  of  a  bitter  taste  at  first,  and  after- 
waids  nauseous  and  sweetish,  and  attracts  moisture  from  the  air. 
It  is  soluble  in  alcohol  and  in  ether;  its  solution  ia  not  precipitated 
by  acetate  of  lead.  It  ia  emetic  and  puigatiVb,  and  may  even  occaaion 
death. 

SCIOPTIC  BALL  la  »  globe  of  wood  about  6  inches  diameter,  with 
a  cylindrical  perforation  24  inches  diameter  passing  centrally  through 
it,  and  having  at  one  extremity  of  the  perforation  a  glass  lens.  The 
globe  or  ball  is,  by  means  of  screvrs,  fixed  in  a  socket,  which  is  made 
in  a  board  about  8  or  10  inches  square,  in  such  a  manner  that  while  it 
cannot  fall  out,  it  is  capable  of  being  turned  on  its  centre,  to  a  small 
extent,  in  any  direction. 

Tho  boord  being  screwed  to  a  window-shutter,  or  to  the  vertical  face 
of  a  building  in  which  an  aperture  has  been  made  for  the  reception  of 
the  globe,  the  rays  of  light  from  external  objects,  after  being  refracted 
in  the  lens,  form  pleasing  images  of  those  objects  on  the  opposite  wall 
of  the  aptutment,  or  on  a  white  screen  placed  in  a  vertical  position  to 
receive  wo  light;  the  apartment  being  darkened  in  order  that  the 
images  may  be  distinct.  The  images  on  a  vertical  screen  being  hi- 
vcrted,  two  arms  generally  project  from  the  board,  within  the  room, 
and  cany  a  plaqe  mirror  which  turns  on  an  axis  so  as  to  allow  the 
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rays  of  light,  after  passing  through  the  lens,  to  fall  on  a  screen  placed 
in  a  horizontal  position :  by  this  means  the  spectators  are  enabled  to 
see  the  images  in  erect  positions,  [Caueba  Lucida  and  Caueba 
Obscuba.] 

When  the  construction  of  the  building  is  such  as  to  allow  the  boll 
and  lens  to  be  fixed  at  an  aperture  in  the  roof,  a  plane  mirror  being 
placed  above  it  at  an  angle  of  45  degrees  with  the  horizon,  so  as  to 
reflect  the  rays  from  external  objects  down  on  the  lens,  the  images 
formed  on  a  screen  within  the  darkened  apartinent  are  more  distinctiy 
formed  and  more  conveniently  seen.  An  apparatus  of  this  nature  waa 
formerly  applied  to  tho  roof  of  a  building  connected  with  the  astr\>- 
nomical  observatories  at  Qreenwich,  Edinburgh,  and  Glasgow,  for  the 
amusement  of  visitors.  i 

SCIRE  FACIAS,  is  a  writ  used  to  enforce  the  execution  of,  or 
vacate,  some  already  existing  record.  It  directs  tiie  sheriff  to  give 
notice  ("  Scire  facias,','  whence  the  name)  to  the  party  against  whom  it 
is  obtained  to  appear  and  show  cause  why  the  purpose  of  it  shall  not  be 
effected.  A  summons  to  this  effect  should  be  served  on  the  party, 
whose  duty  then  is  to  enter  an  appearance,  after  which'  a  declaration 
is  delivered  to  him,  to  which  he  may  plead,  or  demur,  the  subsequent 
proceeding  being  analogous  to  those  in  an  ordinary  action.  Scirt 
jaeiat  may  be  resorted  to, —  ^ 

1.  Where,  the  parties  remaining  the  aame,  it  ia  necanaiy  to  leriv* 
or  set  in  operation  the  record. 

2.  Where  another  par^  seeks  to  take  the  benefit  of  it,  or  becomes 
chargeable,  or  is  injured,  by  it. 

_  Formerly,  when  a  year  and  a  day  had  elapsed  since  judgment  waa 
signed,  the  law  presumed  that  the  judgment  had  been  satisfied ;  and 
execution  could  not  issue  against  the  defendant  until  he  had  an  oppor- 
tunity, by  means  of  the  notice  given  him  \mder  a  teire  Jdcia$,  at 
appearing  and  showing  any  cause  which  might  exist  why  execution 
should  not  issue  against  him.  But  a  simpler,  leas  expensive,  and  leas 
dilatoiy  method  of  proceeding  was  provided  by  the  Common  Law  Pro- 
cedure Acts,  1862  and  1853,  the  former  statute  having  at  the  same 
time  extended  the  period  during  which  execution  may  issue,  from  a 
year  and  a  day  to  tix  yean.  In  case  of  a  change  by  death,  numriage, 
bankruptcy,  or  otherwise,  in  one  of  the  parties  to  an  action,  the  repre- 
sentative of  that  party  may  now  enter  a  suggestion  of  the  fact,  and 
put  himself  in  his  place.  The  opposite  party  is  also  enabled  to  call  , 
unpen  the  representative  to  do  so,  and  if  he  faila  to  atop  the  proceedings. 
The  proceeding  by  suggestion  on  the  roll  is  adapted  to  the  most  simple 
cases  of  change  in  the  parties  to  a  suit.  If  it  be  not  adopted,  a  writ  of 
Sevimr,  as  it  is  now  called,  may  be  issued,  the  object  of  wbidi  is  the 
same  as  that  of  a  teire  facial.  It  is,  however,  directed  to  the  party  and 
not  to  the  sheriff,  as  was  the  writ  oitci.fa.,  and  it  may  be  served  any- 
where by  the  party,  and  not  as  formerly  by  the  sheriff  of  the  county 
where  the  venvit  in  the  original  action  was  laid.  The  eubaequent  pro- 
ceedings in  jRevivor  rssemble  those  of  an  ordinary  action. 

The  writ  of  teire  faaa*  ia  not  itself  abolished.  In  some  cases  it !« 
still  the  only  method  of  proceeding;  for  instance,  to  enforce  a  judg- 
ment against  the  terre  tenanU  of  a  deceased  judgment  debtor.  So 
when  a  plaintiff,  having  had  execution  by  elegit,  under  which  he 
obtoina  possession  of  a  moiety  of  the  rents  and  profits  of  the  defendant's 
land,  has  had  the  debt  satisfied  by  payment  or  from  the  profits  of  the 
land,  teire  faciat  may  be  brought  to  recover  the  land. 
"  A  teire  faeiat,  again,  is  the  only  proceeding  for  the  purpose  of  re- 
pealing letters  patent  by  which  the  crown  hss  made  a  grant  injurious 
to  some  party,  as  where  he  has  granted  the  same  thing  which  he  had 
-already  granted  to  another  person ;  or  a  new  market  or  fait  is  granted 
to  the  prejudice  of  an  ancient  one,  &c.  The  sovereign  may  also  have 
a  teire  faeiat  to  repeal  his  own  grant,  and  any  subject  who  is  injured 
by  it  may  petition  the  crown  to  use  the  royal  name  for  its.  repeaL 
A  man  may  have  a  scire  faeiat  to  recover  the  money  from  a  shiBriff 
who  has  levied  under  a  fieri  faciat  and  retains  the  proceeds. 

SCIBRHUS.    [Cakceb.] 

SCLEEOTICUM.    [Eboot.] 

SCO'LIA  (from  <ricoXi^i,  crooked)  were  short  drinking-songs,  which 
were  invented  and  cultivated  by  the  ancient  Greeks.  The  origin  of 
the  nBme'"crooked  songs"  has  been  explained  by  the  ancients  them- 
selves in  a  variety  of  ways,  of  which  we  shall  mention  only  two.  Some 
supposed  that  these  songs  were  called  scolia  t>ecause  they  were  not 
sung  b^  the  guests  in  succession,  and  in  the  order  in  which  they  lay 
on  their  couches,  but  irregularly,  and  without  any  definite  onler; 
others  thought  that  the  name  referred  to  peculiarities  in  their  metrical 
forms,  or,  which  is  the  most  probable  of  all,  to  certain  liberties  which 
the  singer  might  take  in  delivering  his  song.  The  first  of  these  two 
opinions,  though  not  a  probable  account  of  the  origin  of  the  name 
scolion,  yet  contains  the  true  account  of  the  manner  in  which  sooUa 
were  sung.  Artemon  ('Ap.  Athen.,'  xv.)  and  Plutarch  ('Sympos.') 
distinguidb  three  kinds  of  Scolia,  namely,  thoae  which  were  sung  in  a 
chorus  by  a  whole  company,  those  which  were  sung  by  all  the  guests  in 
succession,  and  those  which  were  only  sung  by  well  skillod  persons, 
who,  when  they  ceased,  called  upon  another  member  of.the  company 
to  go  on.  But  the  name  scolion  seems,  in  the  first  two  of  these  cases, 
to  be  applied  improperly,  as  they  must  rather  be  considered  as  a  kind 
of  prelude  to  the  real  scolia,  which  is  in  fact  implied  in  the  description 
given  by  Plutarch.  These  drinking  songs  were  generally  accompanied 
by  the  lyi«,  which  was  handed  by  tho  last  singer  to  his  successor :  in 
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caaes,  however,  when  persons  were  unable  to  play  the  lyre,  a 
laurel  or  myrtle  branch  was  handed  to  them.  Soolia  were  Crat  sung 
aoid  compoeed  by  tho  Greeks  of  the  ^EoUan  race,  and  especially  in 
Lesbos  ;  but  the  custom  was  thence  transferred  into  Attica,  where  It 
■ubeequentty  became  a  oniTenaal  practice  to  sing  scolia  at  repasts.  The 
contents  of  these  short  songs — which,  in  the  specimens  still  extant, 
seldom  exceed  four  liuee — varied  according  to  time  and  circumstances. 
The  metres  in  which  soolia  were  written  are  of  a  lively  and  animated 
character,  and,  on  the  whole,  resemble  those  used  fay  the  lyric  poets  of 
the  .£olian  schooL  Terpander  is  said  to  have  been  the  first  who  nTote 
soolia,  sad  ha  was  followed  by  Alcaeus,  Sappho,  Anacreon,  Praxilla, 
Simonides,  Pindar,  and  many  oUiers.  A  collection  of  Greek  scolia  still 
extant  has  been  niade  by  C.  D.  Ilgen,  in  his  '  ZxoAiii  :  id  est  Carmina 
oaoTiviaUa  Qrteoorum,  metris  suis  restituta  et  animadversionibus 
illuBttsta,'  Jena,  1798.  The  number  of  scolia  in  this  collection  is  fifty, 
but  they  an  not  all  real  soolia. 

(Compuv  Mttller,  Bitt.  of  Oreek  Lit.,  Ac;  Bode,  GaeMchte  der 
HdUniichm  Diektkwiut,  voL  ii,  part.  2.) 

8C0PABIN.  (O^H„OkI).  This  substance  spears  to  be  the 
dimietic  prinoiple  oithe  Sparlium  Koparntm.  The  concentrsled  in- 
fnaiOD  of  this  plant  adidifies  on  cooling  to  a  brownish-green'  jelly, 
which  consists  of  sooparin,  chloiophylle,  and  ipartem.  The  chloro- 
^ylle  is  separated  by  water  which  dissolves  the  other  two  substances. 
During  the  spontaneous  evaporation  of  this  aqueous  solution  the 
■Boparin  separates  in  the  form  of  small  yellow  crystals,  which  are 
8li(^tly  soluble  in  cold  water,  but  very  soluble  in  boiling  water  or 
boiling  aleohoL  Sooporin  is  inodorous  and  insipid,  and  without  action 
upon  test  papers.    Nitric  add  transforms  it  into  picric  acid. 

SCOPA'BIUS,  CyTISUS  SCOPA'RIUS,  or  BROOM,  a  shrub  ex- 
tnmely  common  on  uncnltivated  ground,  heaths,  &c.,  of  most  parts  of 
BritaifL  The  joong  tops  or  twigs  when  bruised,  have  an  unpleasant 
odour,  and  a  ouaagraeable  nauseous  taste.  The  seeds  are  emetic,  and 
probably  contain  cytisine,  an  aBudoid  found  in  the  seeds  of  the  Cytisus 
Labumom,  which  possesses  emetic,  and,  in  large  doees,  poisonous 
properties.  Bat  Dr.  Stenhouse  thinks  the  brpom  has  a  volatile  nar- 
cotic principle,  to  which  be  gives  the  name  of  Spartiine.  It  also  has  an 
inert  principle  which  he  calls  Scoparine.  An  infusion  made  with  cold 
water  is  equally  efficacious  as  the  decoction,  and  much  more  palatable. 

Broom  tops  boiled  in  water  form  a  decoction  which  acts  both  on  the 
bowels  and  kidneys.  It  is  unquestionably  a  valuable  diuretic,  and 
many  obstinate  cases  of  dropsies  have  yielded  to  the  use  of  this  indi- 
genous remedy  which  had  resisted  other  means.  Its  diuretic  properties 
may  be  increased  by  the  addition  of  juniper  berries  and  dandelion,  to 
form  the  decoction,  as  now  directed  in  the  PharmacopoBia,  and  by 
adding  to  each  dose,  acetate,  tartrate,  or  bitartrate  of  potash. 

SCORDEIN.  An  aromatic  non-azotised  yellow  substance  found  in 
the  Sateriun  Seordium. 

SCORE,  in  music,  ia  a  collection  of  all  the  vocal  and  instrumental 
ports  of  a  composition,  arranged  on  staves,  one  above  the  other,  and 
bar  for  bar,  presenting  at  once,  to  the  eye  of  a  skilful  musician,  the 
effect  of  the  whole  band  as  the  composition  proceeds. 
,  SCORPIUS,  or  SCOBPIO  (the  Scorpion),  a  constellation  of  the 
zodiac,  lying  between  Libra  and  Sagittarius,  and  bounded  north  and 
south  by  Ophiuchus  snd  Lupus.  It  contains  one  star  of  the  first  mag- 
nitude, which  with  Spica  Virginis,  and  Arcturus,  forms  a  conspicuous 
trian(^e.  As  noticed  in  Libra,  this  constellation  -nas  formerly  two 
signs  of  the  Greek  zodiac,  the  claws  occupying  the  place  of  Libi^. 
The  story  is  that  the  chake  or  claws  of  the  Scorpion  were  drawn  back 
by  Roman  astronomers,  and  the  constellation  Libnt  added  in  honour  of 
Juhus  Caisar,  at  whose  death  a  now  sfeir  was  said  to  have  appeared  in 
that  part  of  the  heavens.  This  story  is  alluded  to,  not  very  distincUy,  by 
Vir|^ ;  Hyginus  is  totally  silent  about  it,  merely  saying  that  his  coun- 
tar^en  call  one  part  of  this  constellation  Libra.  Manilius  uses  both 
Libra  and  Chelee.  Ptolemy  does  not  mention  Libra  in  his  catalogue, 
though  ho  does  eUewhere.  Dupuis  contends,  from  its  presence  in  the 
most  ancient  Indian  and  Persian  zodiacs,  that  it  is  in  reality  oa  ancient 
as  \ha  rest :_  and  indeed  it  is  not  unlikely  that  the  Greeks  may  have 
derived  their  zodiac  from  some  nation  in  which  Uie  term  for  scales 
was  eonfounded  with  that  for  claws,  either  by  a  synonyme  in  the 
language  itself,  or  by  mistranslation  on  tiieir  part. 

jite  following  are  the  principal  stars  : — 
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.SCOT,  from  tcxat,  an  AngloSaxon  word  originally  ugnifying  "a 
part "  or  "  portion. "  It  appears  also,  at  least  in  composition,  to  have 
meant  any  sum  paid ;  thus,  sawl-soeat,  soul-scot,  or  soul-shot,  was  the 
name  for  the  ecclesiastical  due  payable  at  the  open  grave  for  the 
benefit  of  the  soul  of  the  deceased.  Previous  to  the  Reform  Act, 
2  Wm.  IV.,  c.  45,  in  many  boroughs  the  payment  of  scot  and  lot  con- 
stituted a  q<ialification  as  a  voter  for  a  member  of  parliament  of  the 
borough.  Those  who  possessed  such  qualification  at  the  time  of 
passing  the  Act  had,  under  certain  conditions,  their  rights  reser\'ed 
to  them. 

The  qualification  consists  in  the  payment  of  the  rates  which  are 
allotted  to  each  person  as  the  proportion  to  be  contributed  by  him. 
The  criterion  adopted  for  the  purpose  of  ascertaining  the  scot  and  lot 
voters  of  a  borough,  is  the  poor-rate  of  the  respective  parishes  com- 
prised in  it. 

(Rogers  On  Eleclions.) 

SCOTLAND,  CHUKCH  OF.  The  consUtution  of  this  chunh  is 
considered  under  the  heads  of  Qehekai,  AsbEKbly  ;  Pkksbttebiakb  ; 
and  Skssiox,  Kirk.  An  important  portion  of  its  recent  history  is 
narrated  under  the  head  Freb  Churuh.  It  rcmuns  only  chrono- 
logically to  mention  the  chief  events  in  the  history  of  the  church. 
The  main  struggles  of  the  Reformation  in  Scotland  date  at  the  middle 
of  tlio  16th  century.  On  August  1st,  1560,  a  convention  parliament 
abolished  the  Romish  hierarchy,  and  on  20th  December  of  tfie  same 
year,  the  first  general  assembly  was  held  in  Edinburgh.  The  tercen- 
tenary of  this  event  was  celebrated  throughout  Scotland  and  by 
Presbyterians  in  England  on  December  20, 1860.  In  1561  the  '  First 
Book  of  Discipline,'  still  an  important  part  of  the  ecclesiastical  code  ol 
the  established  church  and  the  various  sects  into  which  the  Presby- 
terians of  Scotland  are  now  di,vided,  was  compiled.  The  fundamental 
principles  of  the  reformed  church  were  passed  into  an  act  of  parliament 
in  15tJ7  (Act  1567,  c.  3),  with  the  title,  'The  Confession  of  the  Faith 
and  Doctrine  believed  and  possessed  by  the  Protestants  of  Scotland, 
exhibited  to  the  Estates  of  the  same  Parliament,  and  be  their  publick 
Votis  authorised,  as  a  Doctrine  groimded  on  the  in&Uible  Word  of 
Gud.'  This  constitution  however  had  more  reference  to  doctrine  than 
to  church  polity.  It  condemned  some  of  the  more  prominent  features 
of  the  system  of  the  abjured  hierarchy,  but  did  not  contain  any 
announcement  of  the  new  system  of  church  government.  The  early 
constitution  of  the  church  as  amiroved  of  by  Knox  and  his  friends, 
admitted  of  a  difference  of  grades,  certain  clergymen  being  called  ° 
'  Superintendents '  of  Provinces,  which  actually \>r  nearly  corresponded 
with  the  bounds  of  the  old  bishoprics.  The  Presbyterian  poUty  was 
at  length  established  by  the  act  of  1592  (c.  114),  called  'Ratification  of 
the  Libertie  of  the  trow  Kirk  :  of  Generall  and  Syuodall  Assemblies  : 
of  Presbyteries :  of  Discipline.'  In  the  mean,  time,  tboae  who  had 
been  the  zealous  clerical  supporters  of  the  reformation  expected  that 
the  temporalities  of  the  lioman  Catholic  church,  or  at  least  a  con- 
siderable portion  of  them,  would  be  applied  to  ecclesiastical  purposes 
under  the  new  system.  They  found  however  that  the  jwwerful 
laymen  who  assisted  in  the  demolition  of  the  old  -system  had  very 
different  views.  They  spoke  of  this  notion  as  "  a  devout  imagination," 
and  kept  by  far  the  larger  portion  vf  the  spoil  to  themselves.  After 
some  hard  struggles,  in  which  the  national  feeling  in  favour  of  Pres- 
byterianisiu  was  driven  very  nearly  to  an  outbreak.  Episcopacy  was 
re-established  by  the  p.-u-liament  of  1612.  In  1637,  the  celebrated 
Liturgy,  concocted  by  Laud  and  West,  on  principles  more  nearly 
approaching  to  the  Rohian  CathoUc  forms  than  those  of  the  English 
Liturgy,  created  the  convulsions  which  ended  in  the  civil  war  and  the 
rc-e.sUljlisliment  of  Presbytery.  On  this  occasion,  great  part  of  the 
assistance  which  the  Covenanters  received  from  the  landed  gentry  was 
owing  to  their  dread  of  a  plan  for  restoring  church  lands  to  tho 
hierarchy.  On  the  restoration  of  Charles  II.,  all  the  acts  of  the  pre- 
vious reign  subsequent  to  the  year  1623  were '  rescinded '  or  repealed,  . 
and  cuusecjuently  the  Episcopal  form  of  church  government  was 
restored.  The  persecutions  that  arose  out  of  the  attempt  to  enforce 
this  system  on  a  people  who  abhorred  it  the  more,  the  more  stringently 
it  was  enforced  on  them  by  penal  laws,  is  well  known  in  history. 
These  laws  were  relaxed,  but  not  in  a  manner  to  satisfy  the  Presby- 
terians, by  the  indulgences  of  James  to  all  who  differed  from  the 
established  Episcopal  church.  At  the  Revolution  the  Presbyterian 
foi-m  was  re-established.  The  followers  of  t!his  system,  who  through 
the  times  of  the  hottest  p»rdecutiuu  did  not  ask  to  be  toltra/ed  but  to 
be  made  an  oxclusive  estabhshugeut,  now  thought  that  the  hour  was 
come  for  the  "  extermination  "  of  their  opponents ;  but  they  were  told 
by  King  William  that  that  was  a  word  not  in  his  vooabulory.  In  1699 
lay  patronage  was  abolished  by  an  act  of  the  Scottish  parliament.  It 
was  ro-cstablished  by  an  act  ol  the  British  parliament  in  1710.  This 
act  created  many  disputes  in  the  church ;  it  occasioned  the  secessioa 
of  173'j,  elsewhere  mentioned  [Erbkine,  Ebenszer,  in  Bioo.  Div.], 
and  it  was  the  cause  of  the  great  severance  in  1843  [Free  CburcuJ. 
In  the  s^iiuo  ycir  with  that  sc\'crance  on  act  was  passed  for  modifying 
the  light  of  patronage,  called  '  Lord  Aberdeen's  Act'  (6  &  7  Vict,  c,  61, 
pa.ssixl  17th  August,  1813):  a  measure  said  to  have  been  passed  for 
iho  purpoAU  of  satisfying  the  scruples  of  some  clergymen  who  would 
not  ruumiii  in  the  church  as  it  was,  but  woiJd  be  content  with  a  Icsi 
connuuheusive  measure  than  the  Veto  Act.  The  dillerenoe  between 
],huso  two  syst^iils  was,  in  the  first  place,  that  the  Veto  Act  wa( 
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passed  by  authority  of  the  church,  its  supporters  denying  that  they 
required  the  interposition  uf  any  Uy  legislation.  By  that  measure,  the 
Eiinple  objeotion  of  a  certain  number  of  the  male  communicants 
without  any  reason  given,  viae  a  cause  of  disqualification  to  a  pre- 
sentee. By  Lord  Aberdeen's  Act,  any  members  of  the  congregation 
may  object  to  the  preaentee,  stating  their  objections  :  and  the  church 
conrts,  if  they  think  them  good,  whether  in  their  general  tenor,  or 
wiUi  respect  to  the  particular  circumstances  of  the  chai^,  may  give 
eflbct  to  them  by  rejecting  the  presentee. 

SCREEN,  in  architecture,  a  partition  dividing  off  some  portion  of  an 
interior  or  room  from  tiie  rest,  ^thout  similarly  contracting  or  shut- 
ting  ap  the  space  over  head ;  a  screen  being  a  partition  carried  up  only 
to  a  oertoiii  height,  go  as  to  admit  a  view  beyond  it.  Screens  are  ez- 
oeedingly  beautiful  internal  features  in  the  Pointed  Qothic-  style,  in 
which  they  were  employed  for  a  variety  of  purposes,  not  in  churches 
alone,  but  in  halls  and  other  buildings. ' 

In  otir  larger  churches  the  chancel  was  sepaj^ted  from  the  nave  by 
a  Screen  on  which  was  placed  the  rood.  [Rood  Loft.]  From  the  use 
to  which  it  was  subsequently  applied  this  screen  is,  in  our  cathedrals^ 
commonly  known  as  the,  organ  screen  ;  it  differs  from  others  in  being  a 
double  screen,  so  as  to  form  a  gallery  above,  and  to  admit  of  stiurs 
leading  \ig  to  it,  in  the  spaoe  between  two  partitions. 

The  aJUaricrtm  serves  as  a  back  wall  to  the  choir,  separating  that 
division  of  the  church  from  the  presbytery  or  Lady-chapel  behind  it. 
[RlTABLE.]  That  erected  by  Bi^op  Fox  in  Winchester  cathedral  is 
•  splendid  stone  screen  decorated  wiUi  several  tiers  of  canopied  niches  ; 
and  strikingly  similar  to  it  in  design  is  the  one  by  Abbot  Wheteham- 
stade  at  St.  Alban's.  Though  not  so  designated,  the  stalls,  &c.,  form 
lateral  screens  enclosing  the  lower  part'  of  the  choir  from  the  side 
aisles.  Chartres  cathedral  contains  a  no  less  remarkable  than  fine 
example  of  such  screen  continued  jround  the  apsis  of  the  choir,  showing 
itself  as  a  wall  carried  up  to  some  height  above  the  stalls,  and  divided 
into  lai^a  compartments  filled  with  sculpture.  The  fronts  of  chantries, 
amall  ehapds,  ftc,  in  churches,  may  also  be  described  as  screens,  most 
of  which  are  pierced  tst  open-work  and  tracery.  The  examples  of  this 
class  are  so  numerous,  that  to  particularise  any  of  them  would  be 
almost  superfluous;  we  may,  however,  mention  that  enclosing  the 
monumental  chapel  of  Prince  Arthur,  son  of  Henry  VIIL,  in  Wor- 
cester cathedral  The  tomb  of  Henry  YII.,  in  his  chapel  at  Weit- 
miiister,  is  a  gorgeous  piece  of  screen-work,  executed  entirely  in  metal, 
and  forming  an  insulated  shrine  on  a  very  large  scale.  Westminster 
Abbey  itself  contiuns  many  fine  studies  of  screens  in  its  chapels  and 
cbantrieB.  Of  -timber  screens  separating  the  chancel  and  utor  end 
from  the  body  of.  the  building,  many  specimens  are  to  be  met  with  in 
country  churches,  and  not  a  few  of  them  are  worthy  of  being  studied 
for  the  beauty  of  their  design. 

Screens  of  a  different  character  were  emplpyed  in  the  halls  of 
domestic  and  collegiate  buildings,  for  the  purpose  of  cutting  off  a 
passage  leading  to  the  butteries  and  offices.  Such  screens  were  almost 
invariably  of  oak  or  other  wood,  and  the  space  over  them  and  the 
passage  behiiid  served  as  a  music  gallery.  Open-work  \Ae  rarely  if 
ever  introduced  into  them,  but  they  had  generally  two  open  arches,*  or 
sometimes  square-headed  doorways.  Several  specimens  of  this  class  of 
screens  may  be  seen  in  Nash's  '  Mansions  of  England  in  the  Olden 
Times,'  some  of  them,  as  that  in  the  £[all  at  Audley-end,  profusely 
ulorued  with  carved  panelling  and  other  sculpture ;  and  the  one  just 
mentioned  is  further  remarkable  for  the  centre  compartment  bei^g 
carried  up  higher  than  the  rest,  though  not  quite  to  the  ceiling. 
Other  instances  occur  where  the  screen  is  carried  up  two  stories,  so  as 
to  form  either  a  passage  on  the  chamber  floor,  or  a  closed  gallery  with 
glazed  or  latticed  apertures.  Of  this  kind  ore  those  in  the  halls  at 
Knowie  and  at  Hatfield.  _ 

Strem  is  also  employed  to  signify  a  colonnade  or  waD  architecturally 
decorated,  enclosing  a  court-yard  in  front  of  a  building,  as  that  for 
instonoe  of  the  Admiralty,  London.  Screens  of  th^s  kind  are  some- 
times had  recourse  to  in  order  to  connect  the  advancing  parts  of  a 
plan  together,  and  prevent  a  facade  being  cut  up  into  gaps.  It  is  by 
this  means  that  the  buildings  forming  the  river  front  of  Somerset 
House  have  been  connected  together  into  a  continuous  facade  by 
screens  assuming  the  appearance  of  open  Corinthian  loggias  above 
Bpadoua  bridge-like  arches.  Eminently  picturesque  in  themselves, 
those  features  serve  to  relieve  all  the  rest,  and  to  prevent  the  monotony 
that  would  otherwise  take  place  in  so  extended  a  front. 

SCREW.  This  mechanical  power  generally  conaists  of  two  parts, 
one  of  which  is  s  solid  cylinder  of  wood  or  metal,  on  whose  convex 
surface  is  formed  a  projecting  rib  or  fillet,  frequently  called  a  thread,  _ 
which  passes  spirally  rotmd  in  such  a  manner  as  constantly  to  make 
equal  angles  with  lines  parallel  to  the  axis  of  the  cylinder.  The  other 
is  a  cylindrical  perforation  through  a  block  of  some  material,  the 
surface  of  the  perforation  having  on  it  a  spiral  groove  correspond- 
ing to  the  projecting  rib  or  fillet  on  the  solid  cylinder.  The  first 
of  these  parts  is  called  a  convex  screw,  and  the  other  a  concave  screw, 
also  a  maie  and  female  screw. 

A  just  conception  of  the  nature  of  the  line  of  direction  taken  by  the 
rib  or  groove  on  the  surface  of  the  cylinder,  may  be  obtained  by 
drawing  on  a  rectangular  paper,  whose  breadth  a  B  is  equal  to  the  cir- 
cumference of  .the  cylinder,  any  number  of  lines  ab,  cd,  bf,  &c., 
'  equidistant  from  each  other,  and  perpendicular  to  the  sides  of  the 


paper.  Then  joining  the  points  a  and  D,  o  and  p,  &&,  by  rijjit  lines, 
and  bending  the  paper  on  tUo  siufaco  of  the  cylinder,  the  lines  ad, 
OF,  EH,  &.C.,  will,  by  vmiting  at  their  extremities,  become  the  con- 
tinuous liclix  or  spiial  curve-line  which  the  thread  assumes.  When 
the  two  parts^are  in  action,  the  convex  screw,  being  ttkmed  round  ia 
the  other  by  a  power  applied  at  its  surface,  moves  at  the  same  time 
rectilineorly  in  the  direction  of  its  axis:  occasionally  however  the 
convex  screw  is  fixed,  and  then  the  other  being  turned  about,  it 
acquires  at  the  same  time  a  like  rectilinear  motion.  In  either  case, 
the  path  described  by  •  point  on  any  thread  during  the  time  that  the 
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3crew  turns  once  on  its  axis,  on  lleing  developed,  becomes  equal  to  A  D 
or  CF;  and  in  the  same  time  a  point  on  the  axis  moves  through  a 
space  equal  to  B  D  or  D  F. 

As- a  mechanical  powert  the  screw  possesses  the  properties  of  an 
inclined  plane ;  for  w  representing  a  weight  or  preaiure  at  one  end  of 
a  convex  screw,  whose  threads  are  thereby  made  to  move  in  the 
grooves  of  the  concave  screw,  let  that  weight  be  supposed  to  act  in  a 
direction  parallel  to  the  axis,  and  to  be  uniformly  diffused  among  all 
the  projecting  threads  which  are  at  one  time  in  the  grooves ;  also  let  p 
be  uie  part  of  the  weight  which  presses  in  the  direction  mn  on  an 
elementary  portion  Mn  of  the  side  of  a  groove  in  the  concave  screw. 
Then  an  may  be  considered  as  a  small  inclined  plane,  making  with  mil 
ia  angle 'equal  to  a  D  B ;  and  if  j  be  a  force  which  applied  at  M  in  the 
direction  N  M,  touching  a  circle  whose  plane  passes  through  the  screw 
perpendicularly  to  the  axis,  would  prevent  the  convex  screw  from 
turning  round;  the  pressure  on  Mn  and  the  counteracting  force  will 
be  in  the  same  circumstances  as  the  weight  of  any  body  on  an  inclined 
plane  and  a  sustaining  power  which  acts  in  a  direction  parallel  to  the 
base  of  a  plane,  and,  by  the  resolution  of  forces,  the  ratio  between  the 
pressure  and  the  force  will  be  as  the  base  of  the  plane  is  to  ito  height; 
that  is,  as  A  B  to  BD.  Now  an  equal  force  q  will  be  in  equUibrio  with 
the  pressure  p  on  every  other  elementary  portion  of  the  grooves  in  the 
concave  screw;  tiierefore,  there  bemg  as  many  forces =5  as  there  are 
pressures  =p,  the  whole  weight  w  on  the  screw  will  be  to  the  whole 
Busttuning  force,  in  the  case  of  equilibrium  as  a  B  to  B  D ;  that  is, 
as  the  circumference  of  the  convex  screw  is  to  the  distance  between 
the  threads  when  measured  in  a  direction  parallel  to  the  axis. 

But  the  screw,  when  applied  as  a  mechanical  power,  is  never  used  in 
its  Bilnple  state ;  a  lever  or  wheel  is  always  fixed  perpendicularly  to 
the  axis,  and,  the  moving  or  sustaining  power  is  applied  near  the  outer 
extremity  of  the  lever,  or  at  the  dromnference  of  the  wheel.  In  this 
last  case,  the  ratio  between.the  moving-power  and  the  resistanoe  is  as 
the  distance  between  the  threads  of  the  screw  b  to  the  length  of  that 
circumference  ;  and  the  velocity  of  a  point  on  the  axis  is  to  that  of  a 
point  on  the  circumference  in  the  same  ratio.  The  friction  of  a  screw 
is  however  very  great,  and  is  frequently  equal  to,  at  least,  the  weight 
supported,  for  it  will  prevent  that  weight  from  descending  when  the 
moving-power  ia  taken  away. 

An  endlea  screw  consists  of  two  or  more  spiral  fillets  or  threadson  a 
rod  which  is  capable  of  being  turned  on  its  axis  by  a  power  applied  to 
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the  handle  of  a  winch,  or  to  a  string  passing  over  the  circumference  of 
a  pulley  attached  to  the  rod.  The  threads  work  between  teeth  on  the 
tiroumference  of  a  wheel,  so  that  while  the  revolution  of  the  rod  con- 
tinues, the  wheel  turns  on  its  own  axis.  If  tile  radius  of  the  winch 
or  of  tiie  pulley  on  the  sorew-rod  be  6  inches,  and  the  distance  between 
the  threads  of  the  screw  be  1-lOth  inch,  a  power  represented  by  unity 
at  the  oircumferenoe  of  the  pulley  will  be  in  equilibrio,  omitting  the 
effects  of  friction,  with  a  resistance  expressed  by  6  x  10  x  2w,  tlut  is, 
by  376*99  (w  being  the  half  circumference  of  a  circle  whose  radius  is 
unity)  ^plied  at  the  threads  of  the  screw  or  at  the  circumference  of 
the  wheel  , 

If  the  lines  a  f,  o  n,  &c.,  were  drawn  on  paper,  and  that  paper  were 
bent  on  the  surface  of  a  convex  or  concave  cylinder,  one  spiral  thread 
would  be  formed'  by  the  union  of  a  f,  E  k,  &c,,  at  their  extremities, 
and  another  by  the  like  union  of  o  B,  o  x,  &c.  j  this  is  t^ed  a  double- 
threaded  screw,  and  it  is  evident  that  it«  mechanical  power  depends 
upon  the  ratio  of  a  b  to  b  f,  while  that  of  the  single-threaded  screw 
depends  on  tiie  ratio  of  a  b  to  b  d  ;  that  is,  with  apparently  an  equal 
distance  between  the  threads  on  both  screws,  the  power  of  the  latter 
is  double  that  of  the  former. 

From  the  high  ratio  which  the  resistance  bears  to  the  moving-power 
in  the  screw,  the  use  of  this  machine  for  moving  or  compressing  bodies 
is  very  ^reat ;  it  is  also  extensively  employed  in  the  construction  of 
T^iloeophical  instruments   for  measuring  small  angles  or  distances. 

[MiOBOHETIB.] 

The  ingenious  screw-machine  which  was  invented  by  Ilr.  Hunter, 
and  is  described  in  the  '  Phil.  Trans.'  vol.  17,  consists  of  one  convex 
screw  which  works  in  the  interior  of  another  convex  screw. 
The  latter  works  in  a  concave  screw  which  is  fixed;  and  the 
former  is  capable  of  moving  in  a  rectilinear  direction  only,  being  pre- 
vented from  turning  on  its  axis  with  the  rotation  of  the  exterior 
screw.  Also  the  number  of  threads  in  an  inch  on  the  convex  sur&ce 
of  this  last  is  less  by  one  than  the  number  in  on  inch  on  the  convex 
surface  of  the  other :  suppose  the  first  number  to  be  10  and  the 
other  to  be  11 ;  then  one  revolution  of  the  exterior  screw  would 
cause  the  whole  machine  to  move  forward  through  a  space  equal  to 
X  inch,  but  in  the  same  time  the  interior  screw  is  carried  backward 
uarough  ^  inch.  Therefore  the  forward  motion  of  this  last  is  equal 
*o  A~A>  <>''  Tio  ioch ;  and  to  produce  an  equal  effect  in  a  simple  screw, 
the  latter  should  have  110  threads  in  an  inch. 

_Mr.  Barlow  of  "Woolwich  mentions  a  compound  machine  of  tiiis 
kind  in  which  the  exterior  screw  had  100  threads  in  an  inch,  and  the 
interior  screw  101  threads ;  therefore  one  turn  of  the  machine  caused 
the  latter  to  move  through  the  very  minute  extent  of  ^J^  inch,  and 
this  space  was  further  subdivided  into  hundredtiis  by  means  of  a 
micrometer  head  applied  to  the  exterior  screw. 

The  endless  screw  is  a  component  part  of  graduating  machines, 
counting  machines,  &c. ;  it  is  also  employed  in  conjunction  with  a 
wheel  and  axle  to  raise  heavy  weights. 

Screw,  or  Spiral,  of  Arddtnedet.  The  inventor  of  tile  machine  so 
called  is  quite  unknown,  but  both  Diodorus  Siculus  and  Atheoasus 
•scribe  the  origin  of  it  to  the  philosopher  of  Syracuse.  The  former 
relates  ('BibL  Hist',  lib.  i„  c  84)  that  irrigation  was  faciUtated  in 
Emtt  by  a  certain  machine  invented  by  Archimedes  of  Syracuse,  and 
called  Cochlios  (xaxAlas)  from  its  form;  and  the  latter  states 
('DeipnoaophiBttB,'  hb.  v.,  p.  206,  Casaub.)  that  Archimedes  invented  it 
for  the  purpose  of  removing  the  water  from  the  hold  of  the  great  ship 
which  was  buQt  by  King  Hiero  of  Syracuse.  Vitruvius  ('De  Archi- 
tectura,'  lib.  x.,  c.  11)  describes  the  machine  under  the  name  of 
cochlea.  He  says  that  it  consisted  of  four  or  eight  laths  bent  spirally, 
and  fixed  at  one  edge  against  the  axle,  so  as  to  form  as  many  winding 
channels  about  it;  and  that  the  whole  was  covered  by  a  cyUndri^ 
case,  formed  of  planks,  nailed  over  the  exterior  edges  of  the  laths. 
The  lower  extremity  was  immersed  in  the  water,  which,  rising  along 
the  channels  by  the  revolution  of  the  machine  on  its  axis,  was  dia- 
chaiged  at  the  upper  extremity.  Vitruvius  adds  that  it  was  turned 
by  men  walking  on  its  outer  circumference,  probably  on  the  conical 
surface  of  a  bevelled  wheel  fixed  to  the  axle. 

By  the  account  which  Vitruvius  has  given  of  its  disposition,  the 
spiral  laths  were  placed  nearly  at  an  angle  of  46°  with  the  axle,  and 


ilM  latter  was  inclined  to  the  horizon  in  an  angle  of  86*  52'.    Th* 


cause  of  the  ascent  of  the  water,  and  the  limits  of  the  inclination  of 
the  axle  to  the  horizon,  "will  be  seen  from  the  following  details  which 
refer  to  the  modem  form  of  Archimedes's  spiral  as  it  is  also  called.  It  - 
may  consist  of  either  a  flexible  tube  open  at  both  ends  and  wound 
spirally  on  the  exterior  surface  of  a  cylinder ;  or  it  may  be  a  plate  of 
metal  coiled  about  an  axis,  like  the  threads  of  a  screw,  and  enclosed 
within  a  hollow  cylinder  so  as  to  be  completely  water-tight.  The 
machine  is  fixed  in  an  inclined  position,  with  its  lower  ectremi^ 
immersed  in  the  vrater  which  is  to  be  raised.  While  it  is  at  rest  the 
water  occupies  the  lower  part  between  two  of  the  threads  or  beods  of 
the  spiral,  at  bottom ;  but,  when'  turned  on  its  axis,  this  part  of  the 
machine  being  made  to  ascend,  the  water  will  by  iia  gravity  be  caused 
to  descend  into  the  lower  part  between  the  next  bends  of  the  spiral, 
while  in  reality  it  rises,  with  respect  to  its  former  position,  in  con- 
sequence of  the  rotation  of  the  tube,  or  bends,  within  which  it  is 
confined.  Thus  the  water  continually  proceeds  towards  the  upper  part 
of  the  machine,  from  whence  it  is  discharged  into  a  reaervoir  placed  to 
receive  it. 

It  is  shown,  by  writers  on  hydraulics,  that  this  machine  cannot 
raise  water  when  tlie  angle  which  a  line  drawn  centrally  on  the  q>iral 
bends  makes  with  planes  parallel  to  the  base  of  the  cylinder  is  greater 
than  the  angle  which  the  latter  makes  with  the  horizon ;  and  it  is 
recommended  that,  in  practice,  the  angle  which  the  axis  of  the  cylinder 
makes  with  the  horizon  should  be  between  40  and  60  degrete.  Such  a 
machine  is  particularly  useful  when  the  water  is  mixed  with  gravel, 
weeds,  and  the  like,  which  would  spoil  the  action  of  a  common  pump. 
For  computations  concerning  the  force  requisite  to  turn  the  machine, 
and  the  quantity  of  water  which  it  will  raise  in  a  given  time,  see 
Qregoiys  '  Mechanics,'  vol  ii. 

A  machine  consisting  of  a  pipe  wound  spirally  about  the  surface  of 
a  cylinder,  or  cone,  which  is  made  to  revolve  about  its  axis  when  the 
latter  is  in  a  horizontal  position,  is  called  a  tpirat-pun^.  At  one 
extremity  of  the  spiral,  water  and  air  in  nearly  equal  quantities  being 
allowed  to  enter,  the  former  will,  in  consequence  of  the  revolution,  be 
forced  up  an  ascending  pipe  which  may  be  attached  at  the  other 
extremity. 

The  Axchimedian  screw  has  been  occasionally  employed  in  modem 
times  to  raise  water  from  docks,  basins,  &c ;  and  it  might  be  used  to 
raise  globular  bodies,  as  cannon  balls,  from  one  level  to  a  higher,  aa 
from  the  hold  of  a  ship  to  the  top  of  a  wharf.  A  similar  machine, 
having  the  spiral  detached  from  and  revolving  within  the  cylinder 
which  is  about  it,  is  also  used.  It  is  said  to  raise  more  watei'  than  the 
usual  screw,  but  it  cannot  be  elevated  at^a  greater  angle  with  the 
horizon  than  30°,  and  its  action  is  more  easily  impeded  by  the  sand  or 
gravel  which  is  frequently  mixed  with  the  'n^ter. 

For  the  appUcation  of  the  screw  to  navigation,  we  must  refer  to 
Stsax  Navioation. 

SCREW-JACK,  a  portable  machine  for  raising  great  weights  by  the 
agency  of  a  screw.  Portable  jacks,  which  are  sometimes  worked  by  a 
rack  and  pinion  instead  of  a  screw,  are  used  for  raising  heavy  carriages ; 
the  head  of  the  jack  being  placod  under  the  carriage,  and  raised  by 
turning  the  screw  with  a  lever.  The  "  Universal  Sorew-Jack  "  is  a 
great  improvement  on  the  common  machine,  as  it  allows  lateral  as  well 
as  vertical  motioij.  In  it  the  nut  in  which  the  vertical  screw  works 
is  fixed  in  a  carnage  resting  on  the  framework  that  forms  the  base 
of  the  machine,  and  capable  of  being  moved  upon  it  by  means  of 
an  horizontal  screw  turned  by  a  ratchet  lever.  This  kind  of  jack 
is  particularly  useful  on  railways,  where  it  affords  a  simple  means  of 
lifting  a  carriage  or  engine  that  may  have  run  off  the  rails,  and  tiien 
moving  it  laterally  untH  the  wheels  are  in  their  proper  position  over 
the  raUs. 

SCREW  MAKUFACTURE.  The  blanks  for  ordinary  termn  are 
sometimes  made  of  round  rolled  iron,  cut  into  the  requirediengths, 
and  pinched  when  red-hot  between  a  pair  of  dies  in  the  chaps  of  a  vioe ; 
while  the  heads  are  formed  witb  a  hammer,  or  the  stamp  of  a  fly-press. 
A,nother  plan  is  to  form  the  blanks  of  iron  wire,  cut  by  a  machine,  and 
Imve  the  heads  struck  up  in  a  die  without  tiie  application  of  heat. 
After  forming  the  head,  the  next  process  is  filing  or  turning  the  necks 
and  heads  in  a  lathe ;  after  which  the  nick,  or  groove  to  receive  the, 
end  of  the  screw-driver,  is  cut  vrith  a  circular  saw.  The  cutting  of  the' 
worm  is  sometimes  performed  in  a  lathe,  the  blank  being  fixed  in  a 
chuck,  and  proje<!ted  during  its  revolution  between  a  pair  of  stationaiy 
cutters;  the  longitudinal  motion  of  the  blank,  and  the  inclination  of 
the  thread,  being  determined  by  a  regulating  or  pattern  screw  attached 
to  the  mandril.  Small  screws  are  frequently  warmed  by  a  similar 
apparatus  turned  by  a  winch-handle  attached  to  the  mandril;  and 
sometimes  by  means  of  a  steel  tap-plate.  In  another  plan  the  worm  ii 
formed  by  means  of  a  pair  of  stationary  cutting  dies  ;  between  which 
the  blank  is  projected  by  on  apparatus  which  gives  it  an  alternating 
rotatory  motion.  The  dies  theniiBelves  regulate  the  size  of  the  thread, 
without  the  use  of  a  pattern  screw,  and  they  must  therefore  be  chan  .;ed 
for  every  variety  of  screw.  The  best  screws  are  made  to  taper  slightly 
from  the  head  downwards. 

Several  attempts  have  been  made  to  produce  screws  by  castittff.  In 
the  ordinary  method,  the  chief  obstacle  in  the  way  of  casting  ecrews 
consists  in  the  difficulty  of  removing  the  pattern  from  the  mould. 
Mr.  Maullin  has  devised  a  method  of  overcoming  this  difficulty  by  an 
apparatus  for  $cremng  the  patterns  (of  which  a  great  number  might  b« 
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naed  together)  out  of  the  mould,  so  aa  to  leave  the  impreanozi  of  t^e 
thread  uninjured. 

Screw-bolta  and  other  screwB  for  working  in  metal  are  manufactured 
in  a  ■i">ilai-  manner  to  thoee  for  working  in  wood,  when  the  number 
required  ii  sutBoient  to  justify  the  expense  of  adjusting  the  machinery. 
'When  this  is  not  the  case,  they  are,  if  small,  often  out  by  hand,  without 
the  aid  of  a  lathe.  The  die,  or  instrument  for  cutting  an  external  screw, 
lesembUa  a  common  nut,  but  is  usually  divided  into  two  parts,  which 
are  fitted  into  an  iron  stock  or  die-frame,  with  long  handles.  Notches 
are  cut  in  the  die,  aoroes  the  direction  of  the  threads,  in  order  to  pro- 
duce cutting  angles,  and  to  afford  room  for  the  escape  of  the  portions 
of  metal  removed  in  cutting  the  worm.  The  die,  which  is  formed  of 
steol,  and  well  tempered,  is  inserted  in  the  die-stock,  with  its  two 
halves  a  little  distance  apart,  but  capable  of  being  brought  together  by 
regulating  screws  fixed  in  the  die-stock.  The  bolt  to  be  made  into  a 
screw  is  festened  in  a  vice,  while  its  end  is  placed  in  the  die.  The 
operator  then  proceeds  to  turn  the  die-stock,  so  as  to  worm  the  die  on 
to  the  bolt  i  not  by  a  oontinuous  motion  in  one  direction,  but  by  a 
series  of  turns  backwards  and  forwards.  When  the  die  has  proceeded 
as  far  as  the  worm  is  required  to  extend,  it  is  taken  off,  screwed  up  a 
litUe  doser,  and  again  applied  in  the  same  manner;  the  {nrocess  is 
repeated,  closing  the  die  a  littie  after  eKch  operation,  until  the  worm  is 
cut  to  the .  Te(^uired  depth.  In  working  a  similar  apparatus  by 
machinery,  the  dies  ore  sometimes  made  in  four  pieces,  the  die-frame  is 
stationary,  and  the  bolt  or  screw-pin  itself  revolves.  In  this  case  the 
rotation  is  continuous,  but  in  otiier  respects  the  operation  resembles 
that  described.  In  cutting  large  screws,  especially  with  a  square 
thread,  a  steel  cuttei.i8  sometimes  used  with  the  die,  whether  turned 
by  hand  or  fixed  in  a  lathe.  Very  small  metal  screws  are  cut  by  a 
steel  tap-plate,  wormed  and  notohed  in  a  similar  manner  to  the  dies 
above  desoiibedi  but  having  several  holes  varying  slighUy  in  size ;  the 
worm  being  formed  progressively,  by  using  at  each  operation  a  smaller 
hole  than  at  the  preceding  one. 

Hollow  or  int«ior  screws  are  commonly  cut  by  means  of  a  steel  tap, 
which  ii  simply  a  screw  of  which  great  part  of  the  worm  is  removed 
by  filing  flat  faces  along  its  whole  length,  the  angles  left  by  this 
operation  forming  i^  series  of  obtuse  cutters.  The  head  of  the  tap  is 
squared,  to  fit  into  the  middle  of  a  long  handle,  by  which  it  can  be 
tumed  with  oonsideiable  purchase.  The  taps  for  cutting  screws  in 
wood  are  commonly  fluted  on  the  sides,  to  make  them  cut  the  more 
readily^  and  to  afford  more  room  for  the  escape  of  the  cuttings.  The 
tap  invented  by  Mr.  Jones  answers  the  purpose  of  a  taperiog  t^>  for 
oommeneing  the  screw,  and  a  cylindrical  one  for  completing  it :  the 
lower  part  being  tapered,  while  the  upper  is  left  cylindricaL  The  tap 
is  shown  at  e,  man  odaj^ed  for  cutting  than  either  a  or  i,  which  are 


■    # 


the  more  usual  forms.  In  large  taps  of  this  kind  a  steel  cutter  may 
be  inserted,  as  shown  in  the  section  d,  at  the  commencement  of  the 
cylindrical  portion  of  the  tap ;  the  cutter  being  tnade  to  project  a  littie, 
so  that  ih.a  tap  follows  it' without  difflci^ty.  An  ingenious  kind  of  tap 
lor  cutting  a  square-threaded  screw  consists  of  a  hollow  screw  of  steel, 
having  a  hole  drilled  obliquely  from  the  front  end  of  the  thread  to  the 
hole  in  the  centre  of  the  tap.  The  edges  of  this  oblique  hole,  being 
mode  sharp,  out  their  way  through  the  wood  when  the  tap  is  turned 
round :  v^e  the  hole  itself  forma  a  channel  by  which  the  cuttings 
escape  into  the  cavity  in  the  centre.  For  cutting  internal  screwa  in 
wood,  where  great  accuracy  is  not  required,  the  tap  invented  by  Mr. 
Siebe,  represented  in  the  following  cut,  is  useful.  Though  the  wooden 
part  is  cylindrical,  the  steel  plate  tapers  towards  the  ood  that  enters 
the  hole,  in  order  that,  by  the  first  teeth  projecting  but  litUe^  the 


instrument  may  out  gradually.  A  groove  is  cut  on  each  side  of  the 
tap,  where  the  plate  is  inserted,  to  afford  room  for  the  escape  oi  the 
cuttings ;  and  the  upper  end  of  the  cylinder  is  made  flat  or  square  for 
the  purpose  of  fitting  the  lever  by  which  it  is  tumed. 

The  large  iron  screws  used  in  vices,  presses,  waggon-jacks,  &G.,  are 
formed  by  means  of  dies,  tumed  with  immense  power  by  very  long 
levers;  the  thread  being  made  without  cutting,  by  indenting  and 
saueeiing  up  the  mutaL  In  the  ordinary  method  of  cutting  screws  in 
a  lathe,  the  size  of  the  worm,  or  the  distance  between  the  threads,  is 
regulated  by  a  pattern  screw,  and  cannot  be  varied  from  it  An 
ingenious  machine  is  used  in  the  Woolwich  dock-yard  for  cutting  a 
great  variety  of  different  screws  from  one  pattern. 

In  making  screws  for  mathematical  or  astronomical  instruments, 
where  the  greatest  asouracy  is  essentially  necessary,  it  is  especial^ 


desirable  to  avoid  the  risk  of  enor  arising  from  irregularities  in  iho 
pattern  screw,  or  in  any  port  of  the  machinery  used.  The  late  Mr. 
HoltzapSel  was  highly  skilled  in  this  art;  but  Mr.  WMtworth  hai 
recently  carried  it  to  a  degree  of  refinement  never  before  attained. 

SCREW-PILE.    [PiLB  Ehgike.] 

SCREW-PRESS.  This  machine  offers  great  facilities  for  the  appli- 
cation of  power ;  as  the  force  applied  may  be  almost  infinitely  multi- 
plied by  increasing  the  length  of  the  lever  by  which  it  is  tumed,  and 
diminishing  the  distance  between  the  threads.  It  is  also  very  convenient 
in  cases  where  a  continued  pressure  is  required ;  because,  in  ordinary 
cases,  the  friction  of  the  screw  is  too  great  to  allow  it  to  rtm  back  on 
the  removal  of  the  power  by  which  it  is  turned.  In  the  eommm 
screw-press  the  articles  to  be  pressed  are  lud  upon  a  stationary  bed, 
forming  the  base  of  a  strong  fnune,  in  the  upper  eroas-bsr  or  htod  of 
which  a  nut  is  firmly  secured.  The  screw  works  up  and  down  in  this 
nut,  and  to  ite  lower  end  is  attached  the  follower,  or  moving  piece  which, 
presses  on  the  substance  operated  upon.  The  connection  between  the- 
screw  and  this  piece  is  such  that  tha  follower  rises  and  foils,  but  does 
not  turn  round  with  the  point  of  the  screw;  and  the  steady  motion  o£ 
the  follower  is  provided  for  by  making  it  fit  closely  to  the  side-pieces 
or  cheek?  of  the  press,  which  therefore  act  as  guides.  At  the  lower 
end  of  the  screw  there  is  usually  a  massive  globular  head,  pierced  with, 
two  holes  at  right-onglee  with  each  other,  which  receive  the  end  of  a 
long  iron  lever,  by  which  the  screw  is  turned.  The  best  screw-presses 
are  made  of  iron. 

The  great  space  required  for  turning  a  long  lever  is  a  serioas  inoon- 
veuience  in  some  coses,  and  has  led  to  the  contrivance  of  several 
methods  for  turning  the  screw  with  great  power  by  a  more  oempaet 
apparatus.  In  a  press  invented  and  patented  by  Mr.  Dunn,  the  screw 
is  tumed  by  means  of-  a  short  bent  lever  acting  upon  a  ratchet-wheel 
fixed  on  the  lower  part  of  the  screw.  In  another  ingenious  modification 
of  the  common  screw-press,  invented  by  Mr.  Pouch^e,  a  large  cogged- 
wheel  is  fixed  horizontally  on  the  screw,  just  below  the  common  head 
for  receiving  the  end  of  the  lever.  A  small  pinion,  having  a  square 
axis  to  receive  a  lever  handle,  is  fixed  on  the  platten  or  follower  of  the 
press,  and  works  into  the  large  cogged-wheeL  This  press  is  worked  in 
the  ordinary  way  until  the  screw  is  tumed  as  far  as  the  lever  will  con- 
vanientiy  move  it.  The  bar  is  then  removed,  and  the  handle  of  the 
pinion  put  on,  and  by  turning  it  the  screw  may  be  further  depressed. 
In  one  form  of  screw-press  for  hot-pressing,  the  plates  do  not,  as  ia 
those  of  the  usual  construction,  need  to  be  removed  for  heating;; 
they  being  kept  at  the  necessary  temperature  by  hot  air  introduced, 
into  four  hollow  colomna,  whioh  serve  the  purx>ose  of  cheeks  to  the. 
press. 

While  the  diminution  of  the  sise  of  the  thread  affords  the  means  of 
increasing  the  power  of  a  screw-press,  it  is  attended  by  the  serious< 
disadvantage  of  diminishing  its  strength.  This  diffi(mlty  may  be: 
avoided  by  the  use  of  a  double  or  differential  screw.  The  press  may- 
be mode  of  the  usual  form,  excepting  that  the  lower  end  of  tiie  sorewr 
is  cut  with  a  finer  thread  than  the  npper  part.  This  smaller  screw  is: 
received  into  a  nut  resting  on  the  follower,  and  capable  of  turning  oni 
it.  The  head  for  receiving  the  lever  by  which  the  screw  is  tumed  isi 
in  this  cose  placed  above  the  head  or  top  beam  of  the  press.  Whm  ia 
use  the  nut  is  keyed  fast  to  the  screw,  so  that  it  turns  with  it;  andl. 
the  action  is  exaoUy  the  some  as  that  of  the  common  press.  WheM 
the  screw  has  been  tumed  as  far  as  it  will  go  in  this  way,  the  key  thal^ 
coimected  the  nut  with  the  screw  is  removed,  and  the  nut  is  keye<{ 
fast  to  the  pressor.  The  screw  being  again  tumed,  the  lower  thread 
enters  the  nut,  so  that  the  pressor  is  depressed  only  through  a  spaca 
equal  to  the  difference  between  the  width  of  the  upper  and  lower 
threads  of  the  screw.  ^  By  making  the  two  parte  of  the  screw  very 
nearly  alike  in  fineness,  the  distence  traversed  by  t^e  platten  may  be 
diminished,  and  the  pressure  increased  almost  to  infinity. 

Screw-presses  ore  occasionally  mode  with  more  than  one  screw,  la 
one  arrangement  of  tiiia  kind  the  screws  ore  stationary ;  and  the  nuts, 
which  ore  fitted  into  the  follower,  are  tumed  by  means  of  cogged 
wheels  driven  by  an  endless  screw  laid  horisontally  on  one  side  of  the 
follower,  and  terminating  at  each  end  in  a  winch-handle.  Mr.  Brindley's 
press  has  several  screws  instead  of  one,  each  having  a  cogged  wheel 
working  into  another  fixed  on  a  plain  central  shaft,  which  is  moved  by 
a  winch  and  bevil  gear. 

SCREW  PROPELLER.    [Prohsller.] 

SCRIBES.  In  the  article  Moses,  in  Bioo.  Div.,  this  word  has 
been  used  aa  a  transhtion  of  the  Hebrew  word  D'^'lf^itlj,  which  in 
the  authorised  version  is  translated  "  uBEicerB."  The  word  which  is 
translated  "  scribe "  in  the  English  Bible  is  "I9D,  or  in  the  Chaldee 
"1DD,  meaning  "a  writer."  It  was  applied  to  an  officer  of  the  king,  or, 
aa  we  should  say,  a  "secretary  of  state"  (2  Sam.  viii.  17;  xx.  25; 
2  Kings  xxii.  S) ;  also  to  a  "seoretary*t-war,"  who  had  the  enrolment 
of  the  soldiers  under  his  care.  (Jerem.  lii.  26.)  It  was  also  used  to 
signify  men  learned  in  the  Jewish  Scriptures.  (Ezra  vii.  8, 11.)  The 
lost  was  the  meaning  which  the  word  came  to  have  in  the  later  ages  o£ 
the  Jewish  stete,  or  rather,  as  the  Jews  regarded  all  learning  as  oon- 
tained  in  a  knowledge  of  their  sacred  books,  the  word  icribe  was  used 
to  designate  all  men  of  learning.  In  this  sense  we  find  it  in  the 
Apocrypha  and  the  New  Testament,  as  the  translation  of  the  words 
ffdlitMrtbi,  nnuAt,  pe/uSiSdiriMkn,  iot  the  lawyer*  (as  our  veraoa 
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generally  tnoslates  the  last  two  words)  were  evlclently  the  same 
peisons  OS  the  Scribes.  Their  office  was  to  administer  the  «acrific«B 
and  to  explain  the  law.  They  had  seats  in  the  Sanhedrim,  and  \v  ro 
generally  Levites.  They,  at  least  occaBionally,  wore  long  clotLiiig 
(Mark  xii  38),  which  was  effected  by  enlai^jing  the  border  o£  >their' 
garment  with  a  fringe.  In  the  time  of  Christ  they  appear  to  have 
been  for  the  most  port  Pharisees,  but  they  did  not  form  a  sect^ 
(Winer's  BibUsches  Jlealwerterbtieh,  art. '  Schtiftgelehrte.') 
SORIPTUBE  (ypa<t>ii,  icriptura).  This  word  means  simply  a  wrUktg, 
but  it  has  long  been  used  to  designate  the  sacred  books  of  tAe  Old  and 
New  Testament.  It  is  thus  repeatedly  used  in  the  New  Testament  in 
referoice  to  the  Old  Testament,  and  in  one  passage  Feter  implies  it 
to  the  Epistles  of  Paul,  and  very  probably  he  meant  to  include  under 
the  word  some  of  the  other  books  of  the  New  Testament  which  were 
Hhea  written.  (2  Peter  ill.  16.)  The  different  forms  in  which  this 
'wordoocura  in  the  New  Testament  are  "the  Scripture,"  "the  Scrip- 
.tures,"  "  the  Holy  Scriptures,"  "  inspired  Scripture."  (2  Tim.  iii  16  j 
compare  Smith's  '  Scnpt.  Test,  to  the  Messiah,'  chap,  ii.,  note  A.)  The 
term  a  Scripttiire  is  also  used  for  a  passage  in  the  Scriptures.  (Apo- 
CBTPBA ;  Bible;  Canon  ;  and  the  titles  of  the  different  books  of  the 
Bible.) 

SCROFULA,  or  SCROPHULA,  the  technical  name  for  the  disease 
that  is  popularly  called  "  the  King's  Evil : "  the  origin  of  the  latter 
term  Will  be  explained  presently ;  that  of  the  former  is  very  obscure 
and  uncertain.  We  find  the  word  tcrofvla,  or  rather  sorofiUm  in  the 
iplural,  employed  for  the  first  time  to  signify  the  present  disease,  or 
lone  supposed  analogous  to  it  in  cattle,  by  Vegetiua  ('  De  Re  Veterin.', 
'lib.  iii.,  cap.  23,  ed.  Schneider).  It  is  generally  admitted  to  be  derived 
from  the  Latin  tcrofa,  or  aero^Ka, "  a  sow,"  aluough  the  reason  of  the 
derivation  is  by  no  means  dear.  The  same  analogy,  whatever  it  may 
have  been,  influenced  also  the  Greek  and  Arabic  writers  in  naming  the 
disease,  as  the  former  call  it  xoV'^t  ^  X'V^*'  i  *'>^  ^^  latter  hhtmiar 
(Avioenna,  torn,  i,  p.  164 ;  1. 86,  p.  194 ;  L  30,  voL  ii.,  p.  78, 1. 12,  ed.  Rom., 
1593,  fol. ;  Albucasis, '  De  Chiruig.,''lib.  L,  oap.  22,  p.  60,  ed.  Oxon.,  1778, 
4to,),  both  of  which  w<»ds  are  intimately  connected  with  tmne.  The 
classical  Latin  term  for  the  disease  is  '  struma'  (Celsus,  '  De  Medic,' 
lib.  v.,  cap.  28,  §  7 ;  Pliny,  '  Hist.  Nat.',  lib.  viiL,  cap.  77),  or  '  strunue' 
in  the  plural  (Celsus,  lib.  i.,  cap.  9  ;  Fliny,  lib.  xxii.,  cap.  16),  wliich  is 
,also  a  word  of  which  no  satisfactory  derivation  has  been  given,  as 
probably  few  persons  will  agree  with  Dr.  Good  in  deriving  it  from 
'  oT/w/ui, '  c<xigestion,'  or} '  coacarvation,'  as  of  straw  in  a  litter,  feathers 
in  a  bed,  or  tumours  in  the  body." 

!  The  vulgar  English  name  applied  to  it,  namely,  "  the  King's  Evil," 
commemorates  the  virtues  of  tiie  royal  touch,  to  which,  from  the  time 
of  Edward  the  Confessor  till  the  reign  of  Queen  Anne,  multitudes  of 
^persons  affiicted  with  scrofula  were  subjected.  A  similar  custom  pre- 
vailed in  France ;  and  miraculous  powers  for  the  cure  of  scrofula  were 
likewise  claimed  for  different  Romish  saints,  for  the  heads  of  certain 
noble  families,  for  Uie  seventh  son,  and  for  many  consecrated  springs. 
The  royal  touch  requires  some  further  notice.  That  tie  kings  of 
Enghmd  for  several  centuries  actually  exercised  their  touch  for  the 
cure  of  scrofulous  complaints  is  proved  by  abundant  historical 
authorify ;  and  scarcely  any  of  our  old  historians,  who  wrote  during 
a  period  of  at  least  five  hundred  yean,  have  omitted  taking  notice 
of  this  strange  and  unaccountable  fact.  We  have  not  room  here 
to  give  the  evidence  fully,  and  must  refer  those  who  wish  to  inquire 
more  deeply  into  the  subject  to  'A  Free  and  Impartial  Inquiry  into 
the  Antiquity  and  Efficacy  of  Touching  for  the  King's  Evil,"  1722,  by 
William  Beckett,  an  eminent  surgeon ;  '  Charisma,  si*e  Donum  Saua- 
tionis:  seu  Explicatio  totius  Queestionis  de  Mirabilium  Sanitatiun 
GratiA,  in  qui  pneoipu^  agitur  de  solenni  et  sacrtl  cui  Reges  Angliaj, 
rit6  inaugurati,  divinitus  medicati  sunt,'  Ao.  &o.,  1597,  by  William 
Tooker,  afterwards  dean  of  Lichfield;  'Charisma  Basilicon,  or  the 
Boyal  Gift  of  Healing  Strumses,  &&'  8vo.,  Lond.,  1684,  by  J.  Browne; 
'  Several  Chirurgioal  Treatises,'  Lond.,  1676,  foL.and  1719, 8vo.,  2  vols., 
by  Richard  Wiseman,  principal  surgeon  in  the  army  of  Charles  I.,  and 
serjeant-surgeon  to  Charles  IL,  whom  Haller  ('Biblioth.  Medic.  Pract.,' 
torn,  iv.,  p.  399)  ealls  "  insignis  certe  et  peritissimus  chirurgus."  The 
question  is  examined  at  some  length  by  Bishop  Douglas,  in  his  '  Crite- 
rion ;  or  Miracles  Examined,'  Ao.  Ac,  p.  191,  ed,  1764,  who,  while  he 
denies  the  alleged  miraculous  jMwers,  fully  admits  the  reality  of  the 
cures.  See  also  Colquhoun's  '  Isis  Revelata :  an  Inquiry  into  the 
Origin,  Progress,  and  Present  State  of  Animal  Magnetism,'  Edin.,  1836, 
2  vols.  8vo.,  who  also  allows  (voL  i.,  p.  87) "  the  sanative  efficacy  of 
the  process,"  but  connects  it  with  the  phenomena  of  animal  magnetism. 
Among  the  most  curious  parts  of  the  subject,  it  may  be  mentioned 
tliat  the  old  Jacobites  considered  that  this  power  did  not  descend  to 
Mary,  William,  or  Anne,  as  they  did  not  possess  a  full  hereditary  title, 
or,  in  other  words,  did  not  reign  by  divine  right.  The  kings  of  the 
house  of  Brunswick  have,  we  believe,  never  put  this  power  to  the  proof ; 
and  the  office  for  the  ceremony,  which  appears  in  our  Liturgy  as  late  as 
1719,  has  been  silently  omitted.  The  exiled  prinoes  of  the  house  of 
Stuart  were  supposed  to  have  inherited  this  virtue.  Carte,  in  the  well- 
known  note  to  the  first  volume  of  his  '  History  of  England,'  mentions 
the  case  of  one  Christopher  Level,  who,  in  1716,  went  to  Avignon, 
where  the  court  was  then  held,  and  received  a  temporary  cure ;  and 
■when  Prince  Charles  Edward  was  at  Holyrood  Hou8e,in  October,  1745, 
he,  altiiough  only  nlaimJTig  to  be  prince  of  Wales  and  regent,  touched  a 


female  child  for  the  king's  evil,  who  in  twenty-one  days  is  said  to  hav» 
been  perfectly  cured. 

The  history  of  t'liin  d>  li.ion  carries  v.  it!:  i*  i  gieat  lesson.  It  is  very 
evident  that  tLo  chauj^ed  circumstanced  cit.ier  of  body  or  miud  in 
which  persons  who  submitted  to  the  royal  toodi  were  placed  produced 
the  favourable  results  which  have  been  recorded.  It  has  been  the 
same  with  popular  systems  of  medical  treatment  up  to  the  present 
day.  The  beneficial  action  of  some  ag^nt  is  assumed,  quite  independent 
of  any  inquiry  into  the  fact  of  its -possessing  any  curative  power  at  all, 
and  the  other  circumstances  by  which  the  cured  person  is  surrounded, 
which  have  reaUy  effected  his  cure,  are  entirely  overlooked. 

Scrofula  is  defined  by  Dr.  Good  ('  Study  of  Med.')  to  be,  "indolent 
glandular  tumours,  frequently  in  the  neck,  suppurating  slowly  snf 
im^)erfectly,  and  healing  with  difficulty;  upper  lip  thickened;  skin 
smooth;  countenance  usually  florid;"  which  agrees  almost  exactly 
with  the  definition  given  by  Cullen  in  his  '  Nosology.' 

Later  writers  have,  however,  given  a  more  extended  view  to  the 
term  scrofula,  or  scrofulous,  and  made  it  to  include  that  general  state 
of  the  system  of  which  the  indolent  glandular  tumour  is  but  one 
symptom.  The  swellings  sad  ulcerations  which  are  so  common  in 
scrofula  are  found  to  be  connected  with  "alterations  in  the  nutrition  of 
the  tissue  of  a  similar  kind  to  those  which  take  place  when  tubercle  of 
the  lungs  is  present  [Phthisis.]  Hence  some  writera  have  described 
a  state  of  the  whole  system  which  they  have  called  tuberculoos,  in 
which  either  scrofula  or  pulmonary  consumption  occurs.  It  seems 
now  agreed  by  the  best  pathologists  that  the  same  general  state  of  the 
system  which  produces  tubercle  in  the  lungs  produces  the  various 
forms  of  ^ofula,  including  the  indolent  swellings  of  the  definition  of 
Good  and  Cullen.  On  tiiis  subject  Mr.  Paget,  in  his  '  Surgical  Patho- 
logy,' makes  the  following  remarks  : — " '  Scrofula,'  or  '  struma,'  then, 
is  generally  understood  as  a  state  of  constitution  distinguished  in 
some  measure  by  peculiarities  of  appeaia&oe  even  during  health,  but 
much  more  by  peculiar  liability  to  certain  diseaaeB,  induding  pul- 
monary phthisis.  The  chief  of  these  '  scrofulous '  diseases  are  various 
swellings  of  lymphatic  glands,  arising  from  causes  which  would  be 
inadequate  to  produce  them  in  ordinary  healthy  persons.  The  swell- 
ings are  due  sometimes  to  mere  enlargement,  as  from  on  increase  of 
natural  structure,  sometimes  to  chronic  inflammation,  sometimes  to 
more  acute  inflammation  or  abscess,  sometimee  to  tuberculous  disease 
of  the  glands.  But,  besides  these,  it  is  usual  to  reckon  as  '  scrofulous ' 
affections  certain  chronic  Inflammations  of  the  joints;  slowly  pro- 
gressive '  carious '  ulcerations  of  bones ;  ohronio  and  frequent  ulcers  of 
the  cornea,  ophthalmia  attended  witii  extreme  intoleranoe  of  light,  but 
with  little,  if  any,  of  tiie  ordinary  consequences  of  inflammation; 
frequent  chronic  abscesses ;  pustuls,  entaneous  eruptions  frequently 
appearing  upon  slight  affection  of  the  health  or  local  irritation;  habitu^ 
swelling  and  catarrh  of  the  mucous  membrane  of  the  nose ;  habitual 
swelling  of  the  upper  lip. 

"  Now  these  and  many  more  diseases  of  the  like  kinds  are  amongst 
us,  both  in  medical  and  in  general  language,  called  scrofulous  or 
strumous ;  but  though  many  of  them  are  often  coincident,  yet  it  is 
very  difficult  to  say  what  all  have  in  common,  so  as  to  xustify  their 
common  appellation.  Certainly  they  are  not  all  tuberculous  diseases. 
Little  more  can  be  said  of  them  than  that,  as  contrasted  with  other 
diseases  of  the  same  forms  and  parts,  the  scrofulous  diseases  are 
usually  distinguished  by  mildness  and  tenacity  of  symptoms;  they 
arise  from  apparently  trivial  local  causes,  and  produce,  in  proportion  to 
their  duration,  slight  effects ;  they  are  frequent,  but  not  active.  The 
general  state  on  which  they  depend  may  be  produced  by  defective 
food,  with  ill  ventilation,  dampness,  darkness,  and  other  depressing 
influences ;  and  this  general  state  of  constitution,  whether  natural  or 
artificially  generated,  is  fairly  expressed  by  such  terms  as '  delicacy  of 
constitution,'  'general  debility,'  'defective  vital  power,'  'irritability 
without  strength.'  Such  terms,  however,  do  not  explain  the  state 
that  they  express ;  for  they  all  assume  tli&t  there  are  in  human  bodies 
different  degrees  of  vital  power,  independent  of  differences  of  material, 
which  Is  at  least  not  proved. 

"  Such  is  the  vagueness  of  '  scrofula'  and  of  the  terms  derived  &om 
it  OS  commonly  used  in  this  country.  They  include  some  diseases 
which  are,  and  many  which  are  nut,  distinguished  by  the  production 
of  tuberculous  matter.  It  has  been  proposed,  but  I  doubt  whether 
it  be  practicable  to  make  '  scrofulous '  and  '  tuberculous '  commensu- 
rate terms ;  as  at  present  generally  employed  the  former  has  a  much 
larger  import  than  the  latter.  The  relation  between  the  two  is,  that 
the  scrofulous  constitution  implies  a  peculiar  liability  to  the  tuber- 
culous diseases  and  they  often  co-exist  These  differences  are  evident 
in  that  many  instances  of  snvifula  (in  the  ordinary  meaning  of  the 
word)  exist  with  intense  and  long  continued  disease,  but  without 
tuberculous  deposit ;  that  as  many  instances  of  tuberculous  disease 
may '  be  found  witiiout  any  of  the  non-tuberculous  affections  of 
scrofula ;  that  as  Mr.  Simon  has  proved,  while  the  diseases  of '  defec- 
tive  power'  ma^  be  experimentally  produced  in  animals  by  insufficient 
nutriment  and  other  debilitating  influences,  the  tuberculous  di^ascs 
are  hardly  artificially  producible ;  that  nearly  all  other  diseases  may 
co-exist  with  the  scrofulous,  but  gome  are  nearly  incompatible  with  the 
tuberculous.  *" 

"  Now  whether  we  disuse  or''Btill  use'  in  its  vagueness  the  term 
'  scrofula/  we  may  make  a  group  of  the  '  tabercnlous '  diseases,  defined 
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by  the  peculiar  morbid  product  of  which  I  have  deaeribed  the  chiei 
cbiiracteni.  Only  at  present  we  must  be  conteni,  I  believe,  to  be  some- 
times in  doubt  whether  the  substance  foimd  in  lymphatic  glands  and 
commonly  known  us  scrofulous  matter  be  truly  tuberculous  matter  or 
degenerate  lymph  or  pus." 

In  the  case  of  glands  affected  with  what  is  called  scrofulous  inflam- 
matioD,  the  same  peculiar  exudation  is  observed  aa  ia  found  in  ihe 
lungs  of  those  who  are  affected  with  phthisis. 

This  exuded  matter  generally  presents  a  yellowish  or  dirty-white 
colour  aiid  varies  in  consistence  from  a  substance  resembling  cheese  to 
that  of  cream.  It  is  sometimes  soft  in  one  place  and  hard  in  another. 
It  also  presents  itself  in  masses  of  various  sizes,  from  a  millet  seed  to  a 
hen's  egg.  It  is  friable  on  pressure  and  may  break  down  into  a  pulpy 
matter.  If  a  small  piece  is  squenced  between  two  pieces  of  glass  and 
placed  under  a  microscope  it  presents  a  number  of  irregular-shaped 
bodies,  varying  from  the  s^th  to  the  t^th  of  an  inch  in  diameter. 
These  bodies  contain  from  one  to  seven  granules,  and  are  unaffected  by 
water,  but  rendered  transparent  by  acetic  acid.  These  have  been 
called  tuberculoofl  corpuscles.  They  are  surrounded  with  minute 
points  or  granules,  wiuch  are  more  abundant  in  the  softer  tuberculous 
matter.  These  corpuscles  are  of^en  accompanied  by  deposits  of 
minetal  matter,  consisting  of  phosphate  and  carbonate  of  lime."  They 
occur,  for  the  moat  part,  m  young  persona,  and  may  occur  in  any  part  of 
the  body ;  but  they  are  most  frequent  in  the  lymphatic  glands.  After 
these  ports  the  fibrous  textnres  are  most  frequently  attacked,  as  the 
lungs  and  serous  surfaces.  These  exudatious  are  very  slow  in  their 
progress,  and  are  thus  distinguished  from  the  exudation  of  ordinary 
inflammation.  They  exhibit  little  or  no  tendency  to  the  production  of 
perfect  cells  or  normal  tissues,  and  the  cells  are  slowly  formed  and 
slowly  break  down.  They  have  little  tendency,  when  once  formed, 
to  absorption;  but  show  k  great  tendency  to  breaking  up  and 
ulcerating. 

Scrofula,  though  not  a  contagious  disease,  is  unquestipuably 
hereditary;  and  hence  veiy  generally  dependent  upon  a  peculiar 
diathesis.  Yet,  like  many  other  hereditary  diseases,  it  is  also  occa- 
sionally generated  as  a  primary  affection,  without  any  hereditary  taint 
that  can  be  discovered.  When  it  occurs  as  a  primary  or  ingenerated 
affection-  it  is  by  no  means  always  limited  to  any  particular  tempera- 
ment or  habit  of  body.  But  where  scrofula  spears  hereditary,  and 
espeoiany  where  it  does  not  show  itself  very  early,  it  is  often  accom- 
panied with  a  peculiar  constitution.  "  The  character  of  a  scrofulous 
child,"  says  Sir  Astley  Cooper,  "  is  as  follows : — You  will  find  the  skin 
thin,  if  yon  pinch  it,  which  is  quite  different  from  the  skin  of  children 
who  are  not  scrofulous ;  in  them  the  skin  is  8olid,and  dense,  and  the 
fibres  strong ;  but  in  scrofulous  the  skin  is  thin,  and  the  vessels  may 
be  seen  meandering  under  it ;  and  it  ia  on  tliis  accoimt  that  persons 
with  this  disease  frequently  have  a  rosy  colour,  arising  from  the 
thinness  of  the  skin,  which  allows  the  vessels  to  bo  teen  under  it. 
The  hiur  is  also  light  coloured.  If  .'you  observe,  in  a  family  of  five  or 
six  children,  one  among  them  who  has  a  delicate  thin  skin,  witii  light 
hair  and  complexion,  you  will  find  that  if  they  are  all  exposed  to  the 
same  causes,  they  will  escape  from  any  scrofulous  affection,  with  the 
exception  of  the  one  stamped  by  nature,  aqd  that  this,  during  its 
gro?rth,  will  be  affected  by  the  disease.  The  hair  is  also  extremely 
fiue,  the  eyelashes  long,  the  pupils  dilated,  and  the  fingers  are  what  is 
called  clubbed,  similar  to  the  fingers  in  phthisical  persons,  that  is,  they 
are  exti-emely  long  and  thin,  but  at  the  extremities  are  broad  and  flat. 
The  upper  hp  is  of  considerable  thickness,  and  this  ia  a  maik  of 
debility.'" 

In  considering  the  causes  of  a  disease  so  deeply  rooted  in  the  con- 
stitution OS  scrofula  is  universiUy  acknowledged  to  be,  it  is  necessary 
to  direct  our  attention  to  circumstances  very  remote  in  the  history  of 
those  who  are  its  subjects.  The  foundation  of  a  scrofuloiu  habit  is 
frequently  laid  diiring  the.  foetal  state,  by  the  transmission  of  that 
peculiar  organisation  ofthe  frame  from  parents  who  themselves  possess 
it.  Scrofula  is  also  observed  to  originate  in  the  healthy  offapring  of 
healthy  parents,  under  certain  circumstances,  the  principal  of  which 
are  habitual  exposure  to  cold  and  damp,  privatioTT  of  free  air  and  light, 
and  want  of  healthful  exercise.  A  moist,  cold,  and  variable  climate, 
like  that  of  Great  Britain  or  Holland,  is  particularly  favourable  to 
the  development  of  scrofula;  in  proof  of  which  it  is  sufficient  to 
adduce  the  great  prevalence  of  the  malady  in  Ixith  of  those  countries. 
A  very  cold  or  a  hot  climate,  on  the  other  hand,  serves  rather  to 
protect  us  against  scrofula ;  the  former,  dry  and  bracing,  invites  to 
exercise,  and  promotes  digestion,  and  thus  strengthens  the  system  j 
while  the  latter  favours  the  excretions,'p.irticularIy  that  of  the  skin, 
and  preserves  the  body  from  those  sudden  changes  of  temperature 
which  in  our  island  so  often  lay  the  foimdations  of  scrofulous  affec- 
tions. Among  the  causes  whicli  appear  to  give  rise  to  scrofula  in 
children,  are  uie  practices  of  rearing  them  by  the  hand  and  suckling 
them  too  long;  two  extremes,  both  of  which  often  lead  to  the  same 
result, — the  imperfect  nourishment  cf  the  child.  Another  cause  of 
this  disease  is  confinement  in  ill-ventilated  apartments;  for  the 
deficiency  of  pure  atmospheric  air  cannot  be  long  endured,  especially 
(luring;  youth,  without  the  most  injurious  consequences.  Acute 
di.-  i'.ne.H,  especially  tliose  accomp.-miod  with  cutaneous  eruptions,  as 
Mp.ill-pox,  measles,  and  scarlet-fever,  are  often  observed  to  bavo  the 
effect  of  j«Y>ducing  the  development  of  sorofnia;  and  the  more  tedious 


the  convaleeceiioe,  the  more  frequently  do  symptoms  of  this 
ensuei 

The  treatment  of  scrofula  divides  itself  naturally  into  the  prev 
and  curative.  With  regard  to  the  former,  it  must  bo  applied  both  to 
those  who  have  a  scrofulous  tendency  and  those  in  whom  it  has  not 
yet  been  developed.  The  progeny  of  scrofulous  parents  require  the 
greatest  care  and  attention,  if  an  outbreak  of  some  form  or-  other  of 
the  disease  is  to  be  avoided.  All  writers  on  this  subject  recommend 
that  the  children  of  scrofulous  parents  should  not  be  suckled  by  a 
scrofulous  mother,  and  that  a  healthy  wet-nurse  should  be  seound. 
Where  this  is  not  possible,  it  is  perhaps  better  for  the  child  to  take 
its  mother's  milk  than  to  rear  it  by  hand,  attention  being  paid  to  the 
hei^th  of  the  mother  during  the  suckling  o£  the  child.  In  the  preveo- 
tive  treatment  of  scrofula  it  should  be  rejcollccted  that  bold,  moistura, 
bad  or  deficient  food,  and  impure  air,  are  the  great  factors  of  the  tuber- 
culous deposits.  Children  and  adults  should  be  warmly  dressed,  and 
no  exposure  to  cold  should  be  allowed  unless  under  circumstances 
where  the  reaction  of  the  system  can  be  secured.  Thus  cold  bathing 
and  exercise  in  the  cold  air  ai'e  commendable  as  long  as  the  natural 
heat  is  kept  up.  A  moist  and  cold  atmosphere  acts-most  unfavourably. 
Climates  that  are  dry,  and  gravelly  and  chalk  soils,  ore  preferable  to 
moist  climates  and  clay  soils.  The  food  of  those  predi^>osed  to 
scrofula  shauld  be  nutritious.  It  should  especially  abound  in  ths 
oleaginous  element.  Children  should  not  be  allowed  to  reject  fai,  aai 
the  taking  butter,  cream,  and  fatty  food,  where  positive  indigestion 
does  not  iuterdict,  should  be  encouraged.  Exercise  reguliv  and 
constant  in  the  open  air  should  be  taken  every  day.  This  should  be 
sufficient  to  employ  the  muscles,  to  increase  the  capillary  circulation, 
to  promote  the  function  of  the  skin,  and  maintain  healthy  nutritionary 
oblige.  Of  all  the  causes  of  scrofula  that  of  impure  air  from  ovei^ 
crowding  and  imperfect  ventilation  is  the  most  constant  and  prevalent. 
It  presses  most  heavily  On  the  poor,  because  they  cannot  prevent  it, 
but  the  more  opulent  suffer  from  it  from  their  ignorance  of  its 
existcDco.  Close  rooms',  beds  with  curtains,  rooms  lighted  with  gas, 
crowded  assembly  moms,  and  places  of  worship,  all  contribute  to  bring 
on  a  state  of  the  body  from  which  there  is  too  often  no  escape  when 
once  it  comes  on.  In  this  respect  the  whole  of  the  internal  arrange- 
ments of  the  majority  of  houses  in  our  towns  and  cities  require 
reform.  It  is  not  till  this  subject  is  thoroughly  understood  by  the 
great  mass  of  the  community,  that  the  devastations  of  scrofula 
amongst  our  city  populations  wiU  cease. 

■  The  atrative  treatment  of  scrofula  may  be  divided  into  ci»ii(t(ii(t(ma2 
and  local  applications.  With  respect  to  the  former,  it  would  be  im- 
possible here  to  notice  all  the  numerous  remedies  that  have  been 
recommended  for  the  cure  of  this  disease ;  we  must  be  content  vith 
pointing  out  those  that  are  most  generally  esteemed.  Of  all  the 
remedies  employed  in  the  treatment  of  Scrofula,  perhaps  none  have 
enjoyed  a  greater  reputation  than  mercurials ;  but  it  is  only  from  their 
purgative  aud  alterative  effects  that  they  prove  beneficial,  and  not 
when  they  produce  that  powerful  influence  on  the  frame  which  so 
rarely  foils  to  ensue  from  ^heir  free  exhibition.  Tonics  are  amongst 
tha  most  valuable  remedies ;  of  these,  cinchona  is  perhaps  the  most 
efGcacious,  and  from  the  coucentratecl  form  fu  which  it  can  now  be 
exhibited  (namely,  ths  disulphate  of  quina),  the  most  generally  avail- 
able. Other  vegetable  tonics  and  bitters  have  been  administered  with 
advantage  in  scrofula,  such  as  calumba,  gentian,  and  hop.  Of  the 
metallic  tonics  used  in  scrofula,  iron  is  tluit  which  has  been  found  the 
most  beneficial ;  and  the  best  forms  of  exhibiting  it  are  the  Vinum 
Fcrri,  the  TmctuYa  Ferri  Scsquichloridi,  and  the  Fern  Sciquioxidiim, 
in  powder.  Iodine,  as  prescribed  by  Lugol,  ia  at  present  in  consider- 
able repute.  It  is  successfully  employed  both  internally  aud  locally, 
in  each  of  which  modes  it  increases  the  action  of  the  absorbents ;  and 
in  the  latter  it  likewise  often  induces  suppuration  of  strumous  tumotus, 
and  thus  hastens  their  removal.  Allusion  has  been  made  to  the  use 
of  fatty  food  as  a  preventive  of  scrofula,  and  cod-liver  oil  has  been 
found  of  no  les.?  value  as  a  medicine.  It  may  be  combined  with  any 
other  medicines  or  system  of  treatment  that  nmy  be  thought  necessary. 
The  evidence  in  favour  of  its  use  in  most  forms  of  scrofula  is  so  decided, 
tW  it  never  ought  to  be  overlooked  as  part  of  any  general  system  of 
treatment.  The  use  of  baths  in  the  treatment  of  strumous  affectioni 
is  of  great  value,  the  kind  of  bath  to  be  made  choice  of  being  deter- 
mined by  the  existing  state  of  the  patient.  Sudden  immersion  in  cold 
water,  and  especially  sea-water,  has  long  been  an  approved  remedy  in 
scrofula ;  but  when  the  strengdi  of  the  patient  is  so  reduced  that  no 
kindly  glow  fuUows,  .'vnd  when  there  is  decided  feverishness,  the  cold 
plunge-bath  is  nut  admisjiblc.  In  most  cases  the  worm-water  bath, 
and  still  more  that  of  vapour,  will  be  found  highly  soothing  and 
restorative. 

With  respect  to  the  local  treatment,  indolent  scrofulous  tumours, 
when  the  health  is  little  reduced,  may  be  dispersed  or  made  to  suppu- 
rate by  continued  pressure  or  by  blistering,  which  can  be  employed 
when  the  situation  of  the  swelling  will  not  admit  of  prtiuure.  In  the 
treatment  of  scrofulous  ulcers,  the  simplest  .and  mildest  dressings 
answer  best.  Cold  spring- water  ia  a  &vourito  application  with  many 
practitioners ;  and  preparations  of  lead  are,  upon  the  vhole,  very  con- 
venient and  usefvil  applications,  provided  the  solutions  be  used  in  a 
state  of  sufficient  dilution  to  prevent  irritation.  Formerly,  the  extir- 
pation of  scrofulous  tumours  was  advised,  but  this  method  is  now 
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conBidered  aa  being  for  the  most  part  injudicious  and  unneceBsary, 
with  the  exception  of  diseaaed  joints  and  a  few  other  porta  which  fre- 
quently require  being  amputa.ted  for  the  sake  of  Baving  the  patient's 
bfe.  Caustics  have  been  employed  for  the  same  purposes,  instead  of 
iiie  knife ;  but  as  they  effect  the  object  in  view  less  cerbunly,  more 
painfully  and  tediously,  and  cause  extensive  ulcers,  they  are  disused 
by  all  the  best  surgeons  of  the  present  day.  Some  authors  advise 
making  issues,  and  keeping  them  open,  in  order  to  prevent  any  ill 
effects  fi-om  the  healing  of  the  scrofulous  ulcers.  Issues  may  perhaps 
be  unnecessary  for  any  purpose  of  this  kind ;  but  they  are  eminently 
.useful  as  a  piut  of  the  local  treatment  of  scrofulous  joints  and  abscesses. 
iWhen  all  hope  of  recovering  a  diseased  portion  of  the  body  is  at  an 
.'end,  the  question  immediately  presents  itself  whether  such  i>art  ought 
not  to  be  removed  by  an  operation.  In  considering  the  propriety  of 
imputation,  it  is  necessary  to  determine  how  far  the  continuance  of 
the  affections  brings  the  patient's  life  into  hazard,  and  whether  he  has 
'still  sufficient  strength  left  to  undergo  the  operation.  When  another 
important  joint,  or  a  vital  organ,  as  the  lungs  or  bowels,  is  already  the 
seat  of  incnnble  disease,  such  operation  is  nugatory,  and  in  such  cases 
unquestionably  it  should  not  be  performed.  Qreat  caution  however  is 
Tequired  in  making  our  final  decision ;  for  every  practitioner  of  ex- 
perience has  seen  instances  where  the  symptoms  of  visceral  disease 
appeared  almost  to  preclude  hope,  and  yet  have  yielded  on  the  removal 
of  the  local  irritation,  and  a  cure  has  been  the  happy  result. 
I  (Cooper,  Surg.  Diet. ;  Oydop.  of  Pract.  Med. ;  Ancell,  Trtatilt'  o» 
jTuAeraiioiu  ;  Dr.  Beimett,  Prindplcf  and  Practice  of  Medicine  ;  Paget, 
Surgical  Pathology  ;  Lugol  on  Scrofula,  by  Dr.  Rankin ;  B.  Fhillipe,  On 
Scrofula  and  its  Treatment.) 

I  SCRUPLE  (KTupulum,  diminutive  of  scruput,  a  term  for  a  sort  of 
pebble,  probably  used  'in  counting)  is  now  used  only  as  the  third 
part  of  a  dram,  or  the  24th  part  of  an  ounce,  in  the  apothecaries' 
division  of  the  troy  pound.  It  was  used  originally  as  the  24th  part  of 
the  Roman  uncia ;  afterwards  as  the  sixtieth  part  of  an  hour,  or  what 
is  now  called  the  minute.  The  sixtieth  part  of  a  minute  was  called 
scrupulum  secundum,  the  sixtieth  part  of  a  scrupulum  secundum  was 
scrupulnm  tertium,  &a,  whence  our  terms  second,  third,  &c.  applied  to 
the  sexagesimal  divisions  of  the  minute.  It  is  worth  noting  that  the 
ancient  form  of  the  word  is  also  scripulum  and  scriptulum,  which 
mig^t  suggest  a  different  derivation  of  the  word  as  a  weight  or 
measure.  It  may  be  woith  while  to  add,  that  the  scrupulum  is 
described  by  lexicographers  as  a  small  pebble,  such  as  found  its  way 
between  the  sandal  and  the  foot,  whence  the  use  of  the.  word  to 
denote  a  difficulty  or  objection. 
-SCUDO.  [MoKBT.] 
.'  SCULPTURE,  in  ite  strict  sense,  is  the  art  of  carving  or  cutting  any 
material  into  a  proposed  form  or  shape.  In  its  more  general  accepta- 
tion it  is  the  art  of  representing  objects  hjform  ;  and  is  thus  applied 
to  carving,  modelling  (or  the  plastic  art),  casting,  whether  in  metal  or 
other  materials,  and  to  gem-engraving.  Sculpture  is  pisctised  in 
various  ways ;  namely,  in  forming  entire  or  insulated  figures,  as  statues 
or  groups,  called  in  technical  language,  "  the  round ; "  or  in  represent- 
ing objects  more  or  less  raised  without  their  being  entirely  detached 
from  a  background.  This  latter  is  termed  "  relief,'  and  the  degrees  of 
relief  are  defined  by  modem  writers  and  artists  by  the  expressions 
aUo-riliem,  when  the  object  is  so  salient  as  to  be  nearly  "  round ; " 
haieo^tiriv,  when  it  is  slightly  raised  from  the  background;  and 
mezzo-rilievo,  when  a  medium  is  preserved  between  the  extremely  high 
and  the  very  flat  "  relief."  There  is  another  variety  of  this  manner  of 
working  "  basso-rilievo,"  which  is  only  or  chiefly  found  in  Egypti^ui 
sculpture ;  the  outline  is  sunk  into  the  plane  or  ground,  and  the  parts 
are  then  formed  and  rounded  on  the  principle  of  basso-rilievo.  By 
this  mode  of  working  there  is  usually  no  projection  beyond  the  profile 
or  face  of  the  original  ground;  to  gain  effect  therefore  in  this  kind  of 
relieved  intaglio,  the  Egyptian  artists  frequently  painted  the  sculpture. 
It  is  not  necessary  to  enter  into  a  discussion  of  the  various  opinions 
respecting  the  comparative  antiquity  of  the  arts  of  painting  and 
scidpture.  Pliny's  storv  ('  Hist.  Nat.,'  xxxv.  12)  of  the  daughter  of 
Dibutades  having  traced  the  outline  of  her  lover's  profile  on  the  shadow 
cast  on  the  vrall,  and  of  this  outline  being  afterwards  filled  in  with 
clay  by  her  father,  would  give  the  priority  to  drawing ;  and  it  seems 
obvious  that  drawing  an  outline  must  be  antecedent  to  modelling,  or 
cutting  in  reUef;  but  a  little  consideration  will  suffice  to  establish  the 
probability  that  intulated  objects  and  figures  were  made  in  the  very 
earliest  times.  So  many  materials  offered  thenuielves  upon  which  the 
imaginative  faculty  could  be  exercised,  that  there  can  be  little  doubt 
that  rude  attempts  at  forming  clay,  or  any  other  plastic  substance, 
into  a  defined  shape,  were  amongst  the  first  exercises  »f  human 
ingenuity ;  and  the  easy  task  of  thus  repeating  or  copying  the  real 
form  of  an  object,  compared  with  that  of  representing  by  lines  (and  on 
a  flat  surface)  its  partial  and  perspective  appearance,  is  quite  sufficient 
to  lead  to  the  inference  that  this  was  the  earliest  mode  of  imitation. 
The  ancients  appear  to  have  avaUed  themselves  of  every  known 
material  that  was  capable  of  being  employed  in  sculpture.  Pliny, 
Pausamas,  and  other  writers  supply  some  curious  information  on  this 
subject,  for,  in  describing  works  of  art,  they  usually  mention  the 
materials  m  which  they  were  executed. 

For  modelling,  clay,  wax,  and  stucco,  or  plaster,  appear  to  have  been 
nmversally  adopted;   and  works  of  great  antiquity'   formed  of  these 


substances,  are  still  preeerved.  The  clay  model  was  usually  baked,  by 
which  it  acquired  a  hardness  scarcely  inferior  to  stone.  Moulds  were 
also  made  of  clay,  and  being  subjected  to  the  above  process,  were  safely 
used  as  forms  into  which  softer  substances  could  be  pressed,  and  thus 
objects  were  multiplied  without  difficulty.  The  almost  countless 
number  of  figures,  tussi-rilievi,  lamps,  tiles,  architoctural  ornaments, 
vases,  domestic  utensils,  stamps,  &c.,  which  are  found  of  this  material 
(called  ttTTo^cotta,  baked  earth),  proves  the  extent  of  its  employment  in 
the  earlier  ages  of  art.  The  objects  usually  composed  of  teira-cotta 
ore  of  small  dimensions,  but  there  are  instances  of  its  being  used  for 
works  of  considerable  size.  In  the  Museo  Borbonico  at  Naples  are 
two  statues,  of  Jupiter  and  Juno,  abov^  six  foot  high,  and  two  others, 
one  of  an  actor  and  the  other  an  actress,  above  four  feet  high.  They 
were  found  at  Pompeii.  The  larger  figures  are  inferior  in  their  forms 
to  the  others,  but  whether  the  faults  of  proportion  arise  from  the 
shrinking  or  contraction  of  the  clay  in  baking,  or  were  errors  in  the 
original  modelling,  it  is  not  easy  to  determine.  The  specimens  of 
terra-colta  preserved  in  England  are  for  the  most  part  of  small  size; 
but  there  are  some  very  beautiful  objects,  both  for  execution  and  sub- 
ject, in  the  Townley  collection  of  the  British  Museum.  Itappean 
highly  probable  that  the  ancients  always,  or  almost  always,  painted 
their  terra-cotta  works.  In  many  instances  the  colour  stul  remains, 
and  the  draperies  of  figures,  and  portions  of  architectural  ornament, 
often  exhibit  well  preserved  designs  of  border  patterns.  The  employ- 
ment of  wax  for  modelling  and  casting  can  be  traced  to  a  very  lemoto 
period.  The  Romans  also  employed  it  for  making  statues,  or  perhaps 
only  bust^.  It  was  a  custom  in  some  families  to  preserve  portraits  of 
their  ancestors  made  of  wax.     [Portbait.] 

A  great  proportion  of  the  ornamental  work,  rilievi,  &c.,  in  the  build- 
ings of  Pompeii  is  of  itucco  or  plaster.  Few  collections  of  antiquities 
are  without  specimens  of  figures  and  ornaments  modelled  in  this 
materiaL  Some  in  the  British  Museum  are  examples  of  great  delicacj 
and  sharpness  of  execution.  Many  o{  thym  are  painted;  red  is  the 
prevailing  colour. 

The  list  of  materials  used  for  carved  works  comprises  every  sub- 
stance, hard  or  soft,  that  could  by  possibility  be  employed  for  the  pur- 
pose, including  porphyry,  basalt,  granite,  marble,  alabaster,  ivory,  bope, 
and  wood  of  all  kinds.  'The  three  first  named  were  used  chiefly  by  the 
Egyptians,  who  seem,  in  all  their  monumente  o{  art,  to  have  worked 
with  the  view  of  securing  the  durability  of  their  productions,  employ- 
ing, whenever  they  could  do  so,  and  especially  for  works  of  importance, 
materials  likely  to  resist  the  action  of  the  atmosphere.  When  tiie 
introduction  of  some  of  the  superstitions  of  Egypt  into  Home  led  to 
the  adoption  of  the  Egyptian  style  of  sculpture,  it  became  the  fashion 
to  execute  works  of  art  in  the  above  materials ;  but  this  did  not  occur 
till  the  reign  of  Hadrian,  before  and  after  which  time  they  are  seldom 
met  iHth. 

The  variety  of  marbles  known  and  used  by  the  ancients  is  almost 
infinite.  (Pliny,  'Hist  Nat.,'  xxxvL  7.)  Those  preferred  for  their 
superior  texture,  colour,  or  applicability  to  sculpture,  were,  first,  the 
Parian,  which  was  found  in  the  island  of  Pares.  It  is  called  also 
Marpessian,  from  the -mountain  from  which  it  was  brought;  and  some- 
times Lygdinum  or  Lychneum,  perhaps  from  its  bright  sparkling 
appearance.  In  the  second  rank  was  the  Pentelio  marble,  which  was 
procured  from  Mount,  Pentelicus,  in  the  neighbourhood  of  Athens.  It 
was  highly  esteemed  by  the  sculptors  of  antiquity.  Its  colour,  like 
that  of  the  Parian  marble,  is  white ;  but  it  usually  has  a  cold  bluish 
tone,  arising  from  the  grey,  and  sometimes  greenish,  streaks  that  run 
through  it ;  while  the  general  hue  of  the  marble  of  Pares  is  warm  and 
creamy.  The  Italians  often  called  .the  Pentelio  marble  marmo  lalino, 
from  tiie  salt-like  appearance  of  its  groin  or  crystals.  The  marble  o£ 
Mount  Hymettus  in  Attica  was  also  much  esteemed ;  it  resembled  in 
colour  the  Pentelic  After  the  conquest  of  Greece  by  the  Romans, 
this  marble  was  imported  in  great  quantities  into  Italy.  Lucius  Oaa- 
sus  introduced  it  most  extensively  in  the  decoration  of  a  palace  which 
he  built  on  the  Palatine ;  an  instance  of  unusual  luxury,  which  was 
much  reflected  upon  at  the  time.  The  marble  of  Thasoa  seems  to 
have  been  much  used,  especially  for  architectural  purposes.  It  was 
employed  for  covering  and  encasing  edifices,  and  for  lining  reservoirs 
and  fish-ponds.  The  Italian  marble  was  procured  from  Luna,  in  the 
range  of  mountains  near  which  are  the  modem  towns  of  Massa  and 
Cairara.  These  quarries  seem  to  have  been  unknown  till  about  the  time 
of  Julius  Cccsar,  when  they  were  extensively  worked.  The  grain  of  the 
Carrara  marble  is  finer  than  that  of  the  Greek  marbles  above  men- 
tioned. Its  colour  is  usually  a  rich  white,  and  it  bears  a  close 
resemblance  to  fine  lump  sugar.  It  is  seldom  found  quite  pure ;  veins 
and  spote  of  black,  grey,  and  red  and  yellow  (oxides  of  iron)  occur  in 
it.  The  Romans  also  worked  qu.-uriea  in  Africa  which  produced  lime- 
stone and  white  marble  with  veins  of  pale  grey.  '  The  qunrries  in 
Greece  ore  no  longer  worked,  and  the  chief,  or  it  may  be  said,  the 
only  supply'  of  statuary  marble  is  at  present  from  Italy.  These 
were  the  principal  white  marbles  which  were  employed  by  the 
sculptors  of  antiquity,  and  in  which  some  of  the  finest  remains  of  art 
ore  executed. 

Among  the  varieties  of  wood  in  which  objects  were  carved,  we  find 
oak,  cedar,  cypress,  sycamore,  pine,  fig,  box,  and  obony.  Cetlar  vraa 
thought  to  be  very  durable,  and  on  that  account  was  u.sud,  Pliuy  says, 
for  images  of  the  gods;    the  same  author  cjpecially   distinguisllc:! 
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cypress,  cedar,  ebony,  and  bos,  for  their  capability  of  resisting  the 
injuries  of  time.  (Plin., '  Hist.  Kat./  zvi  40.)  Fausaniss  saw  several 
statues  of  wood  during  his  travels  in  Greece,  and  the  following 
instances  will  serve  to  show  that  this  apparently  humble  material  was 
employed  for  representing  the  most  elevated  personages  in  the 
ancient  mythology.  The  statue  of  Apollo  Archegetes  was  composed 
of  ebony,  as  was  the  statue  of  Diana  Limnitial  At  Lacediemon  the 
statue  of  Venus  was  of  cedar,  A  statue  of  Apollo  made  of  box 
adorned  tlie  treasury  of  the  BicyonianS  in  the  Altia.  In  the  temple  of 
Castor  and  Pollux  at  Argoa  were  their  statues,  those  of  their  children, 
and  of  their  motJiers,  all  made  of  ebony.  All  these  works  in  wood 
have  perished,  notwithstanding  Pliny's  observation,  "Materira  ipsn 
Ktemitu  "  ('  Hist.  Nat.,'  ziii.  6).  A  few  however  of  smaller  dimen- 
dons  have  been  found  in  tombs.  They  are  chiefly  figures  of  Egyptian 
idols;  and  the  wood  of  which  they  are  made  seems  to  be  sycamore. 
Gold,  silver,  iron,  tin,  copper,  lead  (sad  their  compounds^,  wax,  and 
plaster,  were  all  used  for  the  purpose  of  catting.  [Bbonzb  ;  Focndino.] 
A  mixture  of  gold  and  silver,  in  the  proportion  of  one  to  five,  formed 
•  composition  termed  Eltctrum.  According  to  Homer,  Helen  presented 
to  the  temple  of  Minerva  at  Lindus,  m  Bhodes,  •  cup  made  of 
electrum,  of  the  exact  form  and  size  of  one  of  her  own  breasts.  A 
mixture  of  copper  and  tin,  with  sometimes,  but  not  always,  small 
portions  of  other  metals,  formed  what  the  Greeks  called  Chaleot 
(x<(XKot);  the  Romans,  .£*;  and  modem  artists  (from  the  Italians), 
Bronze.  < 

There  was  a  statue  of  Augustus  of  amha";  and  at  the  celebration  of 
funeral  ceremonies,  as  those  in  honour  of  Sulla,  statues  were  some- 
times made  of  gum  and  aromatia,  as  well  as  of  other  materials  of  the 
most  combustible  nature,  as,  for  instance,  of  hay.  Among  the  strange 
conceits  of  artists  there  is  mention  of  a  statue  of  the  goddess  of  Love 
made  of  loadttone,  which  attracted  a  Mars  of  iron. 

The  union,  or  rather,  combination  of  difierent  marbles  in  the  same 
work  was  called  polyUthie  sculpture.  When  painting  or  colouring  was 
resorted  to,  it  was  termed  polychromic  sculpture.  These  mixtures, 
which  modem  taste  disapproves,  were  resorted  to  by  the  most  cele- 
brated artists  of  antiquity,  and  during  the  mdbt  flourishing  period  of 
sculpture  and  architecture  in  Greece.  The  various  aichiteatural 
members  of  their  temples  were  picked  out  in  red  and  blue ;  and  the 
backgrounds,  and  frequently  parts  also  of  the  sculpture  itself,  especi- 
ally of  lilievi,  were  coloured,  to  give  further  efiect  to  the  design. 
There  can  be  no  doubt  that  tiie  peculiar  circumstances  of  the '  climate 
must  materially  affect  the  appearance  of  this  kind  of  decoration. 
"What  in  the  dull  atmosphere  of  northern  countries  would,  at  the  best 
of  times,  appear  either  diogy  or  tawdry,  might  easily  be  imagined  to 
bave  a  very  different  effect  when  seen  clearly  de&ied  and  relieved 
Mnunst »  cloudless  blue  sky,  and  by  the  bright  glare  of  a  southern  sun. 
^e  oomUnation,  under  such  favourable  circumstances,  of  white 
marble,  of  which  the  temi^es  were  usually  constmcted,  with  simple 
thou^  brilliant  colours  to  mdicate  the  mouldings  or  smaller  members  of 
thewshiteoture  and  sculpture,  sparkling  with  gold  ornaments,  certainly 
offers  to  the  faqcy  a  spectacle  of  surpassing  splendour.  It  is  not  quite 
BO  easy  to  reconcile  with  our  notions  of  propriety  or  good  taste  the 
mixture  of  materials  for  sculpture  mtktH  buildings,  where  space,  and 
sometimes  light,  if  the  temple  were  not  open  in  the  roof,  would  be 
wanting  to  dissipate  the  heaviness  of  effect  which  it  is  conceived  such 
works  would  have.  The  introduction  of  .foreign  substances,  either 
metal,  precious  stones,  paste  or  glass,  for  eyes  in  statues  and  busts  (of 
which  examples  occur  m  works  even  of  the  best  period  of  art),  is  a 
tfpecios  of  barbarism  that  is  quite  unaccountable,  and  which  the  most 
sealons  admiration  of  the  genius  of  the  Greeks  cannot  qualify  or 
excuse.  Such  instances  may  however  be  considered  exceptions  to  the 
rule  of  pore  taste  and  simple  feeling  which  is  exhibited  in  the  greater 
number  of  woriu  by  the  sculptors  of  Greece ;  and  modem  experience 
will  probably  afford  the  best  solution  of  what  would  otherwise  seem 
an  anomaly,  by  suggesting  that  the  artists,  even  of  those  times,  were 
occasionally  dictated  to,  and  their  own  better  taste  overruled  by  the 
caprice  of  their  employers.  It  seems  difficult  to  account  otherwise 
for  the  strange  circumstance  of  the  lips  as  well  as  the  eyes  being  inlaid. 
There  is  more  than  one  example  of  this  among  the  fine  bronzes  pre- 
served at  Naples, 

Inscriptions  were  sometimes  Inserted  into  bronze  statues;  the 
letters  being  of  a  different  metal  from  the  figure.  Cicero  ('  In  Yen-.,' 
Orat,  iv.)  speaks  of  an  Apollo  inscribed  with  the  name  of  Myron.  In 
the  collection  at  Paris  is  a  statue  of  a  youth  in  bronze,  on  the  left  foot 
of  which  are  the  remains  of  two  Greek  words,  AeANAIA .  AtKKTAlt, 
in  sQvep-letters, 

There  was  a  veiy  peculiar  combination,  rather  teferred  to  than 
described  by  ancient  authors,  by  which  shades  or  tints  of  colour  were 
produced.  Plutarch  ('  Symp,,'  lib.  v.)  says  that  the  sculptor  Silanion 
made  a  statue  of  Jocasta,  the  wife  of  Laius,  king  of  Thebes,  in  which 
■he  was  represented  dying.  To  increase  the  intensity  of  the  enres- 
^n  of  the  countenance,  the  artist  by  an  ingenious  mixture  of  the 
metals  of  jrhich  the  statue  was  composed,  had  produced  a  pallid 
appearance.  This,  he  says,  was  effected  by  the  addition  of  silver. 
Callistntus  admires  a  bronze  statue  of  Cupid  by  Praxiteles,  for  its 
elegant  position,  for  the  arrangement  of  the  hair,  its  smile,  the  fire  in 
its  eyes,  and,  he  adds,  there  was  in  its  countenance  a  vivid  blush.  He 
observes  the  same  thing,  and  with  equal  admiration  and  astonishment, 

ABTS  ASD  BOI,  MV,  VOL.  Til. 


of  a  statue  by  Lysippus.  After  describing  the  work  generally,  he 
says,  the  cheeks  were  coloured  like  the  rose,  and  those  who  saw  it 
were  struck  with  surprise  at  seeing  the  bronze  imitate  the  appeaisnce 
of  nature.  The  same  remarkable  effect  is  noticed  in  a  bronze  statue 
of  Bacchus  by  Praxiteles:  To  these  may  be'added  a  statue  of  Athamaa 
at  Delphi,  mentioned  by  Pliny.  He  was  represented  sittmg  after  the 
murder  of  his  son  Learchus,  whom  he  had  precipitated  from  a  rock. 
This  work,  he  says,  was  not  entirely  of  iron ;  for  the  artist,  Aristonidas, 
wishing  to  express  the  effect  of  confusion  and  remorse  in  the  counte- 
nance of  the  king,  used  a  mixture  of  iron  and  bronze,  which  should 
imitate  in  some  measure  tile  blush  of  shame.  (Plin.,  'Hist.  Nat/ 
xxxiv.  14.)  Other  notices  might  be  quoted  of  this  practice  of  the 
ancients.  The  writers  who  refer  to  these  effects  describe  them  as  the' 
reeiilt  of  study  and  intention  An  the  part  of  the  artists,  and  do  not 
allow  vm  to  suppose  that  the  mere  accident  of  oxidation  and  decom- 
position produced  them.  The  art  seems  to  be  quite  distinct  from  that 
called  toreutic  ;  the  latter  being  the  union  of  distinct  materials,  easily 
removable,  wldle  the  former  is  described  as  effecting  ao  amalgama- 
tion which  produced  shades  or  tints.  The  &w  writers  who  speak  of 
it  are  certainly  general  in  their  observations,  and  give  no  technical 
details  of  the  manner  of  effecting  these  combinations ;  but  this  hardly 
justifies  the  entire  rejection  of  their  testimony  as  to  what  they  saw. 
It  is  most  probable  that  they  coloured  the  statues  after  they  were  cost, 
as  Pliny  says  was  done  in  Egypt  (xxxiii  9).  The  different  compart- 
ments and  objects  in  the  shield  of  Achilles  ('  Iliad,'  xviiL)  are  described 
as  exhibiting  different  colours.  This  however,  whether  the  passage  be 
Homeric  and  geniiine,  or  interpolated  at  a  later  though  ancient  period, 
may  have  been  a  specimen  of  tareatie  art.  That  the  ancient  sculptor* 
increased,  or  imagined  they  increased,  the  ^eot  of  thmr  x>roduo> 
Uons  in  marble  by  adding  colour,  not  only  tradition  but  existing 
monuments  testify.  It  is  merefore  not  only  possible  but  highly  prot 
bable  that  they  had  some  process  with  which  we  are  unaoqiiamted,  by 
which  they  were  able  to  produce  some  similar  effects  in  their  metal 
works, 

Sculpture,  as  it  was  practised  by  the  most  ancient  nations,  must  be 
viewed  in  a  very  different  ligfyt  from  that  in  which  we  consider  its 
employment  in  more  modem  times.  With  a  comparativdy  uncivilised 
and  unlettered  people  sculpture  and  typical  art  were  the  only  means 
of  representing  ideas,  and  it  had  its  origm  almost  in  the  wants  of  man. 
With  later  nations  (even  of  a  remote  antiquity)  art  became  in  a  degree 
a  refinement;  and  then  the  various  changes  and  improvements  were 
adopted  that  now  occasion  the  difficulty  in  distinguishing  between 
original  and  engrafted  styles,  , 

The  few  notices  that  are  scattered  over  the  writings  of  the  ancients 
are  (^uite  inconclusive  as  to  a  common  origin  of  art ;  although  certain 
received  opinions  upon  the  subject  are  occasicnally  met  with.  The 
very  late  date  of  the  oldest  of  these  writers,  compared  with  the 
undoubted  antiquity  of  the  arts  of  design,  accounts  sufficientiy  for 
Qie  difficulties  they  laboured  under  in  collecting  any  trustworthy 
evidence  on  such  points,  and  for  the  &bles,  exaggerations,  and  con- 
tradictions that  abound  in  their  statements.  The  adventures  and  works 
attributed  to  Daedalus,  for  instance,  are  a  proof  of  the  Umited  Imow- 
ledge  that  existed  of  the  fiiM  artist  whose  name  occurs  in  the  annals  of 
Greek  sculpture.  The  inventions  and  improvements  in  various  useful 
arts  due  to  a  series  of  artists,  and  for  which  a  single  life  would  be 
insufficient,  are  nevertheless  all  ascribed  to  this  one  individual,  who, 
after  nil,  bore  a  name  that  in  all  probabilitj^  was  merely  a  general 
appellation  given  in  early  times  to  any  skilful  workman  or  artificer. 
In  the  same  manner  we  &id  the  introduction  into  Italy  of  the  plastio 
art  (simple  modelling)  attributed  by  Pliny  to  a  refugee  from  Corinth  at 
so  late  a  date  as  about  600  B.0,  The  arrival  in  Etruria  of  Demaratus 
may  have  introduced  changes  or  improvements  in  the  fabric  and 
decoration  of  vases.  The  names  of  the  artista  who  are  said  to  have 
accompanied  him,  Eucheir  sod  Eugnmmus,  soimd  like  epithets 
indicative  of  skill,  rather  than  dmple  names  of  persons.  Some  writers 
speak  of  iipages  having  fallen  from  heaven.  These  several  instances 
are  referred  to  in  order  to  show  that  even  where  tradition  had  supplied 
scattered  and  undefined  notices  of  works  of  art  of  a  remote  date,  they 
had  become  so  subject  to  change  and  misrepresentation  as  succeeding 
generations  received  uid  in  their  turn  again  recorded  thorn,  that  it 
would  be  vain  to  place  any  d^wndence  upon  them  for  a  histoiy  of  the 
origin  of  art.  The  inquiry  into  the  precise  time,  the  country,  the 
circumstances  when  the  first  efforts  in  sculpture  were  made,  muck 
therefore  be  attended  with  almost  insuperable  difficulties.  Not  so  th« 
establishment,  at  a  later  period,  of  epochs  marked  by  changes  in  style, 
and  what  artista  call  treatment. 

The  desire  to  perpetuate  thememoiyof  extraordinary  events,  of 
remarkable  persona,  or  of  their  actions ;  to  honour  heroes  and  bene- 
tuAfoa  even  during  their  lives,  and  to  hand  down  to  future  ages  the 
fame  of  their  exploits,  has  been  universal,  and  has  rendered  the  arts  by 
which  such  an  end  could  be  attained  objects  of  universal  interest. 
The  fint  works  applied  to  this  purpose  were  no  doubt  marked  by  tho 
greatest  simplidty.  The  oldest  and  most  authentic  histories  speak  of 
mmumcnts  erected  to  mark  the  scene  of  any  remarkable  incident ; 
and  although,  at  the  early  periods  referred  to,  these  monuments  were 
only  composed  of  rude  blocks,  or  mere  heaps  of  stones,  still  to  such  a 
simple  commencement  may  doubtiess,  io  a  great  measure,  be  traced 
the  origin  of  sculpture.    Jacob  set  up  a  heap  of  stones  at  Bethel  to 
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iDArk  the  spot  where  he  hod  hod  his  dream  or  viBion.  (Gen.  zxviii.  18.) 
A  Bimilar  simple  memorial  of  a  pillar  and  a  heap  of  stones  commemo- 
rated the  covenant  entered  into  between  Jacob  and  Laban.  (Gen.  zxzL 
44.)  A  umilar  n^onument  was  built  over  the  grave  of  UacheL  (G»i. 
zxxy.  20.)  Joshua  also  set  up  a  great  stone  under  an  oak,  "  to  be  a 
witness."  (Josh.  zzir.  27.)  As  late  as  the  time  of  Pausanias,  about 
A.I>.  170,  certain  of  the  Qrecian  divinities  were  worshipped  under  the 
form  of  rude  blocks  or  mere  columns,  or  stones  set  upright  (Paus,  vii. 
22) ;  and  even  in  the  present  day  the  custom  exists  in  some  countries 
«f  setting  up  a  heap  of  stones  to  mark  the  spot  where  any  ezbraordinuy 
accident,  suoii  for  example  as  a  death  from  violence,  has  occurred. 
These  are  frequent  in  Italy,  where  th«  paaser-by  usually  adds  another 
$tone  to  the  heap,  at  the  same  time  repeating  a  prayer  lor  i^e  repose 
of  tiie  soul  of  the  deceased. 

It  has  been  said  that  the  history  of  sculpture  is  almost  the  history 
of  idolatiy.  Beligious  feeling  doubtless  had  its  share  in  forwarding 
the  progress  of  the  arta ;  for  man,  even  in  his  rudest  state,  always  has 
a  belief  that  good  and  evil  emanate  from  soma  superior  power ;  and, 
unable  to  comprehend  a  divine  essence  or  spirit,  has  by  degrees  been 
led  to  offer  his  addresses  to  some  visible  object  as  its  represantative. 
But  it  seems  probable  that  the  firat  images  or  statuea  were  of  men 
rather  than  of  gods :  and  thus  that  human  idols  preceded  those  of 
divinities.  This  supposition  is  strengthened  by  t^e  fact  that  the 
heavenly  bodies  were  the  earliest  objects  of  wordiip  among  the 
heathen  nations ;  and  the  symbols  that  were  afterwards  dedicated  to 
them  were  most  likely  merely  pillars  of  a  conical  or  pyramidal  form, 
and  not  fanitations  of  the  hiuuan  figure ;  and  when  such  works  are 
referred  to  and  called  "  graven  images  "  by  Moses,  it  has  ingeniously 
been  supposed  to  be  in  allusion  to  Uia  signs  or  hieroglyphics  inscribed 
or  cut  on  them.  The  sun  waa  worshipped  at  Eioesa  undw  the  form 
of  a  black  conical  stone  with  maika  to  represent  the  sun.  (Herodian, 
T.  6 ;  <3ibbon,  vol.  i.,  c.  vi.) 

,TradiU<»al  accounts  of  wonderful  feats  in  arms,  the  real  or  fabled 
history  of  a  conqueror,  or  a  lawgiver,  or  the  founder  of  a  nation,  led  in 
all  probability  to  the  first  attempts  at  making  a  portrait  figure  or 
image,  which  a  nade  and  uninfomed  people,  always  attmcted  by  the 
marvellous,  associating  vrith  it  actions  of  supernatural  prowess,  would 
soon  learn  to  contemplate  with  fedinga  both  of  admiration  and  of  awe. 
Extraordinary  respect  wquld  lead  to  the  payment  of  extraordinary 
honours ;  and  the  elevation  of  heroes  into  divinities  would  be  attended 
with  little  difficulty  when  time  had  obscured  the  real  existence  of  tiie 
prsonages  and  weakmed  the  remembrance  of  their  actions.  The 
imagination  would  easily  be  worked  upon  while  the  eye  contemplated 
these  first  rude  attempts  at  form;  and  thus  mem  would  be  devated 
intogoda. 

The  oldest  idols  of  Egypt,  no  less  than  the  nxaiatronB  images  of  the 
Buddhists  and  C^binese,  were  probably,  in  the  natural  progress  of 
supoirtition,  the  fruits  of  a  similar  origin.  The  general  forms  onoe 
admitted  and  consecrated,  as  symbolical  of  divine  attributes,  were 
afterwards,  in  some  instances,  preserved  from  innovations  by  the 
influence  of  the  hierarchical  institutions ;  and  thos  wss  a  barrier  raised 
which  for  a  long  period  waa  fatal  to  the  progress  of  imitative  art  We 
are  accustomed  to  look  to  the  East  as  the  nureery  in  which  art  and 
•oianoe  had  their  origin ;  and  it  is  probable  that  much  in  the  Egyptian 
and  even  in  Uie  Oredan  religious  systems  was  derived  from  this  source. 
In  the  representations  of  the  deities  of  the  Hindus,  the  human  form  is 
frequently  combined  with  the  brute,— Uie  union  of  inteUigenoe  and 
lOToe;  and,  ae  we  know  was  the  case  with  the  Egyptians,  the  Hindu 
arti^_  seem  to  have  been  subjected  to  some  limitations  and  to  a 
prescribed  type.  In  all  statues  and  rilievi  that  remain,  many  of 
which  must  have  been  executed  at  distant  periods,  there  is  the  same 
prevailing  character  of  form,  expression,  and  attributes ;  while  out  of 
the  immediate  pale  of  their  mythological  or  sacred  system  they  appear 
to  have  been  less  restricted ;  and  some  of  the  sculptures  at  EUora  and 
Elephanta  exhibit  a  feeling  for  composition,  and  a  power  of  expressing 
character,  which  make  it  suiprising  that  their  sculpture  never  attained 
ni^er  excellence. 

In  turning  to  the  inspired  writings,  we  find  allusion  made  to  imita- 
fave  art  m  the  earliest  period  of  history.  The  Israelites,  after  the 
Bxodus,  are  warned  against  the  superstitions  and  corruptions  that  had 
by  degrees  crept  in  and  deformed  their  primitive  simple  forms  of  wor- 
mip.  and  are  exhorted  to  return  to  a  pure  devotion,  as  for  instance  in 
the  book  of  Joshua  (xiiv.  2, 14, 15,  28). 

Badiel,  when  she  left  her  father's  house  with  Jacob  and  Leah, 
ewned  away  "the  images;"  and  taban  pursued  them  in  order  to 
reoOTer  objects  upon  which  he  seems  to  have  set  a  hi^  value.  This, 
we  baheve,  IS  the  earliest  notioe  in  the  holy  writings  of  the  existence 
of  such  aiingB,  and  even  here  we  have  no  particulars  by  which  any 
idea  can  be  formed  <rf  what  they  were  like,  or  of  what  materials  they 
were  made.  That  they  were  smaU  U  evident  from  the  circumstaoM 
of  Rachel  being  able  to  carry  them  away  unobserved,  as  well  as  from 
^e  feoihty  With  which  they  were  concealed  when  Laban  "  searohed  aU 
the  tent,  and  found  them  nob." 

No  remains  of  Hebrew  sculpture  are  known ;  but  as  early  as  the 
time  of  Moses  they  had  attained  to  a  considerable  proficiency  in  some 

1.  ?^  difficult  processes  of  art  The  setting  up  of  the  molten 
calf,  and  the  makmg  of  the  brazen  serpent,  are  evidenas  of  this.  The 
earUest  recorded  names  of  sculptora  are  in  the  Old  Testament ;  Bexar 


leel  the  son  of  Uri,  of  the  tribe  of  Judah,  and  AhoUab  the  son  of 
Ahisamacb,  of  the  tribe  of  Dan.  (Exod.,  xxvi.)  They  were  the  artiste 
appointed  to  make  the  ornaments  of  the  Tabernacle,  and  their  date  is 
werefora  about  fifteen  hundred  years  before  the  Christian  a;ra. 

From  the  peculiar  position  held  by  the  Phoenicians,  and  their  cha- 
racter for  enterprise  and  ingenuity,  u  is  much  to  be  regretted  that  we 
possess' no  q)eciinens  of  their  design.  The  coins  of  Carthage,  a  colony 
of  Phoenicia,  are  of  too  late  a  date  and  of  too  insignificant  a  character 
to  throw  any  light  upon  the  condition  of  sculpture  among  the  par«it 
people.  The  recant  excavations  and  researches  of  Mr.  Davis  on  the 
site  of  Carthage,  have  not  brought  to  li^t  any  productions  ol  a  kind 
to  elucidate  what  is  doubtful  with  reference  to  the  attainments  of  the 
FhoDnicians  in  the  higher  branches  of  sculpture  and  of  the  arts  gene- 
rally. We  can  therefore  only  estimate  their  proficiency  in  aH.  ingenious 
pursuits  from  the  encomiums  so  generally  passed  upon  thran  by  ancient 
writers.  While  the  neighbouring  people  were  in  a  state  of  primitive 
simplicity  or  profound  ignorance,  the  Phoenicians  seem,  by  a  native 
industry  and  diqrasition  to  exertion,  to  have  made  Ijiranselves  cele- 
brated for  their  arts  and  manufactures.  Their  country  waa  the  great 
mart  and  maganne  of  the  known  world.  The  prophet  Kzekiel  apostro- 
phises Tyre  as  a  "  merchant  of  the  people  for  many  isles." — "  The  ships 
of  Tartdush,"  he  pays,  "  did  sing  of  thee  in  thy  market ;  and  thou  wast 
replenished  and  made  very  glorious  in  the  midst  of  the  seas."  Homer 
('  Iliad,'  xziii.  743)  calls  them  "  the  Sidoniam,  the  skilful  workers  or 
artificers "  (SiMvct  ro^vScdSaXot),  when  he  speaks  of  them  as  having 
made  an  ehUwrately  worked  silver  cup.  Solomon  sent  to  Hiram,  king 
of  Tyre,  for  workmen  to  build  and  decorate  his  magnificent  temple ; 
and  the  king  sent  him  a  "cunning"  man,  skilful  to  work  in  gold, 
sQver,  brass,  iron,  stone,  and  timber.  (2  Chron.  ii  18 ;  and  1  Klnga, 
vii)  The  building  of  Solomon's  temple  took  place  about  one  thousand 
years  before  the  Christian  era. 

With  the  exception  of  the  Hindus,  our  remarks  have  thus  far  been 
confined  to  ^lose  nations  among  whom  sculpture  is  known  to  iiave 
been  practised,  but  of  whose  art  no  monuments  remain.  We  are  now 
about  to  enter  upon  a  more  interesting  field  of  inquiry.  Sculpture 
had  in  its  first  stage  (when,  as  we  believe,  each  people  who  employed 
it  originated  it  for  themselves)  fulfilled  its  purpose  aa  a  sign  or  a 
record.  Afterwards  it  acquired  an  increased  dignity  from  beinj;  used 
to  r^reient  objecte  claiming  admiration  or  respect ;  and  it  was  m  this 
stage  probably  tiiat  valuable  materiala  were  first  used  for  sculpture. 
The  progress  was  easy  to  employing  it  for  decoration,  and  the  Baby- 
lonisna  and  Hebrews  made  great  use  of  it  for  this  purpose.  But  aa 
yet  no  practical  knowledge  has  been  gained  with  respect  to  its  progress 
as  an  art  of  design ;  of  the  changes  &am  primitive  rudeness  to  d^ned 
form  and  character;  nor  of  the  innovations  or  varieties  in  feeling  or 
practice  occasioned  by  the  intercourse  of  hitherto  stiange  and  unknown 
nataoas. 

The  style  of  sculpture  and  the  condition  of  the  art  at  different 
periods  among  the  Persians,  the  Egyptians,  the  Assyrians,  the  Etrurioos, 
the  Greeks,  and  the  Bomans,  can  fortunately  be  illustrated  by  reference 
to  existing  remains.  Each  of  these  people  had  their  peculiar  manner, 
which  has  given  a  diaracter  of  tdiool  to  their  productions.  In  all  of 
them  the  practice  of  art  was  more  or  less  influenced  by  the  priests, 
and  by  local  and  popular  religious  opinions;  and  it  will  be  interesting 
to  trace  how  far  these  influences  affected  the  progress  of  sculpture, 
by  restraining,  as  they  did  in  some  instances,  its  advancement  towards 
perfection  even  as  an  imitative  art ;  or  in  urging  it  forward,  as  among 
the  Greeks,  till  it  reached  its  highest  excellence,  by  the  union  of 
subject,  form,  and  expression,  as  a  means  of  gratifying  sense,  exciting 
feeling,  and  devating  sentiment. 

Sculpture  was  practised  in  Persia  with  very  limited  success 
Various  ciroumstances  conspired  to  retard  its  progress.  The  Persians, 
disapproved  of  statues  for  religious  purposes ;  that  is,  aa  objects  to 
which  worship  should  be  oSered.  Not  believing,  as  ihe  Greeks  did, 
that  the  gods  had  the  human  form,  they  admitted  no  representation 
of  the  deity,  and  allowed  fire  and  water  to  be  the  only  symbols  or 
emblems  of  the  divine  power.  It  is  said,  that  Xerxes  destroyed  the 
temples  of  Greece  at  the  instigation  of  the  Magi,  who  exclaimed 
against  Uie  impiety  of  those  who  presumed  to  enclose  within  walls  the 
gods  to  whom  all  things  are  open  and  free,  and  whose  appropriate 
temple  is  the  whole  universe.  Wherever  iihey  appeared  as  conquerors, 
the  effects  of  this  opinion  were  exhibited;  and  m  E^Qrpt,  as  wnl  as  in 
Greece,  they  gave  full  indulgence  to  the  iconoclastic  fuiy.  It  is  not 
easy  to  deteiniine  the  date  of  such  sctUptures  as  appear  on  Persian 
bnUdings.  Those  which  decorate  the  structures  at  Peraepolis  rei>raeent 
religious  processions  chiefly,  and  Bometimes  combate  both  of  men  and 
beasts.  In  none  of  them  is  there  any  approach  to  a  representation  of 
the  naked  human  figure.  Their  figures,  enveloped  m  long  heavy 
draperies,  are  deficient  in  grace,  variety  of  action,  and  character.  At 
a  later  period  of  their  history  some  innovations  seem  to  have  been 
permitted,  but  these  were  not  of  sufficient  importance  to  raise  their 
art  to  any  degree  of  excellence.  The  low  measure  of  their  attain- 
mente  in  this  respect,  and  the  general  want  of  taste  in  art,  are  strikingly 
exhibited  in  the  gold  coins  called  Daiica,  which  display  as  much 
poverty  of  design  as  meanness  and  dumsiness  of  execution.  It  has 
been  tiiought  that  Penian  art  received  some  additions  or  modifica- 
tions after  the  return  of  Cambysea  from  Egypt,  when  he  probably  waa 
aooompanied  by  some  of  tihe  artists  of  that  comparatively  cultivated 
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nation.  There  is  however  nothing  in  my  of  the  monuments  that 
lemain  which  is  evidence  of  this  influence.  In  the  treetment  of  the 
termination  of  the  hair  in,  small  Ironnd  ahell-lik&  knobs,  and  in  the 
paraUelism  and  uniformily  of  the  long  draperies,  there  is  a  strong 
resemblance  between  the  styles  of  the  Perman  and  early  Greek  and 
Etruscan  monuments.  If  this  is  anything  more  than  a  general 
characteristio  of  primitive  art,  it  only  proves  that  the  Persians  were 
at  one  period  not  far  inferior  to  their  neighbours,  but  &iled  to  make 
that  progress  in  design  and  execution  which  eventually  led  to  the 
perfection  of  art  in  Greece  and  Asia  Minor, 

In  Egypt,  on  the  other  hand,  distinct  as  is  tiie  qoalit;  of  its  art 
from  that  of  Greece,  sculpture  was  practised  on  a  scale  and  for 
purposes  that  give  it  an  irresistible  clahn  tp  our  interest.  From  all 
we  read  in  ancient  authors,  and  from  all  that  modem  research  has 
brought  to  Ught,  the  Egyptians  were  learned,  intelligent,  iddustrious, 
and  wealthy.  Neighbouring  nations  considered  Egypt  as  ibe  centre 
iind  ibe  souree  of  uQ  knowledge ;  and  "  the  wisdom  of  the  Egyptiims" 
passed  into-  a  proverb.  Of  the  power  and  the  ingenuity  of  the 
Kgyptdans,  even  in  the  most  archaic  times,  some  idea  may  be  formed 
from  the  magnitude  and  character  of  their  remaining  monuments  of 
architecture  and  sculpture,  some  of  which,  of  a  finidied  style  of  art, 
are  considered  to  be  not  only  of  a  much  earlier  date  than  any  known 
works  of  other  countries,  but  older  iiaa  any  historical  record  that  we 
possess.  The  date  of  the  foundation  of  Thebes,  the  capital  of  Upper 
Egypt,  and  of  Memphis,  the  capital  of  Lower  Egypt,  is  undetermined ; 
but  it  must  be  of  a  very  high  antiquity.  At  Karnak  (a  portion  of 
Thebes  lying  on  the  Arabian  side  of  the  Nile)  there  are  remains  of 
sculpture  wmch  bear  the  name  (Osirtasen)  of  a  monarch  supposed  to 
have  been  contemporary  with  Joseph:  and  many  of  the  ruins  are 
attributed  by  archxtilogists  to  a  date  long  antecedent  to  that  king. 
These  monuments  are  mentioned  merely  in  proof  of  the  great 
antiquity  of  scnlpture  among  l^e  Egyptians,  and  as  affording  the 
oppcniunity  of  comparing  the  peculiarities  of  the  style  of  art  at  that 
early  time  with  that  of  works  of  later  date. 

Winckelman,  Hillin,  and  Feo  have  thought  it  possible  to  distin- 
guish difiisrent  periods,  or  epochs,  in  the  histray  of  E^ptiao  sculpture ; 
but  they  have  not  agreed  in  their  classification.  Thi«  is  not  to  be 
wondered  at,  when  the  general  resemblance  of  style  that  pervades  all 
Egyptian  design  is  considered.  In  the  coiurse  of  ages,  and  especially 
under  some  of  the  more  ambitious  and  enlightened  of  their  kings,  a 
grander  style  of  form  and  greater  variety  of  composition  wer«  indulged 
In.  Still,  th»  very  slight  variations  that  were  made  (for,  considering 
the  space  of  time  over  which  the  history  of  Egypt,  as  a  flourishing 
nation,  extends,  they  may  truly  be  called  slight)  render  any  attempt 
af  a  satisfactory  dasafleation,  or  reduction  of  Qhanges  to  chronologioil 
periods,  almost  hopeless.  The  only  division  of  epochs  of  art  in 
Egypt  which  is  not  open  to  dispute  is,  flrat,  that  of  an  original  and  pre- 
served standxurd  which,  with  slight  variations  and  modifications,  existed 
from  the  earliest  date  of  art  in  the  country  down  to  the  time  of  the 
arrival  of  the  Macedonian  Greeks  in  Egypt,  that  is,  till  about  830  B.o. 
The  Greek  dominion  in  Egypt  constitutes  the  second  period ;  and  the 
style  of  art  may  perhaps  not  inappropriately  be  called  Gncco-E^ptian, 
as  it  certainly  was  influenced  by  the  taste  introduced  by  that  people, 
^e  next  and  l^st  period  may  be  termed  the  pseudo-Egyptian,  or 
imitative  period;  and  dates  from  the  time  of  Hadrian,  or  about  ▲.». 
180,  when  the  Bomans  adopted  many  of  the  superstiticms  of  the 
Egyptians,  and  added  some  of  their  divinities  to  their  own  extensive 
•  mytnolo^cal  calendar.  This  love  of  novelty,  or  subserviency  to  the 
eapricei  of  their  emperor,  filled  the  cities  and  viUas  of  Italy  with 
statues  of  Isis,  Osiris,  and  other  personages  and  objecia  of  Egyptian 
worship.  No  advantage,  however,  was  gained  by  Egyptian  art  in  con- 
sequence of  the  springing  up  of  this  fashion  in  Kome.  The  great 
endeavour  was  rather  to  give  all  design  on  Egyptian  character,  than  to 
elevate  the  character  of  Egyptian  art  by  thft  introduction  of  a  superior 
taste  either  in  form  or  composition.  The  most  fevourable  specimen 
of  the  mixed  style  is  the  fine  statue  of  the  Egyptian  Antinous,  as  it  is 
called ;  but,  founded  on  caprice  and  &lse  principles,  the  Roman  or 
pseudo-Ej^rptisn  manner  soon  fell  into  disuse,  and  has  never  been 
resumed.  It  will  be  remarked  that  ia  all  the  changes  of  circumstances 
to  which  we  liave  referred,  and  by  which  the  political  condition  of 
Egypt  was  materially  affected,  no  sufficient  alterations  occurred  to 
destroy  ti'e  peculiar  and  distinctive  character  of  Egyptian  art,  which 
exists  m  all  its  force,  whether  the  works  be  of  the  most  remote  arcbaio 
period  and  of  the  whole  range  of  time  to  Alexand»  the  Great,  of  the 
time  of  the  Ptolemies,  or  even  the  still  more  modem  poiod  of 
Hadrian. 

It  is  indeed  matter  of  surprise  that  a  nation  so  celebrated  as  tiie 
Egyptians  for  superior  intelligence,  and  of  such  long  experience  in  the 
practice  of  the  arts,  should  have  made  so  littie  progress  in  them ;  and 
the  phenomenon  would  be  quite  inexplicable  if  we  were  not  acquainted 
with  the  nature  of  their  institutions,  and  the  check  which  was  thus 
opposed  to  their  advancement  beyond  a  certain  limit.  The  common 
speculations  that  have  been  offered  with,  the  view  of  accounting  for  the 
acknowledged  inferiority  of  the  Egyptians  to  the  Greeks  are  altogether 
unsatisfactory,  oven  if  the  facts  upon  which  they  are  founded  could 
be  admitted.  Some  have  supposed  the  absence  of  grace  and  the  stiff 
uniformity  of  action  in  Egyptian  design  to  be  owing  to  the  want  of 
beauty  ill  the  natives  of  Egypt.    Others  have  imagined  that  the  aatists' 


want  of  knowledge  of  anatomy,  and  there  being  no  pnbUo  games  in 
which  they  could  study  the  human  figure,  are  sufficient  to  account  for 
this  inferiority ;  attributing  to  phyucal  causes  akme  that  which  was 
effected  by  very  different  influences.  The  art  of  scnlpture  especially 
seems  to  have  been  employed  exclusively  for  rdigioua  pnrpoMR. 
The  priests,  an  faeredituy  body,  systematiodly  enforGsd  ibe  pre. 
servation  of  ancient  usages,  and  cenfiimad  their  hold  upon  tha  !•• 
spect,.  obedience,  and  veneration  of  the  people  by  not  loAring  snr 
innovation  upon  old  established  forms.  The  wbob  papulation  waa 
divided  into  castes,  and  a  calling  or  profession  was  exercased  from 
generation  to  generation.  The  sons  were  all  obliged  to  fallow  tha 
steps  of  the  faUter.  The  order  of  l^eae  castes  is  variously  stated  hr 
different  writers.  The  sacerdotal,  of  course,  raoksd-iiak  AmoM- 
ing  to  Synesius,  the  profession  of  an  artist  was  not  ezeniMd  by 
common  or  illiterato  persons,  lest  they  should  attsn^  aayibiag  oon- 
tiary  to  the  laws  and  regulations  regarding  the  figoras  of  the  gods ; 
and  Plato,  in  his  second  book  of  Laws,  says,  "they  never  stmsred 
any  painters  or  statuaries  to  innovate  anything  in  their  art,  or  to 
invent  any  new  subjects  or  any  new  habits.  Henee  the  art  Tsaudos 
the  same;  the  rules  of  it  the  same."  Hare,  then,  we  see  tha  real 
cause  of  the  duration  through  a  series  of  years  of  ona  nndungad  styla 
of  artb  The  origin  of  tha  form  preserved  through  so  many  i^tm  la 
declared  by  its  extreme  simplicity.  The  earliest  attempt  at  rsprs- 
senting^  the  human  figure  would  be  marked  by  the  abaenoe  of  aetioo ; 
and  this  is  the  characteristic  of  all  Egyptian  statues.  Thelignr*  is 
upright,  or  kneeling,  or  sitting.  The  legs  are  doae  togethev,  and  the 
arms  are  attached  to  the  body.  This,  then,  became  the  established 
type ;  and  though  some  slight  movement  was  oocaaionally  allowed,  as 
in  advancing  one  foot  before  the  other,  it  hardly  con  be  said  to  relieve 
the  so  improved  figure  from  the  stifhees  of  the  more  primitive  staa- 
dard.  That  there  was  a  capability  in  the  artists  for  me^anical  azeel- 
lenoe  is  amply  proved  by  the  more  elegant  forms  tiiat  sometimes  ore 
met  with  even  in  Egyptian  statues,  but  more  espaeiolly  in  those  works 
where  they  could  without  impropriety  indulge  their  fancy.  The  heads 
of  divine  pensonagee  occasionally  beam  with  majesty  and  giaoe ;  and  in 
the  examples  in  the  British  Museum  of  Egyptian  monuments,  v^ethar 
in  the  head  of  the  so-called  Young  Memnon,  or  in  the  Prudhoa  Lions 
and  other  representations  of  animals,  or  in  some  of  the  oomposUions 
portraying  scenes  of  active  life,  the  student  will  pereeive  that  some 
other  cause  than  want  of  feeling  or  skill  must  have  operatod  to  pre- 
vent the  sculptor  of  Egypt  from  arriving  at  the  same  anineoM  in  art, 
that  was  attained  by  the  artists  of  Greece.  The  stiff  and  limHed 
action  of  Egyptian  statues  has  already  been  noticed.  To  ^s  must  be 
added,  that  the  figures  of  men  are  usually  naked,  excepting  that  a  sort 
of  apron  is  folded  across  the  loins ;  while  those  of  woman  ave  repre- 
sented dressed  in  a  long  and  simple  garment  fitted  close  to  the  body. 
This  covering  has  no  folds  in  it,  and  con  only  be  distingtnshed  from 
the  figure  by  a  slightly  raised  border  at  the  neck  and  feet.  The  form 
of  the.breaste  is  sometimes  indicated  on  the  dress  by  their  natural  pro- 
jection being  circumscribed  by  an  indented  line.  One  of  the  moat 
interesting  specimens  of  Egyptian  sculpture  is  now  in  this  country. 
It  is  generally  known  as  the  bead  of  the  Young  Memson,  though  it 
has  no  claim  to  that  titie,  which  was  given  it  from  a  mistake  made  by 
Norden,  the  traveller,  who  visited  Egypt  in  1737.  This  bust  is  formed 
of  a  single  block  of  fine-grained  granite,  containing  two  strata  of  colour, 
one  portion  being  of  a  red,  the  other  of  a  gray  (or  blue)  cast.  Though 
it  possesses  all  the  characteristics  which  ao  eminentiy  distinguish 
Egyptian  sculpture,-^ the  fiat  eyetaows,  projecting  eyeballs,  the 
rounded  nose,  thick  lips,  and  the  eais  placed  high  up, — this  head 
claims  admiration  for  beauty  of  outline  and  the  peculiar  sweetness  of 
ite  expression.  It  offers  a  remarkable  exception  to  the  general  rule  of 
Egyptian  design,  and  shows,  what  has  before  been  hinted  at,  that  there 
was  the  power  of  representing  beauty  both  of  form  and  sentiment,  if 
room  had  been  allowed  for  its  exeraise.  In  working  bafeo-rilievo  (and 
pictures)  the  Egyptian  artists  decidedly  ventured  beyond  the  liinlta- 
tions  to  which  they  seem  to  have  been  confined  in  representing  insulated 
figures.  Almost  all  the  temples  uid  tombs  that  have  been  explored 
ore  richly  decorated  with  sculptures  in  the  peculiar  style  of  rilievo  to 
which  allusion  has  been  made  in  the  introductory  part  of  this  article; 
and  although  they  do  not  materially  differ  in  the  general  style  and 
character  of  art,  tiiey  are  sufBcienUy  varied  in  the  mode  of  treatment 
to  warrant  this  distinct  notice  of  them.  The  most  striking  difference 
from  the  insulated  figures  consists  in  the  superiority,  as  well  as  extent, 
of  design  and  composition.  This  is  particularly  observable  in  the 
Theban  remains,  to  which  attention  has  been. directed  by  Wilkinson, 
Rosellini,  and  others  who  have  illustrated  the  history,  arts,  and  cus- 
toms of  the  ancient  Egyptians.  Wilkinson,  speaking  of  Luxor  and 
Kanak,  obeervea  as  to  the  decorations  of  tiie  temple,  "  The  principal 

historiod  sculptures  are  on  the  exterior  of  the  great  halL OTie 

upper  compartment  represents  the  king  attacking  a  fortified  town 
situated  on  a  rock,  wMch  is  surrounded  by  a  wood,  and  lies  in  tiie 
immediate  vicinity  of  the  mountains."  In  another  compartment  the 
king  is  again  the  hero,  and  is  represented  slaying  the  chief  of  tiia 
enemy  wiUi  his  sword,  having  first  wounded  him  with  his  spear,  and 
entangled  him  with  his  bowstring.  The  author  observes  here  that 
the  drawing  of  these  figiu-es  is  remarkably  spirited.  After  other 
series  or  compartments,  in  which  the  Egyptian  monarch  is  seen 
scattering  death  among  his  enemies,  is  a  representation  of  his  return. 
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and  the  preoentatian,  by  him,  of  captivea  and  apoila  to  the  deities  ol 
Thebes. 

All  colossal  works  in  Egypt  are  of  basalt,  porphyry,  granite,  or 
sandstone,  though  Herodotus  (ii.  143)  tells  us  that  at  Sa'fs  and  at 
Thebes  there  were  statues,  of  largo  dimensions,  of  wood.  We  are  not 
aware  that  any  large  statues  have,  been  found  mode  of  metaL  The 
British  Museum  posseaies  three  bronze  figures  which  merit  attention, 
as  they  ezoeed  ibe  usual  dimensions  of  such  Egyptian  works,  being 
about  three  feet  high,  and  gilt.  The  substance  or  thickness  of  the 
metal  is  not  great,  and  the  interior  is  fiUed  up  with  stucco  or 
plaster.  The  gilding,  some  of  which  is  well  preserved,  both  in  surface 
and  colour,  seems  to  have  been  applied  as  a  wash,  the  bronze  having 
first  been  entirely  covered  with  a  coat  of  plaster  about  as  thick  as  a  card. 

The  clean  execution  and  exceedingly  fine  surface  observable  in  the 
sculptures  of  Egypt  have  attracted  the  attention  of  practical  judges, 
and  led  to  the  conviction  that  the  Egyptians  must  have  had  great  know- 
ledge in  the  arts  of  hardening  or  tempering  metal,  to  enable  them  to 
execute  such  highly-finished  wotks  in  the  most  obstinate  and  brittle 
mateiialSi  It  is  a  remarkable  fact  that  when  the  colossal  head  before 
alluded  to  ■■  the  Young  Memnon  was  placed  in  the  British  Museum, 
and  it  was  necessary  to  cut  some  holes  in  it  for  tho  insertion  of  iron 
cramps  to  unite  smne  of  the  broken  fragments,  the  hardness  of  the 
granite  was  so  great  that  six  or  eight  blows  rendered  the  mason's  tools 
(which  were  tempered  more  highly  than  usual)  totally  useless. 

The  facilities  that  are  now  sforded  the  student  and  public  for 
MBmining  authentic  monuments  of  Egyptian  art  in  the  extensive  and 
▼alvable  collection  in  the  British  Museum,  render  it  unnecessary  to 
dwell  at  greater  length  upon  the  peculiarities  of  that  school  of  design. 
That  their  works  are  wanting  in  the  grace,  the  flow  of  lines,  and  the 
beauty  united  with  repose,  that  constitute  the  charm  of  the  best 
Qreoiao  sculpture,  must  at  once  be  admitted ;  but  the  simplicity  and 
deamess  of  intention  in  their  more  extensive  compositions,  and  the 
sublime  grandeiu-,  repose,  and  dignity  of  their  colossal  statues,  so 
'appropriate  to  their  mystic  and  religious  purposes,  will  always  ensure 
'their  being  considered  amongst  the  most  interesting  monuments  of 
past  ages. 

Aayrian  Sculptvrt. — Until  so  recenUy  as  1843,  nothing  was  known 
of  the  arts  of  the  ancient  Assyrians  beyond  the  references  to  the  splen- 
did palaces  filled  with  statues  and  pointed  basai-rilievi  on  the  walls,  of 
vast  size  and  admirable  workmanship,  in  the  Old  Testament  and  in 
ancient  Greek  authors.  But  in  that  and  following  years  a  surprising 
number  of  the  monuments  themselves  were  brought  to  light  by  the 
fortunate  researches  of  MM.  Botta  and  Layard,  and  their  successors, 
and  transferred  to  the  British  Museum  and  the  Louvre.  The  build- 
ings in  the  buried  ruins  of  which  the  Assyrian  sculptures  were  found 
have  been  described,  and  the  sculptures  themselves  noticed,  imder 
KiNEViH,  Abohitecture  of  ;  here,  therefore,  it  will  only  be  necesivuy 
to  indicate^  briefly  their  character.  All  tbe  sculpture  yet  found,  with 
the  exception  of  a  few  bronzes,  consists  of  slabs,  often  of  colossal 
dimensions,  on  which  are  carved  figures  in  relief,  and  with  which  the 
walls  of  the  palaces  were  faced  both  inside  and  out.  In  date  they  are 
beUeved  to  range  from  the  reign  of  Sardaoapalus,  B.c.  930,  to  the 
destruction  of  Nineveh,  B.o.  625.  As  Nineveh  was  founded  1200  years 
earlier,  they  do  not  therefore  represent  the  archaic  period  of  Assyrian 
art  The  existing  examples  appear  to  belong  to  three  distinct  periods. 
The  earliest  are  those  brought  by  Mr.  Layard  from  the  great  palace 
and  adjoining  buildings  in  the  north-west  quarter  of  Nimroud,  and 
now  in  the  British  Museum ;  they  belong  t«  the  age  of  J3ardanapalua, 
or  about  980 — 902  B.C.  They  consist  of  colossal  human-headed  winged 
lions  and  bulls,  personages  from  the  Assyrian  mythology,  and  other 
single  figures;  of  representations  of  battles,  sieges,  the  passage  of 
rivers,  the  chase,  the  great  king  sacrificing,  &c.,  cuneiform  inscriptions 
being  often  carved  quite  across  the  slabs,  without  any  regard  to  the 
figures.  As  works  of  art,  they  do  not  take  a  very  high  rank :  the 
drawing  of  the  human  form  is  inaccurate,  the  muscles  are  exaggerated ; 
there  is  utter  ignorance  of  perspective ;  and  the  artists  were  evidenQy 
bound,  like  the  Egyptian  sculptors,  to  certain  strict  conventional  rules. 
Yet  it  is  impossible  not  to  be  struck  in  these  older  works  with  a  certain 
largeness  and  severe  grandeur  of  style  and  power  of  imitation.  Here,  as 
indeed  throughout,  Assyrian  art  seems  to  hold  a  sort  Qf  middle  place 
between  Egyptian  and  Qrecian  art.  The  slabs  found  at  Khorsabad  by 
M.  Botta,  and  deposited  in  the  Louvre,  belong  to  a  middle  period,  that 
of  the  8th  century  B.C.  Less  severe  and  perhaps  inferior  m  grandeur 
to  the  older  works,  thejr  exhibit  more  refinement  of  execution.  The 
Eouyunjik  monuments  in  the  British  Museum  are  of  the  third  period, 
or  between  8.0.  721  and  626.  The  slabs  contain  historical  records, 
hunting  scenes,  4a,  similar  to  those  of  earlier  date,  with  some  rather 
difierent  in  character,  representing  Sennacherib  superintending  the 
construction  of  some  great  architectural  works,  and  dkecting  the 
(emoval  of  colossal  human-headed  bulls.  The  scenes  represented  in  the 
slabs  of  tEs  third  period  are  more  varied  in  character,  the  execution 
IS  more  careful,  the  figures  are  more  minute  and  more  accurate  in 
the  details,— in  the  animals,  especially,  the  minute  accuracy  and  know- 
ledge of  annual  nature  are  quite  remarkable,— but  the  laigenessand 
grandeur  of  the  older  works  are  wanting.  The  slabs  of  each  period 
are  chiefly  of  alabaster,  but  some  of  the  latest  date  are  of  the  harder 
native  limestone.  All  of  them  appear  to  have  been  painted  with  the 
most  brilliant  colours;   they  were  the  figures  iwurtrayed  with  ver- 


milion, exceeding  in  dyed  attire,  all  of  them  princes  to  look  ak, 
described  in  the  sacred  scriptures. 

Etruecan  Seulptwc. — The  Etruscan  is  the  next  school  of  sculpture 
that  claims  attention.  The  history  of  this  nation  is  involved  in  great 
obscurity.  The  appellations  of  Tuscan  and  Etruscan  were  foreign  to 
them,  and  Etruria  was  a  Boman  term.  The  more  ancient  name  by 
which  they  were  called -was  JRaiena  ('Pnrqcgu).  Their  later  histoiy  ia 
chiefly  known  from  their  connection  with  other  nations.  [Etbqbia, 
in  Geoq.  Diy.]  An  examination  of  their  sculpture,  as  founded  on  the 
numerous  existing  monuments,  almost  seems  to  connect  them,  in  a 
greater  of  less  degree,  with  the  Greeks.  Whether  the  Etrurians  at 
any  time  possessed  a  mythology  and  style  of  design  on  which  Greek 
"  myths "  and  forms  were  subsequently  engrafted,  or  whether  each 
nation  retained  principles  originally  common  to  both,  is  not  important 
in  this  part  of  our  inquiry.  The  supporters  of  the  more  remote  anti- 
quity and  superior  intelligence  of  the  Etrurians  have  supposed  it 
possible  that  tins  people,  instead  of  being  taught  by  them,  were  at  one 
time  the  instructors  of  the  Greeks,  amongst  whom,  in  consequence  of 
their  wars,  internal  divisions,  and  other  disturbing  causes,  the  arts 
were  neglected,  and  probably  suffered  to  fall  to  decay,  while  Etruria 
had  enjoyed  a  state  of  comparative  repose,  favourable  to  the  advance- 
ment of  the  arts.  Among  the  great  difBculties  with  which  this  part 
of  the  subject  is  embarrassed,  is  that  of  establishing  with  any  certain^ 
the  dates  of  tho  setUement  of  Greeks  in  Etruria.  It  certainly  u 
renmrkable  that  the  cinerary  urns  found  in  sepulchral  chambers  often 
have  represented  on  them  subjects  whose  meaning  is  unknown,  and 
which  seem  to  have  no  affinity  at  least  with  the  poit.Bomerie  Greek 
mythology ;  and  so  far  the  practice  of  art  and  a  olass  of  symbols  seem 
to  have  existed  in  Etruria,  either  essentially  its  own,  or,  if  ever  shared 
with  others,  so  ancient  that  all  record  of  it  was  lost,  excepting  aa  it 
appears  on  tiiese  older  Etruscan  monuments. 

The  histoiy  of  the  known  Etruscan  school  of  sculpture  is  thereforo 
necessarily  founded  on  the  character  of  the  majority  of  existing  speci- 
mens ;  and  in  these  the  recurrence  of  similar  subjects  and  personages, 
resemblance  of  costume,  and  the  common  form  of  many  of  the  letters 
of  the  Etruscan  and  Greek  alphabets,  distinotiy  establish  the  fact  oC 
some  communication  between  the  two  nations.  Lanzi  ('  Kotizie  sulla 
Scultura  degli  Antichi')  divides  the  art  of  Etruria  into  epochs  or 
periods,  and  considers  the  second  to  be  that  which  was  influenced  by 
colonies  from  Greece ;  and  it  is  this  influence  which  is  so  observable  in 
the  monuments  referred  to. 

In  observing,  however,  that  all  or  nearly  all  the  speoimenB  of  Etru- 
rian art  that  have  reached  our  times  indicate  a  connection  or  inter- 
course at  some  period  between  that  country  and  the  Greeks,  it  may  bo 
well  to  repeat  a  remark  that  has  incidentally  been  made  in  a  former 
part  of  this  history, — to  caution  the  student  from  too  hastily  attri- 
buting to  difierent  nations  a  common  origin  of  design,  from  the  mere 
similarity  of  certain  forms  and  corresponding  particulars  of  execution 
which  may  perchance  be  recognised  or  dist^ered  in  their  primitive 
attempts  at  art.  It  must  always  be  borne  in  mind  that  this  sppearance 
is  often  nothing  more  than  the  general  characteristic  of  all  art  in  its 
infancy ;  the  some,  or  nearly  so,  in  Greece,  in  India,  in  Etruria,  as  in 
all  other  countries.  Lanei  observes,  in  speaking  of  the  sculpture  of 
this  school  ('  Notizie  sulla  Scultura  degli  Antichi '),  that  a  distinc- 
tion must  be  made  between  works  in  the  Etruscan  style  and  works 
mmply  executed  by  Etrurian  artists.  '  The  "  Etruscan  style  "  was  a 
peculiar  manner  of  treating  arl  It  was  designated  by  the  Latins 
"  TuscanicuB ;"  and  all  works  executed  in  this  manner  were  termed 
"  opera"  or  "  signs  Tuscanica."  That  this  distinctive  character  of  school 
existed,  and  was  recognised  as  a  peculiar  feature  in  art,  is  confirmed 
by  a  passage  in  Qnintilian,  in  which  that  writer  is  particularizing  the 
style  of  some  of  the  great  sculptors  of  Greece,  and  showing  the  changes 
or  progress  that  distinguished  the  earlier  from  the  later  masters.  He 
says,  "  Gallon  and  Egesias  made  their  statues  hard"  (a  technical  term 
meaning  stiff  and  severe)  "  and  nearly  approximating  to  the  Tuscan 
figures.  Calamis  made  his  works  less  rigid.  (Quintil., '  Oiat.,'  lib.  xii., 
10.)  The  peculiar  characteristics  of  the  Etruscan  style, — the  ligna 
Tuteanica, — are  an  affectation  or  exaggeration  ia  the  general  actions 
and  attitudes,  and  meagreness  of  treatment  in  the  details.  In  the  heads, 
whether  of  male  or  female  figures,  thg  hair  is  usually  stringy ;  or 
plaited,  and  falling  in  long  tails  or  lengths.  The  hands  are  placed  in 
the  least  natural  position  for  the  purpose  on  which  they  aro  employed, 
and  the  ends  of  the  fingers  are  often  turned  up  in  the  most  unnatural 
and  therefore  ungraceful  manner.  The  draperies  are  cast  without  any 
regard  to  masses  or  agreeable  forms,  and  always  appear  as  if  they  had 
been  put  on  wet  and  starched,  and  hod  stiffened  in  drying ;  the  edges 
are  veiy  much  shown,  and  in  the  falling  or  perpendicular  views  appear 
in  regular  and  corresponding  zig-zag  lines.  Many  points  of  reeemblance 
to  the  above  works  of  the  tigna  TVucanteo  will  be  found  in  early  Greek 
art,  especially  that  of  the  .^ginetan  school.  With  these,  however,  this 
in(Ucation  of  primitive  style  passed  away  as  the  knowledge  d  art 
advanced,  while  the  Etruscan  maimer  was  retained,  and  even  imitated 
in  many  works  of  a  much  lat$r  period  than'  the  original  Tuscan,  and 
by  artists  belonging  to  schools  of  a  more  perfected  taste.  As  a  general 
remark,  it  may  be  observed  that  productions  in  the  Etruscan  style  are 
very  deficient  in  beauty.  They  neither  exhibit  the  repose  and  sim- 
plicity which,  notwithstanding  its  other  deficiencies,  give  dignity  to 
Egyptian,  nor  the  fine  forms  and  sentiment  which  ennoble  Grecian 
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Mulpture ;  and  whatever  interest  they  excite  ia  derived  rather  from 
the  value  that  Attaches  to  them  in  an  arohnological  point  of  view,  than 
from  any  merit  that  they  poasesa  aa  works  of  ^t. 

It  has  been  observed  that  some  Etruscan  works  are  found  to  differ 
from  these  in  the  style  of  their  execution.  This  is  particularly  ob- 
servable in  the  recumbent  figures  that  liave  been  discovered  in  tiie 
Volterran  and  other  Etruscan  tombs  and  hypogiea.  Some  of  these  are 
small,  but  many  are  of  large  size,  and  usually  decorate  the  lid  'of  the 
coffin  or  saroophsf^  in  which  the  ashes  and  sometimes  the  body  of 
the  deceased  were  deposited ;  closely  resembling  in  this  respect  the 
style  of  monumental  sculpture  in  Europe  in  the  15th  and  16th  centuries. 
In  these  figures  there  is  a  totally  different  character,  both  in  form  and 
expression,  from  the  true  Etruscan  monuments.  The  heads  frequentJiy 
possess  great  beauty ;  there  is  often  a  strong  character  of  nature  io 
them,  and  it  seems  probable  that  they  were  intended  to  be  portraits  of 
those  whose  tombs  they  siirmount.  Many  of  them  show  marks  of 
having  been  painted.  The  age  of  these  works  is  undetermined.  From 
the  Iwality  in  which  they  have  been  found,  and  from  the  inscriptions 
which  they  bear,  they  would  seem  to  belong  to  remote  times  of 
Etruscan  dominion.  In  other  respects,  as  in  ^e  general  heaviness  of 
the  forms  and  clumsiness  of  drapery,  they  call  to  mind  the  style  of  ai-t 
of  a  low  Bomoo  period ;  to  which  time,  indeed,  some  antiquaries  have 
at  once  assigned  them.  The  question  is  not  unattended  with  diffi- 
culty. There  is  every  reason  to  believe  that  the  ancient  tombs  of 
Etruria  had  been  invaded,  and  in  many  instances  opened  and 
plundered,  long  before  they  were  rediscovered  by  our  modem  archico- 
logiets  and  coUectors.  It  is  also  probable  that  many  of  them  have 
been  used  as  dopositoriee  of  the  dead  by  a  people  much  more  modem 
than  their  original  constructors.  Objects  have  been  found  in  them  of 
yarioua  ages,  from  which  it  would  appear  either  that  many  of  the 
tombs  and  sarcophagi  are  really  of  a  later  date  than  usually  has  been 
supposed,  or  that  the  ancient  burying-places  have  been  used  for  the 
dead  of  a  more  modem  race. 

It  is  worthy  of  remark,  as  it  may  account  in  a  gnat  measure  for 
the  distinctive  quality  of  Etruscan  art,  that  Etruria,  like  Egypt,  was 
ruled  by  a  powo^ul  hierarchy.  Their  chiefs,  Lacumonet,  were  priests 
as  well  as  temporal  rulers,  and  they  may,  like  their  Egyptian  brethren, 
have  exercised  some  influence  in  directing  art,  and  in  preserving  from 
innovation  the  forms  once  consecrated  by  religion.  It  is  at  the  same 
time  probable  that  this  influence  was  not  so  restrictive  in  Etruria  as  it 
was  in  Egypt ;  for  the  varieties  that  are  found  in  works  of  art  prove 
that  the  artists  here  took  greater  liber^  than  was  permitted  to  those 
of  Egypt.  This  appears  to  be  the  most  reasonable  way  of  accounting 
for  the  continuance  of  a  distinetive  stylo  and  limited  progress  of  design 
among  a  people  who  were  eminent^  clever  (^lAorfxrat)  and  ingenious. 
Considered  in  this  point  of  view,  Etruscan  sculpture  holds  a  position 
of  great  interest  in  the  history  of  art.  It  is  impossible  not  to  recognise 
in  it  the  connecting  Unk  between  two  systems,  niunely,  the  practice  of 
art  for  hieratic  or  purely  sacred  purposes,  and  that  more  liberal  and 
general  development  of  it  which,  under  the  later  and  more  refined 
Greeks,  was  directed  to  the  illustration  of  the  most  poetical  and  sublime 
conceptions  through  the  medium  of  the  moat  beautiful  forms.  Of  the 
great  extent  of  their  practice  in  sculpture  a  sufficient  proof  ia  afforded 
by  the  fact  mentioned  by  historians  that  when  after  having  sustained 
long  and  expensive  wara  against  the  Romans,  the  Etrurians  were 
fintdly  subdued  by  them,  and  became  a  Roman  province  (about 
280  B.a),  two  thousand  statues  were  taken  by  the  victors  from  Volainii 
alone.    (Flin., '  Hiat.  Nat.,'  xxxiv.  7.) 

The  Etrurians  were,  famed  for  their  slcill  in  making  vases,  and 
different  to>raa  became  celebrated  for  peculiarities  of  manufacture. 
(Vliu., '  Hiat.  Nat.,'  xxxv.  46.)  There  is  however  reason  for  believing 
^e  greater  number  of  painted  terra-eotta  vases,  usually  called  Etruscan, 
from  being  first  discovered  in  Etruria,  to  be  Greek.  Their  subjects, 
their  style  of  painting  and  design,  evidently  connect  them  with  that 
people ;  and  ithaa  been  observed,  that  though  the  Etniriana  inacribed 
every  other  work  of  art  with  their  own  diaractera,  there  is  scarcely  an 
instance  of  a  painted  vase  with  any  other  than  a  Qreek  inscription : 
some  of  these  may,  however,  be  imitations  of  Greek  vases.  The  Arezzo 
(Arretium)  vases  are  of  a  fine  clay  of  a  red  colour,  but  the  figures  are 
in  relief :  many  of  these  ore  of  a  comparatively  late  period,  and  bear 
Latin  inscriptions.  (Inghirami.)  The  arrival  in  Etruria  of  Demaratus 
with  artists  from  Corinth  has  been  assigned  as  the  date  of  the  intro- 
duction of  the  art  of  making  vases,  and  of  other  processes  in  the 
plastic  art>  It  is,  however,  more  probable  that  they  only  effected  some 
changes  in  the  style  of  design  that  already  prevailed;  for  modem 
discoveries  seem  to  establish  the  existence  in  Etruria  of  a  manufacture 
of  cinerary  urns  and  vases  long  anterior  to  the  appearance,  of  the 
refugees  from  Corinth.  (Lanzi,  I  c. ;  Winckelmon,  '  Storia  della 
ScuKura ;'  Mrs.  H.  Qny, '  Tombs  of  Etruria.) 

The  Gallery  of  Antiquities  at  Florence  contains  several  extremely 
curious  specimens  of  Etruscan  sculpture,  especially  in  some  figures  of 
large  size  in  bronze.  Some  of  these  have  inscriptions  on  them.  The 
bronze  she-wolf,  preserved  in  the  Capitol  at  Rome,  is  also  a  remarkable 
example  of  ancient  art  in  the  Etruscan  manner.  The  extensive  dis- 
coveries that  have  been  made  in  different  parts  of  Tuscai^  of  late 
years  have  likewise  added  greatly  to  our  knowledge  of  the  Etruscan 
art  and  customs,  and  have  enriched  the  museums  of  Rome,  Naples, 
I*'lorcnoe,  and  even  England,  with  most  interesting  records  of  this 


remarkable  people.  The  remains  preserved  in  tiieas  and  in  print* 
collections  are  well  worthy  of  attention,  but  a  detailed  deaoiiption 
of  them  belongs  rather  to  the  general  history  of  the  country  and  it» 
antiquities. 

The  works  in  sculpture  of  the  Etrurians  are  chiefly  in  iamMOtkt, 
stone,  and  bronze ;  and  the  most  ancient  tombs  have  supplied  «<imt 
exquisitely,  worked  omamenta  in  gold,  as  well  as  larger  pieoos  ot 
armour  of  the  same  costly  material. 

Gretk  Sculptarc—ln  the  preceding  pages  >e  have  had  rather  ia 
notice  its  exiatence  than  to  trace  the  progresa  'of  aoulpture ;  for,  with 
very  limited  exceptiona,  ita  practice  waa  under  drcumatancee  ao  littla 
favourable  for  ita  improvement,  (Siat  it  ia  acorcely  poeaible  to  connect 
it,  in  any  way,  with  the  refined  purauit  which  it  afterward*  became  in 
the  handa  of  the  Greeka,  In  other  countries  it  never  advanced 
beyond  certain  limits ;  mere  repreaentationa  of  objects  were  prttiuced 
seldom  elevated  by  sentiment  or  feeling ;  and  if,  sometimes,  the  rude- 
ness of  firat  attempts  at  form  waa  overcome,  the  art  atill  remaised  ia 
fetters.  In  Greece,  on  the  other  hand,  sculpture  soon  rose  superior  to 
all  those  prejudices  that  would  have  reatricted  ita  advancement.  With 
this  gifted  people  it  became  something  more  than  a  merely  mechanical 
pursuit.  It  was  here  that  the  conceptions  of  sublime  and  e^owins 
fancies  were  embodied  in  the  productions  of  what  may  truly  be  termed 
a  race  of  poet-artists.  Writers  have  endeavoured  to  account  in 
various  waya  for  thia  universally  admitted  superiority  of  the  Greeks 
over  every  other  nation  among  whom  the  fine  arts  hod  been  practised, 
and  usually  have  attributed  their  success  to  such  physical  cauaes  aa  » 
fine  climate,  or  the  prevalence  of  beautiful  forma,  or  to  the  publio 
exercises  so  general  in  that  country ;  or  to  the  kind  of  government  ia 
those  communities  in  which  the  arts  were  most  successfully  cultivated. 
Valuable  as  some  of  these  conditions  must  be  allowed  to  be  towards 
the  perfection  of  art,  they  are  by  no  meana  aufflcient  to  account  for  an 
excdlence  which,  even  amongst  the  Greeka,  waa  both  exbvmely  partial 
with  respect  to  locality  and  extent,  and  limited  aa  to  ita  duration.  Nor 
were  those  particular  atatea  in  which  the  arta  of  deaign  most  flouriahed 
peculiarly  favoured  beyond  othera  in  the  cauaes  auppoaed  to  contri- 
bute to  Uiat  excellence.  The  climate  of  Attica,  it  ia  admitted,  waa 
unequal ;  and  though  vegetation  appeared  in  the  greatest  luxuriance 
in  some  spots,  in  o^en  the  soil  was  barren  and  niied.  With  regard 
to  beauty,  too,  there  ia  no  reason  to  believe  that  the  people  who  most 
excelled  in  the  fine  arts  (namely,  the  Athenians)  were  distinguished 
beyond  all  other  Qreciana  for  thia  quality,  Cicero,  indeed,  makea  • 
very  remarkable  observation  which  would  go  far  to  prove  that  the. 
contrary  waa  the  fact  He  says,  speaking  of  the  crowd  of  young' 
men  whom  he  saw  at  Athena,  how  few  there  were  who  were  really 
handsome.  ('  De  Nat.  Deor.,'  lib.  iL,  o.  79.)  And  it  is  curious  also 
that  of  all  the  women  whose  celebrity  for  beauty  has  reached  ut,  not 
one  appears  to  support  in  this  respect  the  honour  of  Athens.  Fhiyna 
was  a  native  of  Thebes,  Qlycera  of  Thespim,  Aspasia  waa  bom  at 
Miletua,  and  when  Zeuxia,  the  painter,  desired  to  procure  the  most 
beautiful  models  for  hia  Aphrodite,  it  ia  said  he  produced  his  master* 
piece  from  the  atudy  of  aeven  virgina  of  Crotona.  It  ia  not  intended 
to  deny  the  exiatence  of  beautiful  forms  amongst  the  Athenians,  but 
simply  to  show  that  it  is  not  to  thia  exclusive  possession  that  their 
success  in  the  imitative  arts  can  justly  be  attributed.  The  admiration 
of  beauty  amongst  the  Lacediemoniana  is  admitted  ( .£lian,  '  Yor. 
Hiat.,'  ziv.  27 ;  and '  Athen.,'  xii.  12) ;  but  the  fine  arts  were  not  per* 
mitted  to  be  practised  in  Sparta.  In  other  ports  of  Greece  also 
personal  beauty  conferred  a  title  to  distinction;  tiie  priests  of  the 
young  Zeus  at  ./Egium  in  Achiea,  those  of  the  Timmnian  Apollo,  and 
the  boys  who  walked  in  procession  at  the  festivals  in  honour  of 
Hermea  at  Tonagra,  were  youtha  to  whom  a  prize  of  beauty  had  been 
awarded  (Faus.,  vii.  24  ;  ix.  10.  22);  but  no  school  of  srt  arose  out  of 
this  which  at  any  period  equalled,  or  attempted  to  equal,  that  of 
Athens,  It  ia  scarcely  neceasory  to  allude  to  the  question  of  govern* 
ment.  The  arts  flourished  where  the  most  different  forms  existed. 
Corinth  held  a  secondary  rank  among  the  cities  of  art,  while  Athena 
and  ijicyon  were  in  the  first.  Indeed,  if  wealth,  pomp,  and  luxury  had 
been  necessary,  or  alone  &vourable,  for  the  auocess  of  art,  it  would 
have  been  exhibited  among  the  splendid  communities  of  Aeia,  and  not 
been  left  to  ita  comparatively  tardy  development  in  the  small, 
scattered,  and  often  disturbed  states  of  Greece.  It  was  not  to  any  of 
these  accidents,  either  singly  or  collectively,  that  the  jKirfeotion  of 
Greek  sculpture  was  owing.  It  was  the  principle  upon  which,  among 
that  people,  imitative  art  was  founded  (and  upon  which  it  was  ptao- 
tiaed  throughout  all  its  atagee),  that  led  to  ita  excellence.  The  whole 
aecret  of  Uie  superiority  of  the  beat  schools  of  Greece  waa  in  their 
making  nature,  in  her  most  perfect  forma,  their  model, — the  only 
meaoa  by  which  perfection  in  art  can  be  attained.  As  soon  as  they 
acted  upon  this  knowledge,  their  sculpture  became  almost  sa  divine  aa 
their  great  examplar. 

Judging  from  their  {Kietry,  and  from  their  art,  lAether  in  their 
sculpture  or  their  painting,  it  would  seem  that  tiie  Greeks  had  an 
intuitive  sympathy  with  beauty.  The  artists  aeem  to  have  been 
careful  never  to  loae  eight  of  thia  principle,  by  expreaaing  any  pasaion 
or  feeling  under  forma  at  variance  with  the  simple  laws  of  beauty.  AU 
extremes  of  expression  are  studiously  avoided,  and  they  appear  to  have 
chosen  only  those  subjects  for  representation  which  allowed  them  to 
keep  witlun  these  bounds.    Fliny  ('  Hiat.  Nat.,'  xxx.  37)  montiona  an 


Digitized  by 


Google 


SCULPTUBR 


SCULPTURE. 


iitilt  who  h»A  Ha  <^pro>irioua  nickname  in  consequence  of  painting 
low  and  oommon-place  sufajecta ;  and  the  Thebans  had  a  law  which 
■objected  artiste  to  a  fine  if  their  works  were  inferior  in  beauty  to  the 
objects  which  they  professed  to  imitate,  (^lian, '  Var.,' iv.  4 ;  Junius, 
'Ve  Pict.  Vet.,'  ii.  4;  Letting,  '  liaooion,'  ii.  p.  12.)  This  natural 
■anslbility  to  the  charm  »i  beautiful  form",  was  encouraged  and  assisted 
hj  the  habits  of  the  iMopIe.  The  gymnasu,  or  schools,  in  which  young 
men  were  trained  to  take  part  in  the  pubUo  games,  were  frequented  by 
kU  claises.  Statesmen^  philosophers,  poets,  and  artists  were  in  the 
habit  of  attending  them,  and  were  thus  accustomed  to  see  the  human 
form  in  all  its  varieties,  whether  draped  or  naked,  or  in  repose  or  in 
(ction ;  and  while  the  sculptor  was  filling  his  mind  with  the  beauty 
and  capabilities  of  the  human  figure,  the  spectator  was  acquiring  the 
knowledge  that  enabled  him  to  become  a  competent  judge  of  imitative 
«rt>  The  importance  attached  to  distinction  in  these  games  rendered 
the  education  of  the  young  men  a  subject  of  great  care.  Every  means 
were  resorted  to  in  order  to  increase  the  elegance,  the  strength,  the 
suppleness,  and  the  active  powers  of  the  body ;  and  the  sculptor  especi- 
ally benefited  by  having  constantly  before  him  the  finest  forms  that 
exact  discipline  and  judicious  training  could  produce.  He  was  thus 
taught  to  seek  the  causes  of  the  superiority  of  the  victor  in  the  race 
ot  the  wrestling  match ;  and  by  comparing  or  contrasting  the  different 
{)ropertieB  most  generally  found  to  exist  in  tiie  conquerors  in  the 
various  classes,  to  adopt  those  qualities  in  whatever  characters  he 
night  be  called  upon  to  represent.  The  deep  and  spacious  chest  and 
broad  shoulders  of  the  brawny  wrestler  gave  the  type  or  distinguishing 
character  of  Heracles,  and  the  class  in  which  physical  strength  was  to 
be  exhibited  :  the  clean  legs,  small  well-knit  joints,  and  light  propor- 
tions of  the  victor  in  the  foot-race,  furnished  the  character  of  form  of 
the  messenger  of  the  gods ;  while  the  union  of  strength  and  agility  in 
tile  athlete,  taught  the  sculptor  how  to  make  those  combinations  which 
eventually  resulted  in  what  is  termed  itUal  beauty,—  the  statues  of 
pieds,  demigods,  and  heroes.  Having  this  access  to  the  best  models, 
and  exercising  his  art  under  the  eyes  of  critics  who,  from  habit  and 
observation,  were  as  well  acquainted  as  himself  with  his  standard,  it  is 
not  surprising  that  the  sculptor  of  Oreeoe  acquired  a  facility  and  a 
power  of  representing  every  class  of  form  unattained  by  any  other 
people,  and  which  have  rendered  the  terms  Greek  and  perfection,  with 
refetenoe  to  art,  almost  synonymous.  The  high  purposes  to  which 
soulpture  especially  was  applied,  and  the  general  interest  that  was  felt 
in  all  works  that  Were  produced,  account  for  the  success  with  which 
the  art  was  practised.  The  mind  oE  the  sculptor  was  enlarged  while  he 
reflected  on  the  appropriation  of  his  work  and  the  great  objects  of  his 
labours.  His  was  not  the  ambition  of  present  praise  or  profit.  He 
felt,  and  truly  felt,  that  his  art,  properly  practised  and  rightly  under- 
stood, was  capable  of  producing  great  moral  efieots  upon  those  who 
were  to  contemplate  them ;  and  consequently,  in  the  best  period  of 
Greek  art,  the  appeal  was  always  made  to  the  higher  feelings  rather 
than  the  mere  senses.  The  artist  did  not  produce  his  works  to  gratify 
a  patron,  but  to  improve  a  people;  and  whether  they  were  destined  to 
the  temple,  the  grove,  the  portico,  or  the  place  in  which  the  public 
games  were  celebrated ;  whether,  like  the  Zeus  of  Olympus,  they  were 
intended  to  excite  religious  im{)res8ions  of  the  majesty  of  the  gods ;  or, 
OS  in  the  iconet  (or  portrait  statues)  in  Altis,  to  stimulate  the  energy  of 
the  youths  of  Greece  to  gain  distinction  in  the  public'  games — the 
sculptor  felt,  and  he  acquired  power  se  he  was  impressed  with  the 
ennobling  idea,  that  he  was  contributing  to  a  great  end.  This  is  the 
principle  of  the  success  of  the  arts  in  Greece ;  and  in  the  presence  or 
abeenoe  of  this  recognition  of  the  public  utility  of  art,  may  be  discovered 
the  causes  of  its  comparative  success  or  failure  in  other  nations  and  in 
later  iames. 

In  Greece,  as  in  other  countries,  the  earliest  attempts  at  imitative 
art  were  extremely  rude.  Pausanias,  who  travelled  in  Greece  about 
A.D.  170,  mentions  that  at  Pharso  in  Acha;a  thirty  quadrangular  blocks 
of  stone  were  worshipped,  or  at  least  honoured,  as  the  symbols  or 
representations  of  certain  divinities.  At  Thespiie  Hei-a  was  thus 
recognised,  and  at  Sicyon  Artemis  Patroa  was  represented  by  a  column, 
and  Zeus  Milichius  by  a  pyramid.  (Paiu!.,  vii.  22 ;  ii.  9.)  The  ancient 
statue,  if  it  can  be  so  called,  of  Aphrodite  of  Paphos,  with  others  that 
iiii(^t  be  referred  to,  were  mere  cohimns  or  stones  set  upright.  The 
next  step  in  art  was  in  the  attempt  to  characterise  these  shapeless  symbols 
by  giving  them  a  human  form.  The  upper  part  was  shaped  into  the 
likraiess  of  a  head,  and,  by  degrees,  arms  aud  legs  were  marked  out ; 
but  in  these  early  imitations  of  the  human  figure  the  arms  were 
doubtless  represented  closely  attached  to  the  sides,  and  the  legs,  though 
to  a  certain  extent  defined,  were  still  connected  or  united  in  a  common 
pillar,  as  in  the  statues  of  the  Egyptian  school. 

The  history  of  Greek  sculpture  may  be  divided,  generally,  into  four 
periods,  each  of  which  is  illustrated  by  existing  works  bearing 
unequivocal  marks  of  the  progressive  changes  which  ottended  the 
practice  of  the  art  from  ite  rise  to  its  decline.  These  greater  divisions 
or  periods  might  perhaps  easily  be  subdivided  into  smaller  ports ;  but, 
OS  the  present  object  is  to  give  only  a  general  and  comprehensive  view 
of  the  history  of  Greek  sculpture,  it  seems  better  to  confine  ourselves 
to  a  few  great  divisions.  The  student  who  desires  a  more  extensive 
acquaintance  with  the  subject  will  find  ample  information  in  the 
numerous  valuable  works  that  have  appeored  of  late  years,  as  well  as 
m  the  opportunities  that  now  exist  of  oxaminitig  the  remains  of  Greek 


art  of  all  ages  which  are  preserved  in  the  museums  of  this  and  other 
countries.  The  four  principal  sections  into  which  ancient  Greek 
sculpture  may  be  divided  are — the  Archaic,  or  most  ancient  period ; 
thaPhidian ;  the  Fraxitelian,  which  includes  the  period  of  Lysippua; 
and  fourthly,  the  age  of  its  decline. 

The  First  period  embraces  all  the  uncertain  age,  of  whioh  littie  ifl 
known  but  what  can  be  gleaned  from  the  traditions  preserved  in 
ancient  writers.  It  may  be  considered  to  extend  to  the  commence' 
ment  of  that  great  change  in  the  style  of  art  which  had  its  consumma- 
tion in  the  school  of  which  Phidias  was  the  head.  The  Second  division 
includes  the  period  during  which  sculpture  was  practised  in  the  gruid 
or  sublime  style,  and  during  which  the  scholars  of  Phidias  executed 
their  works  on  the  principles  which  he  taught  and  illustrated,  The 
Third  period  is  characterised  by  a  more  rich  sad  flowing  style  of 
execution,  as  well  as  by  the  choice  of  softer  and  more  delicate  subjects 
than  had  usually  been  selected  for  representation.  In  this  the  beau- 
tiful was  sought  after,  rather  than  the  subUme.  Praxiteles  may  be 
considered  the  first  sculptor  who  introduced  this  more  sensual,  if  it 
may  be  so  called,  style  of  art ;  and  Lysippus  contributed  to  advance  it 
by  the  peculiar  fulness,  roundness,  and  harmonious  general  effect,  by 
which  it  appears  that  his  works  were  characterised.  The  Fourth  and 
last  period  in  this  classification  is  that  of  the  decline  of  soulpture ; 
when,  although  the  excellence  of  preceding  schools  was  still  admitted 
and  often  maintained,  not  only  no  advance  was  made,  but  artists  were 
frequency  led  away  by  the  love  of  novelty  of  design,  or  the  desire  to 
discover  some  new  rcAd  to  fame  or  profit,  and  neglected  the  means 
which  ages  of  progressive  improvement  had  shown  to  be  the  best  and 
safest  rules  of  practice.  When  this  was  the  case,  grandeur  of  style 
will  be  found  to  have  given '  place  to  littleness,  and  the  beauty  and 
simplicity  of  general  form  and  character  were  lost  in  individuality  sad 
minute  detail. 

The  remains  of  Greek  sculpture  of  the  Archaic  period  are  interesting 
to  the  antiquary,  but  they  offer  few  attractions  to  the  lover  of  the 
beautiful.  Kigid  and  stiff  in  action,  and  rude  and  inelegant  in  form, 
the  statues  and  rilievi  of  the  infancy  of  Greek  soulpture  have  vei; 
little  to  distinguish  them,  in  these  respeote,  from  the  earlier  attempt*  of 
other  nations.  The  first  step  towards  a  change  was  in  the  attempt  to 
give  action ;  and  this  was  soon  attended  by  fresh  peculiarities  of  shape 
or  figure  in  the  parts.  In  this  stage  it  will  be  observed  that  there  is 
great  energy  or  violence  in  the  general  design,  with  a  lumpy  or  knotty 
character  of  form.  The  general  proportions  of  the  figures  are  thick  in 
comparison  with  the  length  of  parts.  The  breasts  and  shoulders  aro 
wide  and  broad,  while  the  hips  are  narrow.  The  thighs  and  calves  of 
the  legs  ore  large  and  heavy  for  the  knees  and  ankles,  uid  the  feet  are 
long  and  clumsily  shaped.  The  treatment  of  the  head  is  peculiar  in 
the  sculpture  of  this  early  i)eriod.  The  eye  is  usually  long  and  narrow ; 
and  is  slightly  raised  at  the  outer  extremity.  The  mouth  is  open,  and, 
owing  to  a  slight  curve  or  elevation  at  the  extremities,  has  the  expres- 
sion of  smiling.  On  the  most  ancient  coins  the  hair  is  wiry,  the  lines 
being  parallel  and  close  together,  in  the  apparent  endeavour  to  give 
the  effect  of  the  whole  by  imitating  every  luir.  This  was  more  suc- 
cessfully attempted  by  executing  the  hair  in  masses ;  some  very  ancient 
works  exhibit  examples  of  this,  where  the  effect  is  partially  produced 
by  small  knobs  or  lumps.  At  a  more  advanced  period  the  hair  is 
executed  in  a  more  minute  and  careful  manner,  and  with  a  more  pre- 
cise arrangement,  combiniug  as  it  were  the  particular  character  of  the 
earliest  treatment  with  the  more  general  effect  attmepted  in  the  next 
^stage  of  art.  In  this  the  hair  is  brought  in  nearly  straight  lines  over 
the  head,  but  it  terminates  in  small  round  curls  which  ore  arranged 
with  great  regularity,  and  sometimes  in  two  or  three  rows  over  the 
forehead,  extending  on  each  side  to  the  temples  and  eara.  Specimens 
of  these  modes  of  treatment  occur  in  the  early  tetradraohms  of  Athens ; 
in  the  heads  of  the  figures  in  the  statues  found  in  the  island  of  .£gina; 
and  in  the  sculptures  found  at  Selinunte  in  Sicily,  as  well  as  in  other 
remains  of  small  bronzes  and  early  coins ;  and  there  are  many  examples 
of  it  preserved  in  the  collection  of  antiquities  in  the  British  Museum. 
In  mole  figures  the  beard,  wherever  it  occurs,  is  wiiy,  and  exhibits 
elaborate  execution.  There  is  a  curious  specimen  of  this  in  the  head 
of  a  warrior  in  a  group  in  the  Selinuntine  marbles  above  mentioned 
(and  of  which  there  are  casts  in  the  British  Museum),  as  well  as  in  tlie 
^guietan  marbles.  The  draperies  in  the  sculpture  of  this  early  time 
are  extremely  thin,  lying  dose  to  the  flgui'e(orto  the  ground,  if  in 
reliefs),  excepting  at  the  edges  of  the  folds,  which  are  sharp  and 
angular ;  these  are  arranged  with  the  greatest  precision,  opposite  folds 
corresponding  as  nearly  as  possible  with  each  other,  with  the  edges 
shown,  and  terminating  in  a  sort  of  regular  zigzag  series  of  lines.  All 
these  peculiarities  are  characteristic  of  the  most  ancient,  or,  as  we  have 
called  it.  Archaic  art :  and  whenever  imitations  of  it  have  been  mode 
in  later  times,  these  features  of  action,  form,  and  treatment  of  drapery 
have  been  observed.  Sometimes  portions  only  of  the  peculiarities 
above  pointed  out  will  be  remarked  in  genuine  ancient  works,  but  of 
a  later  age  than  that  under  consideration.  The  sculptures  alluded  to 
as  .£ginetan  offer  examples  of  this ;  the  treatment  of  the  heads  being 
characteristic  of  an  earlier  age  of  the  art  tiian  the  rest  of  the  figures. 
This  is  doubtless  to  be  attributed  to  a  feeling  of  veneration  for  the 
older  forms  and  received  traditions  of  certain  personages,  iftich  .is 
divinities  and  horoes;  and  in  this  respect  obedience  to  prescription 
marks  the  Greek  as  it  did  the  Kgyptiau  and  other  schools  :  with  the 
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former  hcnrever  it  lasted  for  a  limited  period  only ;  with  the  latter  it 
eztenderl  throughout  their  whole  existence. 

The  first  aculptura  whose  names  are  recorded  are  Dscdaliif!,  Smilis, 
•ad  Endoeua.  The  earliest  person  called  Bcedalus  waa  descend^, 
according  to  the  ancient  ttaditiona,  from  a  royal  stock,  being  grandson 
of  EreotheuB,  king  of  Athena.  Ee  is  said  tooe  the  6rst  sculptor  who 
ventured  to  separate  the  legs  of  his  statues.  He  also  was  the  inventor 
of  the  saw,  the  aze,  leyer,  £c.  It  is  impossible  to  say  how  much  fable 
and  exaggeration  hare  been  admitted  into  the  accounts  of  this 
remarkable  discoverer ;  and  it  is  equally  vain  to  attempt  to  distinguish 
the  inventions  bf  the  earlier  artificers  who  bore  this  name,  from  the 
improvements  introduced  at  subsequent  times  by  others  so  called. 
Sffidalus  was  in  all  probability  a  general  title,  for  some  time,  given  to 
any  dJatingmshed  mechanist  or  figure-maker,  as  figures  of  a  certain 
style  or  character  were  denominated  Dmdala  (AofSoAa).  Pausanias 
(ix.  8,  kc)  says  "  the  anciente  called  wooden  figures  Seedala ; "  and  he 
adds,  that  he  thinks  it  likely  that  the  artist  was  called  after  ibe  works, 
rather  ,than  by  his  own  name;  thus  making  Ueedalus  a  title  or 
Bumsme.  The  same  author  was  shown  some  wooden  statues  attributed 
to  Dndalua,  which  he  admits  were  not  beautiful,  but  he  says  there  was 
in  them  a  certain  air  of  grandeur  (ii.  i).  Smihs  was  a  native  of  .£glna, 
and  the  son  of  Euclides.  He  was  said  to  be  contemporary  with 
Dggdalus,  and  he  mads  a  statue  of  Juno  at  Samos.  Endoeus  was  an 
Athenian,  and  a  scholar  of  Deedalua,  and,  according  to  ancient  writers, 
«secuted  various  important  worka.  Fauaanias  (vii.  6)  speaks  of  a 
colossal  statue  in  wood  of  Minerva  Polias,  whidi  was  preserved  in  his 
time  in  tiie  temple  of  Eiythna  in  Ionia,  It  waa  a  seated  figure. 
Other  atatua*  by  this  artist  are  also  mentioned,  executied  in  stone  and 
IB  ivoty. 

A  mere  list  of  the  earlier  Qreek  aculptois  can  throw  little  light  upon 
the  state  of  the  art ;  more  especially  when  the  existence  of  many  of 
tiiose  wboaa  names  are  handed  down  to  modem  tim«s  may  fairly  be 
oueationed,  at  least  as  to  the  dates  wssignnd  to  them ;  and  of  vxar 
akm  we  oertMiily  possesa  no  authentio  examples. 

About  869  B.a,  Fhidon  of  Argos  is  said  to  hate  struck  the  first 
money  in  Oreace,  in  the  island  of  .^Igina.  Some  extremely  rude  and 
aimple  coins  of  that  island  are  extant;  the  device  is  a  tortoise;  and 
from  the  vary  primitive  style  of  azaeation,  they  are  thought  not  to  be 
very  remote  from  the  period  alluded  to.  It  has  been  supposed  that 
the  employment  of  metal  for  aculpture  took  place  soon  after  the 
striking  of  money  under  Fhidon ;  and  about  this  time  wa  find  mention 
tnade  of  statues  of  brass  or  bronze. 

AnuMog  the  sculptors  leoorded  in  the  annals  of  art  ia  Gitiadaa  of 
Sparta,  of  whom  there  were  works  remaining  at  Laoediemon  at  the 
time<rf  Pauaaniaa  (lib.  iii.  17).  Oitiadas  ezerciBed  the  profession  of 
architecture  as  well  as  sculpture.  LearcJius  also,  a  sculptor  of 
Khegium,  ia  plaicad  about  this  date.  Fauaanias  mentions  a  bronze 
statue  of  Zeus  at  Laoedamon,  which  was  said  to  be  by  Leutshus, 
and  he  calls  it  the  moet  ancient  statue  in  that  material  known  to  exist. 
The  next  names  of  importance  that  occur  in  the  history  of  art  are 
Telecles,  Bhoecus,  sod  Theodorus,  to  whom  sculpture  seems  to  have 
been  indebted  for  various  and  great  imptovemeobL  Their  reputation 
for  skill  waa  eo  high,  and  their  innov^ons  in  the^  practice  of  art  so' 
important,  that  they  were  even  called  invantots  of  some  branches  of 
it,  which,  however,  it  ia  obvioua  must  have  been  known  long  before 
they  appeared.  Such,  for  instance,  was  the  case  with  modelling,  or  the 
plastic  art,  which  Pliny  ('  Hist.  Nat',  xxxv.  c.  12),  recording  without 
examination  all  that  he  read,  says  was  attributed  to  them ;  though  he 
himself  declaras  that  this  discovery  was  claimed  by  or  given  to 
Cibutades  of  Corinth,  mioseua  and  Theodorus  were  bom  at  Samos. 
('  Paua.',  viii.  U.)  There  wpear  to  have  been  two  sculptors  of  the 
latter  name ;  one  the  son  of  Bhceous,  the  other  of  Telecles,  Rhoecus, 
architect  as  well  as  statuary,  is  said  by  Herodotus  (iiii  60)  to  have 
built  the  temple  of  Hera  at  ^uuos.  He  was  also  considered  the  author 
of  a  statue,  of  a  female,  which  the  Ephesiana  called  Night.  Fausanias 
says  that  ha  was  unable  to  find  any  bronze  work  of  Theodorus ;  but 
Pliny  alludes  to  several  by  an  artist  of  that  name.  Theodorus,  the 
■on  of  Telecles,  waa  considered  the  inventor  of  an  art  which  was  rarely 
exercised  by  the  ancients,  that  of  casting  figures  in  iron.  According 
to  Herodotus,  Theodorus  engraved  the  celebrated  ring  of  Polycrates, 
tyrant  of  Samoa.  He  ia  also  said  to  hav^  made  one  of  two  magnificent 
vases  which  were  presented  by  Croeaua,  king  of  Lydia,  to  the  temple  at 
Delphi.  It  has  been  ai^ed  from  this  drenmstance  that  Theodorus 
must  have  lived  at  a  later  date  than  that  usually  asmgned  to  him. 
But  it  is  not  stated  that  the  vase  was  made  expressly  for  Crossus.  It 
is  more  probable  tiiat  it  was  among  the  treasures  of  the  king,  and  from 
its  age,  the  reputation  of  its  maker,  and  ita  intrinsic  value,  might  have 
been  thought  worthy  of  dedication.  Theodorua  is  noticed  by  Pliny 
for  a  woi4i  of  great  delicacy  and  minuteneaa,  a  atatue  in  brass  of  him- 
self, holding  in  one  hand  a  file,  alluding  probably  to  his  profession ; 
in  the  other  a  quadriga,  so  small  that  a  fly  might  cover  it  with  his 
wiQ0L  With  rsi^t  to  the  dates  of  the  above  artists,  Pliny  says 
they  lived  long  prior  to  the  expulsion  of  the  Bacchiadn  from  Corinth, 
an  event  whidi  occurred  in  the  thirteenth  Olympiad,  about  659  B.C. 
It  is  conjectured,  therefore,  that  Hhcecus,  and  the  first  and  second 
Theodoras,  lived  between- 800  and  700  years  B.O. 

The  intraduotion  <^  easting  in  metal  forms  an  interesting  epoch  in 
the  bistoiy  of  art,  and  it  ia  to  be  regretted  that  oar  information  with  ^ 


respect  both  to  time  and  place,  that  is,  the  part  of  the  coontiy  iQ 
which  it  waa  first  practised  by  artiste  of  Greece  and  Asia  Minor,  is  so 
limited.  The  fact  of  Learohus  of  Bhegium  being  r.cordod  as  one  o{ 
the  earliest  statuaries  would  lead  to  the  inference  that  the  art  wui 
known  in  Italy  before  it  waa  adopted  In  Greece. 

Some  antiquaries  place  Dipocnua  and  Scyllis  between  800  and  70Q 
B.O.,  a  date  which  Flaxman  ('  Lect.',  p.  75,  79)  adopts  in  speaking  of 
these  sculptors.  Others  supposed  they  lived  as  late  as  6i0  B.o.  They 
have  been  called  the  first  artists  who  employed  marble  fo^  sculpture 
(Plin., '  Hist.  Nat.',  xxxvi.  i),  but  it  is  more  likely  that  the  expression 
upon  which  this  opinion  has  been  founded  means  that  they  were 
eminently  distinguished  for  their  skill  (which  may  have  been  extra- 
ordinary at  the  time)  in  working  in  that  beautiful  material.  They 
were  employed  by  the  Sioyoniana  to  make  for  them  certMn  statues  of 
their  gods ;  but  we  are  told  that  having  taken  some  offence,  they 
qmtted  Sieyon,  leaving  their  work  unfinished.  The  country  was  soon 
after  afflicted  with  famine;  and,  upon  consulting  the  oracle,  the 
Sicyoniana  were  told  that  it  would  cease  when  the  statues  of  the  goda 
were  completed.  Dipcenus  and  Scyllis  were  persuaded  to  return,  4nd 
they  finished  the  statues ;  they  were  of  Apollo,  Artemis,  Heracles,  anil 
Athene.  Among  their  numerous  scholars  we  find  Learohus  oif 
Rhegium,  which  will  account  for  the  earlier  date  that  is  aaaigaeiL 
them.  I^cy  are  also  called  the  masters  of  Tectseus  and  Angelion, 
DorycUdas,  Doutas,  Uedon,  and  Theoclea.  ('  Paus.',  ii.  32 ;  iii.  1 7,  Sx.) 
BiposnuB  and  Scyllis  were  considered  the  founders  of  the  school  of 
Corinth. 

From  the  earlier  time  of  which  mention  has  been  made,  down  to 
about  6S0  B.C.,  there  probably  was  little  change  in  the  style  of  sculp- 
ture, although  great  improvement  ia  execution  or  mechanical  power 
doubtless  extended  the  extensive  practice  which  the  growing  admira- 
tion of  art  occasioned.  In  a  country  in  which  all  the  effbrts  o{  genius 
were  justly  appreciated,  sculptors,  wjio  were  called  upon  to  represent 
the  most  exalted  objects,  were  likely  to  exert  themselves  to  the  utmost 
to  arrive  at  perfection ;  and  the  remains  of  art  afford  sufficient  evidence 
that  from  the  time  alluded  to,  that  is,  between  the  6th  and  7th  cen- 
turies before  our  era,  when  the  first  difficulties  had  been  surmounted, 
the  advancement  of  sculpture  was  rapid  and  uninterrupted. 

It  is  not  necessary  to  give  a  mere  list  of  names  of  the  artists  who  are 
supposed  to  have  hved  to  this  time.  So  much  that  is  uncertain  is 
mixed  up  with  the  notices  of  them  that  are  found  in  Pliny,  Fausanias, 
angl  others  who  refer  to  them,  that  the  inquiry  into  their  peiaonal 
history  would  rather  impede  than  advance  our  present  object. 

Up  to  the  period  at  which  we  are  now  arrived,  sculpture  seems  io 
have  been  practised  most  generally  and  succeasfolly  in  the  Greek 
colonies  of  Asia ;  but  the  consequences  of  ihe  revolt  a^inst  Darius, 
the  son  of  Hystaspee,  were  utterly  destructive  to  their  further  progress. 
Many  of  the  temples  were  burnt  by  the  Permans,  and  the  ihhabitania 
were  carried  to  distant  places,  or.  were  reduced  to  a  state  of  slavery. 
But  sa  art  fell  in  Asia,  it  acquired  vigour  in  Europe^  and  the  artists  of 
^gina,  Sieyon,  and  Corinth  diffused  the  principles  of  good  taste  and 
the  knowledge  of  art  throughout  neighbouring  countries ;  a  feeling  for 
a  grand  style  of  sculpture  was  soon  exhibited  wherever  any  opportunity 
occurred  tor  the  practice  of  the  art.  It  ii  interesting  to  be  able  to 
refer,  in  illustration  of  the  character  of  the  art  at  this  time^  to  some 
undoubted  remains  of  sculpture  of  a  period  certainly  not  veiy  remote 
from  that  under  consideration.  These  consist  of  eleven  statues  which 
decorated  the  western  and  five  statues  that  stood  in  the  eastern  pedi- 
ments of  a  temple  in  the  island  of  .<Egina,  where  they  were  discovered, 
in  the  year  1812,  by  some  English  and  German  travellera.  An  account 
of  them,  with  a  detailed  notice  of  their  style  of  execution,  is  given 
under  JEamtTiS  Art. 

The  Selinuntine  marbles,  so  called  from  their  having  been  found  at 
Selinunte,  on  the  site  of  the  ancient  Selinus,  in  Sicily,  are  very  curioua 
examples  of  early  art.  They  consist  of  fragments  of  marble  alti-rilievi, 
and  seem  to  have  formed  part  of  the  decoration  of  two  temples,  of  which 
traces  stUl  remain.  There  are  some  peculiarities  about  these  sculptures 
which  are  characteristic  of  two  different  styles  of  art.  Those  which 
belonged  to  one  (distinguished  as  the  Eastern)  temple,  have  .many 
points  of  close  resemblance  to  the  style  of  the  Archaic  {Mpnetu^) 
school,  while  those  of  the  western  temple  appear  to  have  come  either 
from  a  more  barbarous  hand,  or  to  be  of  a  much  earlier  date  ttion  the 
others.  Without  having  the  sculpture  to  refer  to,  it  is  difficult  to 
explain  in  wliat  these  pecuharities  consist,  but  a  C9mparison  of  what 
remains  of  a  head  of  Athene,  and  that  of  a  dying  or  wounded  warrior, 
with  some  others  of  the  collection,  ^will  suggest  the  inference  we  have 
ventured  to  draw.  The  head  of  the  dying  figure  closely  resembles  (in 
character)  that  of  the  warriors  in  the  marbles  of  JEgina ;  in  the  other 
figures  there  is  a  .greater  resemblance  to  the  full  overcharge4  forms 
described  as  characteristic  of  the  very  aorliest  art,  and  approaching 
indeed  in  some  degree  to  the  works  of  the  Egyptians.  At  a  lat^ 
period  than  that  to  which  these  sculptures  may  be  referred,  tiie  artists 
of  .iSgina  were  invited  by  the  tyrants  of  Sicily  to  execute  worka  in 
that  country.  It  is  highly  probable,  therefore,  that  in  more  remote 
times,  and  when  itrt  was  still  less  known  or  practised  there,  foreign 
artists  should  have  been  employed  in  furnishing  the  decoration  of  the 
temples  of  newly  founded  cities.  These  artists  would  be  the  most 
esteemed  of  the  time,  and  the  rising  school  of  .^Egina  would  doubtle^ 
take  a  high  rank  amoitgst  them.    Joined  with  theas^  or  ptobaUjr 


Digitized  by 


Google 


ta* 


SCtfLWtJilB. 


SCirtPTITREl. 


9S4 


>irorUDg  under  tiiem,  the  naUves  o{  the  eountiy  might  also  have  con- 
tributed their  ruder  efforts  towards  the  same  important  object,  and 
this  would  BufiSciently  account  for  the  difference  referred  to  mth 
tespect  to  the  style  and  treatment  of  the  various  woifa. 

From  about  600  B.C.  the  succession  of  the  great  sculptors  of  Greece, 
and  tiie  changes  that  each  master  and  his  school  effected  in.  the  style  of 
art,  can  be  traced  with  tolerable  accuracy,  fKcyon  and  iSgina  were  the 
most  celebrated  schools  of  sculpture,  and  unrivalled  for  the  high 
quality  of  their  bronzes.  After  Callo,  or  Gallon,  a  sculptor  whose 
<U.te  is  very  uncertain,  the  .i£ginetan  artists  of  the  greatest  celebrity 
Mem  to  be  Glaucias  and  Onatas.  These  artists  were  much  employed 
ly  Qelon,  the  tyrant  of  Syracuse,  and  his  successors.  Onatas,  the 
JKholar  of  Tecbeus  and  Angelion,  enjoyed  a  high  reputation,  and, 
judging  from  the  numerous  works  which  Pausanias  (lib.  vi.,  viiL  ix., 
x)  attributes  to  him,  must,  have  had  very  extensive  employment. 
This  "writer  speaks  of  a  colossal  statue  in  bronze  of  Apollo,  which  was 
at  Peigamus,  the  work  of  this  sculptor ;  likewise  a  statue  of  Ceres, 
vhioh  he  made  for  the  Fhigalians.  There  were  also  several  works  of 
Onatas  at  Olympia.  One  was  a  colossal  bronze  figure  of  Heracles, 
placed  there  by  Uie  Thasians.  For  the  people  of  Fheneos  he  executed 
a  statue  of  Hermes,  dedicated  also  at  Olympia.  In  this  work  he  hod 
the  assistance  of  Cidliteles,  who  was  his  scholar,  and  probably  his  son. 
(Fans.,  v.  27.)  Onatas  and  Calamis  worked  together  on  a  chariot  and 
.ac^mpaniments,  which  was  dedicated  at  Olympia,  after  the  death  of 
3iero,  king  of  Syracuse;  and  in  another  great  work  described  by 
Pausanias,  we  find  Onatas  associated  with  Calynthus,  showing  that  it 
"was  not  unusual,  nor  considered  derogatory  to  either,  to  secure  the 
'talents  of  various  artists  in  one  work.  According  to  the  above- 
-mentioned  writer,  Onatas  was  a  painter  as  well  as  statuary.  His  per- 
formances spoken  of  in  this  branch  of  art  were  executed  for  the 
Tlatasans :  one  of  his  pictures,  with  a  work  l^  Folygnotus,  was  pre- 
.  served  in  the  temple  of  Athene  Arsea.  (Faus.,  ii.  4,  S.)  Sculpture  was 
■now  rapidly  amiroaching  towards  the  perfection  which  it  attained  under 
Tolycletus  and  Phidias ;  and  ,an  event  occurred  in  the  5th  century 
Tjefore  the  Christian  era,  which  tended  to  accelerate  this  progress. 
'This  was  the  disastrous  termination  of  the  expedition  of  Xerxes 
against  Greece.  The  failure  of  this  vast  undertaking  showed  the 
lireeks  tiieir  own  strength,  while  it  also  exhibited  to  them  the  immense 
-wealth  of  the  invaders,  and  placed  in  their  hands  the  means  of  effect- 
ing the  most  costly  improvements  and  decoration.  It  was  customary 
in  Greece  to  dedicate  a  tenth  of  all  spoils  gained  in  battle  to  the  service 
of  tiie  gods;  and  that  proportion  of  what  was  obtained  from  the 
Germans  was,  as  a  matter  of  course,  appropriated  to  that  purpose.  Its 
Tilue  was  expended  on  the  construction  of  magnificent  temples,  en- 
nched  with  sculpture  and  painting,  and  ornamented  with  vases,  tripods, 
(Jhields  stupended  as  trophies,  and  every  variety  of  decoration.  The 
Persians,  in  their  invading  march,  had  destroyed  every  temple  that 
(hey  mrt  with ;  but  after  their  retreat  and  disgrace,  they  were  all 
leBtored  with  increased  magnificence.  The  ample  employment  thus 
idTordsd  for  their  talents,  and  the  high  purposes  to  which  their  works 
■were  destined,  excited  a  noble  spirit  of  emulation  among  the  artists, 
-whose  minds  seemed  to  expand  with  the  greatness  of  the  objects 
required  of  them. 

The  gradual  improvement  of  style  in  art,  from  the  Archaic  period, 
■and  through  the  early  .^ginetan  and  Athenian  schools,  is  traced  by 
■some  of  the  ancient  writers.  "  The  works  of  Callon,"  Quindilian  says 
>('  Orat.  Instit.,'  xiL  10),  "with  those  of  Hegesiaa,  are  hard,  and  ap- 
l>roached  what  was  distinguished  as  the  Etruscan  manner.  Calamis 
was  lees  rigid,  and  the  style  of  Myron,  who  followed,  was  still  more 
■softened."  In  Cicero  we  find  a  still  more  extended  list,  and  a  con- 
firmation of  the  quality  of  improvement  down  to  a  contemporary,  as  in 
■the  above  instance,  of  Phidias,  the  great  master  of  sculpture.  He  says 
■that  statues  of  Canachus  were  "more  rigid  and  hard  than  ■was  agreeable 
-to  the  truth  of  nature.  Those  of  Calamis  were  also  hard,  bntstill  they 
-were  of  a  softer  character  than  those  of  Canachus ;  nor  were  the  works 
■of  Myron  dose  enough  to  nature,  though  there  could  be  no  doubt  that 
they  were  very  beautiful ;  but  the  productions  of  Folycletus,  he  adds, 
-wer&  still  more  beautiful,  and  were  truly  perfect  (Cic, '  De  Clar. 
Orat.,'  0.  18.) 

The  history  of  the  progreaB  of  scnlpture  in  Greece  has  now  been 
■carried  through  the  earlier  schools,  into  a  period  at  which  it  may  be 
■eODsidered  to  have  reached  its  perfection,  as  far,  at  least,  as  regards  the 
principles  on  which  it '■was  practised  The  chief  sculptors  of  tiiis  age 
were  Hegias,  Pythagoras,  Ageladas,  Myron,  Folycletus,  Phidias,  Aloa- 
menes,  md  othera.  H^ias,  Egesias,  or  Hegesias,  has  been  noticed 
among  tiie  sculptors  of  an  improving  class,  but  whose  works  still  gave 
Indication  of  belonging  to  the  Archaic  time. 

.  Sliay  diatiiuuishes  at  least  three  statuaries  of  the  name  of  Pytia- 
<o«8,  but  although  allusion  is  made  in  ancient  writers  to  artists  so 
•criled  of  Samoa,  Shegium,  and  Pmoe,  it  appears  probable  that  there 
"Wwre  only  two  of  veiy  high  reputation.  The  most  celebrated  was  a 
native  of  Rhegium,  and  the  scholar  of,,  or,  more  correctly  speaking,  of 
the  school  of  Clearchus.  (Fans.,  vi  4.)  He  executed,  among  other 
rworks,  several  statues  of  conquerors  in  the  public  games,  and  he 
.■•minently  contributed  to  advance  the  character  of  sculpture  by  his 
■snocess  in  giving  expression  to  his  statues.  Till  his  time  this  quality, 
■go  indispensable  to  excellence  in  art,  seems  to  have  been  little  thought 
«L    A  work  by  him  is  particularly  alluded  to  for  its  excellence  in  tiiia 


respect :  it  was  a  figure  of  a  lame  or  limping  man,  in  which  the  expres- 
sion  of  anguish  was  so  admirably  pourb^ayed,  that  the  spectators  were 
affected,  and  seemed  to  feel  the  pain  he  was  suffering.  Pythagoras  is 
also  noticed  as  being  the  first  who  represented  veins  in  bis  statues,  and 
as  having  bestowed  greater  care  upon  the  treatment  of  the  hair.  From 
these  curious  and  interesting  partioulars  it  is  easy  to  see  in  what 
manner  the  dryness  and  almost  prescriptive  character  of  early  art  was 
giving  way  to  the  bolder  as  well  as  more  refined  treatment  of  the 
Fhidian  age.  Pythagoras  may  be  placed  about  480  B.o.  Ha  had  » 
scholar  called  Sostratus.    (Fliny, '  Hist.  Nat.,'  xxxiv.  8 ;_  Faus.,  yt,  ftc.) 

Ageladas  holds  a  distinguished  rank  among  the  sculptors  of  aotiqaity, 
not  only  from  the  quality  and  number  of  his  works,  but  also  from  the 
ciroumstance  of  his  having  been  the  master  of  the  three  most  eminent 
artists  of  the  brightest  period  of  soulpturo,  namely,  Myron,  Polydetua, 
and  Phidias..  He  was  a  native  of  Atgoe.  Tiiere  is  some  reason  to  tiiink 
that  there  were  two  sculptors  of  this  name.  Pausanias  (iv.,  vi,  vii., 
and  X.)  alludes  to  various  statues  by  Ageladaa.  He  seems  ohieBy  to 
have  worked  in  bronze. 

Myron  was  a  native  of  Eleutheree,  according  to  Pliny  ('  Hist.  Nat./ 
xxxiv.  8),  or  an  Athenian,  according  to  Pausanias  (vi  2,  Ac.).  There  is 
no  artist  of  antiquity  who  is  mentioned  more  frequently  or  more 
honourably  than  Myron,  and  it  is  scarcely  possible  to  believe  that 
such  imiversal  praise  would  have  been  accorded  if  his  works  had  not 
fully  deserved  it.  It  is  unfortunate  that  no  known  production  from 
the  hand  of  this  distinguished  artist  has  reached  our  times.  The  only 
work  of  which  any  judgment  can  be  formed  is  his  famous  statue  of 
a  Discobolus.  Various  copies  of  this  figure  are  believed  to  exist. 
The  best  is  in  the  Palazzo  WM«imi  in  Home.  The  Discobolus,  in 
marble,  in  the  collection  of  sculpture  in  the  British  Museum  {see  the 
article  Discus),  is  also  believed  to  be  a  copy  from  the  same  celebrated 
original.  A  mere  list  of  the  works  of  this  sculptor  is  unnecessary  in 
this  place.  The  chief  of  them  are  noticed  under  Mtron,  in  the  Bioo. 
Drv.  The  peculiar  characteristic  of  the  sculpture  of  Myron  seems  to 
have  been  expression.  Petronius,  in  spite  of  Pliny's  assertion,  leads 
us  to  believe  that  this  waa  the  great  excellence  of  Myron ;  he  says, 
"Myron  qui  pene  hominum  animos  ferarumque  tore  expresserat." 
Witii  respect  to  his  style,  it  seems  probable,  from  some  remarks  of 
Pliny,  that  his  works  still  exhibited  certain  peculiarities  of  treat- 
ment that  belonged  to  a  ruder  age,  though  he  gives  him  the  high 
praise  of  superiority,  in  some  respects  to  Folycletus.  He  says  he 
introduced  more  variety  into  his  figures,  for  this  seems  to  be  the  true 
interpretation  of  the  expression  of  Uie  above  writer.  '  Primus  Myron 
multiplicSsse  varietatem  videtur,  numerodor  in  arte  qu&m  Folycletus," 
&C.  ('Hist  Nat.,'  xxxiv.  8.)  The  works  of  Myron  were  chiefly 
executed  in  bronze.  He  used  that  which  was  made  at  Delos,  while  Jiis 
rival  PolycletuB  preferred  that  of  .£gina.  Though  chiefly  celebrated 
for  his  productions  in  this  material,  he  worked  also  in  marble,  and  a 
statue  is  mentioned  by  him  of  Hecate,  made  of  wood.  (Paua.,  ii  80.) 
Myron  had  a  son  called  Lycius,  also  a  distinguished  sculptor. 

Polydetus  of  Sicyon  was  one  of  those  who  eminoitiy  contributed  to 
ennoble  art,  and  to  carry  sculpture  to  perfection  in  what  has  been 
called  the  sublime  stylo.  In  one  respect  he  is  said  to  have  been  supe- 
rior to  Phidias  himself ;  inasmuch  as  he  was  considered  to  have  carried 
to  perfection  the  Toreutic  art,  which  Phidias  had  only,  as  it  were, 
commenced.  Folycletus  was  the  author  of  that  perfect  rule  of  pro- 
portion called,  by  way  of  distinction,  the  Canon  of  art,  [Poi.'rci.STVs, 
in  Bioo.  Drv.] 

Th6  name  of  Phidias  completes,  or  rather  crowns,  this  list  of  the  great 
originators  of  the  highest  style  of  sculpture.  rPHlDi.u,  in  BiOQ.  Drv.] 
The  most  splendid  and  the  most  perfect  productions  in  the  art  were 
executed  by  him,  and  as  long  as  the  principles  which  he  taught  were 
retained,  sculpture  seems  truly  to  have  merited  the  epithet  of  sublime. 
Phidias  was  called  the  sculptor  of  gods ;  and  the  majesty  of  his  Olym- 
pian Zeus  was  declared,  in  the  fordble  language  of  an  ancient  writer, 
to  have  added  something  to  the  beauty  or  sublimity  of  religion.  That 
works  of  art  are  capable  of  exalting  the  mind,  and  rendering  it  sus- 
ceptible of  the  most  pure  and  elevated  feelings,  there  can  be  no 
question,  and  this  doubtless  was  the  effect  produced  by  the  awful 
grandeur  of  this  far-&med  statue.  Panegyric  has  almost  been  ex- 
hausted in  recording  the  merits  of  this  sculptor ;  but  there  is  no  reason 
to  doubt  the  justness  of  the  honour  paid  him.  Many  of  his  finc^ 
productions  were  in  existence  when,  even  comparatively  late  ■writers 
were  living,  so  that  the  accounts  that  have  come  down  to  us  are  not 
merely  the  repetitions  of  unsu{)ported  or  unproved  traditionary  en- 
comium. The  statue  of  the  Olympian  Zeus  was  existing  till  the  year 
475  of  OUT  era.  It  was  then  destroyed  by  fire  at  Constantinople ; 
whither  it  had  been  transported  by  fhe  emperor  Theodosius  the  First. 
Unfortunatdy  no  remains  of  the  greater  works  of  Phidias  have  readied 
our  times ;  but  we  have  abundant  opportunity  of  judging  of  his 
excellence,  from  the  sculptures  ttrhich,  under  the  title  of  the  Elgin 
ilarbles,  form  a  part  of  our  national  collection  of  antiquities.  There 
is  no  doubt  that  these  are  the  productions  of  this  great  artist ;  many 
of  them -probably  from'  his  own  hand,  and  all  executed  under  his 
immediate  direction.  They  formed  part  of  the  decoration  of  the  Par- 
thenon at  Athens,  of  the  building  and  enrichment  of  which  Phidias 
had  the  entire  direction.  The  architects  Callicrates  and  Ictinua  worked 
under  him.  These  sculptures  consist  of  the  statues  and  groups 
which  were  placed  in  the  pediments  of  the  temple ;  of  several  metopes^ 
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in  alto-rilievo ;  and  of  a  oonaiderable  portion  of  the  friem  of  the  cells. 
In  bas8o-rilieTo.    [Uusra  Makblis  ;  Awo-BttiBVO.] 

The  perfect  Boquaintance  which  the  best  eculpton  of  thie  time  had 
with  the  anatomy  and  character  of  animals  is  worthy  of  remark.  The 
skill  of  Myron  has  alreariy  been  alluded  to.  The  horses  in  the  Elgin 
llarbles  are  admitted  by  competent  judges  to  be  representations  of 
the  finest  shape  and  of  the  beat  blood.  The  commonest  observer  is 
Btruck  with  their  spirited  and  at  the  same  time  graceful  action.  In 
Bhort  these  irorks  may  be  studied  with  advantage  for  every  quality 
that  sculpture  should  possess ;  for  truth,  beauty,  expression,  and  com- 
position, united  mth  the  purest  style  and  most  masterly  execution ; 
and  they  may  justly  be  considered  the  finest  specimens  of  ancient 
Msulpture  that  are  known  to  exist.' 

It  may  be  as  well  to  offer  in  t^is  stage  of  the  history  of  the  art  some 
obeenrations  upon  the  combination  or  mixture  of  materials  in  sculpture. 
The  custom  of  using  a  variety  of  materials  for  the  different  parts  of 
statues,  as  inarble,  or  stone,  or  wood  for  the  heads,  hands,  and  feet, 
and  metal  for  the  draperies  and  oocessorios,  was  very  general  throughout 
Greece  and  Asia  Minor  from  a  very  early  period;  and  although  it 
militates  against  the  received  notions  of  a  pure  taste,  the  practice  was 
in  full  force  during  what  has  always  been  considered  the  best  period  of 
art,  namely,  the  age  of  Pericles  and  Phidias.  Nor  was  this  ihixture  of 
materials  the  only  interference  with  the  simplicity  which  some  have 
supposed  a  principle  and  essential  quality  of  Qreek  art.  The  hair  of 
marble  «tatuee  appears  in  some  instances  to  have  been  gilt,  and  even 
colour  was  added  to  heighten  effect.  The  background  of  works  in 
rilievo  waa  frequently  painted  blue,  remains  of  which  may  still  be 
traced  on  many  ancient  works.  .(Kngler,  '  Polychromie,'  &o. ;  Millin- 
gen;  Milller.) 

The  occasional  practice  of  introducing  eyes  of  silver,  g^ass,  or  paste, 
has  already  been  alluded  to  in  the  introductory  part  of  this  essay,  in 
speaking  incidentally  of  Polychromie  and  Polylithio  sculpture.  The 
injurious  effect  of  this  introduction  of  gaudy  and  sparUing  foreign 
si^Mtances  upon  the  higher  qualities  of  any  work,  such  as  its  com- 
position and  expression,  seems  to  be  beyond  dispute.  It  may  be 
judj;ed  of  in  wax  figures,  and  in -some  of  the  richly  dressed  and  elabo- 
rately worked  and  ornamental  images  in  Boman  Cathelic  churches, 
and  in  Hindu  temples.  No  arguments,  ev^n  when  supported  by  the 
authority  of  ancient  practice,  can  render  such  works  otherwise  than 
dis^reeable  ns  imitative  art  to  any  but  vulgar  minds.  An  artist  of 
superior  power  might  possibly  so  treat  his  work  that  its  exprcsiion, 
the  beauty  and  grandness  of  its  formal,  and  the  scale  on  which  it  is 
executed,  might  take  such  entire  possession  of  the  spectator  as  to  make 
him  overlook  the  incongruous  mixture  of  materials ;  but  it  is  incon- 
ceivable that,  with  their  refined  taste,  extreme  seasibility  to  beauty, 
and  great  knowledge  of  the  essentiiU  of  art,  the  Greeks  could  ever 
have  preferred  works  of  this  kind  to  those  of  more  simple  composition. 
The  probability  seems  to  be  that  the  employment  of  ivory  and  gold 
was  ovring  as  much  m  anything  to  the  desire  to  use  the  most  costly 
materigJs,  as  all  the  important  works  so  composed  appear  to  have  been 
executed  under  peculiar  circumstances,  either  as  great  national  contri- 
butions, votive  offerings  in  honour  of  the  gods,  or  as  trophies.  In  the 
case  of  tenths  of  spoils,  when  vast  riches  had  fallen  into  the  haudj  of 
the  Greeks,  and  were  devoted  to  a  particular  purpose,  it  was  esseubial  to 
find  employment  for  them  in  exclusive  furtherance  of  that  object ;  and 
as  the  architectural  details  of  their  temples  were  richly  ornamented  and 
painted,  and  even  golden  shields  were  suspended  over  the  architraves 
and  friezes,  it  waa  natural  to  expend  a  liberal  portion  of  enrichment  on 
the  statue  of  the  presiding  divinity.  This  opinion  receives  some  sup- 
port from  the  fact  that  the  practice  seems  to  have  been  almost  if  not 
entirely  discontinued  as  the  taste  for  art  for  general  purposes  increased. 
When  we  read  of  exquisite  productions  by  Praxiteles,  in  marble,  or 
Lysippus  in  bronze,  there  is  no  mention  of  works  execated  at  the  same 
peri(>d  in  richer  materials. 

Soulpture  in  gold  and  ivory  has  been  called  ChrgidqahanHne,  from 
the  Greek  words  xpwis, '"  gold,"  and  t\4<pas,  "  ivory."  It  waa  not  first 
introduced  at  the  time  to  which  our  history  has  reached,  as  Pausaoias 
describes  works  so  composed,  of  a  much  earlier  date,  existing  in  the 
Uei-icum,  or  temple  of  Hera,  at  Olympia,  as  well  as  in  other  places ; 
but  it  was  during  this  period  that  it  was  carried  to  its  highest  point  of 
excellence.  The  two  most  celebrated  works  recorded  in  these  costly 
materials  are  the  masterpieces  of  Phidias.  They  were,  the  statues  of 
the  Athene  of  the  Parthenon,  and  that  of  the  Olympian  Zeus  in  his 
temple  at  Elis.  The  exposed  parts  of  the  figures  were  made  of  ivory, 
and  the  drapery  and  accessorial  enrichments  of  gold.  Of  the  enor- 
mous value  of  this  kind  of  work  some  idea  may  be  formed  from  the 
accounts  of  the  ancients,  that  the  figure  of  Athene  waa  twenty-six 
cnbits  high,  and  that  the  gold  employed  on  it  weighed  forty  talents. 
(Plin.,  •  Hist.  Nat.' xxxvL  5 ;  Thucydides,ii.lS.)  One  writer  says  there 
were  fifty  talents  of  gold  on  it     (Died.  Sic,  xii.  40.) 

Chryselephantine  sculpture  seems  to  have  been  a  branch  of  what  the 
ancients  called  Toreutic.  The  exact  meaning  of  this  term  has  not  been 
satisfactorily  exphdned.  (See  '  Le  Jupiter  Olympien,"  par  Qn-itremire 
de  Quincy,  where  several  opinions  are  collected ;  also '  Archaologie  der 
Kunst,'  by  UiiUer ;  Millingon, '  Ancient  Inedited  Monuments,'  &c.)  It 
was  probably  used  to  describe  sculpture  in  which  metal,  which  was 
worked  or  chased,  was  combined  with  other  materials.  Pliny  says 
Palycletus  brought  the  art  to  perfection.    ('  Hist.  Nat',  xxxiv.  8.) 
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^  The  ancient  writers  do  not  furnish  any  particulars  as  to  the  mode  of 
executing  these  colossal  works  in  materials  which  sometimes,  as  in  the 
case  of  ivory,  could  only  have  been  supplied  in  comparatively  small 
pieces.  Fausanias  (v.  IS)  tells  us  that  an  edifice  called  the  workshop  of 
Phidias,  near  to  Altis,  was  pointed  out  to  him.  It  was  there,  be  says, 
that  the  sculptor  worked  each  of  the  parts  of  the  Olympian  Zeus.  In 
addition  to  the  original  cost  of  those  productions,  there  seems  to  have 
'  been  great  care  necessary  to  preserve  them.  The  Olympian  Zeus  was 
eiUTOunded  by  a  ^ove  or  channel  of  black  marble  containing  oiL' 
Tlic  object  of  this  was,  first  to  supply  the  necessary  quantity  of 
moisture  to  preserve  the  ivory ;  and  secondly,  to  secure  the  work  irom 
damp,  as  the  Altis  was  situated  on~  marshy  ground.  Means  were  also 
I  adopted  at  Athens  for  preventing  injury  to  the  ivory  parts  of  the 
Athene,  from  the  too  dry  situation  of  the  Acropolis.  We  are  told  that 
the  statue  of'  the  Olympian  Zeus  was  out  of  repair  very  soon  after  its  ^ 
completion ;  and  the  fact  of  the  Pheedruntte  being  established  to  take  care 
of  the  work,  is  a  proof  of  its  liability  to  accident  Pausauias  mentions 
a  remarkable  circumstance  connected  with  the  persons  appointed  to 
this  duty.  It  had  been  entrusted  to  the  descendants  of  Phidias,  and 
he  says  tliaC  it  was  in  the  same  family  in  his  time. 

The  scholars  and  followers  of  Phidias  were  Agoracritus  of  Pares, 
Alcamenes  of  Athens,  Colotes  or  Colotas,  Peeonius,  and  others.  'The 
first  two  deserve  notice  for  the  celebrity  of  their  names  and  works.' 
Agoracritus  was  the  fitvourite  scholar ;  Alcamenes,  judging  from  the 
account?  left  of  him,  the  most  able  artist  He  was  considered  second 
only  to  his  great  master ;  and  one  author,  alluding  to  the  progress  made 
in  sculpture,  even  classes  him  with  Phidias,  saying,  that  what  was 
wanting  in  Polyclctus  was  to  be  found  in  the  works  of  Phidias  and 
Alcamenes.     (Quinctilian,  lib.  xii.,  10.) 

The  sculptures  of  Phigalia,  consisting  of  a  series  of  alti-rilievi,  repre- 
senting the  battle  of  the  Lapitha:  and  Centaurs,  and  of  the  Gi-eeks  and 
Amazons,  ore  of  this  age.  Ther  temple  of  which  they  formed  part  of 
tha  interior  decoration  was  built  by  Ictinus,  the  architect,  under 
Phidias,  of  tha  Parthenon ;  and  from  the  style  which  pervades  them, 
there  is  every  reason  to  think  these  compositions  proceeded  from  the 
same  source  as  the  sculptured  portions  of  that  edifice.  The  inferiority 
of  their  execution  may  be  easily  accounted  for  by  supposing  the  work- 
ing out  of  the  designs  of  the  master  to  have  been  left  to  the  scholars 
or  inferior  artists.  These  interesting  remains  have  already  been  more 
particularly  described.  [Pbtoalian  Marbles.]  The  original  sculp- 
tures are  preserved  in  the  British  Museum. 

The  influence  of  Phidias  continued  to  be  felt  for  some  time.  Art 
had  gradually  been  relieved  from  the  dryness  and  hardness  of  the 
.^Bginetan  school,  and  Phidias  produced  out  of  it  the  gi-and  character 
wliioh  marks  his  period ;  but  it  appears  there  was  still  remaining  a 
severity  both  in  the  forms  and  in  the  treatment,  in  the  works  of  some 
of  the  artists  of  this  school,  which  it  was  left  for  a  sculptor  of  a  suc- 
ceeding age  to  remove.  This  change,  which  stamped  the  character  of  a 
new  school  of  sculpture,  was  effected  by  Praxiteles. 

When  the  restrictions  Which  originally  confined  sculpture  to  religious 
purposes  and  prescribed  forms  had  once  been  disregarded,  and  the  art 
was  applied  to  represent  objects  of  general  beauty  and  interest,  it 
rapidly  underwent  changes ;  and  the  sculptors  of  the  period  which  wo 
are  now  considering,  that  is,  at  about  350  B.C.,  succeeded  in  introducing 
au  entirely  new  quality  of  art.  The  grand,  the  sublime,  and  the 
severe,  gave  ^vay  to  the  soft,  the  flowing,  and  the  gracefuL  At  the 
head  of  these  innovators  was  Praxiteles.  He  worked  in  bronze  and  in 
marble ;  but  his  most  beautiful  and  admired,  performances  were  pro- 
bably in  the  latter  material,  in  the  working  of  which  he  exhibited  the 
greatest  skill,  ,and  in  which  he  is  said  to  have  introduced  processes 
unknown  to  his  predecessors.  [Praxiteles,  in  Bioa.  Div.J  Ho  is 
supposed  to  be  the  first  sculptor  who  ventured  to  make  a  statue  of 
Aphrodite  entirely  naked :  all  statues  of  female  divinities  were  anciently 
draped.  (MilUngen,  '  Monuments,'  z!  p.  7.)  Such  au  innovation  was 
considered  extremely  indecorous ;  btit  it  was  excused  in  this  instance, 
on  account  of  the  beauty  of  the  performance.  Subsequent  artists, 
desiring  to  reconcile  a  mode  of  representation  so  favourable  to  the  pur- 
poses of  art,  with  the  prejudices  still  existing  in  a  degree  in  matters 
pertaining  to  religious  personages,  seem  to  have  adopted  a  midxlle 
course,  as  is  seen  in  the  two  stataes  of  Venus  called  of  Capua  and  of 
Melos.  ('  Museo  Borbonico ;  *  '  Qaldrie  du  Louvre.')  In  these  the 
forms  are  left  entirely  naked  down  to  the  middle,  from  whence 
rich  drapery  falls  to  the  ground,  covering  all  the  lower  portion  of  the 
figures. 

The  next  name  of  importance,  as  the  leader  of  a  new  school,  is  that 
of  Lysippus  of  Sicyon.  The  reputation  of  this  artist  is  not  inferior 
to  that  of  any  sculptor  who  preceded  him.  He  appears  to  have  worked 
exclusively  in  bronze ;  and,  according  to  Pliny,  executed  as'  many  as 
six  hundred  and  ten  works.  [Ltsifpus;  in  Bloa.  Dtv.]  A  colossal 
statue  at  Taraotum  by  him  is  much  distinguished.  Lysippus  was  the 
fovourite  sculptor  of  Alexander  the  Great,  and  had  the  exclusive  privi- 
lege of  making  statues  of  him.  A  long  list  of  works  by  Lysippus  is 
furnished  by  Pliny,  Pausanias,  and  other  writers.  He  is  said  to  have 
paid  great  attention  to  the  treatment  of  hair,  and  to  have  intro- 
doced  an  improvement  in  proportion,  making  the'heads  of  his  figures 
smaller  than  tus  predecessors  had  donel  He  doubtless  observed  that 
his  figures  gained  in  elegance  and  effect  l)y  taking  this  liberty ;  for  a 
saying  of  lus  is  leoordedj "  They  ^the  older  sculptors)  made  men  «a 
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they  irere ;  be  represented  them  u  they  appeiired  to  be."  Tliiii  reeroii 
to  be  a  peusdoz ;  but  it  is  not  so,  and  its  meaning  and  the  value  of  the 
principle  are  quite  intelligible  to  artists.  It  show«  that  Lysipjnis  con- 
sidered that  very  minnt«  detail  and  close  mechanical  copying  sb'njid 
be  made  subservient  to  j-eneral  effect.  Ly^ii'pus  left  fevcral  fcholars, 
three  of  whom,  hin  irons  Daippua  or  Laijipu.i.  Bedas,  and  iiutbycratesi, 
are  mentioned  amongst  ^lie  mo.rt  eminent  of  lii«  succesKors.  The  h't  is 
said  to  have  imitated  thi  linunrss,  or  the  au't<;ror  parts,  of  hi«  fatlirr'n 
practice,  rather  than  his  more  el''g.int  and  i'lca.?ing  qualities.  "  There- 
fore," says  Pliny  (' Hist.  Nat..' xxxiv.  8>,  "lie  Micceeded  admirably  in 
a  Et-itue  of  Hercules  at  Deliilii."ftc.  There  is  a  fine  bronze  f.ln1ne  of 
Hercules  in  the  Towflluy  OaJiciy  in  the  Blili^h  Museum,  whioli  L.-« 
every  indication  of  being  of  this  school. 

The  perfection  of  ■ciil|itiirc  seems  to  have  been  att.->ine»l  under 
Praxiteles  and  Lysippns  Th'-v  wej-e  conteiuporary,  and  e.'oli  effpclerl  in 
his  way  what  was  before  wanting  to  its  completion.  It  ii  believe  I  that 
there  are  imitations  of  S'-'jic  of  the  works  of  PrisitoU'S  in  the  various 
modem  collections  of  sruljitnre.  Among  thp.«c  are  the  .Sleepin<»  Fann, 
at  Munich ;  the  Cupid  of  the  Vatican,  at  Rome ;  st&tiieM  of  Venuii, 
Ix-lieved  to  be  coj  ies  of  (he  far-famed  V-cnns  of  C'nidus ;  and  tli»  Apollo 
Sauroctonus,  at  Rome. 

The  death  of  Aleitaii'ler  the  Great  (32  f  n.c)  was  followed  )>y  the 
dismemberment  of  his  v:..-<t  cropiro.  Tlie  arl.s  sutftreil  in  some  meaMire 
by  thcee  divisions  and  contentions;  but  it  is  difRcidt  to  assent  to 
AVinekelman's  opinion,  th.it  after  the  death  of  that  prince  there  was 
nothing  left  except  a  cla's  of  mere  imil.itors.  Rich  of  the  artists  above 
mentioned  left  numerous  scholars,  who  ftill  pre.«crved  the  high  cha- 
racter of  sculpture  By  tlicir  own  succcs.«ful  practice.  Among  the  most 
diAtingnished  of  these  feulptors  are  Cephi.-O'lotus  and  Eubuliss,  the 
ronaof  Praxiteles;  Famphiliis.  his  fcholar;  the  before-mentioned  Daip- 
T/US,  Bedas,  and  Euthycratcs  the  sons,  and  Tl'icratci,  the  rehohr,  of 
Lysippns  (the  works  of  the  lat'er  are  said  to  k-wc  boon  so  excellent 
that  they  were  often  mi-tikcn  for  tli'se  of  Lyi--ipi.iiR  himself);  Xeno- 
crates,  who  also  wrote  a  txatisc  on  hU  .irt ;  ('li.-.rc".  the  Lyndinn,  the 
author  of  the  famous  Colufsus  of  l!h«!f;!;  Damca-f,  Kutychydes,  and 
Phcmix.  Hetmocles  of  Hlio.Io.<  ik  meiitionrd  as  havin;;  been  employed 
by  the  earlier  Beleuci<iir.  Jsiponiis.  I'yromachtis,  and  Stratonicus 
illustrated  by  their  art  the  victoric?  of  Att  ilus  and  l!unicnes  over  the 
Oauls ;  and  the.  Ptolemies  also  for  a  time  wcro  prolcctors  and  patrons 
of  artists.  To  the  above  u.iiaes  many  othem  niiijht  l>c  addcil,  suHk-i-.nt 
both  in  number  and  talent  to  warrant  the  bclicM!.:  t  fcti'itiiio  was  nnt 
only  still  encouraged  and  practiced  on  the  bcit  priucri.los  but  that 
there  were  artitfs  living  quite  capable  of  aiding  its  progre-ifa  by  their 
own  genius.  The  assertion  therefore  of  Pliny  (xxxiv.  8),  that  from 
the  120th  to  the  155»h  Olympiad  the  art  wai  almost  extinct,  seems 
utterly  groundless.  To  this  or  about  this  period  antiipiaries  have 
attributed  some  of  the  most  interesting  remains  of  ancient  sculpture 
that  have  reached  our  times.  Amongst  these  may  be  noticed  the 
well-known  statue  of  the  Hermaphrodite,  at  Paris ;  the  fine  fragment 
called  the  Torso  of  the  Belvedere,  at  Home ;  the  Hercules,  called  the 
Famese,  at  Kaples;  and  the  statue  called  the  Fiuliling  Gladiator.  To 
those 'some  have  added  the  group  called  the  Tonj  Faruefw,  at  Naples, 
rci>rcfciitiuR  Du-ce,  ZellMS?,  .-.nd  Ai:i;>hiou  with  the  bull,  and  even  the 
group  of  Laocoon  and  hU  .'■<>tis. 

The  fatal  blow  to  the  existence  of  the  arts  in  Grf-e^c  was  given  by 
the  success  of  the  Roman  arms.  Lucius  Mummiiis  ha  I  been  sent  by 
the  senate  against  the  Acbasaus.  He  engajfcd  the  (jreek  army  near 
Corinth,  the  principal  city  of  the  fajnous  Ach,' an  Leigne,  and  om- 
jdctely  defeated  it.  The  city  was  immediately  devoted  to  destruction, 
and  sacked  by  the  conqueroi-».  The  Romans  carried  nwvy  fn)m  this 
celebrated  seat  of  the  .irts,  as  well  as  from  the  ot!:er  cilies"  of  Greece 
which  fell  into  their  hands,  the  greater  part  of  the  fine  productions 
both  in  painting  and  sculpture,  which  had  been  accumulated  for  cen- 
turies. These  were  forthwith  iransportcd  as  eyoil  to  Home,  which 
became  filled,  for  the  6rt:t  tii.ie,  with  the  nvst  «i.leu<!id  m<>mimcnt9  of 
Grecian  taste  and  genius.  This  event  ocouTed  in  tlie  lOstli  Olympiad, 
or  146  B.C.  Athens,  which  maybe  C' .iwideied  .is  the  gie.".t  contre  of 
art,  and  the  favourite  asylum  of  the  most  T.i -tinguished  artists  of 
Greece,  had  suffered  a  variety  of  fortune  since  the  time  of  Pericles, 
when  her  gloiy  may  be  -aid  to  have  I ctn  at  its  zenith.  Her  political 
Importance  declined  from  about  that  period,  but  she  still  seenui  to  have 
miUntained  a  character  as  the  al,o.!e  of  i:t<  lature  and  of  art  long  after 
her  political  influence  waa  at  an  end.  At  1<  ngf  h  she  was  doomed  to 
share,  in  full,  the  calaniitien  anil  humiliatir>n.s  to  which  other  Ore  ■i.-m 
dties  had  been  subjected  by  the  victtiriei  of  tho  Romans.  Having 
vainly  endeavoured  to  imjiede  the  pi  oyre.»s  of  the  Potnan  army  into 
Greece,  Athens  had  to  submit  to  what  she  might  fairly  consider  a 
barbarian  conqueror.  In  the  year  86  B.C.  »l;o  received  .is  her  master 
the  hangbty  and  unrelentiii!;  Sulla.  The  history  of  ancient  sculpture 
in  Greece  may  be  said  to  c!(>?c  nt  tlii.'i  time.  A"ft<r  the  e.'it.'iblishment 
of  the  Roman  empire,  the  Greeks  no  longer  hail  either  the  higher 
indocements  or  the  means  to  carry  on  the  exercise  of  the  arts  in  what 
may  be  considered  their  native  country ;  and  their  profes.<ors  were  ' 
AiTen  to  seek  emplcjyment  and  an  asylum  among  their  conquerors.       ' 

The  greatest  influx  of    (Jreek  artiftj*  into  Jta'.y  occurrcil  "when 
Ao^jiistus  had  obtained  the  sovereignty,  though   earlier  than   this 
period  there  bad  been  some  efforti  (ija.le  by  individual  Romans  to  ' 
llktroduoe  a  taste  for  art  among  tidr  countrymen.    A  slight  general 


view  of  what  bad  been  effected  in  tbia  respect,  or  rather,  of  tile  means 
Used  to  effect  this  end,  will  not  be  out  of  place  here,  as  introductory 
to  the  examin-ition  of  Vrhat  has  been  called  Romin  sculpture ;  but  the 
art  never  appears  to  have  been  naturalised  among  thia  people,  and,  a« 
will  lie  heen,  it  was  always  rather  an  exotic  in  Rome,  nursed  and 
tended  by  its  own  natural  cultivators,  Greek  sculptors,  than  a  growth 
liro-ic^ltt  to  any  perfection  by  the  people  in  whose  stranger  soil  it  had 
ac'.'Mint.illr,  and  almost  forcibly,  been  planted. 

It iman  .S.i'l/tfure. — It  u  not  ea'sy  to  determine  when  the  Romans 
l.'ep;.in  to  {>ay  attention  to  the  aria  of  painting  and  sculpture.  Fur  a 
l<:ng  iieriixl'thcy  were  too  much  occupied  in  insuring  their  safety  and 
stien^-thening  and  extending  their  state,  to  thinic  of  artft  which  they 
eould  then  only  have  looked  upon  as  unworthy  of  a  warlike  people. 
Their  fir.-t  public  motinmenfs  were  doubtle.'s  trophies.  The  trunk  of 
a  tree,  stripped  of  its  branches,  and  tjearingtiic  arms  of  the  vanquished, 
pn'claimud  the  achievemeot  of  the  victor,  and  at  the  same  time  incited 
the  yuun;;  Rtmun  to  exertion  in  his  country's  cause.  The  sculpture 
meutionol  tut  existing  in  Rome  at  a  very  early  date  was,  there  can  be 
no  doubt,  of  foreign  growth,  the  production  of  their  neighbours  tho 
KtruriaiM :  and  the  celebrated  she-wolf  Btill  exi.'ting  in  the  Capitol,  one 
of  the  mo.'t  ancient  and  int«re-=ting  monuments,  whether  cunddered 
historic.'' Ily,  or  as  an  exaniplc  of  esrly  bninie  Bculiitura,  nu»y  fairly  be 
attriliitiil  to  that  peojile. 

It  U  recorded  that  after  the  victories  of  C^tnillus  and  Micniiu  over 
the  Litin.?.  cqnestrian  sta'ueH  were  erectol  in  Rome  in  their  hoooiu'. 
This  w,i<  r.'-ove  850  yean--  tx-f.irc  our  era,  or  ab"ut  400  ycaTs  after  the 
builiin,;  of  Rome.  In  tho  3rd  eenturv  B.C.  one  of  the  Fabii  devoted 
him  elt'  to  the  arti,  and  acquired,  liom  his  succew,  the  surname  of 
Pictcr.  Pliny  ('Hiiit.  Nat,' XXXV.  4)  says  that  he  decoratetl  with  his 
painting^]  the  temple  of  the  goddess  of  Health  at  Rome,  and  that  the 
pictures  existed  in  his  time.  A  bronze  stiitue  of  Apollo,  made  out  of 
spoils  taken  from  the  S-.muitea,  is  Raid  to  have  been  dedicated  in  tha 
Capitol  about  this  period.  After  the  con<|uest  of  Syracuse  by  ilarcellu-!, 
Rome  bccnms  enriched  with  the  spoils  which  fell  into  the  hands  of  the 
victors.  The  reply  of  Marcellus,  when  he  was  accused  of  rapacity  for 
Ftripping  the  flon'i»ered  city  of  iti  works  of  art,  is  remarkable :  he 
declared  he  had  dune  it  in  <  rder  that  the  public  oditices  of  Itomo 
might  be  ornamented,  and  ali>o  to  introduce  among  his  oountiymen  a 
tiRte  for  the  arts  and  elegance  for  which  the  Greeks  were  so  distiu- 
guiaheil.  The  jwwer  ann  greatnc*  of  Rome  were  now  being  extended 
in  all  directions;  and,  by  .•  ';ne  '■•ijiriee  oi  f.-.noy,  genmitt'd  ]>rol>ably  by 
the  f.'.uililies  that  were  oii'eied  fur  ics  gr.itilieatiuu,  it  tx:uumo  a  rage  to 
collect  sjiecimens  of  sculpture.  Notwit'ustandiDg  the  opportunities 
thus  odered  for  acpiiring  some  knowledge  of  the  beauties  of  art,  from 
the  mere  habit  of  having  the  moiit  exquisite  examples  of  sculpture 
brought  before  them,  it  does  not  .tppear  that  any  decided  taste  dis- 
covered it^lf  till  about  SG  years  B.C.  Sulla,  in  his  victorious  march 
through  Greece,  destroyed  several  of  tho  most  magnificent  temples  and 
momimcnta  of  that  country ;  but  he  also  collected  a  great  quantity  of 
spoil,  which  he  forwanled  to  Rome,  and  which  consisted  chiefly  of  thu 
fine  works  which  were  preservv<l  in  the  tsmples  or  adorned  the  publiu 
places.  This  enormout  accuuuilation  of  such  objects  seems  at  length 
to  have  aroused  in  the  Horoaus  some  feeling  of  admiration  favourable 
to  the  cxistsncc,  at  lea«t,  of  art  in  their  own  country.  The  fashion,  or 
rather  pission,  to  funu  collections  at  any  price  increased.  Ven-ea  is 
haiidetl  do\m  to  posterity  among  the  must  zealous  and  .at  the  same 
time  tho  most  lawle^is  of  dilettanti ;  but  the  character  of  the  works  he 
possessed,  several  of  which  are  mentioned  by  Cicero  in  his  celebrated 
orations  against  the  rapacious  pnctor  of  Sicily,  gives  him  a  claim  to  be 
con-idcred  fully  capable  of  appreciating  excellence  in  art.  The  means 
tliat  he  adopted  for  gratifying  his  taste  merit  the  severest  condemna-. 
tion ;  but  he  probably  preserved  from  neglect  and  destruction  many  of 
the  most  valuable  monuments  of  sculpture. 

In  the  Ust  century  before  Christ  various  sculptors  of  distinguished 
name  were  resident  in  Rome,  or  were  practising  their  art  in  other  parts 
of  Italy.  Among  these  may  particularly  be  mentioned  Pasitelas, 
Arcesiias  or  Arcesilaus,  the  author  of  a  group  of  boys  with  a  lioneas; 
SauruB  and  Batrachus,  Strongylion,  Olympiosthenes,  and  Evander. 
Arcesilaus  was  much  employed  by  Luculius.  Strongylion  is  honour- 
ably mentioned  for  a  fine  statue  of  an  Amazon,  so  beautifully  formed 
in  the  legs  that  it  was  ciUed  Bucnemos.  He  also  made  some  statues 
of  Muses ;  and  Pausaniaa,  who  alludes  to  them,  pdds  he  was  most 
skilful  in  his  representations  of  animals.  Olympiosthenes  also  executed 
three  Sluses.  Pliny  speaks  in  tlio  highest  terms  of  the  merit  of 
I'asit-.-les.  He  becuue  a  Uoui.'ui  citizen,  and  among  his  works  is  men- 
tioned a  statue  of  Jupiter,  of  ivory,  which  was  plaoed  in  the  temple 
{cede)  of  Metullus.  It  U  to  be  regretted  that  a  htorary  work  of  this 
artist,  mentioned  by  Pliny,  no  longer  exists.  He  says, ' '  Pa-iteloj  wroto 
five  volumes  containing  dccriptions  of  the  most  i-emarkablo  works  in 
tlio  whole  world."  Such  a  record  from  an  artist  of  the  character  i.  f 
Pasiteles  would  be  a  treasure. 

Among  other  fine  works  in  sculpture  which  arc  siippo;cil  to  have 
been'produced  in  tbo  earlier  part  of  this  period,  may  iwrtiouiarly  be 
mentioned  the  st^itue  known  as  the  Germonicus  of  the  Louvre.  It 
duubtle-.i  i.)  intended  for  a  fijxiro  of  a  Roman :  but  it  seems  to  bs 
agreed  that  it  cannut  be  a  porirait  of  tho  prince  who;c  name  it  bear.', 
but  is  of  an  earlier  data.  On  the  piidestal,  immciliatcly  under  t':-j 
falling  folds  of  the  dnii>ery,  is  a  turtoiee.     As  this  animil  •.vii  aa^rcd 
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to  Mercury,  the  god  of  eloquence,  Visconti  conjocturetl  that  the 
Btttuo  might  reprcGcut  Bome  diitin^iiishpd  Roman  qrator.  A  Oieek 
inscription  declares  it  to  bo  the  work  of  C!%omenes,  the  Bon  of 
Cloomenes  the  Athenian;  a  name  distiuguished  among  those  who 
illustrated  Greece  during  the  prosperous  times  of  sculiiture.  The 
names  of  ApoUonius  of  Athens,  and  of  Glyeon,  also  au  Athenian 
(the  sculptors,  according  to  th»  inscriptions  on  tlio  worlu),  of  the 
celebrated  Torso  rind  of  tho(FnmeKe)  Hercules),  do  not  occur  in 
Pausanias ;  which  has  oocasiuuad  a  doubt  whether  they  had  executed 
many  wCrka  remaining  in  Greece  in  the  time  of  that  writer.  Tliey 
are  thou^t  to  have  lived  in  tlie  century  before  our  tcra. 

Julfus  Oscsai-  gratified  liis  ta^tc  for  tlio  liuo  ai-ta  by  collecting  statues, 
geois,  and  similar  objects.  His  iVitron.igo  e::tended  itself  even  to 
remote  places,  and  he  not  only  embellished  Rome,  but  many  cities  of 
Gaul,  Spain,  Greece,  and  Asia  Minor  poi'Ucipiited  in  the  advantages  of 
his  good  taste. 

A  great  impulse  was  given  to  the  cnooura?cment  of  sculpture  by 
Augustus.  He  caused  ail  the  Cucot  works  t!;at  could  bo  procured  to 
be  collected,  and  he  had  them  placed  in  the  public  places  of  Ro:nc. 
He  is  also  said  to  have  removed  the  statues  of  ilhistrious  men  from  the 
area  of  the  Capitol  to  the  Campus  Martins.  (Suet., '  Calig.,'  8-1.)  Tl:e 
example  of  Augustus  was  imitated  by  the  wealthy  Rom.-ms,  and  no 
expense  was  spared  in  adding  new  and  admired  productions  to  the 
different  collections  of  statues  and  paintings.  Among  the  most  liberal 
of  the  patrons  of  this  period,  Agrippa  stands  preeminent  for  the 
munificence  with  which  he  devoted  his  fortune  to  the  embellishment 
of  Rome.  The  Pantheon  is  a  monument  of  the  taste  and  princely 
liberality  of  a  Roman  citizen.  Agrippa  cn)ploycd  an  Athenian  sculptor, 
called  Diogenes,  to  enrich  tliis'  temple.  Pliny  particularly  alludes  to 
some  Caryatides  by  him,  as  well  as  to  some  figvues  in  the  pediment  or 
front  [foAitij/ij) ;  but  these  PliSiy  ('  Hist.  Nat,'  xxxvi.  4)  says  i-ro<lueed 
less  effect,  owing  to  the  height  at  which  they  were  placed.  It  is 
recorded  that  Agrippa  constructed  some  aqueducts,  which  he  decorated 
with  three  hundred  statues  in  bronze  and  marble.  During  the  age  of 
Augustus  the  names  of  many  very  diitinguished  artists  occur.  Among 
them,  Vitruvius,  the  ai'chitect,  Pnsidonius,  a  native  of  Ephesus,  and 
the  celebrated  Dioscorides,  the  engiuver  of  gcuis,  may  be  particularly 
mentioned. 

The  good  effect  of  the  example  of  Augustus  seems  to  have  been  long 
felt  in  Rome,  though  it  does  not  appear  that  Tiberius  contributed 
much  to  pi-eserve  or  nourish  a  taste  for  art.  A  circumstance  however 
is  said  to  have  occurred  during  this  latter  reign  which  shows  that  the 
Romans  wer^  alive  to  the  value  of  fine  public  works.  Tiberius  ad- 
mired a  statue  representing  an  athlete  anointing  his  limbs,  by  Lyaippus, 
which  Btood  in  the  baths  of  Agrippa— a  place,  it  seems,  of  public 
resort.  ^Desiring  to  have  exclusive  possession  of  this  work,  ho  had  it 
removed  to  his  own  palac&;  but' the  diss-atisfaction  of  the^ople  was 
so  great,  and  their  indignation  at  the  emperor's  depriving  them  of  what 
they  considered  public  property  so  violently  expressed,  that  Tiberius, 
fearing  a  revolt,  ordered  the'favouiito  statue  to  be  replaced  in  its 
original  situation. 

Uuligula  had  works  of  art  brought  to  Rome  from  Greece,  but  itdoos 
not  appear  that  ho  had  any  admiration  of  them  as  objects  of  beauty  or 
as  memorials  of  an  enlightened  people,  but  rather  that  he  considered 
them  as  means  of  gratifying  his  personal  vanity.  He  ordered  the  heads 
of  the  gods  and  of  illustrious  men  to  be  struck  off  their  statues,  and 
his  own  to  be  substituted.  Thb»  paltry  ambition,  which  could  be 
exercised  at  a  cheap  rate,  accounts  for  the  mutilation  of  many  stituos 
that  have  reached  our  times,  and  in  which  a  totally  different  character 
will  often  be  observed  in  the  ieads  and  other  portions  of  the  work. 
Caligula  is  recorded  as  the  fii-st  emperor  who  was  guilty  of  this  species 
of  sacrilege ;  but  he  appears  to  Imve  been  imitated  by  many  of  his 
successors.  It  is  a  curious  fact  that,  notwithstanding  the  efforts  so 
unworthily  made  by  Caligula  to  make  himself  known  to  posterity, 
portraits  or  busts  of  this  emperor  are  extremely  rare.  The  reigns  of 
Claudius  and  of  Nero  at  first  gave  promise  of  •ucouragement  to  the 
arts ;  the  latter  emperor  required  decoration  for  his  Golden  Palace, 
which  he  constructed  on  the  Palatine  Hill;  and  although  the  vast 
number  of  works  that  had  already  been  procured  from  Greece  would 
seem  to  have  robbed  that  country  of  all  its  .treasures,  he  procured  no 
fewer  than  five  hundred  bronze  statues  from  the  temple  of  Apollo  at 
Delphi.  Two  of  the  best  works  of  ancient  sculpture,  the  Apollo 
Belvedere  and  the  so-called  Fighting  Gladiator,  were  found  among  the 
ruins  of  a  vilhi  or  palace  of  Nero  at  Antium.  Zenodorus  the  sculptor 
was  employed  by  Nero  to  make  a  colossal  statue  of  him,  of  bronze,  a 
hundred  and  ten  or  a  hundred  and  t»venty  feet  high.  (Plin!, '  Hist. 
Nat,"  xxxiv.  18 ;  Suet.,  '  Ner.,'  31.)  Zenodorus  was  called  to  Rome 
from.  Cisalpine  Gaul,  where  he  had  executed  a  colosa.!!  statue  of 
Mercury,  a  work  which  had  occupied  him  ten'  years.  Menodonis,  an 
Athenian  sculptor,  lived  at  this  time.  His  statues  of  athletfo,  and 
subjects  of  that  class,  are  mentioned  in  terms  of  commendation.  It  is 
probable  that  there  were  two  artists  of  this  name. 

This  may  be  considered  the  period  at  which  the  introduction  of 
variously  coloured  marbles  in  statues  became  the  fadiion  in  Rome. 
The  Roman  pol^Uthie  sculpture  differed  in  some  respects  from  that 
practised  by  the  Greeks.  The  Roman  mode  was  to  imitate  the 
different  stufBi  of  which  real  draperies  were  composed,  as  well  as  the 
wnamental  dressings  of  the  figures,  with  marbles  (usually  Orienta 


alabasters,  fto.)  closely  resembling  them  in  colour.  The  Greeks 
ocoTsionally  used  diil'crcnt  materials,  not  often  marbles,  for  tliia 
purpose;  but  not  with  the  intention  of  imitating,  tlio  pai-ticular  colour 
or  te.iiture  of  the  object  represonteX  The  Romans  oajTied  this  so  far 
as  to  express,  in  white  and  dark  marble,  the  colours  of  the  oyes  in  a 
statue,  in  black  marble,  of  an  Ethiopian.  More  than  onB  example  of 
this  may  bo  scon  in  the  various  collections  of  ancient  statues.  The 
reigns  of  Otho,  Galba,  and  VitelliuB  were  too  short  and  too  disturbed 
to  give  those  emperors  time  or  opportunity  to  encourage  sculpture. 
Otho  ordered  a  large  sum,  ninety  millious  of  sesterces,  to  be  appro- 
priated for  the  completion  of  the  Golden  I'.ilace  of  Nero.  Busts  of 
these  emperors  are  extremely  rare.  There  is  one  of  Vitellius  in  the 
Museum  of  the  Louvre,  of  very  high  merit;  but  most  of  the  portraits 
of  this  prince  have  been  considered  modern. 

Vesi)asian,'Titus,  and  Domifian  encounaged  Foulplure.  Titus  erected 
two  statues,  one  of  gold,  the  other  equcstriai; ,  of  ivory,  hi  honour  of 
Britannicus,  the  son  of  Claudius,  who  was  p  lisoned  by  Nero.  (Suet., 
'  Tit.,'  2.)  Statues  of  Domitian  are  rare,  in  cousc<iueucj  of  the  order 
issued  by  the  senate,  after  the  tyrant's  death,  that  all  statues  of  him 
diould  be  destroyed. 

B;it  little  now  occurs  in  the  history  of  sculpture  worthy  of  notice 
till  the  time  of  Trajan.  The  tiste  and  energy  of  this- prince  re.ini- 
u:.itcd  the  arts  both  in  Greece  .ind  Italy.  Zeno  of  Aphrodisiaa  was  a 
sculjitor  of  this  time..  The  column  of  Trajan  is  an  int^esting  monu- 
Uiout  of  the  ait  in  the  litter  part  of  the  1st  century  after  Christ.  The 
reigns  of  Tnajan,  Hadrian,  and  the  Antoniues  may  justly  be  accounted 
the  golden  age  of  sculpture  in  Rome;  thottgfa  even  then  it  is  probable 
tliat  the  art  vna  httlo  practised  by  native  artiat.f.  In  Hadi-ij»n  cspet-ially 
the  arts  found  a  muniticrutpi-otector.  He  restored  many  of  the  ancient 
.  temples  which  were  falling  to  decay;  he  erected  others  in  a  stylo 
j  worthy  of  the  best  ages  of  the  art ;  and,  among  other  public-Bpiritcd 
I  undertakings,  completed  the  temple  of  the  Olympian  Zoue  at  Atliens. 
;  Among  the  enrichments  bestowed  upon  it  was  a  sfcitue  of  Zeus  in  gold 
.j  and  ivory,  seveml  other  works  placed  there  by  Hadrian,  and  finally  a 
colossal  statue  of  tho  (•m;!eror  himself.  The  scale  of  magnificence  in 
which  thS  prince  induljed  may  be  estimated  from  tli#  remains  of  his 
celebrated  villa  i:o.ir  Tivoli,  about  eighteen  miles  from  Rome.  It  was 
embellished  with  all  tho  finest  works  that  could  bo  procured,  whether 
the  productions  of  ancient  Greek  artists  or  of  those  of  his  own  time. 
Some  of  the  most  interesting  and  valuable  remains  of  antiquity  have 
been  discovered  there ;  and  even  at  the  present  day  every  fresh  exoa- 
vation  that  is  made  among  these-  ruins  restores  to  the  world  some 
object  of  interest.  Some  of  the  EgyptLxn  superstitions  having  been 
introduced  into  Italy  alwut  this  time,  they  were  mixed  uj)  with  the 
existing  forms  of  worship,  and  the  gods  of  the  Nile  wero  admitted 
among  those  of  the  Romans.  Tho  example  of  the  capital  wa.^  soon 
followed  by  the  smaller  communities ;  and,  as  the  new  worship  was 
extended  over  the  whole  empire,  a  gi-oat  demand  arose  for  statues,  and 
other  symlxils  of  Egyptian  deities  and  ceremonies.  The  imitiitions  of 
Egyptian  figures  and  subjects  which  are  found  in  Italy,  and  which 
particularly  abounded  among  the  ruins  of  H.adrian's  vUIa,  may  be 
tusigucd  t)  this  period. 

The  numerous  S]>ecimens  of  sculpture  of  the  time  of  Hadrian  that 
are  preserved  in  modem  collections  are  evidence  of  the  high  stite  of 
the  art.  Tho  statues  and  busti  of  himself,  and  of  the  emperors  who 
immediately  preceded  and  followed  him,  as  well  as  tlie  poiAraiti  of ' 
Antoninus  and  Lucius  Verus,  exhibit  qiulitios  that  would  do  honour 
to  the  bestngesof  Greek  sculpture.  There  are  two  statues  of  Antmous 
in  the  museum  of  the  Capitol,  one  treated  in  the  Greek  style,  entirely 
naked,  and  tho  other  with  Egyptian  attributes,  which  are  particulaily 
worthy  of  notice  for  the  simplicity  and  buinty  united  with  grandeur 
that  pervades  them.  They  carry  us  back  to  the  very  finest  period  of 
the  pi-actice  of  the  art. 

Sculpture  declinetl  after  the  death  of  Hadrian.  The  difference 
observable,  both  in  style  and  execution,  in  the  two  columns  of  Trajan 
and  Antoninus,  exhibit  a  marked  change  in  the  condition  of  art,  even 
in  the  short  period  that  elapsed  between  the  execution  of  these  works. 
Antoninus  Pius  was  not,  however,  neglectful  of  ni't;  but  the  chief 
employment  of  that  time  seems  to  have  been  in  i)Ortraits  and  busts,  a 
sure  indication  of  indifference  towards  the  higher  class  of  design. 

IHerodes  Atticus  claims  a  distinguished  pLu:e  in  the  list  of  promoters 
of  the  fine  arts.  He  employed  his  immense  wealth  in  embellishing 
Athens  and  other  cities  of  Greece.  Chryselephantine  sc'lilptme  \yii3 
still  practised ;  for  it  is  recorded  that  he  caused  a  quadriga,  with  a 
group  of  Neptune  and  Amphitrite,  mado  of  gold  and  ivory,  to  bu 
placed  in  a  temple  of  Corinth.  By  the  time  of  Septimius  Soverus 
(about  A.D.  200)  tho  ai-ta  of  design  had  rapidly  declined.  The  schools 
for  their  cultivation,  which  had  been  established  by  Hadrian,  wero  no 
longer  kept  up,  and  the  effect  of  the  neglect  of  pure  design  is  visible  in 
the  monuments  of  this  period.  The  sculpture  on  the  areh  of  .Sept. 
Severus,  in  the  Forum  of  Rome,  as  well  as  that  cilled  the  Arch  of  the 
Goldsmiths,  also  at  liome,  offer  undeniable  evidence  of  the  low  con- 
dition of  taste,  and  the  inferiority  of  practice  in  art.  Con.sidor.able 
care  was  shown  in  the  littlenesses  of  execution ;  but  evoi-ything  that 
indicated  boldness  of  conception,  breadth  of  treatment,  and  style,  had 
vanished.  With  the  exception  of  busts,  some  of  which  must  bo- 
admitted  to  have  great  merit,  the  monuments  which  remain  of  the 
time  of  Coracalla,  Geta,  Alexander  Severus,  and  their  successors,  only 
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coofirm  tlie  rapid  fall  of  Bculpturc.  Alexander  SeveruB  endeavoured 
to  revive  a  taate  for  architecture,  and  even  instituted  Bchoola  for  tbe 
education  of  students ;  but  the  calamities  that  disturbed  Italy  duiing 
the  contentions  for  tiie  empire,  left  men  little  leisure  for  elegant 
pursuits.  The  degraded  state  of  sculpture  in  the  3rd  century  of  our 
era  it  sufficiently  declared  by  the  quality  of  the  basai-rilievi  on  the 
arch  of  Constaatine  in  Home ;  all  that  wei-e  not  taken  from  tbe  arch 
erected  in  honour  of  Trajan's  victory  over  the  Dacians,  exhibit  this 
utmost  poverty  of  design,  with  feebleness  of  execution. 

The  dismemberment  of  the  Boman  empire  by  the  establishment  of  a 
seat  of  imperial  government  at  Constantinople,  was  a  fatal  blow  to  the 
grandeur  and  magnificence  of  Borne ;  and  from  this  time  may  be  dated 
the  downfall  of  ^e  city.  To  Constantine  himself  some  honour  is  how- 
ever due  for  his  endeavours  to  restore  a  feeling  for  the  aiiM,  by  the 
scale  on  which  he  proposed  to  decorate  the  new  imperial  residence. 
Sensible  of  the  want  of  artists  capable  of  doing  justice  to  his  splendid 
conceptions,  he  instituted  schools,  especially  for  architecture ;  and  by 
distributing  rewards  and  giving  privileges  to  students,  he  endeavoured 
to  induce  young  men  to  devote  thenuelves  to  acquiring  a  kuowledgo  of 
the  art.  He  so  far  succeeded  tliat  several  considerable  buildings  were 
erected,  but  they  were  indebted  for  their  decoration  to  the  sculptors  of 
a  past  age.  By  the  emperor's  commands,  tho  cities  of  Qreece  and  Asia 
Hmor  were  despoiled  of  what  had  been  left  them  by  preceding  col- 
lectors. Statues  of  gods,  heroes,  eagcs,  and  poets  were  brought  together 
from  all  parts,  to  contribute  to  the  splendour  of  tbe  new  city,  and 
nothing,  Cedrenus  observes,  seemed  wanting,  but  the  souls  of  the  illus- 
trious individuals  whom  these  admirable  monuments  were  intended  to 
represent.  Some  attempts  were  made  to  restore  sculpture  by  giving 
employment  to  contemporary  artists  ;  and  statues  in  metal  were 
erected  in  this  reign  and  in  the  subsequent  reigns  of  Constautius, 
Theodosius,  and  Honorius ;  but  the  spirit  'of  ancient  art  was  lost,  and 
these  works,  of  A  totally  distinct  character  from  that  oi  the  finer  Greek 
schools,  appear  to  have  had  so  little  merit,  that  the  names  of  their 
authors  have  not  been  recoixled. 

The  state  of  Italy  in  the  5th  and  6th  centuries  rendered  the  restora- 
tion of  the  fine  arts  utterly  hopele^.  Duiing  this  unhappy  period  ul 
her  history  she  suffered  from  the  inroads  of  the  northern  nations.  In 
the  year  412,  Alaric,  king  of  the  Goths,  ravaged  the  country  and  gained 
possession  of  Borne.  At  a  later  period  the  city  was  given  up  to  pillage 
by  Odoacer;  and  Genseric  and  his  Vandals  subsequently  added  to  the 
destruction.  In  S45  Borne  vras  attacked  by  the  Goths  under  Totila ; 
they  set  fire  to  the  city,  which  continued  burning  for  several  days.  In 
this  siege,  the  Bomans,  driven  to  their  last  hold,  defended  themselves 
from  the  Mausoleum  of  Hadrian  (now  the  Castle  of  St.  Angelo) ;  and, 
we  are  told,  threw  down  upon  their  enemies  the  statues  which  deco- 
rated that  sumptuous  edifice.  To  the  losses  occasioned  by  these  and 
similar  means  are  to  be  added  those  consequent  upon  the  anti-pagan 
zeal  of  some  of  the  early  Christians.  They  used  to  drag  down  the 
statues  of  the  divinities  of  the  Greek  and  Boman  mythology,  and 
pouud  them  to  dust.  The  finest  productions  of  the  greatest  masters 
of  sculpture  were  thus  demolished;  and  so  sweeping  had  been  the 
destruction,  that  when  Arcadius  and  Honorius  isauud  fresh  edicts  for 
carrying  on  the  work  of  demolitaon,  it  was  said,  "  Si  qua  etiam  nunc  in 
templis  fanisque  consistunt "  ("  li  indeed  there  should  be  any  still  left 
in  the  temples  "). 

The  greatest  treasures  of  art  were  preserved  at  Constantinople,  and 
the  palace  of  the  Lausi  boasted  one  of  the  finest  collections  of  ancient 
statues.  An  immense  number  of  these  fell  a  prey  to  the  flames  in  479. 
In  the  year  6G1,  Coustans  was  driven  from  Constantinople  by\the  infu- 
riated people,  and  passed  over  into  Italy.  He  visited  Borne,  where  be 
remained  a  few  days,  but  in  this  time  he  despoiled  it,  as  far  as  he 
could,  of  whatever  it  still  possessed  of  value  in  art.  These  works, 
chiefly  in  bronze,  were  carried  by  his  orders  to  Syracuse,  where  he 
proposed  to  establish  himself,  and  whei-e  he  died. 

The  public  attention  both  in  the  Eastern  and  Westem  empire  was 
now  too  fully  occupied^  with  intestine  troubles  and  the  attacks  of 
external  enemies,  to  be  able  to  think  of  the  arts.  The  fuiy  of  the 
iloonoclosts  and  the  conquests  of  the  barbarians  forwarded  the  work  of 
destruction,  and  though  Theodoric, '  and  afterwards  Charlemsgn'e, 
attempted  to  stop  the  ravages  which  were  consequent  upon  the  success 
of  their  followers,  and  to  afford  some  protection  to  the  remains  of 
antiquity,  their  influence  was  quite  inadequate  to  effect  their  object  or 
to  save  the  monuments  of  genius  from  the  violence  of  an  uncivilised 
and  ill-disciplined  soldiery.  Theodoric  (about  500  a.D.)  laments,  in  a 
letter  to  Symmachus,  the  ruin  of  works  of  genius,  and  observes  that 
Borne  still  possessed  a  population  of  statues.  Charlemagne  formed  the 
plan  of  renovating  art,  and  most  probably  would  have  accomplished 
his  object,  if  the  age  had  been  worthy  of  the  emperor.  His  great 
purpose  however  was  to  obliterate  the  remembrance  of  the  splendour 
of  inganism  by  the  magnificence  of  Christian  art ;  and  the  entirely  new 
feeling  introduced  occasioned  a  totally  new  style  of  design,  which,  as 
it  has  little  connection  with  our  present  subject,  will  be  considered  in 
another  place. 

The  Empire  of  the  West  and  the  glory  of  tlia  Boman  name  had 
passed  away.  The  resuscitation  of  art  and  science  belongs  to  another 
period  of  our  history. 

In  the  12tU  century  Coustantinopls,  after  a  series  of  distresses  and 
difficulties,  was  taken  possession  of  by  the  victorious  Latins  and  their 


allies  under  Boniface  and  Baldwin ;  and  the  city,  which  had  already 
been  nearly  destroyed  by  a  succession  of"  fires,  was  given  over  to 
pillage,  Nicetas  Chouiates  has  described  some  of  the  fine  remains  of 
art  that  were  there  in  his  time,  and  which,  during  this  reign  of  plunder, 
wore  broken  or  melted  down  to  be  coined  into  money,  or  sold  for  tho 
value  of  the  metal.  Among  them  we  find  various  bronze  stitues  of 
charioteers  that  stood  in  the  Hippodrome ;  a  group  of  Bellerophon  and 
Pegasus ;  Paris  presenting  the  apple  to  Aphrodite ;  an  exquisite  statue 
of  Helen ;  a  colossal  Heracles,  by  Lysippus ;  and  the  celebrated 
ColosBal  statue  of  Hera,  which  had  once  adorned  her  temple  at  Samoa. 

The  real  history  of  ancient  sculpture  may  be  said  to  have  ended 
even  before  the  period  to  which  it  has  here  been  carried.  It  is  both 
unsatisfactory  and  painful  to  attempt  to  trace  it  farther,  when  each 
step  taken  only  shows  ruin  and  devastation.  The  monuments  of  the 
Bnmans  are  numerous,  and  have  been  useful  in  illustrating  ancient 
writings  and  in  making  us  acquainted  with  the  maimers-and  customs 
of  that  people ;  but  IToman  sculpture  has  not  the  same  claim  upon  our 
attention  as  that  of  the  Greeks.  Indeed  in  following  the  history  of 
the  art  in  Italy  it  is  obvious  that  the  interest  is  chiefly  kept  up  by  con- 
sidering sculpture  in  Bome  as  a  continuation  of  that  of  Greece,  and  not 
OS  an  art  which  the  Italians  cultivated  with  any  original  feeling.  The 
best  works  produced  were  by  Greek  artists ;  and  the  attempts  of  the 
Bomans  are  characterised,  if  it  can  be  called  character,  by  poverty  of 
invention,  meanness  of  design,  and  for  the  most  part  vmskilful 
execution,  Tbe  art  was  seldom  patronised  but  when  it  was  required 
to  flatter  the  pride,  or  please  the  vanity  of  individuals  by  portrait 
statues  or  busts;  and  consequentiy  it  never  rose  to  that  excellence  or 
elevation  which  it  attuned  in  Greece',  where  it  was  made  the  means  of 
embodying  the  grand  conceptions  of  genius  by  the  union  of  expression 
and  sentiment  with  the  most  beautiful  forms. 

JUi-iial  nf  Sculpture.— Aiter  the  subjugation  of  the  Greek  and  the 
division  of  the  Boman  empire,  the  fine  arts  gradually  declined. 
Occasionally  efforts  were  made  to  revive  them,  but  as  these  arose  from 
individual  feeling,  and  v.cro  not  supported  by  any  general  interest  in 
the  subject,  the  attempt  had  littie  success.  Charlemagne  endeavoured 
to  restoiu  them ;  but  his  edicts,  unrespondcd  tu  by  the  sympathy  of 
those  about  him,  were  unable  to  effect  his  object.  Still  the  arts  were 
kept  olive  by  tlie  monks  of  tho  early  Greek  imd  Latin  churches,  who, 
with  pious  diligence,  illuminated  manuscripts,  and  sometimes  even 
decorated  the  walls  of  their  chapels  and  convents  with  rude  paintings. 

It  has  been  ustud  to  date  the  revival  of  art  in  Italy  at  about  the 
lOtU  or  11th  century.  TLc  beginning  of  modem  art  may  however  be 
reckoned  from, an  earlier  time;  rather,  as  Flaxman  says,  from  the 
reign  of  Constantine,  seven  centuries  earlier,  when  Christianity  became 
the  religion  of  the  empire.  Painting  and  sculpture  then  ceased  to  be 
employed,  as  heretofore,  on  the  pagan  gods,  but  were  engaged  to 
illustrate  subjects  connected  with  Christian  worship.  Even  during 
the  reigns  of  those  emperors,  by  whom  the  Christians  were  most 
persecuted,  they  ornamented  their  subterraneous  retreats  with  sacred 
portraits  and  subjects  from  fiuripture.  (Flaxman's  '  Lectures  on 
SciUpture.')  The  artists  to  whom  tho  chief  merit  of  reviving  art  is 
duo,  are  supposed  to  have  derived  no  small  benefit  from  the  study  of 
the  remains  of  ancient  sculpture  which  were  still  scattered  about  Itaij, 
and  particularly  in  Pisa,  ttie  native  city  of  the  presiuned  founder  ol 
tho  first  school  of  modem  sculpture.  Without  denying  this  very 
probable  effect  of  superior  works  upon  minds  just  awakening  to  the 
beauties  of  art,  it  may  be  disputed  whether  its  influence  was  so  great 
as  some  have  imagined.  It  scarcely  can  be  traced  where  it  might  most 
reasonably  be  supposed  to  existy  namely,  in  any  peculiarities  or  finer 
qualities  of  style  or  execution ;  and  it  surely  must  be  conceded  that 
the  mind  and  spirit  tiiat  are  observable  in  the  paintings  and  sculpture 
of  the  time  of  the  revival  are  of  an  entirely  original  character  and  quite 
independent  of  the  ancient  schools.  This  is  remarkable  in  a  class  of 
design  which  at  first  seems  peculiarly  calculated  to  tempt  modem 
artists  to  recur  to  the  manner  of  the  ancients,  namely,  that  in  which 
symbols  and  allegorical  figures  are  employed.  In  the  examples  that 
exist  by  one  of  the  earliest  painters,  Giotto  dl  Bondone  (chiefly  in 
the  Capella  dell'  Annunziata  and  in  the  Salone  at  Padua),  there  cer- 
tiuuly  IB  no  apparent  imitation  of  any  of  the  numerous  and  varied 
modes  of  treating  such  subjects  that  were  offered  to  him  in  the 
monuments  of  antiquity.  Without  the  most  remote  idea  of  under- 
rating the  excellence  of  fine  ancient  models,  it  seems  only  just  to  assert 
a  claim  for  the  distinct  and  original  character  which  divides  modem 
Christian  art  from  that  of  the  Greek  schools,  A  depth  of  thought,  an 
intention  pervades  the  Christian  art,  which  show  an  entirely  altered 
feeling ;  and,  after  the  first  period  of  the  rude  and  almost  frightful 
attempts  at  design  (usually  in  single  figures,  gaunt  and  staring  images 
of  the  Apostles  and  saints),  the  revivers  of  art  seem  to  have  aimed  at 
appealing  to  the  sympathies,  rather  than  gratifying  the  eye  and  pleasing 
the  fancy  only,  by  presenting  to  them  beautiful  form?.  On  this  ground 
the  artists  of  this  age  wore  essentially  men  of  genius ;  for,  instead  of 
servilely  copying,  they  drew  from  their  own  original  sources ;  and  the 
art  that  proceeded  from  them  eventually  became,  as  was  the  case  with 
Greek  art  while  master-spirits ''directed  it,  great  and  admirable. 

Passing  over  the  performances  of  the  artists  who  were  employed  in 
different  parts  of  Italy  iu  the  century  before  his  appearance,  Niccolo 
Fisano  may  be  considered  the  father  of  modem  sculpture.  Many  of 
the  artists  alluded  to  united,  aa  was  usual  in  those  days,  the  three  pro- 
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feasiona  of  paintiiig,  sctilpture,  and  architecture,  and  their  works  are  \ 
interesting  monuments  of  their  ingenuity ;  but  sculpture  only  assumed 
a  distinct  and  appropriate  character  when  the  two  Pisani,  Niccolo  and  ' 
his  son  Oiovanni,  devoted  themselves  to  it,  aad  by  their  talents  diffused 
3.  love  of  art  throughout  Italy,    The  cathedrals  of  Pisa,  Fistoja,  Siena, 
and  Orvieto  are  rich  in  the  productions  of  the  Pisani    They  consist  of 
magnificent  marble  pulpits  enriched  with  bniisi-rilieTi  and  statues,  and 
are  evidence  of  great  power  both  in  composition  and  in  deep  feeling. 
An  accoimt  of  thes^  artists  and  their  principal  works  will  be  found  under  ■ 
Nicoo^A  Di  Pisa,  in  the  Bioa  Div. 

One  of  the  most  masteily  compositions  of  any  school  of  sculpture  is  ' 
s  semicircular  basso-rilievo,  in  marble,  of  Niccolo  Piaano,  representing 
the  'Taking  down  from  the  Cross,'  which  is  placed  over  one  of  the  side 
doon  in  front  of  the  Duomo  of  Lucca.  Another  remarkable  work  of 
Niccolo  Pisano  is  a  basso-riliovo  representing  the  Lost  Judgment  and 
Punishment  of  the  Wicked,  in  the  cathedral  at  Siena.  His  power 
seems  to  have  been  in  treating  gentle,  delicate,  or  touching  representa- 
tions ;  but  the  performance  alluded  to  has  great  merit  for  the  boldn^sii 
of  the  conception,  the  eager  crowding  or  fearful  shrinking  of  the  figures, 
and  for  the  masterly  composition.  Niccolo  Pisano  commenced  his  pro- 
fession early  in  1200.  He  lived  to  an  advanced  age,  and  was  succeeded 
by  bis  son  Giovanni  di  Visa,  Amolfo  of  Florence,  and  other  scholars. 
Qiovsnni  executed  some  esteemed  works,  but  in  natural  genius  he  was 
inferior  to  his  father,  and  he  was  satisfied  rather  to  imitate  what  hod 
been  done  tiian  desirous  or  able  to  advance  the  art.  Sculpture  did  not 
make  that  progress  after  the  deaih  of  Nicoolo  that  might  have  been 
expected  from  the  merit  of  his  works  and  the  fine  opening  he  had  made 
for  its  improvement.  Amolfo  was  much,  employed  both  as  an  archi- 
tect and  sculptor.  Two  of  his  works  in  the  latter  art,  the  monument 
of  Boniface  and  the  Tabernacle  in  the  church  V)f  St.  Paul  (fuore  le 
mura),  ore  preserved  in  Rome.  The  date  of  their  execution  is  about 
1800,  or  rather  later.  Among  the  more  successful  imitators  of  Niccolo 
Pisano  may  be  noticed  Hargaritone  d'Areszo,  Guide  da  Como,  and 
"  Maestro    Buono. 

In  the  year  1380,  Andrea  Pisiuio.the  son  of  Ugolino,  who  Was  settled 
in  Florence,  executed  one  of  the  bronze  gates  of  the  Baptistery  in  that 
<aty.  The  sculpture  illustrates  the  life  of  St.  John.  This  work  is 
admirable  for  its  beautiful  sentiment  and  simplicity,  though  it  must 
be  allowed  to  be  deficient  in  the  mechanical  excellences  of  sculpture. 
Andrea  Orcagna,  contemporanr  with  Andrea  Pisano,  was  an  architect, 
painter,  sculptor,  and  poet.  [Oboaqna,  in  Bioo.  Div.]  His  works  in 
sculpture,  notwithstanding  a  certain ,dry  quality  of  execution  that  per- 
vades them,  have  great  merit.  His  moat  esteemed  performances  ;a« 
the  sculptuFes  on  the  altar  in  the  chapel  or  oratory  of  Or  San  Michele, 
in  Florence.  Ort»gna  showed  great  talent  in  the  taianagement  of  his 
draperies,  preserving  considerable  breadth  in  the  forms  and  disposition 
of  the  folds,  and  so  composing  them  as  not  to  conceal  the  action  of  the 
limbs.  There  are  some  curious  monuments  of  this  early  period  at 
Naples,  where  sculpture  was  practised  by  the  followers  and  imitators 
of  Niccolo  and  Giovanni  Pisani.  The  Neapolitans  pretend,  indeed,  to 
cite  names  of  sculptors  even  earlier  than  the  Pisani ;  and  mention  is 
made  of  "  Maestro  "  Fiorenza  and  Agnolo  Oosentino  of  as  early  a  data 
as  the  9th  and  10th  centuries.  Approaching,  however,  nearer  to  the 
time  under  consideration,  we  find  the  name  of  Pietro  da  Stefan!  men- 
tioned as  a  respectable  sculptor  at  Naples.  His  works  are  particularly 
commended  for  expression,  a  quality  of  difiicult  attainment  in  what 
may  truly  be  considered  the  infancy  of  art.  The  two  Masucci  are  also 
recorded  among  the  sculptors  who  were  at  that  time  decorating  Naples 
with  theii:  works.  The  chief  occupation  for  the  artists  was  in 
"  Depositi,"  or  tombs,  monumental  sculpturea,  and  occasionally  enrich- 
ments, in  reliefs  and  small  figures,  on  altars.  The  monuments  were 
often  of  a  very  elaborate  kind,  uniting  sculpture  with  architecture. 
Stbriee  of  figmres  in  niches,  or  mixed  up  with  Arabesque  or  Gothic 
OTnamenta,  rose  one  above  the  other,  till,  at  a  certain  elevation,  the 
work  took  a  pyramidal  form,  the  apex  of  which  was  surmounted  by  a 
statue  either  of  the  Madonna  and  Child,  or  of  a  patron  saint,  or  some- 
times by  an  equestrian  figure  of  the  deceased.  There  are  some  very 
curious  specimens  of  these  compositions  in  many  parts  of  Italy ;  one  of 
the  most  remarkable  is  at  Naples,  in  the  dkurcli  of  S.  GioTanni  del 
Carbonari. 

The  works  of  Luca  della  Robbia  abound  in  Italy.-  They  possess 
merit  not  only  as  works  of  art,  but  as  specimens  of  a  manuftictare,  or 
rather,  a  process,  of  which  this  sculptor  is  said  to  be  the  inventor  and 
exclusive  possessor.  Tins  was  the  art  of  covering  (aro-coMa  models 
with  a  beautiful  and  peculiar  coloured  varnish,  which  renden  them  as 
hard  as  stone.  He  is  supposed  never  to  have  disclosed  this  secret  ; 
but  there  is  a  tradition  that^  he  committed  it  to  writing,  and  inclosed 
the  paper,  or  whatever  itt  was  inscribed  on,  in  some  ohe  of  his  models, 
before  he  sent  it  to  be  baked ;  so  that  it  could  only  be  known  at  the 
price  of  destroying,  or  at  least  injuring,  a  number  of  his  works,  till  the 
document  should  appear.  Among  his  productions  are  some  of  great 
beauty.  They  consist  chiefly  of  groups,  in  olto-rilievo,  of  the  Madonna 
and  in&ot  Saviour,  or  Chnst  and  St.  John  as  children,  and  sittiilar 
aubjects.    Luca  delta  Robbia  died  in  1442. 

In  the  Gallery  of  Sculpture  at  Florence  are  preserved  some  extremely 
interesting  specimens  of  art  of  this  period,  by  Benedetto  da  Rovezzano 
and  others.  These  works  merit  a  careful  examination,  as  they  ofier  not 
merely  valuable  illustration  of  the  progress  that  was  being  nuMle  in  the 


art  at  the  time  they  were  executed,  but  they  possess  qualities  which 
claim  for  them  high  praise  as  examples  of  rich  composition  and  appro- 
priate expressiuu.  Many  of  them  are  likewise  worthy  of  attention  for 
an  approach  to  great  beauty  of  form,  and  for  the  skilful  treatment  of 
the  draperies. 

The  next  dUtinguishcd  names  which  occur  in  the  annals  of  restored 
sculpture  are  those  of  Lorenzo  Gt)iberti  and  Donate  di  Betto  Bardi, 
better  known  as  Donatella  Qhiberti  has  seourcd  a  lasting  reputation 
by  his  celebrated  bronze  ^tee  of  the  Baptistery  of  Florence,  the  edifice 
on  which  so  many  preceding  sculptors  hod  been  employed.  The  first 
g-.ite8  mentioneil  by  historians  were  executed  by  Buonono  in  1180: 
they  were  dufltroyed.  by  fire.  Andrea  Pisano  was  the  next  artist 
employed  upon  them,  and  his  and  the  later  works  at  that  edifice  ar« 
fortunately  fetil!  preserved.  The  contribution  of  Lorenzo  is  in  a  series 
of  rilievi,  ran;.'i  d  in  cumpartraents,  illustrating  subjects  from  tiie  Old 
Testament,  ilichel  Angelo  is  said  to  have  admired  them  so  highly 
that  he  declared  they  were  fit  to  be  "  the  gates  of  Paradise."  Lorenzo 
brought  to  tliis  work  a  great  knowledge  of  composition,  a  (uperior 
acquaintance  with  the  more  beautiful  forms  and  movements  of  tin 
human  figure,  a  refined  feeling  for  expression,  and  considerable  powers 
of  execution.  They  very  far  surpass  the  works  of  his  predecessors  in 
the  revival  of  sculpture,  and,  in  many  respects,  have  not  often  been 
excelled.  It  is  not  pretended  that  weee  reliefs  are  free  from  faults. 
Their  chief  imperfection  arises  out  of  the  imdefined  nations  which 
then  existed  of  the  true  principles  that  respectively  govern,  or  should 
govern,  composition  in  painting  and  sculpture.  It  is  obviously  out  of 
the  province  of  the  latter  art  (which  is  confined  to  representing  object* 
by  defined  forms  alone)  to  attempt  perspective  appearances  and  effects 
which  can  only  be  truly  jind  correctly  given  by  aid  of  colour,  or  by  the 
skilful  distribution  of  light  and  shadow.  In  the  work  under  considera- 
tion this  principle  is  invaded.  Objects  are  represented  in  various 
planes,  and  those  which  should  be  subordinate  are,  in  consequence  of 
the  necessary  relief  given  to  them  in  order  to  define  their  forms,  forced 
upon  the  alteiition,  or  cast  shadows  to  the  injury  of  more  important 
features  in  the  design.  The  number  of  small  parts,  and  a  toio  great 
minuteness  of  detail,  are  nluo  defects  in  tills  remarkable  work,  and 
deprive  it  of  that  breadth  of  effect  which  is  so  admirable  a  quality  in 
art.    [UBiBER'n,  LonEKZo,  in  Bioo.  Div.j 

Donatello  was  a  scholar  of  Lorenzo  de*  Bicci,  aad  was  bom  in 
Florence  in  the  year  1883.  TheVorkS  of  Donatello  are  numerous, 
and  remarkable  for  their  superior  qualities.  His  conceptions  were 
bold,  and  his  execution  vigorous,'  and  it  ia  easy  to  see  in  his  per- 
formances the  reason  for  the  compliment  paid  to  his  statue  of  St. 
Mark  by  one  who  could  so  well  appreciate  these  qualities  as  Michel 
Angelo  :  "Marco,  perch6  non  mi  parli?"  This,  and  a  statue  of  St. 
George,  also  in  marble,  decorate  the  exterior  of  the  church  of  Op  San 
Michele  at  Florence.  The  St  George  is  a  fine  example  of  grand  and 
simple  expression.  The  figure,  dressed  in  plate  armour,  stands  firmly 
on  both  legs,  and  he  rests  his  hands  on  his  shield,  which  is  held  before 
him,  its  pointed  base  on  the  ground.  There  is  a  calm  determination 
and  a  quiet  dignity  in  this  work.  It  is  probable  that  the  somewhat 
exaggerated  treatment  which  is  observable  in  this  and  other  produc- 
tions of  Donatello,  as  well  a^  of  Ghiberti,  arose  from  their  desire  to 
avoid  the  dryness  and  poverty  of  form  in  the  works  of  some  of  their 
immediate  predecessors.  [Donatello,  in  Bioa.  Drv.]  Donatello  en- 
joyed a  great  reputation,  and  there  is  scarcely  a  city  of  any  consequence 
in  the  north  and  middle  of  Italy  that  cannot  boost  some  specimen  of 
his  talent.  He  introduced  a  mode  of  working  reliefs  that  has  not  often 
been  practised  since  his  time.  The  sculptured  portion  is  scarcely 
raised  above  the  plane  of  the  background.  It  ha^the  appearance  of 
the  design  having  been  dtawn  on  the  marble,  and  tiien  engraved,  as  it 
were,  under  a  strong  side-light.  This  kind  of  woi^  hwUy  comes 
legitimately  under  the  name  of  sculpture,  and  can  only  be  fitted  for 
certain  situations,  in  which,  at  a  littie  distance,  it  has  more  the  eSeab 
o^  a  picture  than  of  sculpture. 

Brunellesohi,  or,  as  he  is  called  by  the  Italian  historians,  Filippo  di 
ser  Brunellesco,  was  contemporary  with  Donatello.  He  was  an  arohi- 
teot  as  well  as  a  sculptor,  and  was  the  originator  of  the  bold  idea, 
whidi  he  so  suoceesfully  carried  out,  of  building  the  cupola  of  tlie 
Duomo  of  Florence.  [BBmrEUESCBi,  in  Bioo.  Dit.]  Donatello  died 
full  of  years  and  honour.  He  left  a  brother,  Simon,  who  was  invited 
to  Rome  by  the  pope,  in  1431,  While  there  he  executed  one  of  the 
bronze  gates  of  St.  Peter's.  Giovanni  di  Pisa  was  another  of  the 
numerous  scholars  of  Donatello.  There  is  a  lai^  basso-rilievo  in  terra- 
cotta by  this  sculptor  over  the  altar  in  a  chapel  of  the  great  church  of 
the  Kremitani  at  Padua,  whioh  deserves  notice  for  the  simplicity  and 
breadth  of  the  composition,  and  for  the  peculiar  manner  in  which  it  ia 
executed.  It  represents  the  Madonna  and  X)hild,  with  three  saints  on 
each  side,  and  is  remarkable  for  the  flat  style  of  the  relief— a  mod* 
of  working  that  Donatello  frequently  adopted,  and  which,  when 
judiciously  managed,  has  a  very  broad  and  fine  effect. 

Italy  was  at  this  time  filled  with  artists,  many  of  them  of  distin- 
guished merit,  who  found  ample  employment  in  what  may  be  called 
chui-ch  sculpture,  and  occasionally  in  executing  statues  of  illustrious 
persons.  Florence  perhaps  boasted  the  highest  names  in  the  several 
arts,  but  Bologna,  Padua,  Milan,  Naples,  Siena,  Venice,  Modena,  and 
even  the  smaller  cities  of  Italy,  all  had  tlieir  schools  of  artists.  The 
Hajani  and  the  two  Pollajoli,  Andrea  Yerreohio,  Andrea  Ferruooi,  aad 
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Hino  <ia  Fieaole,  are  among  those  whoso  works  claim  attention  among 
the  beat  productions  of  the  1 5th  oentuiy. 

Andiea  Yerrochio  is  chiefly  celebrated  as  having  been  the  miwter  of 
LioiMardo  da  Vinci,  and  of  Pietro  Perugino,  the  master  of  Raflaelle.  It 
is  said  that  Vemichio  was  at  finit  a  x>ainter,  but  having  desired  Lio- 
nardo  da  Vinoi,  Uien  a  mere  lad,  to  pimt  an  angel  in  an  altar-piece  on 
which  be  was  engaged,  Verrochiu  found  the  performance  of  the  sdiolar 
BO  superior  to  his  own  portion  of  the  work,  that  in  a  fit  of  jealousy  he 
resolved  to  paint  no  more,  and  he  soon  after  devoted  himself  to  the 
sister  art.  A  bronze  equestrian  statue  of  Colleoni,  by  Andrea  Yerro- 
chio, may  be  seen  at  Yenice  iu  tbo  Pinzzadi  S.  S.  Giovanni  Paolo ;  it  is 
interesting  as  a  specimen  of  art  of  the  time,  but  it  is  heavy  in  form,  and 
the  action  ot  tlie  horse  is  not  true  to  nature.  Yerrochio  provided  the 
design  and  model  for  this  group.  It  was  cast  in  bronze  by  Ale^Eandro 
lieopardo.    Several  of  the  works  of  Andrea  are  preserved  at  Florence. 

It  is  a  reproach  to  the  artiste  of  the  ]  4th  and  15th  centurio),  that, 
not  satisfied  with  carrying  out  their  own  original  ideas,  and  endeavour^ 
ing  to  advance  the  practice  of  art  wiUiin  the  limits  of  consLitent 
design,  they  suddenly  had  recourse  to  the  incongruous  mixture  of 
ancient  mythology  with  the  oxisting  religion,  an  unfortunate  innovation 
which  tended  to  check  the  steady  progress  of  sculpture  by  engrafting  a 
totally  foreign  class  of  design  ur  ideas  ujmu  their  own  original  senti- 
ment; the^  only  misused  or  abusc^d  the  one,  and  at  the  same  time 
matenally  injured  the  effect  of  the  other. 

Michel  Angslo  Buonarutlii  was  bom  in  1474.  At  an  early  age  he 
became  the  scholar  of  Domenico  Uhirlandajo,  the  most  celebrated 
painter  of  his  time,  and  afterwards  studied  under  Bertoldo,  the  director 
of  the.  academy  established  by  Lorenzo  de'  Medici  at  Florence.  The 
genius  of  AL  Angelo  was  remail^  by  Lorenzo,  who  received  him  into 
hJa  house,  giving  him  apartments  in  the  palace,  and  otherwise  bououring 
him  with  mavks  of  peculiar  favour.  As  he  increased  in  year«,  his  won- 
derful powen  as  an  artist  were  developed;  and  hia  powerful  and 
vigDTOus  genius  placerl  him  at  once  in  the  distinguished  station  which 
he  still  occupies,  'i'ill  the  time  of  Michel  Angela,  the  works  of  art 
since  the  revival  were  all  more  or  less  meagre  and  dry  iu  style,  although 
considerable  feeling  and  talent  were  occasionally  displayed  in  their  oon- 
oeptioa  (or  invention)  and  couipu.sition.  Kxtiaoiiliuary  eliurts  were 
sometimes  made,  as  by  Qhiberti  and  Donatello,  to  infuse  into  them  a 
bettCT  and  more  elegant  quality  of  form ;  but  it  ivas  left  to  Michel 
Angelo  to  effect  that  total  revolution  in  style  which  has  stamped  not 
only  his  own  productions,  but  the  art  of  his  a^Sj  with  a  character  peou- 
liorly  its  own.  The  most  striking  qiulity  in  the  works  of  Michel 
Angelo  is  an  undefinable  vastness  and  grandeur  of  effect  that  takes 
ent^  possession  of  the  mind.  This  power  is  strongly  felt  in  the 
presence  of  his  colossal  statue  of  Moses,  in  the  monument  of  Pope 
Julius  II.,  and  of  his  statues  of  Lorenzo  de'  Meditn  (not  "il  Maguifico") 
and  Giuliano  de'  Medici,  in  their  monuments  in  the  family  chapel  at 
Florence.'  The  Moses  is  a  grand  effort  of  genius.  It  is  as  original  in 
ctmo^tion  as  it  is  masterly  in  execution.  The  characteristic  feature 
of  this  statue  is  its  vast  energy;  but  it  is  sufficiently  tempered  to  pre- 
serve the  repose  which  is  essential  to  true  dignity.  This  work  requires 
to  be  studied  nlth  attention :  its  merits  will  then  be  found  to  com- 
pensate for  those  minor  faults  which  at  first  sight  offend  the  fOBtidioas 
spectator,  and  which,  it  must  be  admitted,  the  manner  of  Midiel 
Angelo  threw  more  or  less  into  most  of  the  productions  of  his  chisel 
and  penoiL  As  a  whole,  it  illustrates  the  forcible  expression  apjdied  to 
the  general  character  of  this  artist's  works,  "IX  MidulAgnoC  la  ttnibiU 
no,"  The  statue  of  L<x'eozo  is  also  seated.  He  is  represented  absorbed 
in  thought.  He  rests  his  face  upon  his  hand,  which  partially  covers 
Ute  chin  and  mouth.  The  general  action  is  one  of  peiieot  repose,  and 
the  expression  that  of  deep  meditation.  It  is  impossible  to  look  at 
this  figure  without  being  forcibly  struck  wi^  Uie  mimd  that  pervades 
U.  For  deep  and  intense  feeling  it  is  one  of  the  finest  works  in  exist- 
ence. It  has  been  well  observed  of  this  statue,  that  it  has  no  resem- 
blance to  the  antique,  but  it  rivals  the  best  exoellenoee  of  the  ancients 
in  expression  combined  with  repose  and  dignity. 

In  the  loww  part  of  the  two  ra'onumentB  of  Giuliano  and  Lorenzo,  in 
the  chapel  of  iht  Medici,  are  allegorical  figures  of  Day  and  Night,  and 
the  Dawn,  or  Morning  and  Evening.  They  bear  ^e  impress  of  the 
master-mind  aad  hand;  but  the  violence  of  a^on  and  forced  expression 
of  these  statues  are  not  in  character,  in  the  first  plaoe,  with  the  repose 
which^is  appropriate  to  monumental  sculpture,  and  they  do  not  hiurmo- 
uise  with  the  figures  above  them.  The  intimate  knowledge  of  anatomy 
possessed  by  Michel  Angelo,  and  the  evident  mastery  he  had  over  aU 
diiliculties  of  execution,  appear  sometimes  to  have  tempted  him,  as  iu 
these  statues,  to  indulge  in  their  display  at  the  e.<cpense  of  propriety  of 


In  the  Minerva  Church  at  Rome  is  a  much  admired  statue  of  Christ  by 
M.  Angelo.  It  has  less  of  violence  of  action  than  usually  characterises  his 
works ;  but  though  it  has  qualities  of  a  high  order,  and  displays  great 
knowledge  of  form  and  skill  in  execution,  it  is  by  no  means  one  of 
his  most  successful  efforts.  The  figure  wants  that  calm  dignity  and 
refinement  which  should  pervade  the  repi-esentation  of  the  divine 
nature  under  a  human  form.  Another  work  of  Michel  Angelo,  which 
is  often  referred  to  as  a  specimen  of  ijbia  master,  is  the  statue  of  David, 
m  the  Piszzadel  Gran  Duca  at  Florence.  The  poweriul  hand  of  the 
great  sculptor  is  visible  in  it,  and  the  grand  an:  that  is  given  to  the 
figure  by  the  turn  and  expression  of  the  head  and  throat  }«sUy  elaira 


our  admimtion ;  but  it  is  not  one  of  Michel  Angelo's  finest  works. 
It  was  executed  under  very  unfavourable  circumbtances,  Buonarotti 
having  been  called  upon  to  finislt  it  when  the  block  had  already  beeu 
worked  upon  by  an  inferior  artist,  and  considered  to  be  spoiled.  In  Iha 
gallery  of  Florence  is  a  half-drunken  Bacohua,  also  the  work  of  thia 
sculptor.  An  ancient  subject,  it  still  has  the  merit  of  being  filled  witti 
Michel  Angelo's  own  feeling  for  character  and  exi>reagion,  but  it  falls 
short  of  the  mannw  in  which  the  Greeks  would  ha.ve  trtiated  it.  It 
wants  purity  of  taste,  and  the  beautiful  form,  frco  fi-om  alfeotation  or 
display,  which  the  ancients  know  so  well  how  to  apply  in  all  their  con- 
ceptions. Michel  Angelo  iu  this  work  attempted  to  represent  what  ha 
could  not  feel  as  a  Greek  sculptor  would,  and  to  this  only  is  to  ba 
attributed  its  inferiority.  Among  the  best  known  groups  by  Michel 
Angelo  are  the  Madonna  and  Child,  in  the  chapel  of  the  Medici  ab 
Florence — unfinLslied ;  a  Pieth,  in  a  small  chapel  at  SL  Peter's  at 
Home ;  and  a  group  of  Nicodemus  supporting  the  dead  body  of  Clirist, 
with  the  Madonna  and  Mary  Magdalen.  These,  as  compositions,  are 
of  the  highest  merit.  Th^  also  abound  in  pathos,  and  are  iu  many 
icepectsfinely  executed.  'The  Dead  Christ,  in  the  I'ietSk,  is  particularly 
worthy  of  attention.  The  tranquillity  and  perfect  repose  of  death  are 
most  suooessfully  shown  throughout  .this  figure,  and  with  some  slight 
exception  (in  the  face  and  in  Uie  articulationa  of  the  joiute,  iu  whidi 
the  usual  exaggeration  of  Michel  Angelo  is  perceptible;,  it  must  be 
considered  one  of  his  finest  productions.  His  works  in  relief  are  not 
very  numerous.  We  possess  in  this  country  (me  in  marbio,  of  very 
great  merit,  consisting  of  three  figures,  represeuting  the  Yirgin,  the 
infant  Christ,  and  St.  John.  It  is  unfinished,  but  the  master  is 
declared  in  the  composition  of  the  group,  in  the  graad  style  of  the 
foi-ms,  and  in  the  bold  and  vigorous  character  of  tfao  execution.  It  ia 
In  the  Royal  Academy  of  Arts,  having  beeu  bequoathe4  to  that  institu- 
tion by  the  late  Sir  George  Beaumont,  who  purchased  it  in  Italy. 
There  is  another  work  very  similar  to  this,  and  lU:e  this  also  unfinished, 
in  Ike  Gallery  of  vSculpture  at  Flurence.  In  the  Yatieau  ii  another  of 
a  different  class.  It  is  an  allegorical  subject,  and  is  a  monumeut  of  the 
perfect  knowledge  of  the  human  figure  posiscsaed  by  }lichel  Angelo; 
but  it  is  more  remarkable  for  thia  tlmn  for  other  qu.tlitiee  requisite  ia 
sculpture,  iiamely,  simplicity  and  unity  ur  design.  The  composition  is 
both  crowded  and  complicated.  In  taking  this  rapid  survey  of  some 
of  the  principal  works  of  this  .master,  the  object  has  beeu  to  bring 
before  the  reader  the  moat  celebrated  of  his  productions,  iu  order  that 
the  accompanying  obeervationa  might  be  immediately  applied  to  well- 
kaown  examples,  and  the  characteristics  of  his  school  be  more  easily 
uadentood.  Notwithstanding  our  admiration  of  the  originality  of 
invention,  the  vigour  and  mental  energy,  the  knowledge  of  anatomy, 
and  mastery  of  execution  that  appear  in  his  productions  in  this  art,  it 
is  generally  admitted  that  the  sculpture  of  Michel  Angelo  does  not 
give  that  high  satisfaction  which  is  felt  in  the  oontemplotion  of  the 
best  works  of  ancient  and  some  even  of  modem  times.  [Buokabori, 
Michel  Anoelo,  in  Bioo.  Div.] 

Michel  Angelo  has  had  many  imitators  who  have  had  neither  genius 
nor  originality  to  compensate  for  the  imperfectioos  which  are  over- 
looked ur  forgotten  iu  the  mighty  inventions  of  the  master-miuJ,  oud 
who  for  the  most  x>art  have  only  been  able  to  copy  and  inereose  the 
faulte  of  his  style.  Michel  Angelo  died  in  1564,  and  was  Ijuried  iu  the 
church  of  Santa  Croce  in  Florence,  and  a  monument  is  over  his  grave 
in  which  there  is  a  basso-rilievo,  by  himself,  of  a  Madonna  and  Ciiild. 
The  design  of  this  "  depoeito  "  consists  of  a  bust  of  Michel  Angelo  over 
a  sarcophagus,  in  front,  and  on  each  of  which  are  statues  supposed  to 
represent  Painting,  Sculpture,  and  Architectm'e.  The  bust  and  the 
statue  of  Sculpture  are  the  work  of  Lorenzo,  one  of  bis  scholars ;  those 
of  Painting  and  Architecture  are  by  Yalerio  Cioli  and  Giovanni  dell' 
Opera. 

There  is  a  group,  in  marble,  in  the  Chigi  Chapel,  in  the  ehoich  of 
Santa  Maria  del  Popolo  at  Rome,  represeoting  Jonas  with  the  sea- 
monster,  which  is  remarkable  for  the  grand  style  of  ita  cgmposition, 
as  well  as  for  the  breadth  and  beauty  of  its  forms.  It  is  attributed  to 
a  scul|}tor  who  lived  in  the  16th  century,  called  Lorenzetto,  but  there 
is  a  tradition  that  the  design  was  furnished  by  Raffaelle,  uid  that  he 
even  mode  the  model  from  which  the  sculptor  executed  the  marble 
figure.  Michel  Angelo  had  a  vei-y  high  opinion  of  the  works  of  Beg- 
garelli,  a  sculptor  of  Modena,  and  is  said  to  have  exclaimed,  on  being 
shown  some  of  his  models,  "  If  this  clay  could  but  become  marUe,  woe 
(guai)  to  the  antique."  ^  ^ 

Jaoopo  Tatti,  better  known  as  Sansovino, '  is  more  deservix^  of 
celebrity  es  an  architect  than  as  a  sculptor.  [Saksovino,  in  Bioo.  Div.] 
His  chief  productions,  in  both  arts,  are  at  Venice.  Some  statue^  ou 
the  Scala  del  GiganU  (the  Staircase  of  the  Giants),  at  the  Palace  of  the 
Uoge  at  Yenice,  and  some  bassi-rilievi  in  othei-  places,  especially  a 
bruuze  gate  at  St.  Mark's,  ate  examples  of  his  ignorance  of  or  indiffer- 
enoe  to  the  true  prinoiplee  of  design  in  sculptui-e,  though  it  would  be 
unjust  to  refuse  them  the  merit  of  much  elaborate  execution.  Many 
of  his  scholai-s  became  distinguished  artists.  Among  them  may  be 
meniiaaoj  Kioolo  Tribolo,  Danese  Cattoneo,  some  of  whose  works  are 
in  the  church  of  8.  Antony  in  Padua,  Bartolomeo  Amaianati,  Alea- 
aandro  Yittoria,  a  sculptor  of  great  merit,  and  probably  Tomma.so 
Lombardo.  About  tiiia  time  a  profusion  of  oniAmeut  began  to  be 
associated  with  works  in  sculpture,  and  led  artists  to  neglect  the 
simpler  qualities  of  design  for  high  finish  and  minutitc  of  mouldings. 
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flowers,  scrolla,  ana  other  objects  of  minor  importimoe.  Among  tho 
ornamented  works  of  the  cinque  cento  which  are  most  worthy  of  notice, 
are  the  splendid  altar  oandelabra  in  some  of  the  Italian  churches. 
There  are  some  particularly  fine  specimens  of  this  kind  of  work  at 
Venice.  Riocio  Bandinelli,  bom  in  1437,  is  among  the  distinguished 
contemporaries  of  Michel  Angelo,  Sansovino,  and  the  gieat  sculptors 
of  that  time.  [B.vNDinELLi,  in  Bioo.  Div.]  Although  some  oxoggera- 
tion  in  design  nnil  defects  in  execution  may  be  visiUo  in  his  works, 
they  possess  qualities  which  claim  for  their  author  a  distinguished 
place  smong  inodcm  soulptora.  There  are  son*  ba^si-rilievi  in  marble, 
by  Bnndinelli,  round  the  screen  of  the  high  altar  in  the  Duomo  of 
Florence,  wliich  are-admir.ible  for  their  breadth  and  the  fine  treatment 
and  disposition, of  their  draperies.  The  fault  of  his  composition  gene- 
rally, whether  of  one  or  several  figures,  is  in  its  too  picturesque 
arrangement,  and  in  hi:3  placing  hiii  figure.)  in  somewhat  forced  aud 
aficctcd  attitudes.  The  restoration  of  tho  light  arm  of  the  celebrated 
gr<nip  of  the  IJaoccon  was  entrusted  to  Bandinelli.  Some  critics  be- 
ueve  this  arm  should  be  turMd  back,  and  that  the  hand  or  some  part 
of  the  serpent  should  touch  tho  head  of  tho  figure.  [Laocoos.]  In 
Bondiuelli's  restoration  the  arm  is  extended, 

Thei-e  is  a  work  of  considerable  merit,  and  also  of  some  interest 
from  the  circnmstAnces  under  which  it  was  executed,  in  the  chnrch  of 
S.  Petronio  at  Bologna.  It  represents  tho  story  of  Joseph  and  the 
wife  of  Potiphar,  and  is  the  producliun  of  Pro|  crtia  de'  Itossi,  a  lady 
of  great  perwnni  beauty,  and  highly  accomplished  in  various  bi'anchcs 
of  the  fine  arts.  It  is  said  she  became  enamoured  of  a  young  srtisi 
who  did  not  return  her  love,  and  the  disappointment  tljrew  her  into  a 
hmgtiishing  disorder  which  terminated  in  her  death.  Her  last  work 
was  the  basso-rilievo  aboVe  mentioned.  In  it  she  represented  herself 
ns  the  wife  of  Potiphar,  and  the  object  of  her  affection  as  Joseph 
escaping  from  her.  She  died  in  the  flower  of  her  age,  in  the  year 
1«80. 

Benrennto  Cellini,  bom  in  Florence,  in  1509,  was  one  of  tho  most 
distinguished  sculptors,  foiraders,  aud  chn.'^ci'S  in  Italy.  All  his  larger 
works  are  in  bronze,  and  are  preserved  in  his  nati\'e  city ;  but  numeruii.s 
specimens  of  his  skill  in  smaller  productions,  as  nieJals  of  gold  and 
silver,  bucklers,  dagger  bilt>,  and  tasteful  ornaments,  are  in  foreign 
coUectioas  and  aflbi^  ample  evidunue  of  the  snperior  t.ilents  of  their 
author.  The  particulars  of  his  life  and  the  history  of  many  of  his 
Works  are  graphically  told  by  himself,  in  one  of  tho  most  entei-toining 
autobiographies  extant.    [Celuni,  Bcsvesoto,  in  Bioo.  Drv.] 

The  list  of  sculptors  of  this  school,  or  rather  of  this  division  of  time 
(for  each  efiiected  chan($es  that  tended  to  interrupt  the  existence  or 
continuance  of  schools),  must  close  with  Quglielmo  della  Porta,  the 
most  skilful  of  all  the  artists  of  Lombardy.  He  was  the  scholar  of 
Pierino  del  Vaga.  He  was  also  a  favourite  of  Michel  Angelo,  from 
whom  he  received  a  very  high  compliment.  GugUelmo  had  been 
employed  to  i-estore  the  l^s  of  the  famous  HeroiUes  (now  called  the 
Famese)  of  Olycon,  which  he  did  so  admirably,  that  when,  after  a 
time,  the  origiu.'il  legs  were  found,  Michel  Angelo  was  unwilling  to 
remove  Delia  Port.i's  for  thi^so  which  had  so  unoxpeotedly  been  re- 
coverc<L  Delia  Porta  uiecuttd  few  works.  The  most  remarkable,  as 
an  example  of  the  influence  of  the  stylo  both  of  Michel  Angelo  and  of 
Raffaille,  is  the  monument  of  Paul  III.,  in  St.  Peter's  at  Home,  Two 
recumbent  statues  in  this  work,  one  a  female  of  advanced  years,  repre- 
senting Prudence,  and  the  other,  a  young  and  beautiful  woman,  as 
Justice,  are  particularly  fine.  Tho  latter  figure  is  deficient  In  {he 
expression  and  character  proper  to  the  subject,  but  it  is  a  remarkable 
performance  for  the  roun. lues's  aud  richness  of  its  execution,  and  for 
the  knowledge  of  form  displayed  in  it.  This  statue  was  originally 
naked ;  since  Delia  Porta's  time  it  has  been  partially  covered  with 
bronze' drapery.  This  artist  eflfected  some  changes  in  the  process  of 
casting  in  bronze.    [Bronze.] 

At  the  end  of  the  16th  and  the  beginning  of  the  17th  centuries,  the 
sculptors  aimed  chiefly  at  fine  and  curious  execution.  The  works  of 
that  time  exhibit  very  high  merit  in  many  resiwcts,  but  they  are  defi- 
cient in  repose  and  simplicity.  Instead  of  grace,  we  find  affectation, 
^d  mechanical  skill  was  held  in  higher  estimation  than  what  may  not 
improperly  be  called  the  moral  quaUtica  of  art.  The  works  of  Gio- 
vanni di  Bologna,  a  native  of  Flanders,  but  established  in  Italy,  offe> 
ample  illustration  of  this  mereti-icious  and  dcstructiTe  taste  in  sculp- 
ture. They  are  full  of  inuiginatiou,  and  are  executed  With  a  boldness 
and  ability  that  both  surprise  us  and  call  forth  oUr  admiration,  but 
there  is  at  the  same  time  an  cxiggcratiou  in  the  attitudes  and  an 
endeavour  after  picturesque  efiect  that  disappoint  us.  One  of  the 
most  remarkable  performances  of  this  artist  is  his  well-known  group, 
in  marble,  of  the  llape  of  the  Sabines,  As  a  specimen  of  invention  it 
is  wonderfuI*^or  its  expression  and  its  energy  of  action;  and  it  Is 
impossible  not  to  admire  the  courage  of  the  sculfitor  who  ventured  to 
execute  so  daring  a  work  in  such  a  material ;  but  it  is  open  to  criticism 
for  the  extravagant  corkscrew  contortions  of  tie  composition.  His 
famous  bronze  statue  of  Mercury  is  conceived  in  the  true  spirit  of 
poetiy,  and  is  deservedly  admired  as  one  of  the  most  elegant  produc- 
tions of  modem  art.  The  form  is  light,  and  tho  action  graceful  He 
had  many  imitators,  who,  like  copiers  in  general,  chieQy  exaggerated 
his  faults.  There  are  feiv  works  of  Stefano  Mademo,  but  there  is  a  | 
simplicity  of  composition  and  a  beauty  in  the  sentiment  of  his  sbitue  | 
•f  St.  Cecilia,  that  justly  claim  for  him  a  place  among  the -most  worthy 


o{  the  sculptors  of  this  ago.  This  statue  was  executed  when  he  was 
very  young.  The  supposed  body  of  St.  Cecilia  ivas  found  in  Rome,  in 
1S99,  during  tho  pontificate  of  Clemeut'VIII.,  and  Stefano  Uademo 
was  employed  to  make  a  careful  copy  of  it  before  it  was  removed  to 
whore  it  now  lies,  in  the  church  of  the  convent  dedicated  to  this  saint 
in  Rome,  This  may  account  in  a  great  measure  for  tho  superiority 
of  this  work  ovor  othera  by  the  same  artist  Limited  by  the  circum- 
B&nces,  and  by  the  poutiQ's  command  to  take  nature  as  his  mode],  he 
hod  no  opportunity  to  introduce  any  of  the  prevoiling  bad  taste.  The 
result  is  a  work  of  great  beauty,  one  of  the  beat  of  that  age,  and  in 
certain  qualities  not  surpassed  by  later  artists. 

Bernini  was  bom  at  Naples,  in  the  year  1598.  [Bebkuii,  in  Bioo. 
Div.]  He  possessed  genius,  imagination,  ambition  to  excel,  unceasing 
industr}',  and  great  puwei-s  of  execution;  aui«  still,  with  all  tiiese  means 
aud  dispositions,  he  wa.-),  beyond  all  others,  instrumental  in  precijn- 
tating  Uie  decline  of  sculpture ;  and  the  tendency,  already  exhibitod, 
to  prefer  minute  execution  to  the  higher  qualities  of  design,  was  con- 
firmed by  the  pomilarity  it  acquired  m  the  hands  of  this  artist. 
-  It  would  lie  difficult  to  conceive  two  styles  more  opposed  to  each 
other  tliun  that  adopted  by  tlie  aoulptors  of  this  age  and  that  of  the 
great  artists  of  antiquity.  In  one  the  pervading  principle  was  sim- 
plicity and  expression,  imited  with  beautiful  and  appropriate  form. 
In  the  other,  simplicity  was  of  all  tbin^  most  studiotisly  avoided;  and 
complicited  arrangement  in  composition,  forced  action  in  the  figures, 
flying  diai>eries,  elaborate  carving,  and  undercutting  (in  works  in 
marblu),  and  other  means  of  little  more  than  mere  mechanical  displty, 
were  resorted  to,  in  order  to  create  surprise  or  to  please  the  eye. 
Under  Bernini  all  the  distinctive  bounds  of  the  classes  of  art  were 
tcampled  down.    .Sculptors  endeavoured  to  imitate  the  effects  of  the 

Sencil,  and  architects  to  introduce  into  their  compositions  the  curved 
ne  of  beauty.  ^ 

Tho  fanlts  and  merits  of  Bernini  as  a  sci^^i^Kir  will  be  best  jAown  by 
a  reference  to  aud  criticism  of  a  few  of  his  best  known  works.  Ria 
group  of  Apollo  and  DafHine,  in  the  Villa  Borahese,  is  a  production  of 
great  nioiit  for  its  invention  and  power  of  teUiug  its  story.  The  go4 
has  just  reached  the  object  of  his  [nirsuit,  and,  at  the  moment  when  he 
seizes  her,  Daphne's  prayer  is  heard,  and  the  beautiful  form  is  being 
metamorphosed  into  a  tree.  Instead  of  generalising  this  part  of  the 
history,  Bernini  appears  to  have  de%hted  hi  the  opportunity  of  show- 
ing his  skill  in  execution.  The  haii*  and  drapery  of  Apollo  are  floating 
in  the  air,  wliile  the  cliange  that  is  to  preserve  Daplme  frotu  violence 
is  shown  in  det.iil,  in  ner  tresses,  the  tues  and  fingers  becoming 
eloiigated  into  roots  and  branches,  the  latter  terminating  in  carefully- 
worked  laurel-leares.  St.  Peter's  at  Rome  contains  various  works  of 
this  artist  The  most  remarkable  of  these  are  the  splendid  monuments 
of  Urban  VIII.  and  Alexander  VII.,  which  may  be  said  to  exhibit  all 
his  excellences  and  all  his  defects.  The  former  stands  opposite  a 
celebrated  work  oi  Ouglielmo  deHa  Porta  before  mentioned  (the  monu- 
ment of  Pope  Paul  III.),  and  is  a  melancholy  proof  of  the  consemieaces 
of  losing  sight  of  purer  principles.  Delia  Porta's  was  not  a  scnool  of 
perfection ;  but  the  contrast  between  the  grandeur  of  manner  of  his 
time  aud  the  haudicraCt  display  of  Bernini's  period  is  distressing.  The 
composition  of  the  second  work  alluded  to,  the  monument  of  Alexander 
VII.,  is  OS  strange  as  the  execution  is  wonilcrfuL  The  sitting  figure  of 
tho  pope  occupies  the  centre  of  a  large  and  deep  niche.  The  whole  of 
the  lower  part  or  ground  is  filled  up  with  curtain  and  cloud,  in  the 
comers  of  which  are  plunged  four  allegorical  groups  or  figures.  Of 
those  at  the  back  of  tho  recess  but  little  can  be  seen  except  the  heads 
and  shoulders.  In  the' front  comers  are  Truth  and  Charity,  the  latter 
a  gigantic  female,  with  fleshy  infants  pressed  against  her  breast,  to 
whtwe  weight  the  marble  appears  to  yield  with  ,iU  the  elasticity  of  a 
soft  pulpy  substance.  This  work  is  a  triumph  «f  execution,  but 
debased  by  the  worst  taste,  A  group  of  the  l^tacy  of  St,  Teresa  in 
the  church  Delia  Vittoria  at  Rome  is  soother  instanoe  of  the  want  of 
simplicily.  In  this  it  is  dilficult,  amidst  the  flutter  of  the  drapery  and 
the  ample  convolution  of  clouds,  to  discover  either  the  figure  of  the 
saint  or  the  subject  of  the  composition.  The  Four  Doctors  of  the 
Church  supporting  the  Chair  of  St,  Peter,  in  the  church  of  that 
apostlo  at  Rome,  is  a  grand  idea ;  but  its  effect  in  execution  is  injured 
by  the  want  of  simple  uuaQiected  expression  and  attitudes.  These 
statues  are  colossal.  -They  are  cast  in  hronze,  and  some  parts  of  the 
figures  and  draperies  are  richly  gilt  This  composition,  taking  it 
altogether,  hai  a  magnifloent  efect.  Fontana  calculated,  from  the 
archives  kept  in  Itomc,  that  this  work  must  have  cost  a  hundred  and 
seven  thousand  crowns.  Bernini  lived  during  nine  pontificates;  from 
that  of  Clement  VIII.  to  Innocent  XL  Ko  artist  ever  had  greater 
patronage,  and  few  greater  talents,  whioh,  unfortunately  for  sculpture, 
were  ill-directed,  or  at  leut  ill-discipUued ;  the  variety  of  Ills  pursuits 
and  his  inordinate  love  of  picturesque  cUect  ruined  the  progress  of 
the  art,  induced  a  false  taste  in  patrons  and  artists,  and,  from  the 
injury  effected  by  his  bad  example,  it  may  safely  be  said  that  it  would 
have  been  better  for  sculpture  if  IJemitii  had  never  Uved. 

Ales^ndro  Algardi,  a  native  of  Bulogna,  was  contemporary  with 
Bernini,  and  executed  many  works  of  merit.  '  Like  other  sculptors  of 
the  time,  ho  was  tempted  away  from  the  more  valuable  qu.ilities  that 
should  characterise  sculpture,  by  the  endeavour  to  gain  distinction  by 
the  difijilay  of  execution  and  the  picturesque  cSTectof  his  compositions. 
The  great  work  of  Algardi  is  his  alto-iilieTO,  preserved  in  St  Peter's, 
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o{  the  discomfiture  of  Attfla  by  the  miniciiloua  apponrance  ot  St.  Peter 
and  St.  Paul.  Thia  work  is  in  marble,  in  five  piecea,  and  meaaurea 
about  thirty  feet  ,in  height  by  nearly  eighteen  in  width.  Algardi 
studied  tiie  paintings  of  his  contemporaries  for  the  manner  of  treating 
his  subject ;  and  the  consequence  is  such  as  m  ight  be  expected  in  an  art  in 
.which  it  ia  totally  impossible  to  produce  those  effects  of  distance,  clouds, 
and  perapectiTe  which  only  can  be  given  by  colour.  There  are  merits  in 
parts  of  Ihis  great  composition,  which  increase  the  regret  that  is  felt  at 
the  faults  that  are  so  apparent  in  other  portions  of  it.  In  the  un- 
pleasingtaak  of  following  the  traces  of  this  decay,  it  is  refreshing  occa- 
sionally to  find  examples  of  a  purer  taste.  Francesco  di  Quesnoy, 
better  known  from  his  title  of  II  Fiammingo,  was  a  native  of  Brussels. 
His  early  works  are  said  to  partake  very  much  of  the  character  of 
those  of  Bernini  and  Alg.irdi ;  but  it  is  recorded  that  he  was  led  to 
copy  and  study  very  young  children  (putH),  from  admiring  the  beauty 
of  those  introduced  into  his  pictures  by  Titian,  and  he  ultimately 
became  the  first  sculptor  in  this  class  of  representation.  There  are  few, 
whether  they  have  travelled  or  not,  who  have  not  had  an  opportunity 
of  admiring  some  specimens  of  this  artist's  skill  in  the  round,  healthy, 
playful  character  of  his  infants.  No  artist,  except  perhaps  RaSaelle, 
ever  succeeded  so  entirely  in  portraying  the  peculiar  charm  of  beautiful 
childhood.  He  preserved  just  the  right  medium  between  tamenees  and 
exaggeration.  In  the  church  of  La  Madonna  di  Loreto  at  Rome  there 
is  a  work  by  Fiammingo,  which  represents  St.  Susanna,  and  it  may 
fairly  be  considered  one  of  the  most  successful  effbrts  in  sculpture 
of  the  age.  The  expression  of  the  head  is  especially  worthy  of  atten- 
Hoa,  It  has  simplicity  apd  intcnseness  combined  with  considerable 
beauty  of  form.  Francesco  Mocchi  obtained  a  high  reputation  in  his 
time.  The  work  by  which  his  merits  may  best  be  judged  of  is  in  the 
Duomo  of  Orvieto.  It  represents  the  Aiinunciation,  m  two  distinct 
figures.  The  angel  is  supposed  to  be  descending,  and  is  supported  on 
a  cloud ;  while  the  Vii^gin,  in  an  attitude  of  shrinking  modest  fear,  is 
bowing  her  head  as  she  receives  his  announcement.  Its  &ults  are  the 
faults  of  the  age, — a  want  of  simplicity  and  too  much  of  the  pic- 
turesque in  effect.  As  examples  of  elaborate  execution,  further  illus- 
tratiiw  the  decav  of  pure  taste  and  the  faU  of  sculpture,  the  works  of 
San  Hartino  and  Coiradino  may  be  noticed.  Some  statues  by  these 
artists  are  preserved  at  Naples,  in  the  church  of  S.  Severo.  One  re- 
presents the  dead  body  of  our  Saviour,  covered  with  drapery,  under 
which  may  be  traced  all  the  forms  of  the  figure  :  a  piece  of  ingenuity 
of  no  very  di£9cult  attainment,  but  which  always  surprises  and  delights 
those  who  are  ignorant  of  the  mechanical  processes  of  sculpture,  and 
'who  think  that  whatever  hoi  the  appearance  of  being  difficult  in  art 
must  be  so,  and  measure  out  their  admiration  according  to  their 
estimate  of  the  ingenuity  with  which  it  is  overcome.  The  other  is  a 
figure  of  Modesty,  veiled.  There  is  also  a  third  statue,  of  Deceit, 
within  a  net — a  very  eurious  piece  of  execution.  These  works  attest 
the  patience  of  their  respective  authors,  and  are  monuments  of  their 
bod  taste. 

The  works  of  the  contemporary  and  immediately  succeeding  sculptors 
do  no  more  tiuui  prove  the  rapid  consummation  of  the  fall  of  sculpture. 
Occasionally  an  artist  of  better  taste  or  higher  feeling  appeared ;  but  ho 
was  not  seconded  or  supported  by  any  refined  feeling  iu  patrons,  nor 
inciting  sympathy  in  the  public,  and  the  enumeration  of  works  by  the 
Ilusconi,  Bonozzi,  Tagliapietra,  Torretti,  Morlaiter,  Foggini,  and  others, 
would  assist  but  little  in  conveying  any  distinct  impression  of  the  slight 
shades  of  difierence  in  the  generally  fallen  and  decayed  practice  of 
the  art. 

In  the  general  survey  of  the  rise,  progress,  and  declme  of  sculpture 
in  modem  Italy,  may  be  seen,  very  nearly,  the  history  and  condition  of 
the  art  in  other  European  countries.  The  artists  of  Italy  spread  them- 
selves over  the  Continent,  and  wherever  works  of  design  were  required 
they  probably  were  called  upon  to  execute  them.  The  influence  of  the 
taste  of  the  schools  of  Lionardo  da  Vinci,  Primaticoio,  Benvenuto 
Cellini,  Rustic!,  and  others,  will  be  visible  in  the  works  of  their  different 
times,  in  France  and  other  countries ;  and  even  when  it  can  be  ascer- 
tained that  sculpture  Was  produced  by  native  artists,  it  generally  will 
be  found  that  tiieir  knowledge  of  art  was  due  to  ItiUian  models  or 
Italian  masters. 

The  French  historians  attribute  to  native  artists  the  tomb  of  Philip 
le  Hardi,  which  was  executed  in  1404,  as  well  as  that  of  Francis  IL 
The  first  sculptor  who  really  was  distinguished  in  that  country  was 
Ooujon.  He  executed  various  important  works  in  the  16th  century. 
Among  the  most  distinguished  sculptors  nf  succeeding  times  may  be 
honourably  mentioned  PUon,  Anguier,  Puget,  Girardou,  Le  Poutre,  Le 
Moine,  and  Coustou ;  but  sculpture  soon  became  decorative  in  France, 
and  flutter  in  composition  and  design,  and  minuteness  in  execution, 
-characterised  their  art  almost  from  lie  18th  centuiy  to  a  very  recent 
jwriod.  The  extreme  of  the  worst  style  of  French  sculpture  is  seen  in 
the  monument  of  Marshal  Saxe  by  Pigal,  whidi  was  erected  about  the 
year  1775. 

The  earliest  sculptors  of  Spain  who  are  mentioned  by  their  historians 
of  art  are  Apaiicio  and  Rodolfo,  who  lived  about  the  year  1088.  The 
next  is  Jayme  or  Jacques  Castyls  of  Barcelona,  who  is  said  to  have 
executed  various  statues  in  th'o  fafade  of  a  church  at  Taragona  in 
the  year  1876.  The  name  of  Anrique  occurs  in  1880,  and  of  F. 
OoDEolez  in  1309.  It  seems,  however,  that  no  great  progress  was 
made  in  the  arts  in  this-«ountry  till  the  16th  century,  when  Spanish 


artists  went  to  Italy  to  study,  or  Italian  artists  established  themselves 
in  Spain. 

The  history  of  sculpture  in  Qennsny  would  lend  us  into  a  T/ide  field 
of  inquiry.  It  is  not  necessary  towards  illustrating  the  general  history 
of  the  progress  of  the  art,  which  may  be  traced  with  sufficient  aocuracy 
through  the  difierent  Italian  schools;  and  the  examination  of  the  causes 
of  its  rise  and  the  changes  of  stylo  it  has  undergone  amongst  the  Qer- 
mans  would  carry  us  into  speculation,  or  at  best  into  its  merely  national 
or  local  history,  rather  than  assist  us  in  giving  a  general  and  compre- 
hensive view  of  the  art..  Liiffler,  or  Lbffler,  is  said  to  have  executed 
the  bronze  statues  which  stand  roimd  the  tomb  of  the  Emperor  Maxi- 
milian at  Inspruck :  he  died  In  1565.  Others  attribute  them  to  two 
brothers  of  the  name  of  Oodi,  who  lived  at  the  beginning  of  that 
centuiy.  The  latter  name  suggests  the  probability  that  artists  from 
Italy  were  then  established  in  Qermany,  or  were  called  upon  tqexeout* 
works  of  this  description. 

The  political  disorders  in  which  Italy  was  involved  in  the  earlier 
part  of  the  18th  century,  may  account  in  some  measure  for  the  inac- 
tivity in  which  the  arts  remained  for  some  years.  The  wars  oi  the 
Succession  in  the  kingdom  of  Naples,  the  change  of  dynasty  in  Florence 
in  the  year  1737,  and  the  unsettled  state  of  other  parts  of  the  country, 
diverted  men's  minds  from  such  pursuits.  Cicognara  attributes  much 
also  to  the  debased  or  degraded  state  of  feeling  among  his  countrymen. 
But  his  condemnation  is  more  general  and  severe  than  appears  to  be 
warranted  by  facts,  and  it  certainly  seems  unjust  to  attribute  to  the 
moral  degradation  of  Italians  of  the  18th  century  the  decline  of  art 
which  had  commenced  so  long  before.  It  is  admitted  that,  prior  to 
this  time,  taste  in  art  had  greatly  deteriorated.  The  effect  of  the  state 
of  feeling  described  as  existing  in  this  later  time  was  to  leave  sculp- 
ture in  its  fallen  state,  when  a  little  energy  might  possibly  have 
restored  it.  From  1748  to  1796  Italy  enjoyed  an  uninterrupted  course 
of  peace  ;  and  it  is  true  that  during  that  period  there  scarcely  was  a 
work '  in  sculpture  of  any  magnitude  or  comparative  exoelleuo* 
produced. 

The  first  sovereign  who  contributed  to  revive  the  arts  from  this 
state  of  torpor  was  Charles  III.  of  Naples.     He  encouraged  archi- 
tecture on  a  grand  and  extensive  scale.    At  Rome,  Cardinal  Albani 
formed  a  collection  of  the  finest  remains  of  ancient  sculpture  that  could 
be  procured ;  and  by  attaching  to  him  all  the  most  distinguished  litte- 
lati  and  the  best  artists  of  his  day,  mode  his  palace  the  resort  of  all 
who  felt  an  interest  in  the  pursuits  to  which  he  himself  was  so  devoted. 
Under  the  auspices  of  this  "  Hadrian  of  his  age,"  as  Cardinal  Albani 
has  been  justly  called,  Wiuckelman  produced  the  first  work  in  which 
the  hist<^ry  of  the  arts  of  design  had  been  treated  in  a  learned,  philo- 
sophical, and  sbhqlar-like  manner ;  and  it  has  been  the  model  and 
groundwork  of  all  succeeding  and  improved   works   upon  the   same 
subject     The  popes  Clement  XII.  and  Benedict  XIV.,  as  well  as 
Clement  XIII.  and  Clement  XIV.,  contributed  also  to  create  a  feeling 
for  the  sc  ilpture  of  the  ancienU  by  accumulating  monuments  of 
various  kuids  in  the  pontifical  palace.     To  Clement  XIV.  we  are 
indebted  for  the  foundation  of  the  Museo  Clementine  in  the  Vatican, 
which  received  such  noble  additions  by  the  liberality  of  his  successor. 
Pins  VI.,  that  the  name  of  the  latter  pontiff  was  associated  with  that 
ot  its  founder  in  giving  a  title  to  the  collection,  and  a  considerable 
portion  of  the  gallery  of  ancient  sculpture  is  still  known  as  the  Museo 
Pio-Clementino.    Till  Pius  VI.  issued  an  order  to  prevent  the  removal 
of  works  of  art,  the  remains  of  antiquity  discovered  in  Rome  and  its 
neighbourhood  could  be  sold  and  taken  out  of  the  country.    The  pope, 
desiring  to  increase  his  collection,  .ind  preserve  to  Rome  whatever 
could  be  recovered  by  excavation,  prohibited  anything  being  removed 
out  of  his  dominions  without  a  special  permission.    This  order  pro- 
cured for  his  agents  the  first  choice  of  whatever  statues  or  other  monn- 
menta  of  sculpture  were  found ;  and  the  extensive  purehases  effected 
by  this  means  soon  filled  the  Vatican  with  works  of  ancient  sculpture, 
which,  with  the  additions  made  by  succeeding  popes,  have  made  it  tie 
most  celebrated,  as  it  is  the  most  valuable,  collection  of  its  kind  in  the 
world.     The  discovery  uf  the  long  buried  remains  of  art  in  Hercula- 
neum  and  Pompeii  led  to  the  formation  of  a  museum  of  the  same 
I  kind  at  Portioi ;  and,  in  bronzes  especially,  the  Neapolitan  collection  is 
I  without  a  rival.    Among  the  sovereigns  of  Italy  who  contributed  to 
'  the  revival  of  design,  Leopold,  grand-duke  of  Tuscany,  must  likewise 
i  be  included.    The  sculptors  of  this  period  were  Cavaoeppi,  Penna,  and 
I  a  few  others,  in  whose  hands  sculpture  made  some  progress  towards  a 
I  more  healthy  stote.     The  immediate  influence  of  the  Bernini  school 
!  had  ceased  to  be  felt,  and  the  opportunity  was  given,  which  thesa 
'  artists  in  some  degree  availed  themselves  of,  to  introduce  art  upon 
'  purer  principles.    It  must  be  admitted  that  what  they  produced  w,-vi 
'  eminently  deficient  in  original  feeling,  and  their  best  works  were  little 
I  more  than  somewhat  tame  copies  or  adaptations  of  ancient  subjects* 
and  models ;  but  at  least  the  practice  of  the  art  was  continued,  and 
when  men  of  greater  power  and  more  vigorous  minds  appeared,  they 
had  not  to  begin  afresh  from  the  infancy  of  sculpture,  nor  from  the 
miserably  low  point  to  which  the  Bernini  manner  had  reduced  it. 
Before  touching  upon  the  most  celebrated  sculptors  who  reformed  ami 
restored  the  taste  for  art  in  our  age,  we  shall  take  a  rapid  survey  of  tlio 
history  of  sculpture  in  England. 

The  Britons  had  not  the  advantage  of  very  skilful  iijstruotora  in  the 
Roman  soldiers  by  whom  the  country  was  so  long  held  in  subjection; 
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but  during  this  foreign  dominion  the  native  iohabitanta  had  learned 
to  adopt  vofi^y  of  Uie  arte.  The  making  of  arms  and  coining  money 
had  alao  taught  them  aome  important  proceaaea  in  the  more  refined 
arts,  and  the  knowledge  thua  acquired  was  not  allowed  to  fall  into  entire 
diauae ;  and  it  appean  that,  after  the  departiue  of  the  Romans,  the 
Britona  continued  to  {o^ctiae  some  branchea  of  sculpture.  Speed 
(quoted  by  Flaxman,  'LeoL'  I.)  says  that  "King  Cadwallo,  being 
buried  in  St.  Martin'a  Church,  near  Ludgate,  his  image,  great  and 
terriUe,  triumphantly  riding  on  horseback,  artificially  cast  in  brass, 
waa  placed  on  the  western  gate  of  the  city,"  Ac  The  wwkmanahip  of 
thia  "  great  and  terrible  "  statue  was  doubtleea  very  rude  and  barbai-ous, 
but  it  ia  interesting  to  find  the  tradition  of  a  work  of  art  cast  in  brass 
in  this  oovmtry  at  so  early  a  date.  The  death  of  Cadwallo  ia  placed  at 
A.D.  677. 

The  edifices  erected  in  England  after  the  final  settlement  of  the 
Saxona  in  this  country,  and  down  to  the  reign  of  Henry  L,  seem  to 
have  been  nearly  in  the  same  style,  exhibiting  plain  fortreai-like  con- 
Btruotion,  and  repetitions  of  heavy  columns  and  arches.  Sculpture 
was  so  little  employed,  that  it  is  believed  there  is  no  sepulchral  statue 
in  England  of  earlier  date  than  towards  the  end  of  the  11th  century, 
thou(^  the  French  had  begun  to  decorate  their  coffin-lids  with  figures, 
tu.,  as  early  as  the  9th.  We  may  conclude,  therefore,  ihft  this  prac- 
tice was  first  introduced  into  the  country  at  iba  Norman  invasion. 

All  the  oldest  monuments  in  which  figures  are  thus  represented  are 
of  ecclesiastics.  Two  specimens  of  these  sculptured  effigies,  carved  in 
very  low  relief  on  coffin-shaped  slabs,  may  be  seen  in  the  cloisters  of 
Westminster  Abbey.  They  are  supposed  to  represent  two  abbots, 
Vitolis,  who  died  in  1087,  and  Crispinus,  who  died  in  1117.  Similar 
monuments  ttn  preserved  in  Worcester  cathedral,  of  St.  Oswald  and 
Bishop  Wtilatan.  These  sculptures,  of  extremely  rude  design  and 
wcnkmanship,  have  been  much  injured  by  time  and  violence,  but  they 
are  curious  as  the  earliest  examples  of  the  kind  in  this  country.  It 
has  been  thought  probable  that  one  reason  for  not  decorating  with 
figures,  or  aoy  distinguishing  device,  the  stone  coffins  in  which  more 
illustrioua  persons  were  enclosed,  was  to  preserve  them  from  the 
chance  of  violence  which  might  have  heeii  offered  to  them,  in  order  to 
gain  possession  of  the  ornaments  tliut  usui-dly  were  deposited  mtli 
individuals  of  exalted  rank.  Several  monuments  of  bishops  and  abbots 
which  hare  been  opened  have  shown  the  deceased  fully  habited  in  his 
episcopal  robes,  with  his  ring  on  his  hand,  and  an  enriched  crazier 
either  lying  by  his  side  or  acruis  the  body.  The  more  sacred  character 
of  the  occupant  of  the  tomb,  and  of  the  objects  buried  with  him, 
mif^t  prevent  any  indignity  being  offered  to  them ;  but  kings  and 
princes  would  not  be  considered  in  the  same  view,  and,  as  they  would 
no  doubt  be  even  more  richly  dressed  than  eccleaiastios,  however  high 
their  rank,  their  tombs  would  offer  greater  temptatioii  to  sacrilegious 
avarice.  The  ciroumataoce  of  the  tomb  of  William  Ruf  ua  in  Win- 
cheater  cathedral  being  entirely  devoid  of  ornament  may  be  thus 
accounted  for.  That  of  Qundred,  daughter  of  William  the  Conqueror, 
at  St  John's  church.  Southover,  is  inscribed,  and  embellished  with 
foliage,  heads,  and  other  decorations,  but  there  is  no  figure  of  the 
deoeaBed  on  it 

When  the  Crusaders  returned  from  the  Holy  Land,  they  endeavoured 
to  introduce  into  England  a  tiste  for  the  magnificence  they  had 
witnessed  in  foreign  countries,  and  imitations  were  attempted  of  the 
rich  foliage  and  other  decorations  emfdoyed  in  their  aichitecturo.  In 
the  west  door  of  Rochester  cathedral  are  some  figures  so  applied. 

We  believe  the  earliest  specimen  in  England  of  figures  in  armour  is 
of  the  time  of  Richard  I.  Those  in  the  Temple  church,  of  MsgnaviUe 
or  UaDdeville,  earl  of  Essex,  and  of  two  other  knights  similarly  habited, 
are  probably  of  thia  date. 

The  first  example  that  occurs  in  England  of  a  monumental  figure 
in  royal  costume  is  that  of  king  John,  on  his  tomb  in  Worcester 
oathedraL  An  interesting  proof  that  the  figures  carved  on  the  lids  of 
tombs  were  tolerably  accurate  representationa  of  the  persons  whose 
remains  they  contained,  was  afforded  by  the  opening  the  coffin  of  king 
John  in  the  year  1797.  The  body,  &c.,  waa  in  a  state  of  sufficient 
preservation  to  show  that  it  had  been  dressed  in  precisely  the  same 
costume  as  that  represented  in  the  sculptured  effigy. 

Wells  cathedral  was  built  by  Bishop  Joceline,  who  died  in  1242. 
The  west  front  of  this  church  is  richly  studded  with  sculpture,  con- 
sisting of  representations,  in  relief,  of  Scripture  subjects,  and  of  statues, 
many  of  them  of  colossal  dimensions,  of  kings,  queens,  saints,  bishops, 
•nd  other  patrons  or  dignitaries  of  the  churoh.  This  work  must  have 
been  in  progress  at  the  time  that  Nicoolo  l^sano,  the  restorer  of 
senlpturs  in  Italy,  was  exercising  his  art  in  his  own  country.  Flaxman 
('  Lectures  on  Sculpture')  thinks  that  ths  greater  part  of  the  sculpture 
was  by  English  artists.  Some  of  the  statues  exhibit  much  grace 
and  simplici^,  and,  allowing  for  the  very  rude  state  of  art  at  the  time 
thm  were  produced,  they  deserve  the  attention  of  the  curious.  The 
sculpture  of  the  succeeding  reign  was  probably  I^  Italian  artists, 
scholars,  or  imitators  of  Nicoolo  Pisano,  who  bnvelled  about  in  search 
of  employment  in  those  countries  where  eodesiaatical  buildings  wera 
being  erected.  The  richly  decorated  crosses  that  were  roued  to 
distinguish  the  spots  wherem  the  body  of  Queen  Eleanor  rested,  wera 
probably  by  these  artists,  as  well  as  the  statues  of  Edward  I.  and 
Eleanor  in  Westminster  Abbey.  The  fiat  bnsses  with  figures 
sculptured,  or  rather  engraved  on  them,  and  let  into  stone  dabs,  are 
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mostly  of  the  I4th  century,  few  behig  met  with  earlier  than  the  reisn 
of  Edward  II.  * 

Under  Edward  III.  it  appean  that  our  own  countrymen  were  capable 
of  exercising  some  branches  of  the  arts  at  design.  Many  specimens  of 
that  date  remain  to  prove  both  the  extent  to  which  sculpture  was 
employed,  and  tlie  merits  of  the  artists  by  whom  the  several  moAm 
were  executed.^  Some  interesting  examples  of  art  of  tiie  lith  century 
may  be  seen  in  three  recumbent  statues  in  memory  of  the  sons  of 
Edward  IIL  :  one  is  of  the  Black  Prince,  in  Canterbury  Cathedral; 
another  of  Prince  William  of  Windsor,  in  Westminster  Abbey ;  and 
the  third  of  Prince  William  of  Hatfield,  in  York  Hhister.  These 
works  were  executed  between  the  years  18*4  and  1878.  There  are 
also  three  remarkable  windows  of  this  date  at  Dorehester  Churoh  near 
Oxford  :  one  of  them  is  adorned  with  between  twenty  and  tliirty  small 
statues  nlatiiig  to  the  genealogy  of  our  Saviour ;  the  others  contain 
reliefs  representing  Scripture  subjects.  Various  other  equally  interest- 
ing works,  exhibiting  the  progress  of  the  art,  belong  to  this  date ;  and 
the  names  of  several  En^ish  artists  employed  by  Edward  III.  at  West- 
minster are  recorded.  (' History  of  Westminster  Palace,' by  Smith ; 
Flaxman,  Ac.)  The  figure,  in  plate  armour,  of  Beauchamp,  Earl  of 
Warwick,  on  his  tomb  in  the  Warwick  Chapel,  with  the  numerous 
smaller  statues  let  into  niches  around  it,  is  the  work  of  William 
Austin,  on  English  sculptor  and  founder.    It  was  executed  in  1489. 

The  chapel  of  Henry  VII.  in  Westminster  Abbey  is  one  of  the  most 
beautiful  specimens  of  rich  architectural  deooration  that  exists  in  this 
or  perhaps  any  country.  The  statues  within  and  without  it  are  said  to 
hnve  amounted  originally  to  3000,  but  the  number  is  probably  exagge- 
rated. An  Italian  artist,  Torreggiano,  assisted  in  the  construction  of 
this  magnificent  tomb ;  but  there  is  strong  reason  to  believe  he  wds 
umplojjrod  on  the  tomb  only,  and  that  the  greater  portion  of  the  i^lp- 
tures  in  other  parts  of  the  chapel  were  executed  before  he  arrived  in 
the  country,  and  it  is  presumed  they  wera  the  productions  qf  native 
artists.  Some  of  these  statues  show  a  beautiful  feeling  for  art,  and  are 
wel)  worthy  of  attention  for  the  simplicity  and  grace  of  their  action, 
and  for  the  tasteful  arrangement  :i;iJ  careful  execution  of  the  draperies. 

From  the  reign  of  Henry  VI II.  to  Charles  I.  sculptura  fell  into 
neglect  Indeed  it  froquently  1  .i|>peued  that,  diu-ing  the  religious 
nuimosities  and  the  ;)arty  viuJuucu  that  prevailed,  works  of  art,  and 
more  especially  works  of  sculpture,  were  purposely  destroyed.  Charles 
I.  showed  a  strong  disposition  to  encourage  the  arts.  The  celebrated 
Cartoons  of  Raffiielle  were  purchased  by  order  of  the  king,  and,  with 
other  fine  works,  were  brought  into  this  country.  In  this  reign  we 
meet  with  the  names  of  English  sculptors.  Christmas  executed  a 
monument  to  Sir  William  Pitt  and  his  lady,  at  Straliifieldsay  in  Hamp- 
shire ;  and  Stone  is  the  author  of  a  monument  in  Westminster  Abbey, 
in  memory  of  Sir  George  Holies,  which  is  not  without  merit  Oene- 
rally  speaking,  however,  the  style  and  composition  of  these  and  other 
works  of  the  time  are  utterly  worthless,  but  there  is  some  boldness 
occasionally  in  the  conception,  which  may  claim  for  them  a  passing 
notice.  The  sculpture  on  the  pedestal  of  the  Monument  of  London, 
representing  Charles  II.,  attended  by' allegorical  groups,  raising  the 
City  of  London  (under  the  form  of  a  prostrate  female  figure),  is  a 
striking  example  of  the  pseudo-classical  and  false  taste,  in  art,  of  the 
17th  century.  After  this  time,  the  principal  works  in  England  were 
by  foreigners ;  and  the  names  that  most  frequently  occur  are  Cibbor, 
Steevens,  Do  Vere,  Bertocini,  Scheemacker,  and  Roubiliac,  as  the 
authors  of  monuments  and  whatever  other  productions  were  required 
id  sculpture.  This  variety  of  artists,  as  ilaxman  observes,  from 
different  countries,  —  French,  Flemings,  and  Italians, — sometimes 
brought  .the  taste  of  Jean  Ooujon  or  Puget,  sometimes  a  debased 
imittrfion  of  Oiovanni  di  Bologna  and  the  Florentine  school,  and  some- 
times the  taste  of  Bemini,  but  never  a  pure  and  sound  principle. 
In  1766  an  English  sculptor,  Nathaniel  Read,  executed  a  monument, 
which  may  be  seen  in  Westminster  Abbey,  in  memoiy  of  Admiral 
Tyrrell.  It  would  not  be  easy  to  convey  by  description  any  just 
idea  of  the  strange  conceits  and  incongruous  imsgery  that  abound 
in  this  work;  and  without  the  aid' of  the  inscription  it  would  be 
impossible  to  comprehend  the  purpose  and'  subject  of  the  artist's 
ingenious,  and,  it  may  truly  be  said,  costly  labours.  Admiral  Tyrrell 
died  at  sea,  and  his  body  waa  committed  to  the  deep.  In  the  lower 
part  of  the  composition  ore  three  allegorical  figures,  life-size;  one  of 
them  represents  Ireland,  as  the  admiral,  we  are  told,  was  descended 
from  an  ancient  family  of  that  country,  and  above  is  the  apotheosis 
of  the  deceased.  The  '  Historical  Description  of  Westminster  Abbey,' 
after  giving  the  explanatory  inscription,  notices  the  work  in  the 
following  words :  "  Un  a  piece  of  rock — '  The  sea  shall  give  up 
her  dead,  and  every  one  shall  be  rewarded  according  to  his  works.' 
The  figures  of  History,  Navigation,  and  Hibemia  are  well  cut ;  they 
are  represented  among  the  rooks,  with  the  sea  above  their  heads, 
the  admiral  himself  ascending  amidst  heavy  clouds."  This  fully 
describee  the  style  of  the  art  dnring  the  greater  part  of  the  1 8th 
century.  Allegorical  pictures  wera  executed  in  stone  and  marble,  and 
it  was  absolutely  necessary  to  have  explanations  attached  to  the  work 
in  order  to  enable  the  q>ectator  to  comprehend  the  meaning  of  the 
sculpture.  The  monuments  contain  every  variety  of  a  most  confined 
idea ;  and  Time,  Fame,  and  Death,  represented  in  the  most  absurd, 
and  often  most  objectionable  forms,  are  made  the  accompanying  illus- 
tration to  almost  eveiy  work  on  which  the  sculptor  was  employed. 
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The  wJrbi  <4  BoubOiac,  witfc  all  thair  de&oU,  bavB  mnrita  whidi 
r^eom  them  from  this  general  and  descn-ed  condemnation  [RoCBlLiAC, 
in  Bioo.  DiT.] ;  but,  with  the  qualified  exoaption  in  hia  favour,  the 
productions  of  the  artists  irho  practised  with  him,  and  after  his 
death,  caq  only  be  classed  in  the  lowe&t  grade  of  art ;  it  )^  impossible 
to  imagine  anything  more  false  and  poor  than  the  style  that  prevailed. 

Early  in  the  present  century,  the  first  step  was  t4^en  towards  form- 
ing in  England  4  national  eollsction  of  anoient  works  of  art.  The 
Ton'nley  Marl>le8  were  purchased  by  a  grant  of  parliament,  and  placed 
in  the  British  Huseum  in  the  year  1808.  Since  this  period  the  colles- 
tion  has  been  enriched  by  the  addition  of  the  Athenian  (or  £lgin) 
Karbles,  the  Fhigoliau  Marbles,  the  Lyoion  and  Xontiiiau  Marbles,  the 
rilievi  dieconrered  by  Laysrd  iui4  his  sucoeseors,  at  Viuaveh,  and  the 
sculpture  still  more  recently  found  on  the  sits  of  tiie  ouuiaoleum  at 
Holicamassus,  together  with  vaiioys  fine  bronses,  and  other  valuable 
specimens  of  ancient  sculpture. 

The  honour  of  giving  a  new  direction  to  taste,  or  rather,  of  leading 
it  back  to  a  recognition  of  true  piineiples,  is  eminently  due  to  Flaxman 
and  Canovs.'  "To  Canova  Itijy  owes  her  emancipation  from  those 
false  perceptions  wliioh  had,  from  the  influence  of  the  Bernini  school, 
so  long  diverted  the  current  of  pure  tests.  ....  To  Flaxman  the  art 
owes  equal  pbligatiou.  ISanls  bad  corrected  the  grosser  impurities, 
and  had  stemmed  the  torrent  of  bad  taste."  "  No  modem  sculptor  has 
entered  so  deeply  into  the  recesses  of  ancient  art  as  Flaxman ;  his 
style  was  founded  upon  thsir  pnadplas,  combined  with  the  simplioity 
of  the  Fisani  and  others  pf  the  Uth  century."  The  above  short 
extxacts  from  the  address  of  Sir  K.  Westmacott,  who  succeeded  Flax- 
man  as  prof&sor  of  spulpturs  in  the  Koysl  Acsdemy,  place  the  merits 
of  these  two  distinguished  artists — the  restorers  of  sculpture — in  their 
true  light.  In  the  Theseus  of  Canova,  one  of  his  best  and  earliest 
works,  we  recognise  the  long-lost  purity  of  form  and  a  decided  devotion 
to  the  simplicity  of  the  antique.  In  the  desipis  of  Flaxman  simplicity, 
grace,  and  expression  resume  their  influence,  in  place  of  the  afiectation 
and  display  of  fanciful  ingenuity  that  had  so  long  prevailed.  The 
later  works  of  Canova  show  a  tendency  in  that  great  artist  to  a  mon 
minute  execution  and  attention  to  small  parts  than  is  quito  consistent 
with  the  best  tasto  in  sculpture ;  and  it  may  be  objected  to  Flaxman, 
that,  in  lus  admiration  of  the  beautiful  ana  impressive  in  design,  be 
too  often  neglected  the  means  of  making  his  works  effective  in  execu- 
tion ;  but  it  is  not  expedient  to  enter  here  into  a  critical  examination 
of  thdr  reiipeotive  merite  and  defects.  Their  works,  the  best  evidence 
of  the  superiority  of  these  distinguished  sculptors,  are  before  'the 
ytofld,  and  a  comparison  of  their  protluotions  with  those  of  the  entire 
series  of  artists  from  the  time  of  Michel  Angelo  (and  the  best  of  his 
immediate  followers)  down  to  our  owu  sge,  will  at  once  exhibit  their 
merit  in  its  trus  point  of  view~-iu  the  influence  they  have  bad  in 
restoring  a  degraded  and  fallen  art  to  its  proper  poeition, 

Mechankal  Procat  of  Sculpliun. — The  tochnicnl  or  mechanical  pro- 
cesses of  sculpture  sra  for  the  most  port  extremely  simple.  The 
sculptor,  having  conceived  or  invented  his  subject,  usually  begins  by 
making  a  slight  sketch  pf  it,  either  drawing  it  on  paper,  or  at  once 
modelha^  it,  in  small,  in  clay  or  wax.  This  preliminary  step  en.ibles 
bim  to  judge  of  the  arrangement,  and  to  correct  and  improve  the 
general  composition  of  his  figure  or  group.  He  next  proceeds  to  build 
up  his  statue  of  the  desired  size.  The  first  thing  necessary  is  to  con- 
struct a  sort  o{  nvidfui,  or  skeleton,  by  which  the  clay  may  be  sup- 
ported. This  is  mads  of  wood  or  iron,  according  to  tlie  strength 
required,  and  th^  limbs  are  usually  made  movable,  by  attaching  the 
skeleton  parts  to  the  main  support,  or  trunk,  by  wire  joints.  The 
figure  is  then  built  up  in  clay ;  and  whether  it  is  ultimately  to  be 
draped  or  not^  it  shoukl  always  be  modelled  naked,  in  order  tia&i.  the 
true  forms,  may  be  easily  disticguislied,  and  the  drapery  made  to  fall 
naturally.  In  modelling  in  relief,  a  plane,  or  ground  as  it  is  call^,  is 
prepared,  upoA  which  we  sculptor  carefully  draws  bis  design.  Tbe 
clay  is  then  laid  and  pressed  upon  this,  the  outline  of  the  figiu-es  being 
bounded  by  tbe  lines  of  the  drawing.  The  projection  or  fuhiesa  of  tbe 
forms  must  of  course  depend  upon  the  fancy  of  the  artist,  or  the 
purpose  or  situation  for  which  the  work  may  be  intended.  The  same 
rule  with  respect  to  modelling  the  figures  naked  should  be  observed 
here  as  in  figures  or  groups  in  tbe  "  round."  To  preserve  the  models 
from  shrinking  and  cracking,  it  is  necessary  to  sprinkle  the  day  ocoa- 
siunolly  with  water;  and  on  leaving  them,  to  cover  them  over  with 
damp  cloths. 

The  next  proce^  is  "cssting."  The  model  being  completed,  a 
mixture  is  made  of  plaster  of  Paris  and  water,  which  is  thrown  over 
tbe  whole.  liVben  this  is  "  set,"  or  hardened,  the  clay  within  it  is 
picked  out,  and  there  remains  an  exact  mould  of  the  model.  This  is 
washed,  and  the  intefior  is  brushed  over  with  any  greasy  substance, 
usually  a  composition  of  oil  and  soap,  to  prevent  tbe  fresh  plaster,  with 
which  it  is  next  to  be  filled,  from  adhering  too  firmly  to  it.  After  the 
mould  is  thoroughly  filled  in  all  its  parte  with  this  plaster,  mixed  to 
about  the  consistency  of  cream,  tiie  latter  is  left  to  set.  The  mould  is 
then  "  knocked  oflF"  with  chisels,  and  a  "cast  "of  the  model  is  pro- 
duced entire.  If  it  is  intended  to  execute  the  work  in  bronze,  the 
same  general  principle  is  observed  in  the  moulding;  but  there  ore 
particular  processes  to  be  attended  to,  in  order  to  enable  the  mould  to 
bear  tbe  weight  of  the  metal,  aad  to  ensure  the  soundness  of  the 
"oast,"    [Bro»zb.] 


In  co|^iiig.a  model  in  marble,  the  first  step  is  to  prepare  two  stODes 
of  the  same  size,  or  at  least  with  an  exactly  corresponding  graduated 
scale  mu-ked  on  the  front  of  each,  on  which  the  block  of  maride  aaA 
the  modd  are  respectively  to  be  placed.  The  fronte  of  the  two  scales 
are  so  constructed  or  fitted  up,  that  a  "  pointing "  iastntment  can  ba 
applied  to  t^em.  This  instrument  is  ususUy  composed  of  a  pole  or 
standard,  to  which  a  long  brass  or  steel  "  needle  — oapabU  of  being 
extended  and  withdrawn,  loosened  or  fixed,  and  moved  in  every  direo- 
tion  by  means  of  ball-aad-socket  joints— is  sttachfid.  This  is  made  to 
touch  a  particular  part  of  the  model  The  wfaole  instrument  is  tlMB 
removed  to  the  scale-stone  on  which  the  rough  block  is  placed,  and  the 
mai-ble  is  cut  away  till  the  needle  reisches  as  far  into  the  block  as  it 
had  been  fixed  at  upon  the  model,  A  pencil  mark  is  then  made  upoB 
the  two  corresponding  parts  of  the  model  and  block,  and  thus  what  is 
technically  called  "  a  point "  is  taken.  This  process  is  repeated  till 
Uie  numerous  points  at  fixed  depths,  correspouding  throu^out  witfa 
tbe  surface  of  the  model,  are  attained,  and  a  rough  cof^  of  the 
sculptor's  original  work  is  thus  mechanically  made.  These  insixuraenta 
for  pointing  marble  statues  are  not  always  oonstracted  in  preoisaly^tha 
siuue  manner,  Tbe  practice  of  difiereut  sculptors  has  suggested 
various  ohauges  in  detail,  by  which  either  tbe  movement  of  the  wbols 
machine  from  one  scale-stone  to  tbe  other  is  faciliteted,  or  a  greater 
rapidity  and  security  in  taking  pointe  is  attained ;  but  the  principle  on 
which  they  act  seems  to  be  exactly  similar  is  all.  The  stetue  b«nf< 
rudely  blocked  out  or  pointed,  the  marUe  is  in  this  state  put  into  this 
hands  of  a  superior  workman  called  a  carver,  who  copies  the  minuter 
portions  of  the  work,  by  means  of  chisels  of  varieus  sixes,  naps,  and 
files ;  the  pencil  marks  or  points  showing  him  the  limite  b^ond  which 
he  is  not  to  penetrate  into  the  marble.  When  the  carver  lias  earned 
tbe  work  as  far  as  tbe  soulptor  desireii,  he  proceeds  himself  to  give  it 
tbe  finishing  stroke,  by  retouching  and  improving  the  details  of  form 
and  expression,  by  producing  varieties  of  texture  and  surfaoe,  sod  l^ 
giving  that  general  quality  or  appearance  to  tbe  whole  which  eonstt- 
tutes  what  is  termed  harmony  of  efiisoti 

SCURF '  is  a  material  composed  of  minute  portions  of  the  dry 
eitemal  scales  of  the  cuticle.  These  are,  in  moderate  quantity,  eoB- 
tinually  se^iarated  by  the  friction  to  which  the  surface  of  tbe  body  ia 
subject,  and  are  in  due  proportion  replaced  by  others  deposited  on  tiie 
inner  siuiace  of  the  cuticle.  Sometimes,  however,  th^  separata 
in  unnatural  quantities,  and  this  constitutes  the  disease  called  Pity- 
riasis. 

Pityriatit  (from  rlrvpor,  bran)  is  a  dise«8«  of  die  skin  in  which  irre- 
gular patches  of  the  cuticle  appear  covered  with  thin  braa-like  scales, 
or  with  particles  of  a  fine  white-powder,  which,  as  fast  as  tbey  fall  off, 
are  succeeded  by  others.  It  may  be  regarded  as  a  morbid  excess  of  tha 
natural  process  of  desquamation  which  is  eonstaatiy  going  on,  and  by 
wliich  the  old  cuticle  is  removed  from  the  surface  of  the  body  to  be 
.replaced  by  that  of  more  recent  formatioa.  Tlie  commonest  form  of 
this  disease  is  that  called  Pityriatu  eapitii,  or  daodriC  It  offMa 
cbiefiy  the  scalp  and  eye-brows,  and  is  most  frequent  in  cbildreB,  ia 
whom  it  originates  either  from  generally  disordered  hesltb  or  from 
mere  neglect  of  cleanliness.  It  occurs  also  on  the  face  and  sometime* 
on  other  parte  of  the  body  in  odulU  and  old  penoos  after  exposure  to 
the  sun  or  a  cutting  wind,  and  it  usually  oecompanies  the  eommeoce- 
meut  of  baldness.  The  only  local  treatment  which  is  nsoessaiy  or 
useful  is  frequent  \t-ashing,  and  the  appUoation  t4  some  mild  and 
simple  ointment. 

In  the  other  forms  of  pityriasis  the  discoloration  of  tbe  eatiele  i»  » 
more  prominent  sign  than  its  desquamation  in  fins  scales.  P.  verticoliir 
ocsurs  in  the  form  of  irregular  yellow  or  light  brown  patches,  which 
are  chiefly  situated  on  the  front  of  the  chest  and  abdomen,  and  are 
commonly  called  liver-spote  or  tan-spots.  The  extent  and  form  wliich 
such  spots  present  are  infinitely  various ;  but  though  tiiey  sometimes 
exist  unaltered  for  several  years,  tbey  rarely  produce  any  incouvenieDee 
beyond  a  slight  itehing,  P.  rubra  is  an  aggravated  form  of  the  pre- 
ceding ;  the  spote  are  qiwe  or  less  brightly  red,  and  are  the  seste  of 
considerable  irritetion.  In  P.  nigra  the  essential  part  of  tbe  diBPas«i 
which  is  of  Toy  rare  ocouncence,  is  tbe  produoUouof  aoutideof  nearly 
a  black  colour. 

SCURVY.  This  word,  as  well  as  iU  Latin  synonym  «wi4i(tiu,  has 
been  used  very  vaguely,  both  by  medical  men  and  by  the  public  «t 
large,  to  designate  various  diseases  of  the  skin,  often  diSSuing  eoaen- 
tially  from  eaich  other.  Its  derivatives,  teurhutie  and  vititowiinUie,  vt 
which  the  former  is  employed  to  designate  a  supposed  virus,  the  aeuree 
of  these  diseases,  and  the  latter  the  remedies  emi^oyed  for  Ut^ir  cum, 
have  been  misapplied  in  a  pimilor  msuner. 

Scurvy,  properly  so  called,  is  a  malady  ol  a  peculiar  nature,  which 
occurs  either  at  sea  or  on  land  as  the  result  of  various  moral  and 
physical  causes  of  disease,  especially  of  deficient  nutriment  and  a 
scarcity  or  total  depriraticai  of  succulent  vegetables  or  fruits.  Ite 
origin  is  involved  in  obscurity,  and  it  is  a  question  still  debated 
whether  it  was  known  to  the  Greeks  and  Romans,  Of  ite  prevalence 
in  the  middle  ages  we  have  abundant  testimony,  but  the  frequent 
famines  that  resulted  from  the  irapenfeot  state  of  agriculture  at  tbot 
day  gave  rise  to  so  many  diseases,  which,  though  different,  yet  had 
many  pointe  of  resemblance,  that  we  run  considerable  hazard  of  oon> 
founding  them.  Thus  there  ia  a  great  similarity  between  scurvy,  tbe 
disease  whiob  was  then  colled  St  Anthony's  fire,  ergotism  (the  peeic 
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Btf  dimm  prdduead  hj  ipunWl  rye  or  other  gnm),  tted  some  of  the 
pestilential  fevers  of  tlw  tniddle  ages,  both  in  their  causes  and 
•ymptoms,  and  there  caa  be  no  doubt  that  the-  chroniolers  of  those 
'  times  often  mistook  one  for  tira  crther<  It  is  customary  to  fix  upon 
tlM  year  1260  ns  the  date  of  the  first  authentic  mention  of  the  malady, 
tvhioh  than  appeared  in  the  Christian  army  during,  the  eampsign  of 
Bt.  LwHis  in  Egypt.  In  the  north  of  Europe,  however,  it  would  seem 
that  scurvy  baa  been  known  from  the  most  remote  antiquity,  and 
vntil  within  the  lost  two  oentaries  it  prevailed  there  endemically. 
V^ith  the  Improvements  in  gardening  and  agriculture,  it  gradually 
became  less  frequoit.  A»  latis  as  the  middle  of  the  last  century  it 
'waa  common  not  only  among  the  peasants  on  the  borders  of  the 
Brtitio,  but  it  prevailed  in  Scotland  wad  In  some  of  the  sea-port 
towns  of  Devonshire  and  Cornwall,  breaking  out  ih  winter,  and  dis- 
appoarlng  as  vegetable  food  became  more  abufidant  with  the  return  of 
■pring.  Later  iha  disease  has  occurred  in  camps,  aa  in  the  French 
araay  of  the  Alps  at  the  close  of  the  last  Century ;  and  in  besieged 
towns  whose  inhabitants  have  been  deprived  of  fresh  vegetables.  A 
famous  French  physician,  M.  Foderd,  mentions  that  isolated  oases 
ooesr  every  year  in  the  more  snhealthy  quarters  of  Paris.  Botae 
vf  its  earlier  symptoms  may  occasionally  be  observed  in  patients 
admitted  into  the  London  bespits ;  and  our  prison  reports  prove 
it  to  be  by  no  means  uncommon  in  persons  sentenced  to  Idng 
perio^  of  confinement.  Diseases  are  still  endemic  in  various  pttrts 
of  Europe,  which  present  a  great  analogy  to  scurvy  both  in  their 
eatises  and  symptoms;  sueh  aa  the  Kadesyge  in  Norway,  ihe  Mai 
d«  la  Rosa  in  the  provinoe  of  Astnrias  in  Spain,  and  the  Pellagra  in 
Lomjwrdy. 

During  the  prevalence  of  the  potato  disease  in  Ireland,  in  1846, 
■cvirvy  previiled  extensively.  It  was  oecasiooally  observed  at  the 
same  time  in  most  of 'the  large  towns  of  England,  and  since,  when 
potatoes  have  been  scaroe,  it  has  been  known  to  break  out.  During 
the  Crimean  war,  it  prevailed  extensiTely,  both  aifiong  the  French  and 
English  troope. 

But  it  is  at  sea  that  the  ravages  of  scurvy  have  been  most  severely 
Mt,  aud  any  one  at  all  familiar  viifii  the  acoonnta  of  our  early  navi- 
gators must  remember  many  heart-rending  talcs  of  SnfTering  which 
tfiey  records  Even  as  recently  as  the  time  of  Lord  Anson  scurvy  was 
so  fatal  that  during  the  first  two  years  of  his  voyage  he  lost  more 
titan  fonr-ftfths  of  his  original  crew.  The  sagacity  of  Captain  Cook 
however,  only  thirty  years  afterwards,  snggesteil  to  him  such  moans 
for  th«  preservation  of  ihe  health  of  his  ship's  company,  that  in  a 
Tnyage  (rf  more  than  three  years  only  one  sailor  of  the  Kesoluiiun  diod. 
The  name  of  Captain  Cook  is  now  freqviently  mentioned  in  connection 
with  bis  successful  voyages,  but  his  claim  to  the  gratitude  of  pos- 
terity may  be  fairly  grounded  on  the  wonderfid  sanitary  results  of  his 
voyage  round  the  world.  i 

The  improvements  which,  at  the  snggestion  principally  of  the 
late  Sir  O.  131»ne,  were  introduced  into  the  victualling  of  the  navy 
at  the  end  of  the  last  century,  and  especially  the  free  employment  of 
lemon-juice,  hare  baniahed  this  disease  from  our  navy,  though  it  is 
still  by  no  means  infrequent  in  the  merchant  service. 

The  use  of  salt  provisions  has  been  very  generally  regarded  as  one 
of  the  most  powerful  exciting  causes  of  scurvy.  This  nation,  however, 
is  not  altogether  free  from  error,  for  scurvy  occurs  even  among  those 
who  never  taste  salted  food.  Such  was  the  case  with  some  o{  our 
troops  quartered  in  the  province  of  Adelaide  at  the  Cape  of  Ouod 
Hope,  among  whom  scurvy  appeared  in  the  year  183fi.  The  men  at 
that  time  had  no  hard  duty  to  perform,  and  were  supplied  with  frcah 
meat  in  abundance,  but  were  ^deprived  of  vegetables.  The  annual 
ooourrence  of  scurvy  among  t]ie  inmates  of  the  lunatic  asylum  at 
Moorshedabad  in  India  is  an  additional  confirmation  of  the  some  fact. 
We  nny  with  more  propriety  refer  the  disease  to  the  Anenco  of 
vegetables  tium  to  any  directly  injurious  effects  produced  by  salt 
provisionB. 

The  greatest  attention  to  ventilation  vros  not  found  during  Lcrd 
Anson's  voyage  to  diminish  the  severity  of  the  disease;  and  this 
circumstance,  coupled  with  other  facts,  such  aa  the  non-occurrence  of 
scurvy  in  the  ill-ventilated  booses  of  the  poor  in  London,  warrants  the 
oonclunon  that  impure  air  is  not  an  exoiting  cause  Of  scurvy. 

Some  facts  have  led  to  the  supposition  that  cold  and  moisture  tond 
much  to  'produce  scurvy,  but  Dr.  Budd,  in  his  able  treatise  on  scarvy, 
in  the  '  Library  of  Praotical  Medicine,'  states  that  the  men  admitted 
with  scurvy  into  the  Dreadnought  hospital-ship  oome  almost  exclu- 
sively from  the  Mauritius,  India,  Ceylon;  or  China,  The  non-existence 
of  scurvy  at  Venice,  and  in  other  similar  sitoationa,  proves  that 
moisture  alone  cannot  produce  the  disease. 

It  has  been  asserted,  but  never  satisfactorily  proved,  that  scurvy  ia 
propagated  by  oontogian )  an  opinion  which  is  now  usually  regarded  as 


F^om  all  investigations,  we  may  conclude  that  there  is  one  condition 
wliieh  never  fails  to  produce  scurvy  in  persons,  however  various  their 
situations  may  be  in  other  respects,  namely,  a  prolonged  abstinence 
from  saCcnlent  vegetables  or  fruits,  or  their  preserved  juiocs,  ns  an 
article  of  food.  But  we  ore  hardly  Warrantod  in  asserting,  ns  some 
man  ef  eminence  have  done,  that  a  deficiency  of  vegetable  food  is  tfao 
only  causa  oapable  of  producing  scurvy,  A  disease  very  similar  to 
scurvy,  wUofa  used  to  attack  the  negroM  in  the  West  Indies,  was 


attributed  to  their  living  sxdusiveljr  upon  Bananas,  arid  its  core  con- 
sisted in  changing  their  diet,  and  giving  them  fish  and  flesh  to  eat. 
Bad  nutriment,  of  whatever  kind,  will,  according  to  M.  Foderd,  some- 
times produce  the  disease,  and  Dr.  Henderson,  a  naval  surgeon, 
recently  stoted  in  a  medical  periodical,  that  he  has  seen  scurvy  occur 
in  persons  Who  were  taking  daily  doses  of  letnon-juics  as  a  prophy- 
lactic against  the  disease. 

From  these  facts  Dr.  Gorrod  w'as  led  to  suppose  that  the  real  cause 
of  scurvy  was  some  defiotency  in  the  food  which  was  supplied  by 
vegetoble  diet.  Having  etamined  the  constituents  of  food  that  pro- 
duced sourvyj  he  was-  led  to  conclude  that  such  food  w.os  deficient  in 
potash.  Having  analytod  those  vegetable  foods  which  prevent"  and 
cure  scurvy,  as  potatoes,  water  cresses,  cabbages  and  leinonjuice,  ho 
fotmd  in  all  these  a  considerable  quantity  of  potash.  It  is  difficult  to 
test  this  theory  by  withholding  vegetable  food  and  administering  the 
salts  of  potash  to  patients 'afflicted  with  scurvy.  It  has,  hpwdver, 
tills  ohamcteristio  of  a  true  theory,  that  It  explains  the  phenomena 
of  the  cure  of  scurvy  by  the  addition  of  fruits  or  tegctablea  to 
tbedieti 

It  was  at  one  time  supposed  that  the  citric  acid  of  the'  lemon-juice 
was  the  active  cause  of  cure  in  cases  of  scurvy,  and  when  this  acid  was 
separated  it  was  substituted  in  the  navy  for  the  lemon-juice,  but  it 
entirely  failed  to  arrest  the  disease. 

Previous  debility  appears  to  pfedisposs  to  senrvy,  as  does  also  an 
advanced  age;  the  disease  being  rorest  between  twenty  and  thirty 
years  of  age,  though  it  occurs  more  frequently  between  the  fifteenth, 
and  twentieth  year  than  in  the  succeredhig  ten  years.  The  first 
symptoms  of  tho  afiection  are '  a  change  of  the  natural  healthy  com- 
plexion to  a  pale  or  sallow  tint,  accompanied  with  pains  in  the  legs  and 
loins,  great  languor  and  despondency,  and  indisposition  to  exercise. 
The  gums  soon  beoome  sore,  apt  to  bleed  on  the  Miglitest  touch,  livid 
*id  sijongy.  As  the  disease  progresses  the  debility  becoflies  greater, 
tho  slightest  exertion  inducing  breathlessne^  and  palpitation,  and  the 
complexion  a.v)umcs  a  brownish  or  dingy  hue.  The  gums  become 
more  livid,  and  swell  more,  so  as  sometimes  to  conceal  the  teeth,'whicli 
drop  out  without  undergoing  decay.  Hjcmorrhage  takes  place  from 
the  lungs  and  from  various  internal  organs,  ecCnymoses  appear,  and 
blood  is  efiused  nnd«-  the  skia  in  various  parts,  espsctally  on  the 
lower  extremities  and  around  the  scat  of  any  old  injury.  In  the  ham 
this  efl'uaion  of  blood  is  sometifnes  so  considerable  as  to  cause  con- 
traction of  the  knee-joint  Any  wounds  or  ulcers  put  on  an  unhealthy 
appearance,  and  become  covered  with  coagulated  blood,  arid  the 
slightest  scratches  degenerate  into  troublesome  sores.  In  high  degrees 
of  scurvy,  at  in  the  case  Of  Lord  Anson's  sailors,  old  wounds  break  out 
afresh,  and  a  broken  bune  will  become  ^united,  although  the  fracture 
may  have  been  consolidated  for  some  time.  V/iVb.  these  symptoms 
there  is  not  so  much  derangement  of  the  general  functions  as  might  be 
expected.  The  appetite  usually  continues  gootl,  thoiTgJi  the  patients 
are  unable,  owing  to  the  state  of  their  gums,  to  masticate  their 
ordinary  food ;  they  sleep  well,  and  the  intellect  Is  unafi°ected,  though 
the  spirits  arc  much  depressed.  Scorbutic  persons  swoon  readily,  and. 
not  unfrcqucntly  die  suddenly  on  making  some  more  considerable 
exertion  than  usual. 

It  tho  dise.i.°e  should  prove  fatsil,  discoloiired  Spots  are  found  in 
many  internal  oi>»»ns,  while  their  tisdiie  generally  is  of  a  paler  colour 
than  natural.  The  blood  contnios  a  loss  quantity  of  red  particles  than 
usual,  but  they  are  not  dissolved  in  the  serum,  as  some  have  supposed. 

SCUTAGE.    [EsCDAOE.] 

BCUTELL.^KIN.  A  bitter  matter  of  unknown  composition  found 
in  tho  SeuUUaria  lateriflora. 

SCY'TALE  (o-ffuriAi),  a  stick)  is  the  name  of  a  secret  mode  of 
writing  which  was  need  by  the  ephors  at  Sparta  in  their  coramuni- 
cations  with  their  kings  or  generals  when  abroad.  The  ephors  cut  the 
material  upon  which  they  intended  to  write  into  one  long  stripe,  like  a 
narrow  riband,  which  they  wound  about  a  round  staflf  so'  as  to  cover 
the  whole.  The  command  or  communication  which  they  had  to  send 
was  then  written  upon  it,  and  then  the  slip  of  writing  laiterial  was 
taken  from  the  staff  and  sent  to  tho  king  or  general.  The  slip  appeared 
only  covered  with  single  letters,  which  none  could  read  unless  he  wound 
the  slip  around  a  staff  of  precisely  the  same  siiie  as  that  used  by  the 
ephors.  Kings  and  generals  therefore,  when  they  went  abroad,  were 
provided  by  the  ephors  with  a  staff  precisely  like  that  which  the  ephors 
themselves  intended  to  use  in  their  communications  with  them.  (Plut., 
'Lyfand.,'  IS.)  Thiil  rude  mode  of  sending  a  message  must  have  originated 
at  a  very  eorly  period,  but  no  instance  of  it  is  recorded  previous  to  the 
time  of  Pausimias.  (Com.  Nepos, '  Pans.,'  8.)  After  the  Ptloponnesian 
war,  we  find  the  Spartans  using  the  seytalo  also  as  a  medium  through 
which  they  sent  commands  to  their  allied  cities. '  (Xenoph.,  'Hist.  Qr.,' 
v.  2,  87.) 

SCYTHE.  The  common  scylho  is  an  instrument  too  well  known 
to  raft|ttire  a  minute  deecription,  but  as  mnch  of  ite  utility  in  agriculture 
depends  on  a  correct  adjustment  of  its  parts,  we  shall  brieSy  advert  to 
them.  The  blade  of  the  scythe,  which  is  always  curved,  With  tho 
catting  edge  on  the  concave  side,  is  fixed  to  the  handle  at  an  angle 
both  to  the  plane  of  the  blade  and  to  the  tangent  to  the  curve.  It  is 
on  the  nice  adjustment  of  these  angles  that  the  perfection  of  the 
iiistmuieut  depends.  A  scythe  must  cut  the  com  or  grass,  especially 
tho  latter,  as  liear  to  the  ground  as  possible;  and  where  the  land  lies 
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flat  and  the  stones  hava  been  removed  from  the  surface,  n.  good  scytlie, 
in  the  hands  of  a  skilful  mower,  viU  cut  the  grass  so  near  to  the 
ground  that  little  or  no  stubble  is  left  Every  farmer  knows  well  that 
an  inch  of  the  grass  nrur  the  ground  adds  more  to  the  weight  of  the 
hay  than  several  iiu-luw  higher  up,  and  that  a  skilful  mower  with  a 
good  scythe  can  eaaily  add  much  more  tu  the  value  of  the  crop  than 
his  earnings  amount  to,  however  liberally  he  may  be  paid,  and  that  it 
is  of  the  greatest  importance  that  none  but  the  beet  mowers  be 
enfarusted  with  the  work,  and  that  attention  be  paid  to  the  form  of 
their  scythes  and  to  their  being  frequently  whetted. 

It  is  the  custom  in  England  for  the  mowers  to  stoop  much  in 
mowing,  by  which  they  imagine  that  they  have  a  wider  sweep.  The 
angle  at  which  the  handle  is  fixed  is  very  acute  to  the  plane  of  the 
blade.  In  other  countries  the  mowers  stand  more  upright,  and  a 
longer  handle  gives  them  a  greater  radius.  Habit  makes  that  position 
easier  to  which  we  have  been  long  accustou'.u  ;  but  it  is  probable  that 
a  man  can  endure  fatigue,  and  continue  Itis  exertion  the  longer,  the 
more  nearly  his  position  is  erect.  In  some  countries  the  handle  of  the 
scythe  is  nearly  straight,  and  the  end  of  it  passes  over  the  upper  part 
of  the  left  arm.  The  position  of  the  mower  is  then  nearly  erect,  and 
his  body  turns  as  on  a  pivot,  carrying  the  blade  of  the  scythe  parallel 
to  the  ground,  and  cutting  a  portion  of  a  considerable  circle.  The 
position  of  the  handle  in  this  case  must  be  such  that  when  the  scythe 
IS  in  the  middle  of  its  swing,  and  the  blade  parallel  to  the  ground,  it 
rests  naturally  on  the  left  arm  above  the  elbow,  while  the  mower  is 
nearly  in  an  erect  position.  By  turning  his  body  to  the  right,  and 
stooping  towards  that  side,  he  begins  bis  cut,  and  by  raising  himself 
up,  the  muscles  of  his  back  greatly  assist  in  swinging  the  scythe 
rounc^ 

The  blades  of  the  scythes  on  the  Continent  are  mostly  made  of 
natural  steel,  such  as  is  found  in  part's  of  Oermany,  and  they  are  so 
soft  that  the  edge  con  be  hammered  to  sharpen  it  and  keep  it  thin. 
In  England  the  scythes  are  forged  thin  and  well  tempered,  and  to 
prevent  their  beudmg  they  have  a  rim  of  iron  along  the  back  to  within 
a  few  inches  of  the  point.  This  saves  much  time  in  sharjiening,  and 
they  very  seldom  require  the  grindstone. 

Host  scythes  have  two  projecting  handles  fixed  to  the  principal 
handle,  by  which  they  are  held,  and  these  are  variously  put  on, 
according  to  the  fashion  of  the  district.  The  real  line  of  the  handle  is 
that  which  passes  through  both  the  hands  and  ends  at  the  head  uf  the 
blade.  This  may  be  a  straight  litae  or  a  crooked  one,  generally  the 
latter,  and  by  moving  these  handles  up  or  down  the  main  handle,  each 
mower  can  place  them  so  as  best  suits  the  natural  size  and  position  of 
bis  body.  Hence  it  is  that  a  man  can  seldom  mow  well  with  another 
man's  scythe. 

In  mowing  com  when  ripe,  which  is  an  economical  mode  of  reaping, 
the  scythe  need  not  have  so  great  a  sweep,  nor  is  it  necessary  to  cut 
the  straw  so  near  to  the  ground.  The  great  difficulty  here  is  to  lay 
the  cut  com  evenly,  so  that  the  binders  can  readily  collect  it  and  tie  it 
into  sheaves.  This  is  most  effectually  done  by  adding  to  the  bottom 
uf  the  handle  a  small  hoop  at  riglit  angles  to  the  line  of  cutting,  and 
by  mowing  always  toworda  the  standing  com,  which  is  easily  done  by 
b^nnint;  at  one  end  and  goiug  round  toward  the  left  in  an  irregular 
spiral  to  the  centre  of  the  field.  Ihe  straw  is  thus  laid  leaning  against 
the  standing  com,  and  is  readily  collected  with  the  arm  by  the  binder, 
who  follows  the  mower.  As  the  straw  is  not  always  upright,  but  fre- 
quently bent  tOB  side,  this  mode  of  mowing  is  not  always  practicable. 
AVhen  the  com  is  only  slightly  bent  down,  a  scythe  with  an  addition 
of  a  cradle,  as  it  is  called,  collects  the  slanting  'straw  more  easily.  The 
cradle  is  a  species  of  comb,  with  three  or  four  long  teeth  parallel  to 
the  back  of  the  blade,  and  fixed  in  the  handle.  This  inserts  itself 
behind  the  straw  to  be  cut,  raises  it  up,  and  by  a  peculiar  twist  of  the 
scythe  after  the  stroke,  it  is  left  so  as  to  be  easily  collected.  Those 
who  are  accustomed  to  use  the  cradle-scythe  do  the  work  rapidly 
and  well. 

■When  the  com  is  much  laid  and  entangled,  it  is  impossible  to  use 
the  common  scythe,  even  with  a  cradle.  This  has  probably  suggested 
a  scythe  to  be  used  with  one  hand,  while  a  hook  in  the  other  gathers 
the  straggling  com.  The  most  perfect  of  these  scythes  is  called  the 
IfaiiiauU  Kythe,  from  a  province  of  that  name  in  Belgium,  where  it 
was  first  noticed.  I^  is  commonly  used  in  diflTerent  parts  of  the  Con- 
tiuent.  The  Hainatilt  scythe  is  swung  by  the  power  of  the  wrist 
principally.  It  does  not  ciit  the  straw  by  so  oblique  a  stroke  as  the 
common  scythe,  but  rather  as  a  billhook  or  axe  would  do,  meeting  the 
straw  pearly  at  right  angles.  The  hook  collects  a  small  bundle,  which 
is  revered  at  a  stroke,  and  the  left  foot  assists  in  holding  what  is  cut 
and  rolled  together  with  the  hook,  in  the  hollow  of  the  blade.  It  is 
thus  laid  aside,  and  fit  to  be  tied  np.  ThU  instrument  U  a  great 
improvement  on  the  English  fagging-hook,  which  is  used  in  the  same 
manner,  the  left  arm  of  the  reaiier  acting  the  part  of  the  hook;  but  as 
the  handle  is  inserted  in  the  plane  of  the  blade,  it  causes  the  reaper  to 
stoop  low,  which  is  fatiguing  to  the  loins,  especially  of  elderly  people, 
who  eon  more  readily  reap  with  the  Hainault  scythe. 

The  sovthe  is  an  instrument  which  should  be  more  generally  intro- 
duced in  oan-^est,  and  experience  has  proved  that  it  had  many  advantages 
over  the  sickle  or  reapiag-hook.    [Harvest.] 

SEA  and  OCEAN  are  terms  by  which  the  whole  volume  of  water  is 
d«.9i{;iiat«d  which  cccupies  the  lower  jwrtion  of  the  surfjwe  of   our 


globe,  and  thus  separates  the  solid  and  more  elevated  masses  wUoh 
are  called  land,  and  which  rise  above  the  level  of  the  aeiv.  _ 

Sea-water  has  a  salt  and  somewhat  bitter  taste,  and  in  its  nattmil 
state  is  unfit  for  drinking  or  for  culinary  purposes.  Its  specific  gravity 
is  about  1-0277,  nvin-water  bong  1  0000.  The  water  of  closed  seM 
into  which  many  rivers  fall  is  lightoi-,  as  that  of  the  Baltdo,  whieh  i« 
only  1-0067,  and  that  of  the  Black  Sea.  But  the  water  of  the  Uediter. 
ranexn  is  more  »alt  than  that  of  the  Atlantic  Ocean.  In  those  ports  of 
Vba  ocean  which  approach  the  poles  the  water  is  of  less  specific  gisvitj 
than  in  those  parts  which  lie  towards  the  equator,  which  may  be  dus 
to  the  melting  of  the  enormous  masses  of  ioe  which  are  found  in  th« 
higher  latitudes. 

Sea-water  has  repeatedly  been  analysed ;  the  latest  results  are  stated 
under  SoDiuu.  That  of  the  Baltic  contains  only  1-18  per  cent.  «i 
salt,  but  Mie  water  of  the  Medit  :'v;-iean  eontoins  i-18  per  cent. ;  ihe 
former  being  considerably  below  .uid  the  latter  bomewhat  above  Um 
average  of  the  oceanic  watier.  The  sea  is  therefore  a  weak  brine,  from 
which  the  salt  may  be  extracted  by  the  heat  of  the  sun  and  dryness  of 
the  climate. 

Besides  mineral  substances,  sea-water  contains  a  slimy  fetid  matter, 
which  imparts  to  it  a  nauseous  taste;  and  which  is  probably  the  pro- 
duce of  the  decomposition  of  animal  and  vegetable  substances,  whidi 
abound  in  the  sea.  It  has  been  observed  that  the  sea-water,  lAtea  not 
agitated  for  a  long  time,  is  ver^  subject  to  pass  into  a  certain  state  of 
putrefaction,  and  in  that  state  it  exhales  very  unpleasant  odours,  which 
are  a  real  nuisance  to  the  seaman.  It  is  likewise  known  that  some  low 
coasts  between  the  tropica  ore  subject  to  diseases,  which  are  attributed 
to  the  miasma  arising  from  the  sea  after  a  long  continuance  of  calm 
weather. 

It  has  often  been  maintained  that  sea-water  has  no  colour,  but  it  is 
well  known  that  the  sea  at  a  great  distance  from  the  land  has  Ml 
exceedingly  fine  ultramarine  tint,  which  cannot  be  consid'ired  due  to 
reflection  from  the  atmosphere,  as  the  colour  of  the  eea  U  frequently 
of  a  deeper  hue  than  that  of  the  sky,  and  does  not  change  even  when 
the  sky  is  covered  with  clouds.  This  colour  undergoes  some  change* 
in  shoals,  where  it  is  modified  by  the  colour  of  the  matter  whi(^  forms 
the  bottom.  The  greatest  variety  in  the  colour  of  the  sea  seems  to 
occur  in  the  Greenland  Sea,  between  74*  and  80*  N.  lat.,  where  it 
varies  from  ultramarine  to  olive  green,  and  from  the  most  perfect 
transparency  to  deep  opacity.  The  green  colour  ia  liable  to  changes  in 
its  position,  but  still  it  is  always  renewed  near  certain  situations  from 
year  to  year.  According  to  Scoresby,  from  whom  we  take  this 
account,  it  frequently  constitutes  long  bonds  or  streams,  lying  north 
and  south,  or  north-east  and  south-west,  but  of  various  dimensions, 
sometimes  extending  two  or  three  degrees  of  latitude  in  length,  and 
from  a  few  miles  to  ten  or  fifteen  leagues  in  breadth.  This  occurs 
very  generally  about  the  meridian  of  London,  and  the  whales  chiefly 
feed  m  this  green-coloured  water.  'When  examined  by  Scoresby,  ic 
was  found  to  be  replete  with  minute  animals,  principally  Medussc,  tu 
which  its  colour  was  due. 

The  transparency  of  the  sea-water  seems  to  be  connected  with  its 
colour.  It  is  much  greater  than  that  of  river-water,  which  contains 
much  heterogeneous  matter  in  suspension.  It  has  been  said  that  the 
light  penetrates  to  about  the  depth  of  60  feet  only,  but  this  is  a  vague 
estimate,  requiring  much  qualification  ;  some  rays  certainly  penetrate 
much  deeper.  This  transparency  of  the  sea- water. increases  with  the 
dist.ince  from  the  shores,  and  is  generally  greater  in  the  higher  than 
in  the  lower  latitudes,  which  may  arise  from  the  circumstance  that 
the  number  of  organic  substances  in  the  sea  is  much  greater  in  warm 
climates.  But  there  are  many  remarkable  exceptions  to  the  last- 
mentioned  fact  Some  parts  of  the  sea  between  the  tropics  are  dis- 
tinguished by  the  transpai-ency  of  their  waters,  especially  ^e  Caribbean 
Sea,  wher&  zoophytes  and  sea-plants,  thou^  growing  on  a  bottom 
twenty  or  thirty  feet  deep,  appear  to  be  near  enough  to  the  surface  to 
be  plucked  by  a  person  in  a  boat ;  indeed  some  navigators  affirm  that 
the  bottom  of  the  sea  may  be  seen  at  the  depth  of  150  feet  In  the 
northern  seas  indeed  it  is  asserted  that  the  bottom  may  be  seen  at  the 
depth  of  from  400  to  500  feet 

Oue  of  the  must  remarkable  properties  of  sea-water  is  a  certain 
luminous  appearance,  which  has  bisen  observed  iu  all  seas,  but  appears 
in  its  greatest  splendour  between  the  tropics.  In  calm  weather,  when 
the  water  is  moved  by  the  motion  of  a  vessel,  the  light  assumes  the 
form  of  brilliant  stare,  or  round  masses  of  a  greenish  hue,  frequently 
eighteen  inches  in  diameter.  They  float  by  the  vessel  in  every  port  of 
the  water  which  her  bottom  has  touched,  as  deep  as  the  lowest  part  of 
her  keel,  and  form  behind  her  a  long  and  fiery  train.  At  other  times, 
when  tha  breeze  is  strong,  and  the  billows  break  and  foam,  the  Ught 
appoan  like  fields  of  flashing  fire,  through  which  the  vessel  is  making 
her  way.  'When  the  night  is  dark,  the  brilliancy  of  the  water  forms  a 
beautiful  contrast  with  the  black  concave  of  the  sky;  but  as  soon  aa 
daylight  returns,  the  splendour  disappears,  and  the  sea  exhibits  only 
its  usual  dingy  colour.  At  ni^t,  the  slight  agitation  of  the  water 
occasioned  by  the  action  of  a  steady  breeze  upon  the  surface  is 
generally  sufficient  for  producing  it  We  are  entitled  to  believe,  as 
the  result  of  modem  scientific  reeearoh,  that  this  phosphorescence  of  the 
ocean  depends  excliwively  on  the  presence  of  myriads  of  marine 
auimuls  and  auimolcula,  having  the  (wwer  of  producing  antaMJ  Ugkt 
(as  animals  higher  iu  the  scale  of  ur|[anisatioB  produce  aiu'aMij  kmt)  \ 
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tmleoB,  indeed,  the  conjecture  of  Profeasor  Schonbein,  that  it  partly 
irises  from  the  oxidation  of  dead  organic  matter  in  the  sea  by  meona 
vf  ozone,  should  hereafter  be  Teiiiied.  The  luminooa  "limala  belong 
to  every  sub-kingdom  of  invertebrate  animals :  Protozoa ;  Radiate, 
especially  the  AcaJephn ;  Crustacea,  as  a  class  of  Annulosa ;  Mollusca ; 
and  the  oeculent  groups  of  the  Annelida  and  Tunicata ;  some  Of  the 
oompound  forms  of  the  latter,  or  compound  Ascidians,  being  among  the 
most  splendidly  phosphorescent.  In  the  Transactions  of  the  Berlin 
Academy^  Sciences  is  a  valuable  paper  by  Ehienberg  on  the  luminous 
«nitn>l«  of  the  sea,  containing  a  oopions  list  of  the  species  observed  to 
possess  this  property.  [LDMnvosiTT  or  Oboasio  Buxas,  in  Nat. 
Hist.  Div.] 

From  the  well-known  laws  of  gravitation,  it  is  inferred -that  the 
surface  of  the  sea  is  alwnys  at  the  same  distance  from  the  centre  of 
the  earth,  and  that  consequently  it  forms  a  uniformly  regular  curve. 
This  surface  of  course  maintains  the  same  level,  and  it  is  consequently 
the  best  basis  from  which  to  determine  the  relative  elevations  of  the 
difierent  parts  of  the  land.  Some  facts  bearing  on  this  subject,  and  on 
the  precautions  requisite  in  the'  use  of  the  sea-level  as  a  datum  line, 
ore  stated  near  the  end  of  this  article,  where  the  physical  changes  of 
the  sea  are  noticed.  But  though  the  surface  of  the  sea  is  a  regular 
curve,  minute  investigation  has  shown  that  there  are  some  irregu- 
larities, and  that  some  parts  of  the  sea  are  more  elevated  than  others. 
This  is  particularly  the  case  with  closed  seas,  which  ore  generally  more 
elevated  than  the  ocean.  The  level  of  the  closed  seas  is  higher  than 
that  of  the  ocean  when  the  mass  of  water  brought  to  them  by  the 
rivers  which  discharge  into  their  basin  is  greater  than  that  which  is 
lost  by  evaporation,  and  the  straits  by  which  they  are  united  to  the 
ocean  are  not  wide  enough  to  carry  off  the  surplus  waters  quickly. 
On  the  other  hand,  when  the  evaporation  is  greater  than  the  supply  of 
water  from  rivers,  the  level  of  the  closed  sea  sinks  below  that  of  the 
ocean,  and  it  must  be  supplied  with  water  from  the  latter  by  the  straits 
which  unite  them. 

The  Baltic,  thou^  of  no  great  extent,  and  though  united  to  the 
open  sea  by  three  straits,  one  of  which  is  of  considerable  width, 
reoeiTes  so  great  a  supply  of  river-water,  that  its  level  is  higher  than 
that  of  ihi  North  Sea.  Very  exact  measurement  has  shown  that  this 
difference  amounts  to  more  than  a  foot  between  the  level  of  the  North 
Sea  near  the  mouth  of  the  river  Eider  and  that  of  the  Baltic  near  the 
town  of  Kiel.  It  is  true  that  when  the  level  of  the  North  Sea  has 
been  raised  by  a  continuance  of  western  and  north-western  winds,  a 
current  sets  from  the  Cattegat  into  the  Baltic,  but  in  calm  weather  it 
is  ^ways  found  that  the  current  sets  northward  through  the  three 
straits.  The  difference  of  level  between  the  Black  Sea  and  the  Mediter- 
ranean is  much  greater.  The  large  rivers  which  fall  into  the  Black  Sea 
bring  down  an  immense  volume  of  water;  and  accordingly  a  very 
strong  southern  current  is  constantly  foimd  to  be  setting  southward 
through  the  Strait  of  Constantinople  into  the  Sea  of  Marmora.  It 
generally  runs  with  a  velocity  of  about  three  miles  an  hour,  which 
however  at  one  place,  called  the  "  Devil's  Current,"  is  much  greater, 
and  at  times  between  five  and  six  miles  per  hour.  The  velocity  of 
this  current  must  valy  with  the  seasons;  for  it  is  stated  that  the  level 
of  the  Black  Sea  in  winter  is  between  two  and  three  fathoms  higher 
than  in  summer.  The  Sea  of  Marmora,  which  thus  receives  the 
surplus  of  the  waters  of  the  Black  Sea,  must  also  be  more  elevated 
tlian  the  Mediterranean ;  for  the  current  which  sets  through  the  Strait 
of  the  Dardanelles  is  likewise  constant  and  rather  quick,  though  not  so 
quick  as  that  in  the  Strait  of  Constantinople. 

The  Mediterranean,  ou  the  other  hand,  receives  a  very  scanty  supply 
of  water  by  rivers ;  fbr  with  the  exception  of  the  Nile,  no  large  stream 
falls  into  its  basin,  which  is  of  much  greater  extent  than  that  of  other 
dosed  seas,  and  therefore  it  must  luao  a  great  volume  of  water  by 
evaporation.  Halley  showed  that  the  Mediterranean,  whose  tempera- 
ture is  from  4*  to  fi*  Fahr.  higher  than  that  of  the  Atlantic  under 
the  same  latitude,  must  lose  by  evaporation  nearly  three  times  as  much 
water  as  is  brought  into  it  by  the  rivers.  The  deficiency  is  supplied  in 
two  ways :  by  the  current  of  the  Dardanelles,  which  brings  to  it  the 
surplus  waters  of  the  Black  Sea  and  of  the  Sea  of  Marmora;  and  by 
that  which  sets  through  the  Strait  of  Gibraltar  from  the  Atlantic 
Ocean.  The  Atlantic  current  runs  somewhat  more  than  one  mile  and 
a  half  per  hour.  It  haf  been  supposed  that,  though  this  current  con- 
Rtontly  sets  into  the  Mediterranean,  an  under-current  runs  in  an  oppo- 
site direction,  carrying  back  a  portion  at  least  of  the  water  to  the 
Atlantic ;  but  the  attempts  which  have  been  made  to  establish  this 
fact  have  failed,  and  it  is  probable  that  this  supposed  under-current 
does  not  exist.  Notwithstanding  the  large  supply  of  water  which  the 
Mediterranean  receives  at  its  two  extremities,  the  level  is  below  tliat 
of  the  Atlantic.  Coralxcuf  found  that  the  difference  of  level  on  the 
MedUerraneau  near  Perpignan,  and  ou  the  Bay  of  Biscay  near  Bayonne, 
amounted  to  nearly  six  feet ;  and  Ddambre  and  Mechain  found  it  to 
bo  nearly  three  feet  between  the  North  Sea  at  Dunkerque  and  the 
Mediterranean  ruxir  Perpignan. 

In  these  instances  the  difference  of  level  is  satisfactorily  explained; 
but  the  explanation  is  not  so  easy  with  respect  to  the  great  differ- 
ence between  the  level  of  the  Mediterranean  and  that  of  the  Red 
Sea.  These  two  seal  are  separated  by  the  Isthmus  of  Suez,  which 
extends  about  70  miles  from  north  to  south.  When  the  French 
occupied  Egypt,  they  executed  an  extensive  levelling  across  this 


isthmus ;  and  the  result  was,  that  the  Red  Sea  is  above  S2  feat 
higher  than  the  Mediterranean.  No  river  of  importance,  not  even  a 
perennial  stream,  falls  into  the  Red  Sea,  which  must  also  lose  a  ooif 
siderable  volume  of  water  by  evaporation.  This  loss  of  water  is 
probably  supplied  by  the  current  which  sets  into  the  Red  Sea  from 
the  Indian  Ocean ;  and  some  persons  are  of  opinion  that  the  differenos 
of  level  between  the  Red  Sea  and  the  Mediterranean  might  be  pro- 
duced by  this  current.  But  it  seems  improbable  that  such  an  effect 
can  be  produced  by  this  cause.  According  to  Horsburgh  and  WeQsted 
('  Joum.  of  Loni  Oeogr.  Soc./  vol.  vi.),  a  current  sets  from  th» 
Indian  Sea  into  the  Red  Sea  between  October  and  May,  and  it  often 
runs  with  great  rapidity.  But  between  May  and  October  the  northern 
winds  preTOil  through  the  whole  extent  of  tiie  Red  Sea;  and  thesa 
winds,  which  frequently  blow  a  gale,  cause  a  continual  current  to  se6 
through  the  straits  into  the  Oulf  of.  Aden.  Under  such  eircanutaneesr 
it  is  evident  that  the  sea  must  fall  to  its  natural  level,  especially  as 
this  state  of  things  continues  for  more  than  thre^  months.  Wellsted 
observes  that  in  this  season,  from  May  to  October,  the  reefs  in  the 
northern  part  of  the  Red  Sea  have  about  2  feet  less  water  on  them 
than  in  the  remaining  months  of  the  year.  This  therefore  appears  to 
be  the  whole  extent  of  the  difference  produced  on  the  level  of  the 
Red  Sea  by  the  current,  wliich  enters  it  through  the  Strait  of  Bab-el- 
Mondeb  from  October  to  May ;  but  the  French,  oa  already  observed, 
found  the  difference  between  the  levels  of  the  Red  and  Mediterranean 
seas  to  be  not  less  than  S2  feet.  It  Would  therefore  appear  that  the 
Indian  Ocean  itself  must  be  about  80  feet  higher  than  the  Mediter- 
ranean, and  probably  also  higher  than  the  Atlantic  near  the  Strait 
of  Gibraltar  (see  below)  and  that  the  difference  of  level  in  the  different 
parts  of  the  ocean  is  much  greater  than  is  commonly  supposed. 
This  is  also  proved  by  the  difference  of  level  between  the  Atlantio 
and  the  Pacific  on  both  sides  of  the  Isthmus  of  Panama.  Accord- 
ing to  Lloyd  ('Phil.  Trans.,'  1830),  the  mean  rise  and  fall  of  the 
Pacific  two  days  after  full  moon  is  21*22  feet,  and  in  the  Caribbean 
Sea  1*16  feet.  The  water  at  high-water  mark  in  the  Atlantic  is  18'65 
feet  lower  than  in  the  Pacific  The  mean  between  the  high  and  low 
water  in  the  Pacific  is  10-61  feet,  and  in  the  Atlantio  0'68.  It  would 
therefore  appear  that  the  level  of  the  Pacific  is  3-52  feet  higher  than 
that  of  the  Caribbean  Sea,  as  at  low-water,  two  days  after  full-moon, 
the  Pacific  sinks  6'51  feet  below  the  level  of  the  Atlantic ;  but  it  rises 
at  high-water  13'55  feet  above  it. 

In  this  oomparison  of  the  level  of  the  two  oceans,  the  Caribbean  Sea 
is  placed  in  opposition  to  the  Pacific  :  but  in  reasoning  from  existing 
data  and  our  present  knowledge,  we  must  admit  that  the  level  of  the 
Caribbean  Sea  is  much  higher  than  that  of  the  Atlantic  near  the 
old  Continent,  The  north-eastern  and  eastern  trade-winds  force  a 
great  volume  of  water  from  the  North  Atlantic  into  the  Caribbean 
Sea,  and  this  is  increased  by  another  large  volume  of  water  which 
is  brought  to  that  sea  by  the  Guiana  current,  and  which  enters  it  by 
the  straits  between  the  .  islands  of  Martinique  and  Trinidad. 
[Atlantic  Ocean,  in  Qeoq.  Drv.]  Such  volumes  of  water,  being 
arrested  by  the  long  isthmus  which  separates  the  Caribbean  Sea  and 
the  Qulf  of  Mexico  from  Uie  Pacific,  must  produce  a  considerable 
accumulation  of  water  along  the  western  shores  of  those  seas,  and 
raise  them  above  the  common  level  of  the  Atlantic,  and  this  &ct  is 
confirmed  by  tUe  rapid  current  called  the  Oulf  stream.  [Atlantio 
Ocean,  in  Geoo.  Div.]  Opinion  varies  considerably  as  to  the  differ- 
ence oE  level  between  the  Gulf  of  Mexico  and  the  Atlantia  Poussin 
found  the  level  of  the  Gulf  at  the  mouth  of  the  river  Suwanee 
8*76  feet  higher  than  that  of  the  Atlantio  at  tbe  mouth  of  St.  John's 
River  in  Florida :  but  when  Darby,  in  his '  View  of  the  United 
States,'  estimates  the  difference  between  the  Qulf  near  the  island  of 
Cuba  and  the  entrance  of  Chesapeake  Bay  ss  at  least  83  feet,  we 
must  suppose  that  he  has  formed  his  opinion  on  erroneous  data. 
Also,  we  cannot  accede  to  tiie  opinion  of  Humboldt,  who,  in  compar- 
ing some  .barometrical  observations  made  at  Cumana,  Cartagena,  and 
Vera- Cruz,  with  others  made  at  Acapulco  and  Callao,  came  to  the  con- 
clusion that  in  these  ports  the  Pacific  was  about  0'5  feet  lower  than 
the  Caribbean  Sea  and  the  Qulf  of  Mexico.  Lloyd  found  the  reverse 
to  be  the  caso  at  the  mouth  of  (he  Chagres  and  at  Panama,  as  we  have 
mentioned  above. 

Mathematical  investigation,  founded  on  modem  exact  physical 
research,  has  however  led  to  the  discovery  at  once  of  a  cause  of 
differanee  of  level  in  the  sea,  very  different  from  any  of  the  causes 
considered  above,  and  of  an  example  of  that  difference  of  the  most 
interesting  and  instructive  character.  In  the  '  Philosophical  Transac- 
tions '  for  1859,  p.  779-796,  is  a  paper  by  Archdeacon  Pratt, '  On  tiie 
Influence  of  the  Ocean  on  the  Plumb-line  in  India,'  which  is  a  sequel 
to  two  former  communications  on  the  effect  of  Mountain  Attraction  on 
the  Plumb-line  in  India.  In  this  paper  the  author  first  describes  tho 
remarkable  nature  of  the  geographical  position  of  Hindustan,  oon- 
sisting  in  this : — that  the  highest  mountain-ground  in  the  world  lies 
to  the  north  of  it,  and  an  unbroken  expanse  of  ocean  extends  from  its 
shoros  down  to  the  neighbourhood  of  Uie  South  Pole.  Now  as  water 
is  lighter  than  land,  that  is,  the  quantity  of  matter  contained  in  a  given 
bulk  of  water  is  less  than  that  contained  in  an  equal  bulk  of  land,  the 
attraction  or  attractive  power  of  the  ocean  is  smaller  than  that  of  the 
huid.  A  given  bulk  of  land  has  a  greater  attractive  power  than  an 
equal  bulk  of  sea.    Therefore,  the  sea  on  the  shores  of  Hindustan  U 
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more  attracted  by  tbe.  land  than  by  the  mass  of  the  ocean  beyond. 
Tke  ttndeHc^  of  this,  therefore,  la  to  dr&w  up  the  water  to  a  higher 
leVel  on  the  northern  shores  of  the  peninsula  than  at  its  southern 
tttreinlty  at  Cape  Comoria.  But  ^bcRides  this,  the  mountain  masi  of 
l^ibet  and  the  Himalaya  [PtAtiiii]  presents  a  great  excess  of  matter 
On  the  north,  above  that  of  the  land  of  ordinary  height,  and  conse- 
quently has  a  more  powerful  attraction,  which  is  added  to  that  of  the 
land  of  Hindustan  generally,  in  drawing  up  the  sea  to  a  greater  height 
tt  the  northern  extremity  of  the  peninsula  than  at  the  southern. 
Accordingly,  it  has  been  found  by  Archdeacon  Pratt  that  the  elevation 
of  the  sea-level  at  Kui-achee,  on  the  north  side  of  the  Arabian  Sea,  is 
516  feet  above  that  at  Cape  Comorin,  and  it  must  be  libuut  the  some 
St  the  sandheads  of  Calcutta,  at  the  north  end  of  the  bay  of  Bengal. 
Now  the  eea  is  our  only  standard  of  measurement  to  which  the  form 
6f  the  earth  can  be  referred.  Regarding  it  as  the  general  smface  of 
the  globe,  all  elevations  above  or  depressions  beloW  ^at  surface  are,  aa 
^e  &ve  seen,  measured  from  it.  But  these  500  or  600  feet,  fortunately, 
.  tie  the  greatest  extent  to  which  the  sea-level  can  be  aSected,  as  there 
is  no  part  of  the  globe  where  the  attraction  on  one  side,  and  the 
defieieticy  of  attraction  on  the  other,  can  be  so  great  as  in  that 
particular  portion  of  the  world  where  this  difference  exists. 

The  bottom  of  the  sea  is  similar  to  the  surface  of  the  land  as  to  the 
irregular  succession  of  elevations  and  depressions,  and  it  is  diversified 
by  mountains  and  valleys  and  plains  of  different  elevation.  The  sum- 
mits of  the  submarine  mountains  rise  above  the  level  of  the  sea  in  the 
fofm  of  islands,  tn  several  parts  laree  table-lands  are  found,  whose 
surface  ia  not  at  a  great  depth  below  the  level  of  the  sea  :  when  their 
surface  is  covered  with  sand,  they  ore  named  sand-banks ;  and  when  it 
consists  of  coral  rods,  coral-banks.  Keor  the  edges  of  these  banks  the 
depth  of  the  sea  is  generally  very  great.  6ome  of  the  summits  are 
barren,  others  are  covered  with  Vegetation,  but  all  teem  with  life  of 
one  order  or  other.  The  most  extensive  formation  of  the  submarine 
table-lands  occurs  in  the  IH^orth  Atlantic  Its  most  north-eastern  por- 
tion Is  formed  by  the  Outer  Bank  and  the  Great  Bank  of  Newfound- 
land. [NswfoUhdLahd,  in  GEoa.  Drv.]  West  of  the  Great  Bank  of 
Kewfouudland  are  Whale  Bank,  Green  Bank,  Banqiiercau,  and  Jlizen 
Bank.  The  three  last-mentioned  banks  are  situated  in  front  of  the 
eiittitaee  of  the  Otilf  of  St.  Lawrence.  Opposite  the  coasts  of  Kova 
Scotia  are  Sable  Bank  and  Le  Have  Bank ;  and  then  follow,  tu  the 
same  South-weslem  direction,  St.  Geoi;ge's  Bank,  or  the  banks  of  Nan- 
tucket, wliich  approach  the  continent  of  North  America  in  the  vicinity 
of  New  York.  From  this  point  the  banka  occur  at  a  short  distance 
from  the  shores  of  the  United  States,  and  extend,  almost  without 
interruption,  to  Cape  Florida  and  Sable  Point,  the  most  southern 
extremity  of  the  peninsula  of  Florida.  West  of  this  peninsula  is  the 
Tortuga  Bank,  the  continuation  of  which  skirts  the  shores  of  tlie 
United  States  in  the  Gulf  of  Mexico  as  far  west  as  the  mouths  of  the 
Mississippi.  This  series  of  banks  occupies  more  than  1400  miles  in 
length;  but  there  ia  always  water  enough  on  them  for  the  largest 
vessels,  with  the  exception  of  the  Tirgin  Rocks  on  the  Great  Bank  of 
Kewfoundland,  and  the  shoals  of  St.  George's  Bank.  In  all  the  other 
parts  the  least  depth  is  not  less  than  ten  fathoms,  and  in  general  forty 
lathonrs  of  water  are  found  on  them.  The  surface  of  these  banks  is 
Very  level.  Along  the  northern  and  north-western  edge,  which  lies 
opposite  to  the  coast  of  America,  the  depth  suddenly  descends  to  100 
fathoms,  and  along  the  southern  edge  to  300  fathoms.  The  descent 
from  the  edge  of  the  bank  to  the  deep  sea  ia  nearly  perpendicular. 
The  banks,  especially  those  north  of  iff  N.  lat.,  are  frequented  by 
immense  shoals  of  fish,  especially  dod. 

The  Columbian  banks,  under  which  name  are  comprehende<l  all  tlie 
banks  which  begin  opposite  the  eastern  shores  of  the  peninsula  of 
Florida  and  extend  in  a  south-eoatem  direction  to  the  Mona  Possiigo 
between  Haiti  and  Puerto  Rico,  are  divided  from  the  North  American 
banks  by  the  Florida  Qulf-stream.  They  consist  of  two  lai'ger  banka, 
called  the  Little  and  Great  Bahama  Bank,  which  occupy  the  north- 
western portion  of  the  group,  and  of  five  smaller  banks,  which  occur 
at  great  distances  from  one  another  in  a  south- eastern  direction.  These 
banks  have  from  16  to  20  fathoms  water  on  their  edges,  but  they  are 
beset  with  rocks  and  numenras  shoals,  of  which  a  few  are  dry  at  low- 
.water :  thejr  are  therefore  shunned  by  vessels.  The  surface  of  tlie 
banks  consists  of  coral,  covered  with  an  accumulation  of  shells  and 
caleareons  sand.  On  toeir  eastern  edgee,  along  the  Atlantic,  ore  the 
Bahama  Islands. 

Of  the  smaller  banks  which  occur  in  the  Atlantic  we  shall  only 
mention  the  Bank  of  Arguin,  which  lies  near  the  western  coast  of 
North  Africa,  beginning  at  Cape  Blanco  (21°  N.  hit.),  and  extending  to 
the  neighbourhood  of  Portendik  (about  18°  N.  hit).  It  is  dangerous 
for  navigators,  aa  there  are  many  parts  in  which  the  water  is  not  deep 
enough  for  large  venels,  many  of  which  have  been  lost  on  it.  The 
Abrolhoe,  near  the  coast  of  Brazil,  between  18°  and  18°  S.  hit,  is  no:t 
extensive,  but  it  is  extremely  dangerous  on  account  of  the  soundings 
being  very  inregnlar,  varying  between  36  and  i  fathoms.  In  two 
mcoessive  casts  of  the  hand-lead  the  soundings  frequently  vary  from 
80  to  10,  and  sometimes  even  to  i  fathoma 

There  are  several  banks  id  the  Indian  Ocean  :  the  most  extensive 
are  the  Saya  de  Maiha  and  the  Bank  of  Nazareth.  The  S.-ija  de  Malha 
extends  in  length  from  noi-th  to  south  between  8°  18'  and  11°  30',  and 
i»  cut  hf  61°  30"  E.  long.    The  surface  w  uneven,  and  in  many  placets 


.  there  are  not  more  than  between  6  and  1 0  fathoms  water :  it  comiists 
'  6(  corals  and  shells.  The  most  southern  extremity  of  the  Nazareth 
I  bank  consists  of  the  islands  called  Cargados,  in  16°  iT  S.  lat.  and  near 
60°  £.  long.  From  this  point  the  l>auk  extends  in  a  north  nortb-aust 
'  direction  to  14°  S.  lat  The  surfaoe  is  tolerably  level,  and  the  leant 
depth  of  water  does  not  fall  short  of  1 4  fathoms. 

Aii  extensive  bauk,  called  the  Needle  or  Agulhas  Bank,  surrounds 
the  southern  extremity  of  Africa.  It  extends  towards  the  west 
beyond  the  Cape  of  Good  Hope,  and  towards  the  east  beyond  Cape 
Padrone,  east  of  Algoa  Bay.  As  it  is  not  divided,  like  the  ouier  banks, 
from  the  continent  by  a  tract  of  deeper  water,  it  ia  not  to  be  con- 
sidered as  a  table-land,  but  as  a  Bubnurine  prolongation  of  the 
continent.  Between  Cape  Agulhaa  (10°  E.  long.)  and  Cape  Vaecas 
(22°  K  long.),  it  axtenda  to  57°  S.  hit.,  or  to  a  diatance  exceeding  150 
miles  from  the  continent  The  depth  of  water  on  thia  bank  varies 
between  80  and  90  fathoms.  The  surface  is  composed  of  coarse  sand, 
corals,  shells,  and  small  stones.  Along  its  western  edge  it  is  skirted 
by  a  mud-bank,  which  is  covered  by  water  from  50  to  120  fathooM 
deep.  The  structure  of  the  land  is  thus  continued  into  the  sea,  beyond 
the  extremities  of  continents,  in  other  parts  of  the  world  also ;  aa  in 
the  islands  of  Tierra  del  Fuego  at  the  termination  of  South  America. 
In  other  ca8e8,^as  on  the  coast  of  Ncft'way,  there  is  a  rapid  and  com- 
plete cessation  of  the  high  ground  in  the  couiae  of  a  veiy  small  djatanoe 
from  the  shore. 

There  are  numerous  banka  in  the  Pacific,  especi.illy  south  of  20*  IT. 
lat  All  the  larger  banks  are  surroimded  by  coral  reefs,  on  which 
islands  of  small  extent  often  occur.  [Riu:fs,J  Near  banks,  the  sea 
usually  deepens  to  200  and  300  fathoms,  and  even  more. 

The  subject  of  the  depth  of  the  sea  in  general  next  chums  our 
attention.  We  are  best  acquainted  with  the  depth  of  several  doae 
seas,  espedally  those  which  are  much  navigated.  The  depth  of  the 
Baltic  is  inconsiderable ;  it  usually  varies  between  30  and  40  fathoms, 
and  only  in  two  or  three  places  sinks  below  100  fathoms.  The  North 
Sea  ia  somewhat  deeper  in  its  northern  part  Between  the  Shetland 
Islands  and  the  coast  of  Norway  the  depth  varies  between  80  and 
140  fathoms,  but  it  gets  gradually  shallower  towards  thd  south.  In 
the  Straits  of  Dover  the  deepest  place  ia  only  26  fothoma.  The  depth 
of  the  English  Channel  increases  as  we  proceed  towards  the  west,  but 
Very  slowly.  East  of  the  Eddystone  it  does  not  exceed  50  &thams. 
The  Irish  Channel  is  in  general  deeper.  Though  there  are  some  places 
between  Wales  &nd  Ireland  in  which  it  does  not  exceed  40  fathoms, 
its  general  depth  may  be  said  io  vary  between  60  and  80  fathoms ; 
and  in  the  strait  between  the  county  of  Antrim  and  that  of  Wigton  in 
Scotland  it  attains  100  fathoms.  The  Mediterranean  is  much  deeper 
than  the  Baltic  abd  North  Sea,  more  especially  along  the  southern 
coast  of  Spain  and  about  the  island  of  Sardinia,  where  the  depth 
varies  between  500  and  1000  fathoms ;  but  the  deepest  parts  appear  to 
be  in  the  spaces  devoid  of  islands  to  the  west  of  Sardinia,  and  to  the 
east  nf  Malta,  where  the  depth  is  about  1760  fathoms,  or  two  miles. 
A  shollcW'tract  extends  from  Traponi  in  Sicily  to  Cape  Bon  in  Tunis  : 
it  is  oallcd  by  the  Italian  sailors  scherdd,  and  is  of  inconsiderable 
but  very  variable  depth.  That  portion  of  the  Mediterranean  wliich 
lies  cost  of  this  shallow  tract  is  not  so  deep  as  the  western  part  Thu 
Red  Sea  may  be  compared  in  depth  with  the  easteru  port  of  the 
MediterWheaii.  TRed  Ska,  in  Gkoo.  Uiv.j  The  sea  which  surroimds 
the  islands  of  the  western  gulf  of  the  Indian  Archipelago  seems 
nowhere  to  sink  much  below  50  fathoms,  and  these  islands,  in  fact, 
belong  to  the  continent  of  Asia;  but  on  the  coast  of  Northern 
Borneo,  in  the  Straits  of  Lombrok,  and  near  the  middle  of  the  Strait 
of  Macassn,  commences,  southward  and  eastward,  a  very  d^p  sea 
hitherto  unfathomed. 

The  main  body  of  the  sea  has  a  much  greater  depth.  In  most  parts 
of  the  Atlantic,  where  the  sea  has  been  sounded,  no  bottom  was  found 
with  SOO  fathoms.  Between  Europe  and  America  the  bottom  seems 
to  offer  great  inequalities,  being  furrowed  by  deeper  tracts,  which  run 
north  and  soath.  la  the  North  Atlantic  are  the  greatest  depths  at 
which  the  bottom  of  the  sea  has  been  reached ;  the  places  where  it  has 
been  fathomwl,  according  to  Maury,  are  not  deeper  than  25,000  feet,  or 
about  four  miles  and  three  quarters.  The  deepest  placd  in  this  ocean 
is  probably  between  the  parallels  of  35°  and  40*  N.,  and  immediately 
to  the  southward  of  the  Grand  Banks  of  Newfoundland.  The  amafl 
general  depth  of  this  part  of  the  Atlantic  has  given  rise  to  the  opinion 
that  the  sea  round  the  North  Pole  is  not  so  deep  aa  that  which  sur- 
rounds the  South  Pole,  but  this  opinion  haa  no  foundation.  Phippa 
and  Scoresby  sounded  in  several  pUces  between  Spitzbergen  and 
Greenland  with  from  780  to  1200  fathoms,  without  finding  a  bottom ; 
and  Kllia  and  Ross  did  the  same  in  Hudson's  Bay  and  Baf&n's  Bey. 
In  the  Pacific  Ocean  the  depth  seems  also  to  be  very  considerable,  but 
few  soundings  have  been  made  there. 

The  depth  of  the  sea  near  the  land  varies  with  the  nature  of  the 
shores,  where  the  country  near  the  sea  is  elevated,  and  terminates  in 
high  and  rocky  shores,  the  sea  is  generally  of  considerable  depth,  aa  in 
the  fiords  of  Norwiiy.  Such  shores  have  generally  good  and  safe 
harbours.  But  when  a  low  plain  terminate  on  the  sea  wil^  a  flat 
sandy  bonk,  the  sea  is  shallow  and  frequently  continues  to  be  so  to  a 
great  distance  from  the  shore.  In  many  places  such  shores  are 
itioccesiuble  even  to  boats,  and  vessels  must  keep  at  a  diatance  of  many 
miles.    Such  shallows  consist  either  ef  sand  or  of  mud.     These  low 
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8faoKS  ars  generaUy  destitute  of  harbours,  or  at  least  they  ocour  only 
at  great  dwtauces,  and  mucl)  expeuse  is  inquired  to  maintain  them  in 
an  efBcdept  state :  the  harboars  on  rocky  coasts  are  not  subject  to  this 
inconveiuence.  , 

It  is  a  very  romaricabie  phenMnenon,  trfaieh  has  not  yet  been  satis- 
factorily explained,  that  the  temperature  of  the  sea  decreases  as  the 
land  is  approached,  apd  it  also  decreases  on  shoals  and  banks ;  and  as 
this  decrease  may  be  detected  by  the  thermometer  at  a  considerable 
distance  from  land,  this  instrument  is  now  used  for  the  purpose  of 
ascertaining  the  approach  to  land  or  the  presence  of  shoals.  It  must, 
however,  bo  observed,  that  though  this  decrease  generaUy  takes  place, 
it  is  not  universal. 

As  late  as  the  en^  of  the  last  century  tt  was  a  generally  received 
opinion  that  the  whole  moss  of  sea-water,  from  the  surface  to  tlie 
bottom,  had  the  same  temperature  in  the  qame  latitude.  But  nume- 
rous observations,  which  have  been  more  recently  made,  have  qhown 
the  inaccuracy  of  this  assumption.  It  has  been  found  that  ihe  inyi 
which  is  constant  for  the  earth  must  be  inverted  for  the  sea.  7i)e. 
farther  we  descend  into  the  interior  pf  the  earth,  the  higher  is  tiie  tem- 
perature ;  but  the  deeper  we  dip  into  the  sea,  the  lower  is  the  tempe- 
rature of  the  water.  But  this  does  not  take  place  in  the  same  ratio  in  the 
whole  sea.  Captain  Koes  fotmd  the  temperature  of  the  sea  in  Baffin's 
Bay,  8900  feet  below  the  surface,  +  2552,  while  the  surface  itself  was 
+  88-80'.  Beechry,  in  i1°  18'  N.  lat.,  at  a  depth  of  6124  feot,  found 
the  water  +  89'66*,  and  at  the  surface  it  was  46-22''.  Sabine  found 
that  the  water  in  the  Caribbean  Sea,  at  a  deptii  of  1000  faAoms,  had 
a  temperature  of  46'SO*,  whilst  at  the  surface  it  was  88-30°.  According 
to  an  observation  of  Fraqkliu,  the  water  at  a  depth  of  660  fathoms,  in 
67*  44',  was  406° ;  «t  460  it  was  41° ;  and  at  the  surface,  46°.  There 
ore  a  few  instances  in  whidi  a  new  iperease  of  the  temprature  has 
been  observed  at  a  vei^  great  depth.  J;>  the  following  observations 
made  by  Beeobey,  in  the  Pacific,  the  tempei-ature  become  stationary  at 
a  great  depth  : — 


»»°  it'  Jf.  lat. 

ii'  W  Jf.  lot. 

Tmap.  at  tbe  sorTaoe 

«i° 

Temp,  at  the  •urfaes 

»4» 

At  a  depth  of  800  ft. 

62' 

At  a  depth  of  <>««  ft. 

44° 

At  a  lUpUi  of  goo  ft. 

50' 

Atadepth.«(12Q0fC 

«l°'» 

At  a  depth  on  SCO  ft. 

tT-i 

At  a  depth  gfl  062  ft. 

40»-i 

At  a  depth  of  1S60  ft 

Vi 

At  a  depth  of  2Gi2  ft 

«|'-4 

As  a  proof  of  the  iperease  of  the  temperature  of  the  sen  at  a  great 
depth,  ve  copy  the  following  obeerratiopB,  of  which  the.  first  two  were 
mode  by  Beecuey,  and  the  last  by  Frescott;  the  first  in  tlie  Pacific, 
and  tbe  last  t\vo  in  the  Atlantic  Oceoj} :—  ^ 


14°  jy  If,  lat. 

Temp,  of  the  «Ir  91° 
or  the  tea  at  Ita  sorhce  tS* 

At  a  depth  of  aoo  tu  i>° 

At  a  depth  of  1200  ft.  <S° 

At  a  depth  of  1800  It  48°'} 

At  a  depth  of  210  Oft  48'-S 


6S°  SB'  8.  fft. 

Temp,  of  the  a!r  J7* 
(If  the  >ea  at  itn  sarfaec  48''-S 

At  a  depth  of  «00  ft  4S°-} 

Atadaiithaf  IStOft  4i°'ft 

At  a  depth  of  1«S0 -ft  40°-S 

AtadFPtfaof  »80ft  41°-S 


ir' try.  lat 


Temp,  of  the  air  83°- 

Of  the  sea  at  its  surface  82* 
Atadepthof  180  ft  71* 
At  a  depth  of  360  it.      31° 


At  a  depth  of  940  h. 
At  a.  depth  of  660  ft 
At  a  depth  of  720  ft. 
At  a  depth  of  1320  ft 


The  renewed  increase  at  a  great  depth  is  a  very  difficult  problem  to 
lolve :  it  ia  possible  that  it  may  be  owing  to  submarino  currents  of 
different  degrees  of  temperature,  aa  some  have  supposed.  Sir  James 
0.  Ross  ascertained,  by  seven  different  experiments,  that  between  the 
parallels  of  66^  and  58*  SO'  B.,  there  isii  belt  encircling  the  earth, 
where  the  mean  temperature  of  t^e  sea,  that  of  the  greatest  dencnty  of 
its  water,  or  +  39-5°,  prevails  tbrpughout  its  entire  depth,  forming  a 
neutral  border  between  two  great  thermic  basins  of  the  ocean. 

But  there  are  facts  on  record  which  clearly  show  that  in  certain 
parts  of  the  ocean  there  must  exist  some  agency  by  which  the  water 
acqnir«s  a  hi^er  degree  of  temperature  than  might  have  been  expected 
from  ordinary  causea  Homer,  in  Krusenstem's  'Travels,'  observes 
that,  in  some  places  in  the  Oulf^tream,  the  hand-lead,  when  it  had 
descended  to  a  depth  of  between  480 -and  600  feet,  was  hatted  to  such 
a  degree  tii«t  it  was  impossible  to  take  it  into  one's  hand.  A  still  more 
remMkaUe  anomaly  is  presented  by  the  temperature  of  the  sea  betweep 
Greenland  and  Spitsbergen.  In  nearly  every  tritJ,  Scoresby  found  that 
this  ae»,  at  a  depth  of  from  100  to  SOO  fathoms,  was-from  6°  to  T 
wanner  than  at  the  surface;  and  Franklin  states  that  when  he  accom- 
panied Captain  Buchan  in  his  expedition  to  the  NorA  Pole,  the  water 
brought  from  aAy  great  depth  was  invariably  found  to  be  warmer  than 
that  of  the  surface.  Some  persons  are  of  opinion  ttiat  the  melting  of 
the  great  masses  of  ice,  by  which  that  sea  is  surrounded  and  partly 
covered  even  in  summer,  may  have  had  the  effect  of  cooling  the  sur&ce. 
But  this  is  contrary  to  the  well-established  law  tiiat  the  colder  water, 
being  the  denser,  sinks  to  the  bottom,  and  the  warmer  rises  to  the 
surface ;  and  further,  <  it  may  be  asked  why  Boss  and  Parry,  in  navi- 
gating Davis's  Strait,  Baffin's  Bay,  and  Hudson's  Bay,  where  the  masses 
of  ice  are  neither  less  numerous  nor  1«m  extensive,  always  foun4  the 
contrary  to  take  place. 


The  important  subjects  of  tiie  distribution  of  tempenture  in  tlw 
atmosphere  over  the  sat, and  of  the  mutual  rslations  of  the  temperatnrs 
of  the  two  elements,  will  be  considered  ,in  the  article  TwiperaTCM, 
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tlasses  of  ice  surround  the  two  poles.  The  cause  of  this  has  been 
thtis  generalised  by  Sir  J.  P.  W.  Hersohel : — "  Beyond  the  68th 
parall^  of  latitude,  the  temperature  of  the  water  is  lower  at  the 
surface,  and  rises  as  the  thermometer  descends,  till  the  level  of  89°  [or 
the  temperature  of  greatest  denMty]  is  reached.  The  sea,  then,  even 
in  deep  water,  becomes  frozen  at  the  surface  in  the  winter  months,  er 
rather  through  all  that  portion  of  the  year  which  intervenes  between 
the'  be^nning  of  September  and  the  latter  end  ot  June ;  July  and 

August  being,  in  high  latitudes,  the  only  open  months There 

can  be  very  little  doubt  tJiat,  in  the  winter  time,  the  surface  of  the 
ocean  at  both  poles  is  entirdy  frozen ;  but  at  the  North  Pole  it  is 
probable,  from  many  indications,  that  open  water  exists  over  a  very 
large  area  of  the  central  polar  basin  during  a  considerable  portion  of 
the  warmer  months."  Some  of  these  indications  are  then  stated,  but 
a  fuller  view  of  them  will  be  foimd  in  Sir  John  Bidtardsou's  '  F(4ar 
Begions,'  pp.  2-32-231.  ' 

It  was  formerly  conjectured  that  the  mass  of  loe  inclosing  the 
North  P<^e  extended  to  the  vicinity  of  81°  N.  lat,  because  all  navi- 
gators  who  had  attained  that  latitude -agreed  in  stating  that  the  ioe 
there  rose  to  a  great  height,  and  stood  firm  like  a  wall.  Tlua  geneivl 
opinion  gave  rise  to  the  attempt  of  Captain.  Parry  to  reach  the  pole  by 
travelling  on  this  ice,  which  was  supposed  to  be  immovable.  Bat 
Parry  was  soon  aware  that  he  was  travelling  on  ice  which  was  in  con- 
tinuous motion,  bang  carried  by  a  current  towards  the  south  and 
Bouth-^est,  and  this  circumstance  occasioned  the  failure  of  the  undw- 
taking.  When  he  had  advanced,  acoording  to  his  oalculatloii,  several 
miles  to  the  northward  in  twenty-four  hoin-s,  he  found,  on  observing 
the  altitude  of  the  sun,  that  the  motion  of  the  ice  hod  curied  him  as 
far  southward,  and  that  for  aeyeral  days  he  hod  advanced  very  littie 
nearer  to  his  object  He  was  obliged  to  abandon  the  attempt,  tfter 
having  reached  88°  40^'  K.  lat  Thus  we  have  learned  -Qu^  the 
exterior  parte  of  the  great  mass  of  ice  supposed  to  indose  the  pol«s 
consists  of  moving  masses,  which  lie  close  together,  and  are  only  occa- 
uonaUy  divided  from  one  another  by  narrow  sbvits.  The  pieces  of  ice 
whi(^  detach  thnmseWes  from  this  great  accumulation  and  enter  the 
open  sea  are  called  keavy  drift-ice.  The  larger  pieces  of  ice  of  this 
description  are  a  mile  in  length  and  breadth,  and  upwards  of  80  feet  in 
thickness ;  but  others  are  of  less  dimensions.  The  &rther  they  advanoa 
southward,  the  more  their  dimensions  are  reduced  by  the  aotion  of  the 
sun  and  of  the  water.  But  there  are  two  other  descriptions  of  ice- 
mosses  in  the  sea,  which  appear  to  have  a  different  origin — the  ice-fields 
and  the  icebergs.^  The  term  iee-field  is  ^plied  to  sheets  of  ice  so 
extenave  that  ti^eir  limits  cannot  be  discerned  from  the  mast-head. 
They  often  occur  of  the  diameter  of  20  or  80  miles,  and,  when  they 
are  very  closely  united,  they  sometimes  extend  to  the  length  of  60  or 
100  miles.  Their  average  thickness  may  be  from  10  tol5  feetr,  and  • 
their  surface  is  mostly  level,  except  where  Jmrnmoeht  or  low  ice-hills 
occur,  and  then  -  the  thickness  is  often  40  and  even  60  feet  These 
hummocks  are  produced  by  two  fields  ceming  into  contact,  trtien  their 
broken  edges  are  raised  by  the  violent  concussion,  and  thrown  upon 
the  fields  tiiemselves.  These  hummociu,  therefore,  are  usually  situated 
near  the  edges  of  the  field.  In  some  fields  the  hummocks  form  ridges 
or  chains ;  in  othen  they  consist  of  isolated  peaks.  The  sniaUer  fields, 
or  those  whose  extent  can  be  seen'  from  the  mast-head,  are  called  fioa. 
Tlie  surface  of  these  masses  of  ice,  before  July,  is  always  covered  with 
a  bed  <A  snow  from  a  foot  to  a  fathom  in  depth ;  tliis  snow  dissolves  in 
the  end  of  summer,  and  forms  extensive  pools  and  lakes  of  fresh  u'ater. 
The  great  extent  and  the  level  surface  of  the  fields  show  that  they 
cannot  be  portions  of  the  ice  over  which  Parry  travelled.  It  is  there- 
fore supposed  that  they  are  generated  in  the  sea  which  lies  between 
Greenland  and  Spitzbeigen,  uid  which,  though  navigable  daring  the 
summer,  ia  covered  with  a  continuous  sheet  of  ice  in  the  colder  season. 
The  fields  appear  to  be  the  parts  of  this  great  sheet,  formed  by  its 
breaking  up  at  the  approach  of  summer.  When,  on  the  fui-ther 
advance  of  the  season,  the  field-ice  and  floes  of  the  general  surfhoe 
break,  the  ice  becomes  heaped  together  in  sheets  confusedly  piled  op 
each  other,  into  what  is  colled  pack-ice,  or  ap  ice-paek.  The  pellicle  of 
ice  formed  over  gi-eat  areas  of  ^e  polar  seas,  as  the  immediate  eSect  of 
a  general  depression  of  temperature  below  the  freezing-point  3f  sea- 
water,  is  called  paneaie-ice.  It  is,  in  fact,  the  beginning  of  the  pn>- 
duotitm  of  ice  in  the  ocean ;  and  the  possibility  of  its  existence,  as 
well  as  that  of  all  continuous  masses  of  ioe,  depends  on  the  proper^  of 
regelatioB,  to  which  Faraday  baa  recently  called  attention  [IcG; 
Water],  and  which  Tyndall  lias  applied  with  so  much  success  to  the 
elucidation  at  the  phenomena  of  glaciers,  the  parents  of  iceba-gi,  to 
which  we  must  now  proceed.  These  are  immense  masses  of  ioe  rising  . 
to  a  great  height  above  the  level  of  the  sea ;  some  pf  them  itttain  a 
height  of  100  feet  above  the  sur&os  of  the  sea,  and  a  few  have  been 
found  viiduek  seem  to  be  more  than  twise  that  height  Their  base  near 
the  sea-level  is  not  extensive,  the  larger  masses  generally  being  not 
mpre  than  4000  feet  in  cireumference,  though  Uiddleton  states  that  he 
saw  one  which  was  from  three  to  four  miles  in  circuit.  The  most 
common  form  of  the  iceberg  is  for  one  side  to  rise  perpendicalorly  to 
the  ve»y  ««nmi<^  the  oppo^  side  being  very  low,  while  the  inter- 
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mediate  surface  fonns  a  gradual  dope.  Some  hare  regular  flat  Bur- 
iaces,  but  frequently  they  present  a  great  variety  in  form  and  appear- 
ance. Some  of  them  resemble  palaces,  or  churches,  or  old  castles, 
with  spires,  towers,  windows,  and  arched  gateways ;  while  others 
resemble  pyramids  and  obelisks,  and  others  are  like  ships,  trees, 
animals,  and  human  beings.  When  a  number  of  them  are  near  one 
xmother,  which  frequently  happens,  they  present  the  appearance  of  a 
mountainous  country.  When  seen  from  a  short  distance,  they  look 
like  huge  hills  of  marble ;  and  when  the  sun  shines  on  them,  tiiey 
glitter  like  sUver,  Sometimes  earth,  grave],  and  sand  may  be  observed 
in  thent.  Their  prevailing  colour  in  the  fresh  fracture  is  greenish- 
grav  ap  ruoching  to  emerald-green.  This  colour  resembles  that  uf  the 
glacieis  of  Switeerland  [Ol^ciebs,  in  Nat.  Htbt.  Div.],  and  the  ice- 
bergs are  masses  broken  off  from  glaciers,  or  from  barrier  lines  of 
ioe-cli£  They  are  rarely  met  vrith  in  the  sea  between  Qreenland  and 
Spitzbergen,  because  in  these  parts  only  a  few  glaciers  approach  near 
the  water's  edge.  But  on  both  sides  of  Davis's  Strait  and  Baffin's  Bay, 
and  also  on  the  eastern  shores  of  Qreenland'as  far  north  as  70*  N.  lat., 
glaciers  oover  the  land,  and  in  many  places  advance  to  the  shores  of 
the  sea.  In  some  places  they  tenumate  in  a  precipitous  edge  on  the 
4Soast.  It  is  only  in  the  sea  which  siurounds  these  coasts  that  the 
icebergs  are  numerous.  They  seem  to  owe  their  origin  to  the  circum- 
3tance  of  glaciers  being  in  a  continual  state  of  progress.  The  glaciets 
of  Qreenlimd,  which  are  situated  on  the  margin  of  the  sea,  protrude 
their  exterior  parts  over  the  ocean,  and  in  summer,  when  the  ice 
becomes  brittle,  the  force  of  cohesion  is  overcome  by  the  weight  of  the 
prodigious  masses  that  overhang  the  sea,  and  they  are  detaclwd  from 
the  glacier  with  a  dreadful  crash.  Thus  an  icebei^  is  formed.  These, 
icebergs,  as  it  seems,  are  most  common  along  t£e  eastern  shores  of 
Greenland,  and  at  the  distance  of  16  to  20  miles  from  the  coast,  where 
they  occur  by  hundreds  and  thousands,  forming  a  sort  of  barrier  outside 
the  drift-ice  which  is  near  the  shore,  and  preventing  its  removal  by  an 
offshore  wind.  Captain  Graah  states  that  this  barrier  of  icebergs 
renders  it  impossible  for  vessels  to  approach  these  shores. 

These  masses  of  ice  render  navigation  very  dangerous ;  and  the  ice- 
fields especially  have  caused  the  loss  of  many  whaling-vessels.  These 
extensive  masses  are  frequently  put  into  a  rotatory  movement  by  a 
cause  which  has  never  been  discovered.  When  thus  whirled  about, 
their  outer  edges  acquire  a  velocity  of  several  miles  per  hour.  A  field 
thus  in  motion,  coming  in  contact  with  another  at  rest,  or  with  one 
that  has  a  contrary  direction  of  movement,  produces  a  dreadful  shock. 
The  strongest  ship  is  a  mere  atom  between  two  such  masses  of  matter 
jn  motion,  and  many  vessels  have  thus  been  destroyed.  The  ice-fields 
are  particularly  dangerous  in  foggy  weather,  as  their  motions  cannot 
then  be  distinctly  observed.  Icebergs  are  much  less  dangerous,  partly 
on  account  of  the  small  space  which  they  oocupy  when  compared  with 
■oe-fields,  and  partly  because  they  are  easily  distinguished  at  a  distonoe 
In  the  night  by  their  natural  brightness,  and  in  foggy  weather  by  a 
peculiar  blackness  of  the  atmosphere.  As,  however,  they  occur  far 
from  land  and  often  in  unexpected  situations,  sailors  when  crossing  the 
Atlantic  between  50°  and  (!0*  N.  lat.,  or  even  farther  to  the  south, 
must  always  be  on  the  watch  for  them  in  the  night  time.  Occasionally 
the  whale-fishers  derive  some  advantage  from  them.  As  they  sink 
deepinto  the  sea,  they  are  very  little  affected  by  the  wind,  and  thoy 
furnish  secure  mooring  to  a  ship  in  strong  adverse  winds,  or  when  it  is 
required  for  other  purposes.  But  mooring  to  lofty  icebergs  is  attended 
with  considerable  danger.  Being  sometimes  very  nicely  balanced,  they 
are  apt  to  lose  their  equilibrium ;  and  vessels  have  often  been  staved 
and  sometimes  wrecked  by  the  fall  of  their  icy  mooring,  while  boats 
Iiave  been  overwhelmed  even  at  a  considerable  distance  by  the  swell 
occasioned  by  such  a  catastrophe.  Water  is  sometimes  procured  by 
whaling-vessels  from  the  deep  pools  of  water  that  are  formed  in  the 
aummer  season  on  the  depressions  in  icebergs,  or  from  the  streams 
-which  run  down  their  sides. 

On  approaching  a  field  or  any  compact  aggregation  of  ice,  the  ice- 
ilinh  is  seen  whenever  the  horizon  is  tolerably  free  from  clouds,  and 
sometimes  even  imder  a  thick  sky.  It  consists  of  a  stratum  of  lucid 
whiteness,  which  appears  over  the  ice  in  that  part  of  the  atmosphere 
which  joins  the  horizon.  A  clear  sky  presents  a  beautiful  and  perfect 
map  of  the  ice,  20  or  80  miles  beyond  the  limit  of  direct  vision,  but 
loss  distant  in  proportion  as  the  atmosphere  is  more  dense  and  obscure. 
£ach  kind  of  ice  has  a  different  blink.  FieM-ice  has  the  most  lucid 
Uink,  accompanied  with  a  tinge  of  yellow ;  tiiat  of  packed  ice  is  mor« 
purely  white ;  and  ice  newly  formed  upon  the  sea  has  a  grayish  hue. 

According  to  the  experiments  of  Scoresby,  the  speciBo  gravity  of 
the  ice,  when  compared  with  that  of  sea- water  occurring  in  the  Qreen- 
land Sea,  at  the  temperature  of  86°  was  ascertained  to  be  from  0'894 
to  0*900.  That  part  of  the  ice,  therefore,  which  is  above  the  surface 
appears  to  be,  to  that  below  liie  surface,  in  the  proportion  of  1  to 
between  8  and  9.  For  every  solid  foot  of  ice  which  is  seen  in  a  mass 
floating  in  the  sea,  there  must  be  8  or  9  feet  below.  Hence  it  some- 
times happens  that  lai^  icebergs,  when  they  are  carried  into  shidlow 
water,  take  ground,  and  remain  stationary  for  one  or  two  years,  until 
■o  much  of  their  vplimie  has  been  wasted  by  the  action  of  the  sun  and 
of  the  atmosphere,  that  they  begin  to  float  again. 

It  excited  some  surprise  when  it  was  discovered  that  the  ice  floating 
about  in  the  sea  consisted  of  fi'esh  water.  It  is  true  that  it  generally 
contains  a  very  small  portion  of  salt,  but  it  is  probable  that  this  smail 


portion  of  salt  is  derived  from  the  salt  water  contained  in  the  pons 
of  the  ice.  If,  says  Scoresby,  in  oonfirmatipn  of  this  opinion,  the 
new^  and  most  porous  ice  be  removed  into  the  air,  allowed  to  drain 
for  some  time  in  a  temperature  of  82°  and  upwards,  and  then  be 
washed  in  fresh  water,  it'  will  be  found  to  be  nearly  quite  free  from 
salt,  and  the  water  produced  from  it  may  be  drunk.  According  to  the 
Russian  explorer.  Baron  Wrangell,  whenever  the  surface  of  the  ice  on 
the  north  coast  of  Siberia  is  clear  of  snow,  the  salt  may  be  found 
deposited  in  crystals ;  and  in  ihe  neighbourhood  of  the  poly*icu,  or 
interior  open  seas  of  the  Arctic  regions  already  mentioned,  the  layer  u{ 
salt  is  often  of  considerable  thickness.  All  tiiis  is  in  conformity  witii 
the  fact,  first  definitely  ascertained  by  Dr.  Faraday,  that  in  the  process 
of  freezing  the  foreign  bodies  contained  in  water  are  separated  from 
it ;  agreeably  to  a  principle  which  appears  to  be  manifested  in  tho 
crystallisation  of  most  if  not  all  fiuids,  of  the  separation  of  heteroge- 
neous matter.  On  accoubt  of  the  salt  contained  in  it,  sea-water  ducj 
not,  like  pure  water,  freeie  tk  the  temperature  of  32°,  but  in  tlio 
Greenland  Sea,  where  its  specific  gravity  is  1-026S,  it  begins  only  to 
freeze  at  28^*. 

There  is  not  any  portion  of  the  surface  of  the  sea  which  it  not 
subjected  to  some  kmd  of  motion,  and  this  circumstanoe  must  ieu<l 
greatly  to  preserve  its  purity.  The  water  in  some  parts  of  the  sea  ia 
always  propelled  in  the  same  direction  by  the  currents.  [Atlaktic 
Ocean;  Pacific  Ocean,  in  Oeoo.  Div.]  Nearly  the  whole  sea  is  four 
times  in  the  day  subject  to  a  change  in  its  levd  by  the  movements  uf 
the  tides.  The  motion  produced  by  the  winds,  and  known  by  the 
name  of  waves,  is  much  leas  reguhu-.  Each  wave  presents  a  gently 
ascending  surftioe  to  the  windwud,  and  a  perpendicular  descent  lee- 
ward. The  elevation  of  the  waves  varies  aooordiqg  to  the  strength  of 
the  wind.  A  rather  heavy  gale  raises  them  from  six  to  eight  f««t 
above  the  common  sea-level ;  but  in  very  strong  gales  they  attain  an 
elevation  of  thirty  feet.  This  motion  of  the  surface  of  tho  sea  is  not 
perceptible  to  a  great  depth.  In  the  strongest  gales  it  is  supposed  not 
to  extend  beyond  72  feet  below  the  surface^  and  at  a  depth  of  90  feet 
the  sea  is  perfectly  still.  The  form  and  even  the  size  of  the  waves 
vary  according  to  the  depth  and  the  extent  of  the  sea.  In  shallow 
water,  where  the  lower  part  of  the  waves  approaches  the  bottom,  sad 
meets  with  resistance,  the  waves  are  abrupt  and>  irregular,  and  this  ia 
also  the  case  in  confined  seas  ;  whilst  on  the  open  ocean  they  are  widu 
and  long,  and  rise  and  fcill  with  great  regularity.  When  the  waves 
run  to  a  low  shore,  the  slope  of  the  ground  breaks  their  force,  and  they 
terminate  in  a  tranquil  manner ;  but  when  they  are  impelled  against 
an  elevated  rocky  coast,  being  repelled  by  the  rock,  they  produce  what 
is  called  a  turf.  This  violent  rising  of  the  sea  on  a  rocky  coast  some- 
times attains  an  elevation  of  100  feet  above  the  sea-leveL  The  surf  i3 
always  dangerous  to  pass,  except  in  boats  of  a  peculiar  construction. 
The  waves  do  not  subside  simultaneously  with  the  wind.  The  momen- 
tum of  the  water  preserves  the  sea  in  its  agitated  state  for  many  hours, 
The  air  being  little  agitated,  or  not  at  all,  is  unable  to  depress  tho 
undulations  of  the  sea,  and  therefore  the  waves  during  a  calm  after  a 
gale  rise  higher,  and  their  most  elevated  part  forms  a  more  acuta 
angle  than  druriug  the  gale.  Such  a  state  of  the  sea  is  called  a  hollM 
tea.    [Wave.] 

The  term  Ocean  (a  Greek  word,  Oceanus,  aK4aros)  is  applied  in  t 
general  and  eomewhat  indefinite  manner  to  distinguish  the  giecter 
areas  of  sea.  The  word  first  occurs  in  Homer,  who  uses  it  to  designats 
the  river  or  stream  which,  according  to  his  ideas,  surrounded  the  sur- 
face of  the  earth  like  a  circle.  The  Greek  geographers,  however,  knew 
that  the  ocean  w&s  a  wide  expanse  of  water,  wliich  surrounded  the 
land,  and  the  term  ocean  was  used  by  them  in  this  sense.  They 
supposed  that  it  penetrated  deep  into  the  mass  of  the  continent  by 
four  great  bays  or  seas  :  these  were,  on  the  south  the  Arabian  Sea  and 
the  Persian  Gulf ;  on  the  west  the  Mediterranean ;  and  on  the  north 
an  imaginary  strait  which  connected  the  Korthem  Ocean  with  the 
Caspian  Sea.    (Strabo,p.  121 ;  Pomp.  Uela,i.  1.)    [QsooKAFHt.] 

The  actual  sur&ce  of  Uie  globe  may  be  reckoned  at  about 
197,000,000  of  square  British  statute  miles ;  of  which  145,000,000  are 
covered  by  the  waters  of  the  ocean — now  using  this  term  in  its  widest 
and  most  emphatic  sense,  as  meaning  the  entire  collection  of  seas- 
while  the  area  of  the  land  is  about  62,000,000 of  miles;  the  proportion 
of  land  to  sea  being  thus  sa  about  1  to  S,  the  land  occupying  one- 
fourUi,  and  the  sea  three-fourths  of  the  entire  surface  of  our  planet 
The  latter,  however,  is  so  unequally  distributed  that  there  is  threu 
times  more  land  ui  the  northern  than  in  the  southern  hemisphere. 
The  torrid  zone  is  principally  occupied  by  sea,  and  only  one-twenty 
seventh  part  of  the  land  on  one  side  of  the  earth  has  land  opposite  to 
it  on  the  other.  Sir  John  Herschel  has  recorded,  that  "one  result  ol 
maritime  discovery  on  the  great  scale,  is,  so  to  speak,  mauux  enough 
to  call  for  mention  as  an  astronomical  feature"  of  our  planefc  '*  ^^^f 
the  continents  and  seas  are  laid  down  on  a  globe  (and  since^  *v, 
oovery  of  Australia,  and  the  recent  addition  to  our  Antaictio  know- 
ledge of  Victoria  Land  by  Sir  J.  C.  Hobs,  we  are  sure  that  "° '"■^ 
ad«nsive  tracts  of  land  remain  unknown)  we  find  that  it  is  possible  » 
to  divide  the  globe  into  two  hemispheres,  that  one  shall  contain  neanf 
(Ul  the  land;  tiie  other  being  almost  entirely  sea.  It  ia  a  fact,  not  a 
little  interesting  to  Englishmen,  and,  combined  with  our  "''!J™f 
station  in  that  great  highway  of  nations,  the  Atiantic,  not  a  litu 
explanatoiy  of  our  commeroial  eminence,  that  London  occupies  neiry  . 
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fhe  centre  of  the  terrestrial  hemiaphere."  He  adds  that. "mare 
exactly  Falmouth,"  the  most  westerly  port  of  Great  Britain,  occupies 
this  centre^  ~ "  The  central  point  of  the  hemisphere  vhich  contains 
the  maximum  of  land,"  he  continues,  "  falls  very  nearly  indeed  upon 
this  port.  The  land  in  the  opposite  hemisphere,  with  the  exception,  of 
the  tapering  extremity  of  South  America  and  the  slender  peninsula  of 
Malacca,  is  wholly  insular,  rnd  were  it  not  for  New  Holland  would  be 
quite  insignificant  in  amoudt."  '  Outlines  of  Astronomy,'  par.  (281). 
Another  illustrative  Tiew  of  the  distribution  of  land  and  water  has 
been  given  by  Professor  Ansted.  In  the  space  between  the  Equator 
and  the  Antarctic  Circle  (consisting  of  the  southern  half  bf  the  Torrid 
Zone  and  the  whole  of  the  South  Temperate  Zone)  which  occupies 
90,000,000  of  square  miles,  nealy  77,000,000  (almost  seven-eighths  of 
this  space)  are  water,  while  in  the  J^orth  Temperate  2!one  the  quantity 
of  land  is  nearly  equal  to  that  of  water.  As  the  great  depressions  on 
the  solid  Bur&ce,  occupied  by  the  principal  part  of  the  water  on  the 
globe,  are  connected  together  by  comparatively  narrow  posaages,  and 
are  therefore  really  united,  forming  one  wide  and  continuous  expanse 
of  sea,  the  emphatic  application  of  the  term  ocean,  in  the  singular,  is 
as  obviously  correct  in  modem  science,  as  it  was  in  its  original  use  by. 
the  Greeks.  But  notwithstanding  this  unity,  the  different  parts  of  the 
ocean  are  known  by  distinct  names,  the  most  important  being  the 
Pacific,  the  Atlantic,  Indian,  Arctic,  and  Antarctic  oceami.  There  are 
also  some  internal  seas  of  considerable  extent,  as  the  Mediterranean, 
the  Baltic,  and  others,  which  are  almost  entirely  inclosed  by  land,  and, 
like  the  ocean,  ore  filled  with  salt-water;  besides  the  isolated  Caspian 
and  Sea  of  And,  and  also  the  great  gulfs  and  penetrating  bays  of  North 
America,  together  with  others,  better  known,  but  far  less  extensive,  in 
Europe, 

In.  considering  the  Physical  CSumga  of  the  Ocean,  we  find  that 
the  relations  of  sea  and  land  in  respect  of  area,  height  and  depth, 
interchange  of  moisture,  aerial  currents,  and  many  other  circumstances 
which  influence  mechanical,  chemical,  and  vital  phenomena  on  our 
globe,  are  so  important,  and,  within  the  compass  of  the  few  hundreds 
or  thousands  of  years  which  belong  to  history  or  tradition,  appear  to 
have  suffered  so  little  change,  that  nothing  short  of  the  complete  proof 
furnished  by  geology  ought  to  satisfy  our  minds  that  every  one  of  the 
conditions  which  make  up  the  now  harmonious  mutual  dependence  of 
land  and  sea  is  variable,  that  the  present  aspect  of  the  globe  is  but  one 
term  of  a  long  series  of  succes8i\  ^  transformations,  the  law  of  which — 
the  great  problem  of  geology — is  perhaps  not  beyond  the  reach  of 
observation  and  induction.  But  as  we  proceed  in  this  inquiry,  we 
learn  the  important  lesson  that  the  present  history  of  any  of  the  great 
elements  of  terrestrial  nature  is  imperfect,  cannot  in  &ct  be  ascer- 
tained, without  the  light  derived  £rom  its  past  history,  of  which  it  is 
the  oontinuous  production.  The  sciences  of  Geology  and  Physical 
Geography  are  thus  found  to  be  parts  of  each  other,  alternately, 
aooordiRg  to  the  aspect  in  which  they  are  viewed.  Nearly  all  aqueous 
geology,  or  the  knowledge  of  the  deposition  of  the  fossUiferoua  strata, 
consists  in  investigating  the  physiotl  changes  of  the  sea  during  past 
ages  of  the  earth's  history,  of  which  the  changes  it  is  now  undergoing 
are  the  ever-proceeding  completion. 

Are  the  relative  areas  of  sea  and  land  constant  f  To  this  geology 
replies,  that  what  is  now  land  was  formerly  the  sea ;  that  in  some  of 
the  parts  which  are  now  covered  by  water  land  anciently  existed,  so  as 
to  pour  down  rivers,  conveying  sediments  of  different  sorts  through 
valleys  and  plains  clothed  with  various  vegetation.  The  land  which 
we  behold  is  the  bed  of  the  ancient  sea ;  or,  to  speak  more  precisely,  it 
is  composed  of  the  dried  indurated  sediments  and  the  cooled  volcanic 
products  which,  durinig  long  intervals  ef  time,  were  accumulated 
beneath  the  ocean.  Whether,  during  the  process  by  which  the  ancient 
sea-bed  was  raised  to  constitute  our  now  dry  land,  a  proportionate  area 
of  what  was  formerly  land  was  depressed  to  constitute  the  modem 
sea-bed,  is  an  unsettled  question ;  but  it  is  clearly  proved  that  if  any 
proportion  of  areas  between  sea  and  land  is  a  necessary  condition  of 
our  globe,  all  the  parts  of  these  areas  are  displaceable  and  have  been 
displaced. 

Is  the  relative  level  of  the  land  and  sea  constant!  We  cannot 
affirm  it.  We  oannot  deny  the  existence  of  causes  which  may  change 
generally  and  continually  this  relation,  any  more  than  the  operation  of 
agencies  which  locally  and  at  intervals  are  known  to  derange  it.  If 
there  be  a  general  change  of  temperature  in  the  earth  itself,  or  com- 
municated from  the  pUmetary  spaces  around  it,  or  occasioned  by  any 
condition  affecting  the  radiation  of  heat  in  the  atmosphere  above  it ; 
the  unequal  influence  of  this  change  on  tho  unequally  expanding  and 
contracting  liquid  and  solid  masses  will  necessarily  occasion  variations 
in  the  relative  level  of  sea  and  land.  Now,  geology  appears  to  have 
established  many  facts  regarding  the  fossil  organic  remains  of  plants 
and  animals,  which  admit  of  no  clear  general  explanation  except  by 
suppcong  extensive,  perhaps  general  changes  of  climate.  There  is 
nothing  positively  known  ^icb  forbids  the  belief  that  such  changes 
may  be  still  reaUy,  however  slowly,  in  progress;  there  is  abundant 
proof  of  innumerable  local  derangements  of  the  level  of  land  and  sea 
in  comparatively  modem  geological,  historical,  and  even  very  recent 
periods,  and  a  Slow  upward  movement  of  land  is  actually  ttaeeable  and 
meamuable  on  the  coast  of  Sweden  and  Norway. 

A  change  of  a  few  degrees  of  temperature,  a  change  of  the  relative 
height  of  tile  land,  a  change  even  in  the  polar  distance  of  the  masses 
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of  land,  would  materially  affect  many  secondary  phenomena.  The 
atmosphere  would  be  affected  in  regard  to  its  moisture,  translucency, 
rate  of  diminishing  temperature,  prevalent  winds,  and  quantity  of  rain. 
Its  ppwer  of  sustaining  particular  organic  structures  both  on  the  land 
and  in  the  sea  would  be  altered ;  and  thus  we  see  in  the  variable 
nature  of  the  relations  which  vmite  the  land  and  the  sea,  elements  of 
continual  change  in  the  mechanical,  chemical,  and  vital  phenctnena  of 
the  globe. 

The  ocean  is  continually  receiving  the  spoils  of  the  land,  by  means 
of  the  rivers  and  the  action  of  the  waves  on  the  sea-coast ;  and  from 
that  cause,  theoretically,  would  be  constantly  decreasing  in  depth,  and 
as  the  quantity  of  water  is  always  the  same,  its  superficial  extent 
would  increase  and  its  level  consequently  rise.  There  -are,  however, 
counteracting  causes  to  check  this  tendency ;  the  secular  elevation,  or 
gradual  elevation  during  the  course  of  ages,  over  extensive  tracts  in 
many  parts  of  the  world,  is  one  of  the  most  important  of  these. 
Yolcanos,  coral-islands,  as  well  as  the  coral  stmctures  ciUed  barrier- 
reefs,  show  that  great  changes  of  level  are  constantly  ti^dng  place  in 
the  bed  of  the  ocean  itselL  In  addition  to  these,  it  has  Deen  con- 
clusively evinced  by  Mr.  Darwin,  that  symmetrical  bands  in  which  the 
bed  of  the  sea  is  subsiding  below  and  being  elevated  above  its  level  at 
a  given  time,  extend  alternately  over  an  area  (in  the  Pacific  and  South 
A^antio  oceans)  equal  to  half  that  of  the  entire  globe.  From  all  these 
facts  it  may  be  concluded  that  the  balance  is  always  maintained  be- 
tween the  land  and  the  sea,  although  the  distribution  of  each,  respec- 
tively, may  vary  in  the  lapse  of  time.  But  iadependently  of  all  these 
counteractions^  so  immense  is  the  proportion  which  the  magnitude  of 
our  planet  beats  to  the  power  of  the  agencies  which  are  at  work  upon 
its  surface,  that,  as  has  been  shown  by  Mr.  Alfi-ed  Tylorj  in  a  com- 
munication to  the  Geological  Socbty,  the  action  of  the  sea  on  the 
shores,  and  of  the  rivers  upon  the  laud, — if  the  matter  they  all  wear 
from  the  land,  and  carry  down  in  the  form  of  sand  and  mud,  together 
with  that,  probably  still  greater  in  quantity,  which  they  carry  down 
In  chemical  solution,  to  be  decomposed  in  the  sea,  and  in  part  precipi- 
tated on  its  bed, — were  uniformly  distributed  over  the  entire  bed  of 
the  ocean,  the  level  of  the  water  would  not  be  raided  more  than  three 
inches  in  ten  thousand  years,  which  is  an  amount  absolutely  insignifi- 
cant, and  would  not  be  measurable  for  many  times  that  period,  nor 
otherwise  sensible  to  man  for  many  more. 

What  is  the  actual  mean  level  of  the  sea  ?  By  the  researches  of 
Captain  Denham  at  Liverpool,  by  the  careful  measurements  taken  by 
Mr.  Bunt  in  the  Bristol  Channel,  under  the  direction  of  Professor 
Whewell,  and  by  some  experiments  of  Sir  H.  de  la  Beche  op  the  coasts 
of  Pembrokeshire,  it  appears  that  the  mean  of  high  and  low  water  is 
nearly  at  the  same  point,  whether  spring  or  neap  tides  be  measured. 
This  mean  or  half-tide  level,  which  is  often  nearly  coincident  with  the 
middle  point  of  time  between  high  and  low  water,  can  be  ascertained 
by  a  few  observations  at  any  ago  of  the  moon  in  quiet  weather,  aud 
should  always  be  employed  as  the  datum  or  zero  line  in  reoordiiij 
elevations  of  mountains,  heights  of  canals,  summits,  milway  stations, 
&c.  Above  all  it  should  be  taken  for  the  term  of  comparison  whenever 
it  is  wished  to  determine  the  relative  elevation  of  different  parts  of 
the  open  sea,  though  there  may  be  cases  when  landlocked  waters  and 
tide  rivers  may  require  the  use  of  another  line  of  reference.  Tho 
horizontal  line  which  bounds  the  land  and  sea,  the  outline  of  the  coast, 
is  variable  ;  it  is  annually  displace  by  the  wasting  of  some  tracts  and 
the  augmentation  of  others.  Since  the  Boman  sway  in  Britain,  a  1  irgo 
portion  of  the  rich  marsh-lands  of  Norfolk,  Cambridge,  Huntingdon,  &c., 
have  been  recovered  from  the  retiring  sea ;  but  in  the  same  period  tho 
eoct  coast  of  Yorkshire  has  lost  many  square  miles  of  territory,  aud  is 
still  losing  at  a  fearful  rate.  (Sir  C,  Lyell  has  collected  abund.ant 
examples  in  his  '  Principles  of  Geology.')  This  unequal  action  depends 
partly  on  the  slope  with  which  the  land  and  sea  meet ;  partly  on  the 
nature  of  the  materials  comprising  the  coast,  partly  on  the  set  of  tiui 
tides  and  currents. 

The  modem  ocean  is  the  theatre  of  many  operations  similar  in  kind 
to  those  by  which  the  materials  of  dry  hmd  were  formerly  accumu- 
lated beneath  ancient  seas.  The  bed  of  the  Adriatic  was  found  by 
Donati  to  resemble  the  surfaces  of  sub-Apennine  tertiary  strata ;  the 
shallow  soundings  of  the  English  Channel  and  German  Ocean  show,  in 
the  distribution  of  shells  and  fish-teeth,  analogies  with  several  of  the 
secondary  rocks ;  while  in  the  ooial  reefs  of  warm  latitudes,  on  sandy 
or  pebbly  shores  generally,  and  at  the  mouths  of  great  rivers,  we  see 
the  production  of  limestone,  sandstone,  and  day  deposits,  very  similar 
to  those  which  abound  in  the  stratified  masses  of  land.  Whoever  wiU 
compare  with  attention  the  ripple  or  current  mark  on  the  sea-shore 
with  the  corresponding  undulations  on  slates  and  sandstones  of  every 
geological  age,  will  be  convinced  of  the  identity  of  the  causes  of  these 
impressions ;  and  when  he  beholds  such  surfaces  in  rocks  covered  by 
other  deposits  thousands  of  feet  thick,  will  not  hesitate  to  admit  in 
such  cases  thatgreat  depressions  happened  along  the  margin  of  the 
ancient  sea  during  the  formation  of  these  strata,  followed  by  still 
greater  elevations  at  a  later  period. 

The  distribution  of  life  in  the  modem  ocean  is  one  of  the  ciroum- 
stances  most  important  to  know.  Until  very  recently  it  has  been  sup- 
posed that  below  some  moderate  depth  (moderate  at  least  as  compared 
with  the  thickneeseH  of  the  strata)  life  ceases  in  the  ocean  from 
deficient  light  and  air,  and  augmented  pressure. 
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WitUn  these  tew  years,  however,  reason  has  been  seen  to  modify 
these  conclusions ;  uul  in  the  coarse  of  the  jtast  year  (1860)  the 
researches  of  Dr.  Q.  C.  AVallich,  on  the  bed  of  the  NorUi  Atlantic,  have 
shown  that  animal  life,  in  various  forms  of  foraminifera  and  radiata,  if 
not  of  higher  groups,  exists  at  vast  depths.  It  ought,  indeed,  to  have 
been  seen  long  ago,  that  the  uniform  distribution  uf  pressure  effected 
by  the  water,  would  necessarily  preclude  the  destrucbon  which  it  was 
reasonable  to  infer  that  the  partial  accumulation  of  pressure  would 
have  caused. 

The  proportion  which  exists  between  the  sen  and  land  has  contri- 
buted to  maintain  the  productive  powers  of  the  earth.  If  that  pro- 
portion were  materially  changed,  its  productive  jrowers  would  be 
changed  also.  The  sea,  by  means  of  the  vapours  continually  rising 
from  its  surface,  supplies  the  atmosijhere  with  sufficient  moisture  for 
the  support  of  organic  life.  Countries  which  do  not  partake  of  the 
benefits  derived  from  this  sotu-ce,  and  which  are  not  ren-esbod  by  rain 
or  dew,  are  uninhabitable  and  destitute  of  all  kinds  of  vegetation. 
Those  parts  of  the  earth  which  are  farthest  from  the  sea  are  much  leas 
fertile  and  populous  than  those  which,  owing  to  their  greater  vicinity 
to  it,  receive  a  larger  supply  of  moisture  from  this  great  source.  The 
sea  contributes  also  considerably  to  the  advancement  of  civilisation. 
At  the  first  view  it  seems  to  constitute  on  insuperable  obstacle  to  the 
communication  between  nations  who  inhabit  countries  widely  apart 
from  one  another ;  but  the  ingenuity  of  men  has  converted  the  ocean 
into  the  most  frequented  high  road  on  the  globe.  The  easy  commu- 
nication which  is  thus  established  between  nations  at  great  distances 
from  one  another,  has  perhaps  more  than  any  other  circumstance  con- 
tributed to  improve  the  condition  of  the  human  race.  It  is  at  least 
certain,  that  .ill  those  nations  which  have  acquired  any  considerable 
degree  of  civilisation  inhabit  couBtries  either  contiguous  to  the  sea  or 
at  no  great  distance  from  it. 

On  the  subjects  of  this  article,  four  works  may  be  particularised, 
which,  of  course  among  many  others,  ttiay  bo  consulted  with  advan- 
tage: Sir  John  F.  W.  Hcrschel's  'Physical  Geography;'  Admiral 
Smyth's '  Mediterranean ; '  Sir  John  Richardson's  '  Polar  Itegions ; '  and 
'  The  Physical  Geography  of  the  Sea,  and  its  Meteorology,'  by  Captain 
Slaury,  the  American  hydrographer.  The  last  is  an  immense  repository 
of  facts,  relating  chiefly,  however,  to  the  Atlantic  and  its  marine  depen- 
dencies ;  and  many  vieivs  entertained  by  the  author  are  not  wholly 
vxsepted  by  British  hydrographers  and  mctoorologists. 

SEA  DEFENCES.  When  the  tiAil  action,  or  littoral  currento 
attack  a  seashore,  it  becomes  necessary  to  protect  the  latter  from 
the  gradual  abrasion  thus  produced.  I'he  mode  in  which  the  defences 
tlius  required  are  constructed,  must  depend  not  only  on  the  peculiar 
form  of  destructive  action  to  be  guarded  against,  but  also  on  the 
nature  of  the  materials  at  hand ;  the  various  conditions  to  be  observed 
may,  therefore,  be  the  most  conveniently  noticed  "in  the  course  of  the 
description  of  some  of  the  most  important  works  of  the  kind  actually 
executed. 

On  rocky  shores  of  the  granitic  and  crystalline  formations,  the  sea 
acts  prinoipiilly  by  its  direct  impact,  or  by  tho  tidal  currents,  although, 
no  doubt,  the  effect  of  tho  constant  hiimidity,  and  of  tho  splashing  of 
the  waves,  must  produce  a  destructive  action  on  the  constituent  parts 
of  the  rocks.  In  these  cases,  and  especially  when  deep  water  comes 
clow  inshore,  the  moat  economical,  and  in  all  cases  the  most  efficient 
sea  defence  consists  of  a  solid  masonry  wall,  built  of  the  largest  and 
hardest  stones  which  can  !»  obtained,  and  finished  with  a  curvilinear 
battOT  of  about  1  in  -10  from  the  sea.  Colonel  Emy,  and  the  French, 
Spanish,  and  German  engineers  sometimes  make  the  upper  parts  of 
their  curvilinear  defence  walls  continue  beyond  the  axis  of  the  curve, 


...^ 


to  that  at  the  top  the  ourre  agiun  comes  towards  the  laa;  aod  they 
adopt  this  oonstruction  because  they  believe  that,  in  oonsequence  of  the 
|>ro]eotion  of  the  top,  the  crown  of  tho  wave  striking  and  mnning  up 
the  face  of  the  wall  would  be  thrown  outwards,  instead  of  breaking 
trver  the  wall.  It  is  to  be  suspected,  however,  that  the  repercussion 
produced  by  the  wave  falling  niion  the  too  of  the  wall  is  even  more 
injurious  than  the  effect  of  the  water  f.illing  at  the  back  or  inside ; 
and  the  best  hydmulic  engineers  at  the  present  day  are  in  the  habit  of 
ereotmg  their  sea-walls  with  omtinuoua  hatters  in  tho  some  direction, 
and  of  protecting  their  in  shore  faces  by  good  paving  on  the  top  of  the 
backmg,  and  by  good  drainage.  It  would  be  impossible  to  attach  too 
much  impOTtanoe  to  the  necessity  for  providing  against  the  effect 
of  any  sudden  interference  with  tlie  translation  of  a  deep  sea  wave, 
especially  when  it  h.is  been  driven  for  a  short  distance  over  an  inclined 
fore  shore,  and  has  been  exposed  to  tho  action  of  winds  or  currents 
able  to  increase  the  velocity  of  its  motion.  In  some  eases,  the  velocity 
baa  even  been  observed  to  attain  as  much  as  70  feet  per  second ;  and 
from  ohoervations  mode  at  Cherbourg  and  Algien,  it  would  laem  that 
the  power  of  waves  to  communicate  horiiontal  motion  Mmotimes 


attains  as  much  as  291  lbs.  per  foot  saperficiaL  The  spray  has  oi 
times  been  dashed  over  the  Bell  Bode,  a  heij^t  of  117  feet ;  and  Lord 
Adair  states,  that  he  has  measured  on  the  coast  of  Ireland,  rolling 
breakers  of  150  feet  in  height.  The  quantity  of  water  a  wave  of  this 
description  might  carry  over  the  crown  of  a  wall  would  be  enormous  j 
and  though  there  may  be  few  positions  wherein  they  occur,  even 
smaller  waves  are  capable  of  producing  effects  of  a  very  serious  nature, 
if  the  water  they  furnish  were  not  prevented  from  mshing  away  the 
backing  of  the  structure  on  whiefa  they  might  break.  On  the  uoras 
actually  exix>sed  to  the  shock  of  such  waves  as  those  described  by  Lord 
Adair,  it  would  be  almost  impossible  for  human  skill  to  oontend  with 
the  forces  of  nature ;  but  fortunately,  these  waves  are  only  to  be  met 
with  on  what  are  known  as  iron-bound  coasts,  where  the  cbaracter 
of  the  rbcks  is  such  as  to  enable  them  to  resist  the  action  of  the  sea. 

It  may  be  gathered  from  the  preoeding  remarks,  that  if  it  be  thus 
necessary  to  guard  against  the  tendency  of  breaking  waves  to  produce 
lateral  displacement,  and  to  remove  the  backing  of  a  defence  wall,  it 
must  be  equally  important  to  guard  against  the  tendency  to  onder- 
mine  the  footings  on  the  seaward  face  jxroduced  by  the  receding  wave, 
or  the  underlotn  as  it  is  technically  called.  Thu  object  is  uaually 
effected  in  the  more  moveable  strata,  by  constructing  an  apron,  or  in 
foct,  a  species  of  flat  wall,  presenting  tlie  game  inclination  as  the 
natural  Une  of  the  fore  shore ;  and  built  with  every  precaution  to 
ensure  the  stability  of  its  &ce,  by  the  introduction  of  longitudinal  and 
of  transverse  ties,  and  by  protecting  the  edges  by  continuous  piling. 
At  the  Plymouth  breakwater  the  sea  slope  was  paved  with  laige 
blocks  of  marble,  or  of  granite,  dovetailed  and  cramped  together  at  on 
enormous  cost ;  at  Cherbourg,  the  sea  jilope  was  protected  by  huge 
blocks  of  rubble  masonry  set  in  Portland  cement ;  and  on  tlie  Dutch 
coasit,  where  the  angle  of  inclination  of  the  shore  is  extremely  flat,  the 
apron  walla  of  sea  defences  are  often  made  of  brickwork  set  with  trass 
'  mortar  in  wooden  frames.  The  choice  of  the  system  to  be  adopted  in 
any  particular  cose  must  depend  on  the  maximum  violence  of  Uie 
waves  there  observed  ;  but  it  may  be  worth  while  here  to  mention 
that  in  exposed  situations  on  the  shores  of  the  ocean,  blocks  of  nearly 
600  cubic  feet,  of  a  material  possessing  a  specific  gravity  of  2*3,  ore 
susceptible  of  being  displaced  by  the  fores  of  the  waves. 

These  remarks  with  respect  to  defence-walls  on  the  shores  oompoaed 
of  resisting  rocks  apply  equally,  or  rather  H  farliori,  to 'the  defences 
required  for  formations  of  a  softer  nature.  The  action  of  the  sea  upon 
them  is,  however,  of  a  rather  more  complicated  nature  than  that  which 
takes  place  on  granitic,  or  crystalline  shores ;  for  it  will  in  many  cases 
bo  found  that  at  the  feet  of  limestone,  or  clay  dtffa,  there  are  large 
deposite  of  shingle  composed  of  the  debitus  of  £ardcr  rocks,  carried 
forward  by  the  force  of  the  currents,  and  of  the  tides,  according  to 
peculiar  laws.  If  this  shingle  should  only  advance  slowly  it  may  tend 
to  protect  the  surface  of  the  shore,  by  forming  as  it  were  a  matloss  on 
which  the  waves  might  brc;tk  without  affecting  the  subjacent  rocks ; 
but  if,  on  the  other  hand,  the  shingle  should  have  any  tendency  to 
lateral  displacement,  it  will  materiiUly  assist  the  abrading  action  of 
tho  littoral  cuirents  by  the  friction  it  exercises  at  tho  base  of  the  clifSt. 
The  outlines  of  a  limestone,  or  of  a  clay,  shore  often  bear  tnoes  of  this 
action;  and  they  exhibit  clifls  which  are  nearly  vertical  in  their 
upper  portions,  but  hollowed  out  about  the  zone  of  tidal  action; 
at  their  feet  tliere  is  usually  a  shingly  beach,  in  which  the  stones 
have  been  abandoned  by  the  receding  waves  according  to  the  specific 
gravities  of  the  stones  themselves,  or,  in  other  wtjnls,  the  largest 
pebbles  are  always  at  the  top  of  the  beach.  The  defence  of  shorts 
of  this  description  may  either  be  effected  by  walls  with  aprons,  as 
liefore-mentioned,  or  by  tho  construction  of  stonework,  or  of  timber, 
groynes,  placed  at  right  angles  to  the  advance  of  the  shingle,  in  order 
to  fix  the  latter.  Groynes  are  in  fact  dwarf-walls,  projecting  more'  or 
less  above  tlie  face  of  the  beach,  and  continued -to  about  the  line  of 
low  water;  and  they  act  by  retaining  the  advancing  shingle  in  the 
re-entrant  angle,  until  it  has  accumulated  to  such  on  extent  aa  to  bo 
carried  round  the  point,  or  over  the  top  of  the  groyne.  In  great 
storms  the  groynes  are  often  laid  bare,  and  there  is  danger  of  their 
being  then  undermined ;  and,  indeed,  the  actions  to  which  they  are 
expc^ed  ore  so  violent,  that  it  may  fairly  be  laid  down  as  a  rule  that 
it  is  preferable  to  form  them  of  cheap,  temporary  materials,  than  to 
form  them  in  a  permanent  manner. 

The  consolidation  of  shores  of  soft  alluvial  formations  may  be 
effected  in  various  manners,  according  to  their  outlines  under  the 
action  of  the  currents.  If  the  uaturnl  inclination  should  hiqipen  to 
form  a  very  small  angle  with  tlie  horizon  from  the  Une  of  the  low 
water,  it  would  generally  be  desirable  to  crown  Uie  top  of  the  stuix) 
by  a  vertical  wall,  of  cither  masonry  or  of  timber.  In  Holland  the  dykes 
are  executed  of  earth  work,  sometimes  with  rather  an  abrupt  talus 
towards  the  sea,  which  talus  is  protected  by  stoue  pitching ;  at  others 
the  slope  is  made  with  a  much  Qatter  angle,  and  two  or  three  parallel 
rows  of  piles,  stending  up  above  the  face  of  the  slope,  are  inserted  for 
the  purpose  of  breaking  the  force  of  tho  waves ;  and  at  others,  the  face 
of  the  earthwork  is  protected  by  a  species  of  wall  composed  of  bundles 
of  reeds,  fascines,  &0.  The  hearts  of  these  emlnnkmente  are  formed 
with  reeds  and  fascines,  and  especial  care  is  taken  to  attach  them  firruly 
to  the  subsoil,  as  well  as  to  secure  an  efficient  system  of  back  drainage 
Many  instances  occur  in  which  the  baoka  of  the  mon  protected 
poldera  of  Holland  aad  Flaaden  are  oonttnictod  in  th*  laaM  maaiwr 
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ea  coffer-<]lamK,  thnt  i»  to  say,  by  meant  of  puddle  banks  rammed 
in  between  sheeting  enoluRuros ;  and  near  Havre,  in  tUo  bny  o{  the 
Seine,  the  {ore-ehore  is  dufuuded  by  a  regular  timber  stuclcade  formed 
of  whole  timber  piles,  whales  and  back  ties,  and  of  horizontal  plank- 
ing spiked  to  tiie  outer  faces  of  the  piles ;  earthwori:  is  oarefully 
rammed  at  the  back  of  these  planks. 

It  ia  uecesaary  to  guard  agaiiut  the  destructive  chemical  action  of 
the  sea-water  upon  the  materials  employed  for  any  of  these  systems  of 
shore  defences ;  and  when  the  soft  limestones,  or  wood,  are  euiployed, 
to  take  seriously  into  account  the  ravages  which  may  be  committed  by 
the  Tuioua  descriptions  of  boring  ooni^ifeno,  and  woiins.  The  pholas, 
solen,  and  lithodomus  attack  the  calcareous  atones ;  the  teredo  navalia 
and  the  lymezylon  attack  wood,  in  the  temperate  latitudes  of  Europe ; 
in  tropical  climates  there  are  other  siiecies  of  aaimals  of  even  a  more 
destructive  nature  still,  which  feed  \iiwn,  or  burrow  in,  both  those 
classes  of  materials. 

It  may  be  as  well  to  add,  that  in  the  cases  wherein  the  Dutch 
engineers  content  tlinnsclves  with  sand  dykes,  faoed  with  reeds,  the 
minimum  dimearione  they  employ  are  about  as  indicated  ia  the  sketob ; 


but  in  very  maay  instiuinfe  they  make  the  sea-slope  with  on  inclination 
of  even  1  in  20,  when  the  natural  profile  of  ihe  foreshore  presents  a 
very  flat  incline.  With  the  vary  light  mateiiais  dealt  with  in  these 
cases  it  is  indeed  preferable  to  conduct  the  waves  up  a  long  easy  slope 
on  wluoh  U^ey  am  exhaust  their  power,  than  to  attempt  to  opiMse  an 
abrupt  resistance  to  their  shock.  When  atiff  day  is  the  materiij  used 
for  the  banks,  and  no  protection  is  given,  the  slope  is  made  equal  to 
1  in  10 ;  when  light  sand  is  used,  the  slope  is  made  1  in  20,  whatever 
may  be  the  profile  of  the  foreshore.  At  the  mouth  of  the  Thames  and 
Medway  the  marshes  are  defended  by  slopes  of  1  in  4,  protected  by  a 
concrete  bed  covered  by  stone  {Htching,  laid  between  rows  of  stakes 
driven  firmly  into  the  banks,  and  between  rows  of  piles  at  the 
top  and  bottom.  (See  Minard,  '  Ouvrages  Uydrauliques  des  Ports  de 
Iter.&c-) 

8EA  LIGHTS.    [THinTr  Hoqbb  ] 

SEA  SALT.    [Sodium.    OUoridt  of  Sodium.] 

SEA  WATER    [Sobidk.] 

SEAL,  an  intaglio  or  relief  imi»«ssion  on  wax,  clay,  paper,  or  other 
anfastance  made  from  a  die  or  nuUrie  of  metal  or  other  material,  by 
^wfaioh  the  impression  is  produced,  derived  from  tlie  French  tceau, 
tedlt,  or  nid,  first  used  in  the  11th  century ;  the  L.itin  ligiUnai.  Seals, 
called  Lkatem,  were  in  use  at  the  earliest  period  in  Egypt,  the  matrix 
generally  of  square  riuipe  revolving  in  a  largo  ring,  or  attached  to  a 
diain  ;  those  of  kings  and  high  dignitaries  of  gold,  silver,  or  precious 
stones,  while  the  inferior  peopU)  used  saarabasi,  kieperu  of  porcelain, 
or  vitrified  soi^tstone  with  tiie  subject  engraved  in  intaglio,  set  in  rings 
as  signets.  Impressions  or  seals  from  these  were  made  in  fine  tiUe 
mud  or  day,  and  attached  by  slips  of  papyri,  linen  or  cord,  to  docu- 
ments [Paptbus],  while  at  a  later  period  coloured  wax  and  even  lead 
were  employed.  [Huumt.]  The  engravings  were  deities,  royal  and 
other  names,  emblems  and  mottoes.  Impressions  of  seals  with  the 
names  of  Sheshank,  Kalaarut,  Amaads,  and  other  monarchs,  exist  in  the 
British  Museum.  Seals  were  extensively  used  by  the  Egyptians: 
tomba.  were  sealed  with  mortar,  letters  and  other  documents  being 
rolled  in  a  eylindrioal  form  and  sealed  outside,  and  the  sacred 
vietims,  bread,  and  other  objects,  were  also  sealed.  The  ancient  Hebrews 
appear  to  have  worn  their  signet-rings  or  IMlam  as  rings  or  bracdets 
(Uen.  xcxviiL  18) ;  they  were  made  of  engraved  onyx  (Exod.  xxxix.  6), 
and  dociunents  were  sealed  with  them.  Ahab  with  his  own  hand; 
Ahasuerus  by  his  ehanoellor  Hamao,  and  Darius  himself,  impressed 
the  seals  of  their  decrees.  When  Alexander  the  Great  conquered 
Persia  he  used  the  seal  of  Darius  for  his  rescripts  in  that  country. 

The  signets  of  the  Assyrians  consist  of  cones  of  cbaloedony  and  other 
stones  pierced  and  engraved,  which  were  set  in  rings  or  suspended  to 
chains  or  cords  :  the  principal  device  is  a  rampant  lion  pierced  by  a 
king,  ddties  and  other  devices;  they  also  used  cylinders  of  green 
felspar  and  onyx,  with  kings,  animals,  and  other  objects,  and  inscrip- 
tions containing  the  names  and  titles  of  kings,  those  of  Sennacherib 
being  found  at  Kouyunjik  (Layard, '  Ninevui  and  Babylon,'  p.  16i). 
Impressions  from  similar  signets  in  fiuo  day  were  discovered  in  the 
ruins  it  Kouyunjik,  and  those  of  witnesses  or  contracting  parties  are 
fotmd  on  day  documenta.  The  use  of  cylinders,  for  this  purpose,  of 
hematite,  steatite,  chalc3dony,  and  onyx  was  prevalent  amon^  the 
Babylonians,  such  being  engraved  with  deities,  sodiocol  signs,  and 
inscriptions,  and  continued  under  the  Persians,  who  used  by  preference 
red  comdian,  that  of  Darius  or  his  viceroy  having  been  found  in 
'Egypt.  The  Phosnicians  appear  to  have  employed  acwthcei  of  cornelian 
or  sardonyx  for  the  same  pnrpoae,  and  the  Etnisoan  signets  were 
aemlbtiA  of  the  same  or  onyx,  iritit  devioaa  of  m/Ara  deities,  or  the 


prlnoipal  heroic  and  mythio  personages  of   Greece,  with  Etruscaa 
legends. 

At  the  earliest  epoch  the  Greeks  wed  impressions  of  worm-eaten 
pieces  of  wood.  The  use  of  signets  and  seals  among  the  Gredcs  appears 
to  be  as  old  as  the  6th  century  B.a,  the  earliest  example  being  the 
celebrated  emerald  ring  engraved  by  Theodorus  for  Polyerates,  tyrant 
of  Samoa.  Such  signets  were  callisd  iphragida,  lemata,  lemcia,  or 
nemantera,  and  were  worn  on  the  fourth  finger  of  the  left  hand. 
Those  of  metal  only  were  called  aptephoi,  the  stone  itself  I  dng  ptephoi, 
and  the  chaton  t}>hendone,  eemageion,  apotphragunm,  eelypona.  The 
impression  of  the  seal  was  made  on  a  fine  day,  the  g»  wnarUrit  or 
Beijing  earth,  not  wax.  Seals  were  placed  on  doors,  and  on  things  in 
the  house  to  prevent  the  pilfering  of  slaves.  The  seal  itself  was 
protected  by  a  shell  or  scale.  / 

The  use  of  signets  amongst  the  Romans  appears  to  have  been 
introduced  by  the  Etruscans,  whose  gemmati  annuli,  or  rings  with 
stones,  were  subsequently  used  by  the  Bomans  aa  old  as  Tarquin  the 
elder.  Senators  tent  as  ambaasadors  had  a  gold  o£Bcial  aignet  given 
them  by  the  State,  but  used  an  iron  ring  in  private :  gold  ringa  or 
signets  were  limited  to  the  senators  and  knigfato.  Mad  the  j«t  antntZt 
ovret,  or  rights  Of  the  gold  ring,  had  a  certain  le^  status  under  tiia 
Empire.  But  their  use  was  estebded  by  Tibenua  to  iraedmen,  by 
Severus  Alexander  and  Aureliaa  to  the  troopa,  and  under  Juatjaian  n 
hod  entirely  disappeared.  The  signet  of  the  Emperor  was  a  state  aaal, 
generally  engraved  with  hia  own  portrait  or  favourite  deviee.  The. 
chaton,  or  pUce  which  held  the  stone,  was  called  paia.  The  various 
goms  were  engraved  by  excellent  artists,  who  sometimes  plooed  their 
namee,  or  the  name  or  initials  of  the  poaaeasor,  on  the  atone ;  but  g^aaa 
seals,  called  by  the  Greeks  tphragidet  hyalinai,  and  vUna  gemma  by 
Una  Romans,  were  used  by  the  poorer  classes.  These  came  first  into 
use  about  416  B.O.  The  impreasions  were  made  in  Lemnian  and 
sealing  clay,  (jretela,  mgiUarii  enta,  atuoco  maltAa,  or  still  more  fre- 
quently wax.  The  Romans  sealed  bags  of  money,  granaries,  doors  of 
female  apartmento,  and  other  objecto,  but  prindpally  writings  or 
letters ;  the  papyrus  or  tablet  was  tied  up  wiUi  a  cord  and  the  seal, 
Hgnum,  placed  on  it ;  wills  particularly  required  seals,  and  under  Nero 
the  law  ordered  them  to  be  pierced  at  the  margin  wiih.  a  cord,  whidi 
thrice  passed  round  them,  and  the  seal  was  then  applied,  and  the 
pra>tor  required  the  seals  of  the  seven  witneesss  to  validate  a  wilL 
The  devices  of  the  seals  of  the  emperors  appear  to  have  varied,  and  no 
particular  symbol  was  used  for  the  state  seal.  Julius  Cteear  used 
Venus,  Augustus  a  sphinx,  which  he  changed  for  the  head  of 
Alexander  the  Great,  which  oontinned  till  Nero;  the  following 
emperors  used  various  symbols.  Private  individuals  used  indifferently 
all  sorts  of  devices  During  ihe  Empire  leaden  seals  were  used  lor 
private  purposes,  and  after  the  age  of  Constantine,  flat  circular  metallie 
seak  called  bulla,  made  of  gold,  silver,  and  lead,  attached  by  silktD  or 
woollen  bonds  to  the  documents,  came  into  use. 

The  Byzantine  conunence  with  Valentinian  and  Valens,  ^D.  864, 
and  have  on  one  side  the  figure  of  the  Emperor,  on  the  other  that  of 
Christ  or  the  Vii^ ;  -dignitariaa  and  private  persons  of  the  epodi  also 
employed  leaden  seals,  with  Christ  or  the  Virgin,  or  only  t£sir  own 
names  and  titles.  The  devices  of  the  seals  of  the  Christians  at  this 
epoch  were  fishes,  fishermen,  lamba,  and  vines.  After  the  &U  of  the 
Western  Empire  the  use  of  the  leaden  bulla  was  assumed  by  the  Popaa, 
the  oldest  known  being  that  of  Deus  dedit,  a.d.  615-667,  with  a  mala 
figure  standing  between  a  lion  and  a  lamb  and  A.Q.  Small  seals  wen 
inscribed  only  with  the  names  i>r  monograms  till  Honorius  IL, 
1121-30;  but  at  the  12th  century,  the  bolln  became  hunger,  and  the 
name  of  the  pope  appeared  in  full,  with  the  heads  of  St,  Peter  and 
St.  Paul,  and  a  cross  between  them ;  the  ordinal  after  the  papal  name 
dates  from  the  nth  century.  Besides  these  tJie  Popes  used  the 
so-called  seal  of  the  Fisherman,  or  privy  seal,  on  which  was  St.  Peter 
fishing :  this  was  impressed  on  red  wax  e»  placard.  The  use  of 
the  bullw  in  Westom  Europe  continued  till  the  I6th  century,  the 
Emperors  of  Germany,  princes  of  Calabria,  the  doges  of  Venit^,  dukaa 
of  Lorraine,  and  oounte  of  Toulouse,  continuing  to  use  them.  In  the 
18th  oentury  no  priest  was  allowed  to  tmvel  without  a  permissioB 
sealed  with  a  leaden  seat  The  use  of  gddsn  seals  commenced  about 
^e  10th  oentury,  having  been  first  naed  by  the  Byzantine  Emperora 
and  Charlemagne,  Venetians  and  otheta,  and  occasionally  for  important 
documento  aa  late  as  the  16th  century,  Heniy  VIII.  and  FhuMia  L 
having  appended  gold  seals  to  their  treai^  at  toe  Fidd  of  the  Cloth  of 
Gold.  Silver  seals  were  sometimes  used  by  the  Byaantine  Emperors, 
the  princes  of  Capua,  and  other  Italian  poteotatea.  But  all  these  were 
gradually  superseded  by  wax  seals.  On  tint  &U  ol  the  Roman 
Empire  the  art  of  seal  engraving  was  lost  in  the  West,  bat  lingered  at 
Constantinople.  The  eariy  kings  of  France  from  Cariomon,  a.D.  760, 
to  Louis  VIII.,  1176,  used  antique  gams.  Sealing  eit  placard  con- 
tinued in  France  from  Clovis  I.,  a.d.  481,  to  Louis  le  Gros,  1108,  in 
whose  reign  seals  were  first  appended,  and  in  Germany  till  the  dosa 
of  the  12th  century. 

The  seals  of  the  Merovingians  represent  buate  with  long  luur,  the 
Cariovingians  bearded  profiles,  bnt  ^pear  to  be  impressions  of  ancient 
gems.  The  title  of  Dei  gratia  commenoas  with  Charlemagne ;  Hugh 
Capet,  987,  is  first  seen  with  a  soeptre.  Robert  has  an  oval  pointed  aaal 
with  a  half-length  figure.  Henry  I.,  1031,  was  Mie  first  who  used  the  eeol 
of  Majasfy  aa  it  is  called,  reprcaenting  the  king  seated  on  the  diair  of 
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Dagobert.  Louis  VI.,  1108,  is  tlie  only  one  with  an  equestrian  figure 
on  the  reverse.  Small  oounterseals  on  the  reverse  commence  with 
Philip  11.,  1185.  Louis  IX.,  1262,  first  appears  with  a  crown  fleuiy. 
John  II.,  1350,  has  two  eagles'  heads  on  his  chair.  Louis  XII.,  1500,  a 
double  gr^'phon.  The  king  seated  on  the  throne  continued  to  be 
the  type,  with  the  exception  of  the  great  seal  of  Louis  Philippe, 
which  has  on  one  side  his  head  in  profile,  and  on  the  other  his  arms  or 
the  two  tables  of  the  charter  and  law.  The  early  seals  of  the  German 
empire  are  like  the  French,  Henry  IL  introduced  the  seated  figure, 
which,  after  Frederick  L,  1493,  was  abolished.  Denmark  used  bronze 
seals ;  the  Swedish  seals  resemble  the  German ;  those  of  Spain  date 
from  the  12th  century ;  the  doges  of  Venice,  1306,  used  gold  bullte. 

The  seal  was  placed  after  the  name  of  the  chancellor  or  his  deputy 
in  white  wax ;  an  inci^on  in  form  of  a  cross,  or  with  saltire  edges 
turned  back,  having  been  made  in  the  parchment  and  passed  through, 
80  as  to  form  a  cake  or  mass  on  both  sides.  This  mode  of  sealing 
en  placard  being  easily  forged,  the  counter-seal  was  introduced  by  the 
princes  of  Lombardy,  a.d.  901.  The  custom  of  appending  seals  was 
not  introduced  earlier  than  the  12th  century ;  tails  commenced  in  the 
18th  century,  leather,  hempen  string,  silk,  parchment,  were  used  for 
the  purpose,  and  the  seals  were  placed  at  the  bottom,  top,  sides,  or 
even  all  round  the  document.  As  many  as  350  seals  were  appended  to 
one  document  presented  to  the  Council  of  Constance.  Owing  to  the 
injuries  to  which  seals  were  liable,  it  was  not  unusual  from  the  14th 
to  the  16th  centuries  to  protect  them  by  a  little  frame  work  or  torse  of 
rush  twisted  round  the  seal;  in  the  14th  century  a  wrapper  of  paper, 
neat  bands  of  the  same,  beech,  bay,  and  oak  leaves,  were  placed  over 
seals,  and  in  France  in  the  listh  centuiy  they  were  protc«ted  by  tin 
boxes. 

The  French  regal  seals  differ  from  the  English  and  Qerman  by  the 
use  of  the  ^tmterseal,  which  is  not  mot^  than  an  inch  in  diameter; 
while  the  great  seal  of  England  retained  an  impression  of  the  same 
magnitude  on  both  sides.  In  France,  during  the  1st  race,  the  seal  was 
held  by  the  referendarlus,  under  the  2nd,  or  Merovingian,  by  the 
arckichancelier ;  aprocruaire,  arcJiinotaire,  archichap^in,  under  the 
Srd,  or  Capets,  by  the  chancellor,  who  originally  wore  the  seid  round  his 
neck,  but  when  the  seal  became  of  large  size)  it  was  deposited  in  a  box, 
and  the  chancellor  always  carried  the  keys  about  him  in  a  purs^  and 
the  box  was  carried  in  certain  ceremonies  on  a  caparisoned  horse.  In 
this  box  were  three  others  :  Ist,  for  the  great  s«d  and  counter-seal ; 
the  2nd,  that  of  Dauphigny;  the  Srd,  that  of  the  order  of  St.  Louis, 
besides  which,  the  king  had  his  private  seal  Yellow  wax  was  used  for 
the  impresaiona,  except  for  ordinances,  edicts,  and  letters  entitled  "  k 
Tous  presents  ct  h  venir,"  which  were  sealed  with  green  wax,  and  the 
same  colour  was  used  for  those  of  Dauphigny ;  other  documents  of 
which  were  sealed  in  red.  In  1789,  the  office  of  chancery  disappeared, 
but  a  new  one  was  re-cstabliahcd  in  1808,  and  superseded  by  a  com- 
mission in  1811,  and  in  1830  incorporated  with  the  office  of  minister 
of  justice. 

The  earliest  seals  of  the  Anglo-Saxon  monarchs,  Offa,  Ethelwolf,  and 
Edgar,  are  e»  placard;  of  Coenwulf,  765,  there  is  a  leaden  bulla  ;  of 
Edward  the  Confeasor,  two  wax  seals  pendent.  Coke  mentions  seals  of 
Edwy,  A.D.  958,  of  Of&,  a.d.  755-94.  The  Normans  introduced  wax 
seals,  at  first  of  moderate  size,  having  on  the  obverse  the  king  in 
ai-mour  on  a  caparisoned  horse  galloping,  and  on  the  reverse,  the  king 
seated  on  a  throne,  a  type  maintained  to  the  present  day.  The  expense 
of  engraving  a  new  matrix  being  very  considerable,  the  monarehs  were 
content  to  use  thoae  of  their  predecessors.  Edward  II.  added  to  that 
of  Edward  I.,  and  Edward  III.  used  the  same  with  the  addition  of  two 
fleur-de-lis.  Edward  III.  altered  his  seal  eight  times  for  poUtical  pur- 
])OBe8.  Bichard  II.  used  hi^  father's  last  matrix,  merely  inserting  his 
own  name.  Henry  IV.  and  V.,  the  same,  by  the  same  process. 
Henry  VI.  a  new  matrix,  like  the  French,  wUh  a  counter-seaL 
Edward  IV.  a  new  gold  aeal,  like  that  of  Bretigny ;  Edward  V.  his 
father's,  and  Richard  III.  the  same.  Henry  VII.  a  new  matrix,  like 
that  of  Edward  IV.,  and  Henry  VIIL  one  in  the  style  of  Francis  L 
The  matrix  of  the  seal  of  Henry  IV.  was  of  gold,  the  chancellor  used 
a  silver  matrix,  which  was  of  10  lbs.  weight,  and  cost  ISl.  10».  for 
material  alone.  The  great  seals  of  Scotland  commence  with  Duncan 
IL,  1096,  with  equestrian  and  seated  royal  figures.  Alexander  I.,  1107, 
ialrodaced  the  counter-seal.  There  were  also  great  seals  for  Ireland, 
commencing  with  Henry  II.,  a  leaden  matrix  of  which  is  known.  There 
are,  besides,  the  privy  seals,  having  the  royal  arms  only. 

Next  in  importance  to  the  royal  seals  are  those  of  the  eccclesiastical 
bodies  and  dignitaries.  At  first  the  bishops  only  used  a  private  or 
peculiar  seal,  but  at  the  close  of  the  9th  century  each  prelate  began  to 
use  a  particular  form  of  seal,  in  which  was  impressed  the  name  and 
titles,  and  image,  at  first  half  length,  then  standing  or  seated,  cUid  in 
his  pontifical  dress,  and  holding  a  crozier  in  one  hand  while  giving  the 
benediction,  or  holding  the  gospels  in  the  other.  Duringthe  11th  and 
12th  centuries  the  bishops  were  presented  either  standing  or  seated, 
but  in  the  18th  and  14th  the  seated  attitude  specially  designated  the 
episcopal  office.  Sometimes  the  figures  of  the  saints  were  substituted 
for  those  of  the  bishops.'  During  the  13th  century  mottoes  were 
introduced.  _  In  the  14th  century  the  designs  became  more  rich  and 
varied,  and  in  Germany  the  bishops  and  other  religious  functionaries 
placed  their  escutcheon  on  their  seals  beside  their  figure.  In  the  16th 
century  the  escutcheon,  used  at  first  only  for  the  counterseal,  became 


substituted  for  all  other  devices  with  few  exceptions.  Latterly  the 
devices  of  the  episcopal  seals  in  France  have  been  an  imitation  of  those 
of  the  13th  century.  The  corporate  seals  of  the  abbeys,  chapters,  and 
other  ecdesiostical  bodies  often  have  a  representation  of  the  religious 
edifices  to  which  they  belonged,  or  figures  of  the  patron  saints.  The 
abbots  and  priois  and  ^cresses  often  impressed  their  own  images ;  the 
numerous  minor  functionaries  were  restricted  to  a  device,  or  the  figure 
of  the  patron  saint. 

The  corporate  seals  of  the  12th  century  have  the  towera,  castles, 
gates,  or  city  walls,  the  use  of  armorial  bearings,  which  superseded 
ultimately  all  other  subjects,  not'  being  older  than  1365.  The  mayors 
and  other  municipal  functionaries  used  a  device  or  the  city  arms.  In 
Englaiid  the  cmque  porta  have  ships  of  war.  The  devices  of  the  seals 
for  the  passes  or  passports  ef  labourers  were  prescribed  by  the  statute 
12  Richard  IL,  1388. 

The  use  of  seals,  as  a  legal  formality,  was  introduced  into  England  by 
the  Normans  during  the  11th  and  12th  centuries.  All  persons  of  the 
ranks  of  knights  and  above  used  a  horseman  armed  at  all  points  going 
to  the  fight  or  chase ;  females  had  their  effigies ;  but  rude  forms,  birds, 
eaglee,  hawks,  lions,  dragons,  crescents,  and  stars,  are  the  common 
devices  of  the  period.  The  4egend  surrounding  the  device,  generally 
in  Latin,  contained  the  name  uid  titles  of  the  bearer.  Secular  penona 
used  cireular  seals,  ecolesiastica  and  women  the  pointed  oval ;  counter- 
seals,  leareta,  do  not  occur  earlier  than  1170  :  the  wax  used  was  white 
bees'- wax,  sometimes  painted  red,  but  green  wax  became  coxamaa  at 
the  close  of  the  12th  century;  during  the  18th  and  14th  centuries 
armorial  bearings  were  introduced  by  the  knights  and  others  entitled 
to  wear  them,  while  the  middle  cassea  adopted  arbitrary  devices — 
fleur-de-lis,  agnus  dei,  iui.,  grotesques,  and  emblems  of  their  craft  or 
calling.  From  the  reign  of  Heniy  III.  the  style  and  art  much  im- 
proved ;  the  shape  of  tdmost  all  the  seals  of  this  period  is  oval,  the 
wax  generally  green,  and  the  counterseal  from  the  year  1200  in  oommon 
use.  After  the  year  1400,  personal  seals,  not  of  an  armorial  character, 
decline  in  size  and  importance.;  and  merchants'  miu-ks  composed  of 
monograms,  introduced  by  the  Flemings,  are  eonuaon  devioes  of  the 
15th  and  16th  centuries.  From  the  12th  to  the  16th  century  antique 
gems  set  in  silver  were  often  used. 

Pergonal  seals  have  either  the  representation  of  the  person  to  whom 
they  belong,  armorial  bearings  or  arbitrary  devices  ;  only  the  nobility 
used  personal  effigies,  as  armed,  on  horaelniik,  or  holding  their  shields ; 
ladies  stand  holding  a  bird  or  fleur-de-lis.  Equestrian  seals  are  circular, 
the  others  pointed.  Armorial  bearings  begin  in  the  12th  and  continue 
till  the  13th  century ;  at  the  end  of  tiie  15th  the  middle  class  assumed 
coats  of  arms.  Plain  arms  on  pointed  shields  are  the  oldest ;  at  the 
15th  century  the  shields  are  surrounded  with  drapery.  They  are 
generally  orbiciUar,  elliptic,  or  in  form  of  a  shield,  and  the  matrices 
were  flat,  with  a  dorsal  ridge  and  little  ring ;  at  the  middle  of  the  14tb, 
helms  with  feathers,  crests,  and  support  appear,  and  Gothic  letters, 
which  become  common  in  the  15th  century.  Seals  with  grotesque 
devices  and  mottoes,  assumed  at  pleasure,  were  in  general  use  during 
the  14th  and  16th  centuries :  love  seals  had  two  heads  facing;  and  a 
favourite  device  was  a  squirrel.  But  after  the  15th,  and  in  the 
beginning  of  the  16th,  a  great  change  took  place,  the  wax  was  covered 
with  white  paper  and  impressed,  and  at  a  later  period  wafers  placed 
between  paper  were  introduced,  while  sealing-wax  was  invented  by 
Rousseau  in  the  17th  century,  and  the  seal,  originally  the  substitute  tar 
the  signature,  at  last  degenerated  into  a  legal  formality  and  fiction. 

The  matrices  of  the  early  mediaeval  wax  seals  were  made  of  lead 
for  the  middle  and  poorer  classes,  silver  appears  to  have  been  used  by 
the  nobility ;  and  in  the  13th  century  a  mixed  metal  reeembUng  brass, 
long  confined  to  Cologne,  was  used  for  the  matrices;  jet  was  used 
occasionally,  and  the  matrices  worn  as  amulets.  The  matrices  are 
generally  flat  disks,  about  ^  inch  thick,  sometimes  with  a  dorsal  ridge 
and  a  ring  or  loop  for  suspension.  The  double  seals  have  projecting 
rings  at  the  sides,  with  pins  for  securing  them  when  in  the  press. 
The  shape  varied  at  different  epochs :  under  the  Merovingians  they 
were  orbicular;  under  the  Carlovingians,  small  ovaL  In  the  14th  and 
15th  century  the  sizes  increased ;  but  the  ordinary  forms  are  pointed 
vesica,  oval,  and  angular ;  although  trefoil,  horseshoe,  lo^bnge,  square, 
octagonal,  and  other  varieties  occur.  The  matrices  were  sometimes 
forged,  dies  of  Pius  II.  for  making  false  bullte  having  been  found  in 
London,  and  a  false  leaden  matrix  of  Henry  II,  for  Ireland  still  exist- 
ing. The  colour  of  the  wax  difiered  acconling  to  the  period :  white 
was  employed  by  the  French  kings  of  the  first  three  races,  the 
emperors  and  prelates  of  Germany,  till  the  1 3th  century ;  the  kings  of 
England  from  the  time  of  Charles  I.,  and  some  orders  of  knighthood. 
In  France,  Louis  VIL,  A.D.  1137,  first  used  red  wax ;  William  II.,  in 
England;  and  Frederick  Barbarosaa,  in  Germany;  and  monastic 
orders  and  territorial  barons  for  judgments,  quittances,  and  other 
charters  during  the  14th  and  16th  centuries.  Philip  Augustus^  a,d, 
1180,  first  employed  green  wax,  which  was  also  used  by  the  nobility 
and  ladies.  Blade  was  employed  by  the  Teutonic  order  in  the  13t£ 
century.  The  form  of  the  letters  of  the  iuscriptionB  changed  from 
time  to  time ;  Roman  capitals  were  in  use  till  the  12th  century,  when 
Gothic  letters  commenced  with  the  form  SI,  SIG,  or  SIGILLYM  ; 
and  in  the  14th  century  the  legend  was  preceded  by  a  croes  -I- ,  and 
later  by  a  rosette  or  star.  Latin  was  the  language  usually  employed. 
The  name  of  the  seal  WM  sometimes  on  the  legend,  as  ligiUam  con* 
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mwne,  common  leal;    ligiUum  leerttum,  privy  seal;    com 
couuteraeiU.      The   early  French  seals  bave  invocationB,  as  Chrult 
protege  Pippinum  JUgem,  "  God  save  king  Pepin." 

In  Engluid,  the  bolIb  of  conveying  parties  are  noiv  essential  to  all 
legal  instruments  whereby  real  estate  is  conveyed.  The  la^  recognises 
three  royal  seals,  the  great  seal  in  custody  of  the  chancellor,  attached 
to  all  letters  patent,  granU  of  inheritance,  or  chattels  real,  offices  in  fee 
and  vrits  at  common  law,  the  privy  seal  kept  by  the  Lord  Keeper, 
valid  for  the  issue  of  treasure,  disposition  of  chattels,  contracting  or 
discharging  a  debt ;  the  signet,  or  privy  signet  in  custody  of  the  prin- 
cipal secretaries  of  state,  valid  as  authenticating  the  sign  manual,  and 
for  the  writ  ne  exeat  regno.  The  counter  signature  of  a  principal 
secretary  of  state  is  requ&ed  by  a  statute  for  we  use  of  all  the  seals. 
(Comyn,  'Digest,'  Patent;  Coke  upon  Littleton,  by  Hargrave  and 
Thomas,  it  238.) 

Among  oriental  nations  seals  have  been  employed  %B  a  stamp.  The 
Chinese  great  seal  called  «  dates  from  the  Tsin  dynasty,  B.C.  248, 
under  whom  they  were  square ;  under  the  Hftn  dynasty  they  became 
circular.  Other  seals  jfin  are  generally  square  and  made  of  gold,  silver, 
copper,  crystal,  porcelain,  steatite,  wood,  and  other  substances,  of  tall 
rectangular  shape,  surmounted  by  figures  of  lions,  apes,  diagons,  and 
other  animals.  They  generally  have  mottoes  or  sentences  from 
C!hineae  classical  authors,  and  impressions  in  various  coloured  inks  are 
stamped  in  important  places  on  commercial  and  public  documents, 
books,  and  papers.  The  Arabs  and  Indians,  from  the  earliest  times, 
have  used  metal  seals  and  gems  to  impress  by  means  of  black  ink 
impressions  on  their  books  and  other  documents ;  only  wax  has,  how- 
ever, been  used  in  modem  limes. 

The  study  of  seals  is  one  of  the  most  important  in  archeology; 
after  the  fall  of  the  Roman  Empire  they  replace  the  loss  of  gems 
and  show  the  state  of  the  glyphic  art;  of  architectural  progress;  of 
Christian  symbolism  till  the  present  day ;  at  the  some  time  throwing 
great  Ughlf^on  the  history  of  states  and  families,  their  heraldic  devices 
and  genealogy. 

Mabillon,  JM  re  diplomatied,  to.  Par.  1681 ;  the  Benedictina'  Traiti 
de  diploTnatique,  4to  Par.,  17S9  ;  De  Wailly,  Blementi  de  Palaographie, 
iU),  Paris,  1868,  vol.  ii.  ;•  Travava  de  la  SocUU  Sphragiitique  de 
Parii,  1852;  Proceedingi  of  the  Archaological  Irnlitnte,  London, 
1886-61. 

SEALING- WAX.  The  best  red  sealing-waz  is  copiposed  of  shell- 
lac,  Venice  turpentine,  and  cinnabar.  The  shell-lac  by  itself  is  rather 
too  brittle,  and  &>e  turpentine  is  added  to  remedy  that  defect.  The 
proportions  are  about  four  parts  of  lac,  one  part  of  turpentine,  and 
three  parts  of  cinnabar,  by  weight.  When  the  lac  and  turpentiue  are 
melted,  the  cinnabar  is  added  in  powder,  and  the  whole  is  well  mixed 
by  stilting  it  about.  The  round  sticks  of  seaHng-wax  are  made  by 
hand  on  a  smooth  slab  of  marble  or  plate  of  metid,  which  is  kept  at  a 
moderate  temperature  by  ^  brazier  placed  beneath  it.'  The  liquid 
sealing-wax  having  been  partially  oooled,  a  quantity  sufficient  to  make 
about  six  sticks  is  rolled  out  on  the  slab  or  plate  into  one  long  stick ; 
which,  when  of  proper  diameter,  is  cut  into  lengths,  and  transferred  to 
another  workman,  by  whom  the  sticks  are  rolled  on  a  cold  slab 
beneath  a  smooth  piece  of  wood  or  metal.  The  sticks  are  now  polished, 
which  is  done  by  holding  them  successively  between  two  contiguous 
charcoal  fires  till  the  surface  is  fused,  which  produces  the  polish.  One 
end  is  then  softened  by  being  brought  near  the  flame  of  a  lamp,  in 
order  to  receive  the  impression  of  the  maker's  name.  This  manipu- 
lating process  is  only  applied  to  the  round  sticks ;  those  which  are 
oval  and  ornamented  are  formed  by  pouring  the  liquid  sealing-wax 
into  a  mould ;  when  partly  cooled,  the  sticks  are  removed  to  another 
mould  made  of  steel,  out  of  whldi  they  are  taken  polished  and  fit 
for  use. 

For  the  best  black  BeaUng-wax,  the  finest  ivoiy-black  is  substituted 
foV  the  cinnabar.  For  seuing-yrax  of  inferior  quality,  not  only  the 
darker-coloured  shell-lac  is  used,  but  other  resins  of  less  value,  com- 
mon turpentines,  and  mixtures  of  cinnabar  and  red  lead,  or  sometimes 
red  lead  alone ;  and  lamp-black  is  used  instead  of  iroiy-black.  Other 
oolours  are  given  to  sealing-wax  by  mixing  with  it,  for  the  most  port, 
different  metallic  oxides. 

The  softer  wax,  which  was  formerly  in  general  use  for  sealing  letters 
and  legal  documents,  and  which  is  still  occasionally  used  for  the  latter 
purpose,  consists  of  about  four  parts  of  beee'-wax,  one  port  of  Venice 
turpentine,  and  as  much  dhnabar  or  other  colouring  material  as  is 
required  to  give  it  the  tint  which  is  preferred. 

SEAMEN.    [Ships.] 

SEARCH,  RIGHT  OF.  The  general  principles  upon  which  that 
part  of  the  law  of  nations  is  constructed  which  respecU  the  usages  to 
be  observed  towards  neutral  powers  in  time  of  war  by  the  belligerent 
powers,  have  been  explained  under  the  head  of  Blockade.  Here  it  is 
only  necessary  further  to  remark  that  manifestly  no  other  right 
can  be  exercised  by  the  belligerent  over  the  ships  of  the  neutral 
without  the  right  of  visitation  and  search.  The  existence  of  that 
right,  accordingly,  to  use  Lord  Stowell's  language  in  the  well-known 
case  of  the  Hana  (1  Robinson,  840),  is  acknowledged  beyond  all  con- 
troversy as  attaching  to  the  lawfully  commisBioued  cruisers  of  the 
belligerent  nations,  whose  rights  cannot  le«^y  be  varied  by  the  inter- 
position, in  any  manner  of  mere  force,  of  t&e  autiiority  of  the  sovereign 
of  the  neutral  country :  »  ri(^t  that  is  lU  reasonable  as  it  is  necwsaiy, 


for,  as  his  lordship  says,  "Till  they  are  visited  and  searched,  it  does 
not  appear  what  the  mips,  or  the  cargoes,  or  the  destinations  are ;  and 
it  is  for  the'  purpose  of  ascertaining  tfese  points  that  the  necessity  of 
this  right  of  visitation  and  search  exists." 

In  the  exercise  of  the  right  of  search  upon  a  neutral  vessel,  which 
must  be  conducted  with  as  much  regard  to  the  rights  and  safety 
of  the  vessel  detained  as  is  consistent  with  a  thorough  examination 
of  her  character  and  voyage  (the  Anna  Maria,  2  Wharton's  (Amor.) 
Rep.  332),  the  first  and  principal  object  of  inquiry  is  generally 
the  ship's  papers.  These  are,  the  passport  from  the  neutral  state 
to  the  captain  or  master;  the  sea  letter,  or  sea  brief,  specifying 
the  nature  and  qiuutity  of  the  cargo ;  the  proofs  of  property ;  the 
muster-roU  of  the  crew,  containing  the  name,  age,  rank  or  quality, 
place  of  residence,  and  place  of  birth  of  each  of  the  ship's  company ; 
the  charter  party ;  the  bill  of  lading ;  the  invoices ;  the  log-book ;  and 
the  bill  of  health.  (Abbott, '  On  Shipping,'  9th  edit.  ,288.)  Upon  the 
subject  of  the  ship's  documents,  it  should  be  observed,  that  if  she  is 
not  properly  documented,  or  if  there  has  been  a  spoliation  of  papers, 
and  other  signs  of  bad  faith,  these  aro  grounds  of  unfavourable  pre- 
sumption, the  effect  of  which  is  not  to  be  avoided  except  by  clear  and 
satisfactory  evidence  to  the  contraiy.  (M'Lachlan, 'Law  of  Merchant 
Shipping,' p.  481.) 

The  penalty  for  the  violent  contravention  of  the  right  of  visitation 
and  search,  is  the  confiscation  of  the  ship  and  cargo ;  and  a  rescue  by 
the  crew  after  the  captors  are  in  actual  possession  is  considered  as  the 
same  thing  with  a  forcible  prevention.  In  either  case  the  resisting 
ship  may  be  seized  in  the  same  manner  as  if  it  belonged  to  the  enemy, 
and,  being  brought  into  port,  will  be  condemned  as  prize. 

Of  course,  any  of  the  belligerent  powers  may  agree  with  any  of  the 
neutral  states  that  the  right  of  search  sludl  only  be  exercised  in  certain 
circumstances ;  and  this  is  the  first  limitation  that  falls  to  be  noticed. 
"  Two  sovereigns,"  Lord  Stowell  has  said  in  the  same  judgment,  "  may 
unquestionably  agree,  if  they  think  fit,  as  in  some  late  instances  they 
have  agreed,  by  special  covenant,  that  the  presence  of  one  of  their 
armed  ships  along  with  their  merchant-ships  shall  be  mutually  utider- 
stood  to  imply  that  nothing  is  to  be  found  in  that  convoy  of  merchants' 
ships  inconsistent  with  amity  or  neutrality ;  and,  if  they  consent  to 
accept  this  pledge,  no  third  party  has  a  right  to  quarrel  with  it,  any 
more  than  with  any  other  pledge  which  they  may  agree  mutually  to 
accept.  But  surely  no  sovereign  can  legally  compel  the  acceptance  of 
such  a  security  by  mere  force.  The  only  security  known  to  the  Law 
of  Nations  upon  this  subject,  independent  of  all  special  covenant,  is 
the  right  of  personal  visitation  and  search,  to  be  exercised  by  those 
who  have  the  interest  in  making  it."  Lord  Stowell  here  alludes  to  the 
pretensions  of  the  northern  powers  in  their  convention  for  the 
establishment  of  what  was  called  an  armed  neutrality  in  1800,  one  of 
the  clauses  of  which  Vas,  "  That  the  declaration  of  the  officers  who 
shall  command  the  ship  of  war,  or  ships  of  war,  of  the  king  or  emperor, 
which  shall  be  convoying  one  or  more  merchant-ships,  that  the  convoy 
has  no  contraband  goods  on  board  shall  be  sufficient;  and  that  no 
search  of  his  ship,  or  the  other  ships  of  the  convoy,  shall  be  permitted." 
It  is  sometimes  stated  that  this  was  also  one  of  the  principles  of  the 
previous  convention  of  the  same  kind  formed  by  the  northern  powen 
in  1780;  and  there  may  perhaps  have  been  an  underatanding  among 
the  contracting  parties  to  that  effect ;  but  we  do  not  find  it  distinctly 
avowed  in  any  of  their  published  announcements.  The  position  in 
question,  namely,  that  the  presence  of  a  ship  of  war  should  protect 
from  search  the  merchantmen  under  its  convoy,  never  has  been  admitted 
by  Great  Britain. 

But  it  is  now  universally  admitted  that  the  right  of  visitation  and 
search  cannot  be  exercised  upon  a  ship  of  war,  or  public  or  national 
vessel,  itself ;  and  this  is  the  second  limitation  of  the  right.  It  is  strange 
that  there  should  ever  have  been  any  doubt  or  dispute  upon  this  point. 
A  ship  of  war  has  always  been  looked  upon  as  in  a  manner  part  of  the 
national  territory,  and  as  such  inviolable  in  any  circumstances  what- 
ever ;  the  act  of  entering  it  in  search  either  of  contraband  goods  or  of 
deserten  must  be  considered  as  an  act  of  the  same  character  with  that 
of  pursuing  a  smuggler  or  fugitive  across  the  frontier  of  the  state 
witiiout  permission  of  the  sovereign  authority,  a  thing  the  right  of 
doing  which  has  never  been  claimed.  Accordingly,  although  it  has 
been  a  eonunon  thing  for  nations  to  declare  by  express  stipulation  in 
tiieir  treaties  with  one  another  that  the  prize  courts  in  each  shall 
exerdse  a  jurisdiction  according  to  the  recognised  principles  of  public 
law  in  questions  arising  with  regard  to  captures  at  sea,  the  language 
used  has  always  implied  that  tiie  captures  are  to  be  merchiuit  or 
private  vessels  :  of  the  concession  by  one  power  to  another  of  the  right 
of  adjudicating  upon  its  ships  of  war  detohied  or  brought  into  port  not 
a  trace  is  to  be  found  in  any  such  treaty.  Tet  an  opposite  doctrine 
has  been  both  maintained  in  argument,  and  attempted  to  be  carried 
into  effect  In  1653,  when  after  the  disastera  of  the  war  with 
England  that  had  broken  out  in  the  preceding  year,  the  Dutch  were 
reduced  to  such  a  state  as  to  make  them  anxious  for  peace  upon  almost; 
any  terms,  the  English  government  demanded  as  one  of  the  stipula- 
tions of  the  proposed  treaty  that  all  Dutch  vessels,  both  of  war  and 
others,  should  submit  to  be  visited,  if  thereto  required.  But,  humbled 
as  the  Dutch  were,  they  peremptorily  refused  to  agree  to  any  such 
stipulation ;  and  the  treaty  was  concluded  in  1654  without  it.  From 
this  time;  for  more  Hua  »  centuiy  and  a  haU,  the  prindple  of  tho 


Digitized  by 


Google 


at 


SEARCH,  RIGHT  OK 


SEASONS,  CHANGE  OF. 


immunity  of  ships  of  war  from  visitation  and  scorch  was  acquiesced  in 
by  the  practice  of  our  own  and  every  other  country,  nor  is  it  knovm  to 
have  been  contested  even  in  speculation.  But  at  length,  in  the  cgurse 
of  the  controveisy  that  arose  respecting  the  rights  of  neutrals  out  of  the 
Berlin  and  Milan  decrees  of  the  French  emperor  and  our  own  orders  in 
council,  in  1806  and  1807  [Blockask],  while  some  extreme  partisans 
oo  the  one  side  contended  that  even  merchant  ships  were  not  liable  to 
search  when  under  the  convoy  of  a  man-of-war,  others  on  the  opposite 
side  revived  the  old  pretension  of  the  Knglish  republican  government 
of  18S3,  and  maintained  our  right  of  visiting  and  searching  the  ships 
of  war  tbemselvee  of  neutral  states  whenever  we  should  think  proper. 
The  practical  application  of  the  principle  that  was  now  especially  called 
for  was  the  visitation  of  the  wipe  of  war  of  the  United  States  of 
America,  for  the  purpose  of  recovering  seamen  alleged  to  be  subjects 
of  this  country  and  deserteia  from  the  British  service.  An  actual 
enforcement  of  the  n^w  doctrine  occurred  iu  an  attack  made,  on  the 
23rd  of  June,  1807,  by  the  British  ship  of  war.  Leopard,  upon  the 
-Amerioan  frigate  Chesapeake,  lying  off  the  Capes  of  Virginia.  On  the 
refusal  of  the  American  captain  to  permit  lus  ship  to  be  vi^te<],  the 
Leopard  fired  into  the  Chesapeake,  which,  being  unprepared  for  action, 
immediately  struck  her  fiag.  Four  men  were  carried  off,  and  the 
Amorican  ship  was  then  left.  The  American  minister  in  London  was 
directed  to  demand  satisfaction  of  the  British  government.  Nego- 
ciations  were  continued  for  a  long  time  without  any  result;  the  ailair 
of  the  Chesapeake  soon  became  mixed  and  compUcated  with  other 
incidents,  giving  rise  to  new  claims-  and  counterclaims ;  at  last  the 
American  government  took  its  stand  on  new  ground,  objecting  to  the 
seardi  not  cmly  of  ships  of  war  but  even  of  merchant  vessels  for 
deserters;  it  was  not  denied  that  the  search  of  merchantmen  was 
sanctioned  by  the  law  of  nations,  but  the  exercise  of  the  right  was 
denounced  as  necessarily  irritating  and  fraught  with  danger,  and  it 
was  urged  that  it  shoiUd  on  that  account  be  dispensed  with  and 
abolished.  In  the  end  war  broke  out  between  the  two  countries 
in  the  summer  of  1812;  but  even  tibat  did  not  settle  any  of  the 
questions  that  had  arisen  between  them  in  connection  with  the  right 
of  search.  The  treaty  of  peace  signed  at  Grhent  on  tbe  24th  of 
December,  1811,  contained  no  stipulation  on  that  subject,  which 
was  now  supposed  to  have  lost  its  practical  importance.  This  question 
was  again  incidentally  raised  between  England  and  America  m  1812. 
In  tlie  discussion  which  then  took  place  between  Lord  Ashburton  and 
Mr.  Webster  relative  to  the  boundary  lice  of  the  state  of  Maine,  the 
American  minister  intimated  that  the  rule  hereafter  to  be  insisted 
upon  would  be  that  every  regularly  documented  American  vessel 
would  be  evidence  that  the  seamen  on  board  were  American,  and 
would  find  their  protection  in  the  flag  that  was  over  them ;  and  again 
in  liSi,  when,  after  the  issuing  of  the  declaration  by  the  Queen  of 
England  (on  the  2Sth  March),  it  was  supposed  to  be  her  Majesty's 
intention  to  relax  the  ri£^  of  search,  the  Attorney-General  stated 
in  answer  to  a  question  in  the  House  of  Commons  (30th  March), 
"  That  it  never  was  intended  to  give  up,  nor  did  the  declaration  give 
up,  the  right  of  searching  neutral  vessels.  It  was  impossible  to  give 
up  that  right,  and  this  country  still  maintains  its  right  to  search 
and  seize  vessels  which  carry  enemy's  despatches,  or  artidea  contra- 
band of  war."  Bnt  whilst  England  thus  reserved  to  ittself  this  right, 
■he  waived  its  exercise  during  the  war,  and  on  the  termination  of 
hoatilities,  concurred  with  France,  Austria,  Russia,  Prussia,  Sardinia, 
and  Turk(;y,  in  establishing  the  principle  that  "  free  ships  make  free 
goods." 

The  maritime  dedaration  appended  to  the  Treaty  of  Faris  comprises 
among  others  the  following  points : — 

1.  The  neutral  flag  oeven  enemy's  goods,  with  the  exception  of  con- 
traband of  war. 

2.  Neutral  goods,  except  contraband  of  war,  are  not  liable  to  capture 
under  the  enemy's  flag. 

The  United  States,  however,  refused  to  concur  in  this  declaration, 
unless  it  was  further  conceded  that  enemy's  goods  on  board  enemy's  mer- 
chant ships  should  be  allowed  the  same  exemption  as  on  board  neutrals. 

At  present  therefore  it  appears  that  the  right  of  search,  abolished  so 
far  as  relates  to  memy'i  property  on  board  neutral  ships  by  tlie  Ti-eaty 
of  Paris,  subsists  as  to  the  other  points  in  respect  of  niiich  it  was 
formerly  exercised,  namely,  the  carriage  of  troops,  hostile  despatches, 
and  contraband  of  war.     (Arnold  on  •  Marine  Insurance,'  vol.  i.  p.  673.) 

The  right  of  visitation  and  search,  however,  is  by  no  means  neoes- 
sarily  confined  to  a  time  of  war.  Its  exerdse  has  always  been  admitted 
to  be  equally  allowed  by  international  law  in  time  of  peacei,  though  it 
may  not  commonly  have  then  been  so  frequently  thou^t  to  be  called 
for.  _  The  very  question  of  the  seuiiu-e  by  one  country  of  its  subjects 
serving  in  the  mercantile  navy  of  another,  which  was  one  of  the  main 
subjects  of  dispute  between  England  and  America  before  the  breaking 
out  of  actual  hostilities  in  1812,  may  arise  in  a  time  of  peace  aa  well  as 
in  a  tame  of  war,  thou^  its  importance  no  doubt  is  less  in  the  former 
than  in  the  latter.  The  chief  questions  connected  with  the  right  of 
■earch,  the  number  of  which  is  greatly  reduced  iu  a  time  of  general 
peace,  are  those  rekting  to  the  trading  rights  of  neutrals ;  but  even  of 
tiese  some  remam.  Of  late  yeare,  however,  the  right  of  search  has 
become  principally  important  io  reference  to  the  trade  iu  slaves,  which 
has  now  been  declared  to  be  illegal  by  most  of  the  great  maritime 
Btateck    The  right  of  visitation  and  search,  however  its  exercise  may  be 


regulated,  seems  to  afford  tlie  only  means  of  asoert^ing  whether  or 
no  a  vessel  has  got  slaves  on  board ;  but  it  is  evident  that  any  power 
opposed,  for  whatever  reason,  to  the  exercise  of  that  right  may,  even 
while  declaring  the  slave  trade  to  be  illegal,  refuse  to  allow  that  ille- 
gality to  be  made  an  excuse  for  the  visitation  of  suspected  ships  bear- 
ing its  flag.  It  is  only  by  express  stipulation  that  the  free  exercise  of 
the  right  ain  be  established.  Euglaiiil,  which  has  all  along  boon  fore- 
most in  the  attempt  to  suppress  tlie  slave  trade,  has  never  objected  to 
the  exerdjo  of  the  right  of  search  for  this,  or  indeed  for  any  other 
legitimate  object;  but  other  nations,  jealous  of  our  predominant 
maritime  power,  have,  not  perhaps  very  unnatvirally,  been  extremdy 
reluctant  to  concede  it  in  this  particular  ease.  Probably  the  beet 
illustration  of  these  remarks  is  afforded  by  the  Ashburton  IVeaty,  and 
the  attitude  of  American  publicists  with  reference  to  it.  By  the  8th 
article  of  that  treaty,  each  party  was  to  tnaintain  a  separate  squadron 
on  the  coast  of  Africa  for  five  years,  and  the  ci-uisers  of  the  respeeti\t 
nations  were  to  detain  all  vessels  imder  American  colours  equipped  fon 
and  engaged  iu,  the  slave  trade ;  that  if  proved  to  bo  American  pro- 
perty they  should  be  delivered  to  an  American  cruiser ;  and  if  proved 
to  be  Spanish,  Portuguese,  Brazilian,  or  Englidi  property,  to  an 
EngUsh  cruiser.  In  the  Presideut's  message  (August  11,  1842),  and  in 
the  discussions  in  the  American  House  of  Representatives,  it  was 
maintained,  or  attempted  to  be  maintained,  that  the  8th  article  «u  a 
sutetitute  for  visitation  and  search;  but  Sir  S.  Peel  emphatically 
declared  that  iu  acting  upon  the  treaty  England  had  not  abandoned 
her  claim  to  the  right  of  visitation ;  and  Lord  Aberdeen's  despatch, 
re  .iffirming  the  British  doctrines  on  this  subject,  recorded  the  deter- 
mination of  England  not  to  depart  from  the  principles  she  had  con- 
stantly asserted.  Upon  this  treaty,  the  debates  in  the  British  Houses 
of  Parliament,  the  expressed  opinion  of  the  British  Government,  and 
the  instructions  to  its  cruisers,  considerable  discussions  have  been 
raised,  and  attempts  have  been  made  by  American  writers  (among 
whom  Mr.  W.  B.  Laurence's  recent  treatise  on  '  Visitation  and  Search 
deserves  Bpeci.il  notico)  to  show  that  the  doctrines  of  England  are 
una'orranted  by  law,  dangerous  to  the  welfare  of  other  countries,  and 
intended  solely  to  promote  the  attainment  of  universal  dominion  under 
the  guise  of  humauity;  that  tho  time  has  come  when  such  doctrines 
must  be  energeUcally  opposed,  and  that  if  they  can  be  supported  by  an 
appeal  to  the  language  uf  treaties,  then  it  is  the  duty  of  the  States  of 
the  Union  to  inMst  upon  the  discontinuance  of  those  treaties. 

Some  further  reumrks  on  tliis  subject  are  briefly  made  under  the 
article  Slavk,  Slavery. 

SEASONS,  CHANGE  OF.  The  phenomena  of  the  seasons  may  be 
divided  into  those  which  always  recur  every  year  and  those  which  are 
different  in  different  years.  We  have  in  eveiy  year  the  same  succes- 
sion of  longer  and  shorter  days,  with  a  summer  and  winter ;  while  the 
summer  of  one  year  is  of  a  higher  temperature,  and  accompanied  by 
finer  days,  than  that  of  another.  The  unvarying  phenomena  can  be 
explained  by  what  wo  know  of  the  sun's  (or  earth's)  motion ;  the  vsry- 
ing  phenomena  belong  to  the  science  of  meteorology,  and  dej>end  upon 
atmospheric  and  other  circumstances,  with  which  we  have  httle  or  Bo 
acquaintance.  At  any  given  moment,  the  light  and  heat  received 
from  the  sun,  at  any  given  place,  depend  upon  the  altitude  of  that 
body  in  two  ways.  In  the  first  ]ilace,  the  lower  the  sun  is,  the  greater 
the  thickness  of  the  portion  of  the  atmosphere  which  its  rays  have  to 
traverse  before  reaclung  the  spot ;  the  greater  then  is  the  li^t  and 
heat  which  is  lost  in  the  passage.  In  the  second  place,  the  less  the 
altitude  of  the  sun,  the  loss  the  actual  quantity  of  light  and  beat 
whidi  falls  upon  any  given  spot    If  ab  be  the  diameter  of  a  drcdar 
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portion  of  the  earth's  surface,  and  if  the  snn  be  seen  in  the  direction 
B  u,  the  light  which  foils  on  that  circle  is  a  cylinder  of  rays  with  the 
diameter  CD;  but  if  the  sun  be  seen  vertically,  or  in  the  direction  BN, 
the  cylinder  of  rays  has  XF  for  its  diameter,  besides  which,  the  rays  of 
the  first  cylinder  are  weaker  than  those  of  the  second,  as  having  paesed 
through  more  of  the  atmosphere.  Neglecting  thia  latter  consideration, 
the  quantities  of  light  and  heat  received  when  tho  srm  is  at  two  dif- 
ferent altitudes  are  as  the  sines  of  those  altitudes.  Thus  tlic  sine  of 
80"  being  \  and  that  of  90°  being  1,  the  quantity  of  light  which  falls 
on  a  given  spot  when  the  aun  is  vertical  is  double  of  that  which  falls 
when  its  altitude  is  80°. 

The  earth's  axis  preserves  its  direction  throughout  tho  whole  of  the 
yearly  motion.  The  consequence  is,  that  places  which  are  distant  from 
the  equator  have  very  unequal  days  at  different  times  of  the  year. 
[Sun.]  The  accompanying  figure,  which  is  generally  given  in  con- 
nection with  this  subject,  represents  the  earth  in  its  four  principal 
positions ;  the  sun  being  at  8,  and  N  being  tho  noi-th  pole  of  the  earth. 
A  is  at  the  vernal  equinox,  the  intersection  of  the  equator  and  ediptis 
passes  through  the  sun,  and  days  and  nights  are  equal  all  mat  the 
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SEAT. 


SECONDABY. 


irmU.  B  i«  at  the  cummer  ^ktice,  when  the  nm  ia  moit  above  the 
Muator  on  the  nocthem  side ;  ibe  diomal  circles  north  of  the_  equator 
have  more  day  than  night,  aid  have  their  longest  days :  and  viae  vtnd. 
a  is  the  autumnal  equinox,  the  pheoomeoa  of  a  bemg  repeated.  D  is 
at  the  winter  solstice,  where  the  sun  is  farthest  from  the  equator  on 
the  southern  side ;  the  phenomena  ol  B  are  now  revened,  the  days 
being  shortest  <»  the  north  aide  of  the  equator.    This  figure  veiy  well 
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exjdains  the  Tariation  of  days  aikd  the  main  reason  for  the  phenomena 
of  seasons  in  the  extis-tropieal  parts  of  the  earth.  It  is  evident  that, 
speaking  of  the  northern  hemisphere,  the  sun,  being  above  the  equator, 
gives  not  only  longer  days,  but  greater  altitudes;  more  powerful  light 
and  heat,  and  mora  of  it  in  duratiou. 

The  average  temperature  being  nearly  the  same  in  different  years, 
the  northern  ude  of  the  earth  most  bo  receiving  more  than  it  parts 
with  dioing  a  portion  of  the  year,  and  parting  with  more  than  it 
receives  during  the  remainder.  Th«  summer  half  of  its  year  is  that 
half  during  which  it  gains,  on  liie  whole,  more  than  it  parts  with;  the 
mrpius  being  that  which  is  lost  during  the  winter  h.i1f.  The  da^  in 
which  most  heat  ia  received  ia  the  longest  day ;  but  it  is  notorious 
that  the  hottest  weather  is  gcnei'ally  some  time  after  the  longest  day. 
This  ia  easily  explained,  as  follows  : — Tlie  time  of  the  greatest  heat  is 
not  that  at  which  most  heat  is  received,  but  that  at  which  the  quantity 
of  heot  is  the  greatest,  namely,  just  before  the  daily  receipts  of  heat 
begin  to  fall  short  of  the  daily  expenditures.  So  lon^  as  the  receipt 
exceeds  the  expenditure,  heat  is  di^ly  added  to  the  hemisphere,  and  the 
weather  becomes  bottw.  The  same  reason  may  be  given  for  the 
greatest  cold  generally  following  the  shortest  day,  with  a  considerable 
interval.  All  these  circumstances,  however,  depend  much  on  the  at- 
mospheric circumstances  of  the  year. 

The  preceding  e.'tplanation  does  not  serve  fbr  the  tropical  climates, 
the  days  and  nights  are  here  so  nearly  equal  throughout  the  year,  that 
Masons  are  caused  more  by  the  effect  of  the  winds  (which  are  very 
regular,  and  depend  mainly  on  the  sun's  position)  than  by  changes  in 
the  direct  action  of  the  sun's  light  and  heat.  The  seasons  are  not  a 
summer  and  a  winter,  so  mueh  as  recurrences  of  wet  and  dry  periods, 
two  in  each  year. 

With  regard  to  the  quantity  of  heat  received  in  a  day,  it  might  be 
expressed,  so  for  as  it  is  not  modified  by  the  atmosphere,  in  a  formula 
depending  on  tho  latitude  of  the  place  and  the  sun's  declination.  It 
will  be  enough  to  say  that  this  formula  shows  that,  the  sun  being  in 
the  equator,  the  day's  heat  in  different  places  is  as  the  cosine  of  the 
latitude ;  and  that  for  all  places  at  the  equator,  the  day's  heat  for 
different  days  is  as  tho  cosine  of  the  sun's  declination. 

The  different  distances  at  which  the  earth  is  from  the  sun,  at  dif- 
ferent times  of  the  year,  do  not  affect  the  heat  received  in  a  given 
portion  of  the  orbit.  The  sun  is  nearest  to  the  earth  in  our  mid- 
winter, but  for  that  reason  the  winter  is  shorter,  since  the  earth  moves 
more  rapidly-when  nearer  to  the  sun.  The  compensation  is  exact,  for 
the  quantity  of  heat  received  at  any  one  moment,  while  the  radius  of 
the  earth's  orbit  moves  through  any  small  angle,  is  greater  or  less  in 
the  inverae  proportion  of  the  square  of  that  radius.  But  the  time  of 
describiog  that  angle  ia  leas  or  greater  in  the  direct  proportion  of  the 
nme  square.  Consequently  the  heat  actually  received  by  the  earth  in 
the  two  halves  of  its  orbit  is  the  same  in  both. 

SEAT  (in  a  church).    rPi:w.] 

SEAWORTHINESS.    [ShipsJ 

SEBACIC  ACID.    [Sebacic  Oboup.] 

SEBACIC  QIIOUF.  A  small  class  of  chemical  compounds  belong- 
ing to  the  pelargonic  series  in  Uerhonlt's  arrangement.  The  principal 
member  ia  sebaoic  acid. 

Stbacie  add  (C„H,,0^2U0)  or  pgroleie  acid  is  always  obta^ed 
when  oleic  acid  or  an  oil  containing  oleic  acid  is  distilled.  It  is  most 
advantageously  prepared  by  the  octiun  of  a  hot  and  very  strong  solu- 
tion of  caustic  potash  upon  castor  oil.  The  ricinolic  acid  of  the  castor 
oil  is  thus  split  up  into  sebacio  acid,  caprylic^cohol,  and  free  hydrogen. 
Sebacio  acid  is  soluble  in  hot  water,  and  crystallises  out  from  a  boiling 
solution  of  the  sebote  of  potash,  produced  as  just  indicated,  on  the 
addition  of  hydrochlorio  aciil.  It  forms  white  lamellar  or  acicular 
crystals,  of  the  appearance  of  l.>enzoic  acid  ;  is  very  soluble  in  alcohol, 
ether,  or  oils;  reddens  litmus  inpcr;  melts  when  heated  to  260° 
Faht.,  and  at  a  higgler  temperature  sublimes.  Nittic  acid  converts  it 
into  suceiniB  acid. 


Sebacio  acid  is  bibasio,  forming  neutral  sthate$  of  the  formula  2M0 
C,„H„0,;  and  acid  salts  oontaining  MO,HO,C,oH„0,.  The  alkaUne 
salts  ore  nearly  all  crystalline  and  soluble  in  water ;  from  them  the 
other  selntes  are  prepared  by  double  decomposition.  Sebale  of  mahgl 
or  methyl  tibacie  ether  contains  CJiy,(fiM^S>,;  by  contact  with 
ammonia  it  gradually  yields  lebamUU  {C^jS^JO.)  in  orystaUine 
grains,  the  mother  liqi^or  containing  wianite  ae>a(Ca,H,^0^. 

Ipomie  acid  seems  to  be  identical  with  sebacio  acid.  Jalap  (ipomaa 
purga)  resin  yields  rhodeoretic  acid  whan  acted  on  by  bases,  and 
rhodeoretic  acid  furnishes  ipomie  acid  on  being  oxidised  by  nitric  acid. 
The  fusing  point  of  ipomie  acid  is  40  degrees  below  that  of  sabadiS  Mid, 
but  in  every  other  respect  it  resembles  the  Utter  body, 

SEBAMIC  ACID.    [Skbauic  Gbouf.] 

SEBAMIDE.    [SEBACIC  Qrodf.] 

SEBAT  (in  Hebrew,  QHt^),  is  the  fifth  month  of  the  civil  year  of 

the  Jews,  The  name  is  mentioned  in  tiie  7th  verse  of  the  1st  chapter 
of  Zecharioh,  where  it  is  called  the  eleventh  month,  reekooiog  fram  tiie 
vernal  equinox,  at  which  season  the  Jews  anciently  began  their  year. 
It  is  called  Sabat  io  the  Apocrypha,  at  1  Maco.  xvi.  14,  The  name  is 
found  at  Palmyra  written  as  in  Hebrew,  and  at  Balbek  it  was  written 
So/SoS.  Sebat  has  thirty  days ;  its  place  in  the  year  variea  from 
January  to  February,  and  in  1860  it  began  on  the  25th  of  January 
and  ended  on  the  23rd  of  February,  In  1S61  it  began  on  the  12th  of 
January  and  ended  on  Hie  10th  of  February.  A  fast  is  mentioned  in 
some  calendars  on  the  4th  day  of  Sebat,  for  the  wickedness  of  Israel 
after  the  death  of  Joshua,  and  another  on  the  23rd  day,  in  memory 
of  the  war  between  the  tribe  of  Benjamin  and  the  rest  of  the  nation, 
related  in  the  20th  chapter  of  Judges ;  but  these  fasts  are  observed 
very  partially,  if  at  all. 

SEBIN.  (C„H„0„),  The  sebate  of  Klycerin,  It  is  neutral  and 
crystalline,  and  is  transformed  by  oxide  of'  lead  into  sebadc  acid  and 
glycerin, 

SECALE  CORNUTUM.    [Eroot.] 

SECANT,  a  line  which  cuts  another;  also  a  term  in  Tbiqokoxetbt. 

SECEDERS.  The  origin  and  history  of  the  Seccders  from  the 
Established  Church  of  Scotland  will  be  found  brieSy  stated  in  the 
article  United  Fbesbyteriam  Chghcb,  that  being  the  name  adopted 
by  the  ^religious  fellowship  which  includes  the  greater  number  of 
Seoeders.  The  Si/Hod  of  I'nited  Original  Scceder;  the  only  body  which 
retuns  the  name  Seoeders  in  its  ofBcial  designation,  professes  the  same 
doctrine  and  discipline  as  the  United  Preebyterian  Church,  but  main- 
tains the  principle  of  a  national  church,  and  aUu  that  of  national 
religious  vowing  or  covenanting.  The  Original  Seceders  number  about 
30  congi'egations,  forming  4  presbyteries.  Since  the  disruption  in 
1843  [Free  Church  of  Scotland],  many  of  those  known  as  Original 
Seceders  and  Associate  or  Old  Light  Burghers,  have  joined  the  Free 
Church,  on  the  ground  of  its  being,  in-  their  judgment^  the  true 
National  Reformed  Church  of  Scotland. 

SECOND,  the  sixtieth  part  of  a  minute,  whether  of  time  or  of 
angular  measure.  [Angle  ;  TiU£.]  For  tho  derivation  of  this  word, 
see  Scuui'LB. 

SECOND,  an  interval  in  music,  a  discord,  the  ratio  of  which  is  9 : 8. 
Of  seconds  there  ore  three  kinds  :  tho  minor  second,  or  semitone,  as 
E  r ;  the  major  second,  c  D ;  and  the  extreme  sharp  second,  c  p ; 
Ex.:— 


SECOND-SIQHT,  a  power  believed  to  be  possessed  by  some  persons 
in  the  highlands  and  islands  of  Scotland,  of  foreseeing  future  events, 
especially  of  a  disastrous  kind,  by  means  of  a  spectral  exhibition  of  the 
persons  whom  these  events  respect,  aocompanied  with  such  emblems 
as  denote  their  fate. 

Jamieson  says,  "  Whether  this  power  was  commubicated  to  the 
inluibitonts  of  the  highlands  and  islands  of  Scotland  by  the  northtan 
nations,  who  so  long  hod  possession  of  the  latter,  I  shall  not  pretend 
to  determine ;  but  traces  of,  the  some  wonderful  faculty  may  be  found 
among  the  Scandinavians.  IsL  ramtki/gn  denotes  one  who  is  endowed 
with  the  power  of  seeing  spirits  :  '  qui  tali  visu  praiter  naturam  pra>- 
ditus  est,  ut  spiritus  et  dsmionea  videat,  opaca  etiam  visu  penetret,' 
VereL  Ind,  The  designation  is  formed  from  ramm-ur,  viribus  pollens, 
and  ticygn,  videns ;  o.  e.  powerful  in  vision." 

Dr.  Johnson,  in  his  journey  to  the  Western  Islands  of  Scotland, 
carefully  examined  the  questions  of  the  seoond-sight ;  but  neither  he 
nor  Dr.  Beattie  could  find  sufficient  evidence  -of  its  reality. 

In  Sir  John  Sinclair's  '  Statistical  Account  of  Scotland,'  vol.  iii., 
8vo.,  Edinb.,  1792,  the  minister  of  Applecross,  in  the  county  of  Ross, 
speaking  of  his  parishioners,  says,  "  with  them  the  belief  of  the  second- 
sight  is  general,"  * 

In  MacCullooh's  'Western  Islands  of  Sootlandj'  8vo.,  Lond,,  1819, 
vol.  ii.,  the  author  says,  "  To  have  circumnavigated  the  Western  Isles 
without  even  mentioning  the  second-sight  would  be  tmpardonable. 
No  inhabitant  of  St,  Kilda  pretended  to  have  been  forewarned  of  our 
arrival.  In  fact  it  has  undergone  the  fate  of  witchcraft ;  ceasing  to  bo 
believed,  it  has  ceased  to  exist." 

In  the  Erse  the  socohd-sight  is  called  Taisch. 

SECOKOABT,  a  name  given  to  any  oirol*  <m  tho  i|>hen  with 
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SECONDAKY  COIL,  CURRENTS,  *a 


SECTOR. 


reference  to  another  circle  :  if  the  latter  be  called  primary,  the  former 
is  secondary  when  it  pauea  through  the  polea  of  the  primary. 
[Sphbbe.] 

SECONDARY  COIL,  CURRENTS,  &c.    [Maoneto-Electhioitt.] 

SECRETARY  (Frendl,  Staritaire),  one  entrusted  with  the  secrets 
of  his  office  or  employer;  one  who  writes  for  another.  Its  remote 
origin  is  the  Latin  tecrelum.  The  phrase  "  notarius  secretorum  "  is 
applied  by  Vopiscus  ('  Div.  Aurelianvis ')  to  one  of  the  secretaries  of 
the  emperor  Aurelian.  This 'appellation  was  of  very  early  use  in 
England :  Archbishop  Becket,  in  the  reign  of  Henry  II.,  had  his 
"  secretariuH ; "  although  the  person  who  conducted  the  king's  corre- 
spondence, till  the  middle  of  the  18th  century,  was  called  his  clerk 
'only,  probably  from  the  office  being  held  by  an  ecclesiastic.  The  first 
time  the  title  of  "  secretarius  noster"  occurs  is  in  the  87^  Hen.  III., 
1253. 

SECRETARY  OF  STATE.  The  office  of  secretary  of  state  is  one 
of  very  ancient  dat«,  and  the  person  who  fills  it  has  been  called 
rariously  "  the  kings  chief  secretary,"  "  principal  secretary,"  and,  after 
the  Restoration,  "  principal  secretary  of  state."  He  was  in  fact  the 
king's  private  secretary,  and  had  custody  of  the  king's  signet.  The 
duties  of  the  office  were  originally  performed  by  a  single  person,  who 
had  the  aid  of  four  clerks.  The  statute  27  Henry  VIII.,  c.  11,  regu- 
lating the  fees  to  be  taken  h^  "  the  king's  clerks  of  his  grace's  signet 
nnd  privy  seal,"  directs  that  all  grants  to  be  passed  under  any  of  his 
major's  seals  shall,  before  they  are  so  sealed,  be  brought  and  delivered 
to  the  king's  principal  secretary  or  to  one  of  the  clerks  of  the  signet. 
The  division  of  the  office  between  two  persons  is  said  to  have  occurred 
at  the  end  of  the  reign  of  Henry  VIIL,  but  it  is  probable  that  tiie  two 
secretaries  were  not  until  long  afterwards  of  equal  rank.  Thus  we 
find  Sir  Francis  Walsingham,  in  the  time  of  Queen  Elizabeth,  addressed 
as  her  majesty's  principal  secretary  of  state,  although  Dr.  Thomas 
Wilson  was  his  oolleagiie  in  the  office.  Clarendon,  when  describing  the 
chief  ministers  at  the  beginning  of  the  reign  of  Cliarles  I.,  mentions 
the  two  secretaries  of  state,  "  who  were  not  in  those  days  officers  of 
that  magnitude  they  have  been  since ;  being  only  to  make  despatches 
upon  the  conclusioDs  of  councils,  not  to  govern  or  preside  in  those 
councils."  Nevertheless  the  principal  secretary  of  state  must,  by  his 
immediate  and  constant  adcess  to  the  king,  have  been  always  a  person 
of  great  influence  in  the  state.  The  statute  31  Henry  VIII.,  c.  10, 
gives  the  king's  chief  secretary,  if  he  is  a  baron  or  a  bishop,  place  above 
all  peers  of  the  same  degree ;  and  it  enacts  that  if  he  is  not  a  peer,  he 
shall  have  a  seat  reservod  for  him  on  the  woolsack  in  parliament ;  and 
in  the  Star  Chamber  and  other  conferences  of  the  council,  that  he 
shall  be  placed  next  to  the  tern  gre,it  officers  of  state  named  in  the 
statute.  He  probably  was  always  a  member  of  the  privy  council 
Cardinal  'VVolsey  in  his  disgrace  eiimestly  implores  Secretary  Gardiner 
(afterwards  bishop  of  Winchester),  whom  he  addresses  as  a  privy  coun- 
cillor, to  intercede  for  him  with  the  king.  (Ellis's '  Letter8,''vol.  ii.)  Lord 
Camden,  in  his  judgment  in  the  case  of  Entick  v.  Carrington  (11  Har- 
grave's  '  State  Trials,'  p.  817),  attributes  the  growth  of  the  secretary 
of  state's  importance  to  his  intercourse  with  ambassadors  and  the 
management  of  all  the  foreign  correspondence  of  the  state,  after  tho 
policy  of  having  resident  ministers  in  foreign  courts  wns  established 
in  Europe.  Lord  Camden  indeed  denies  that  he  was  anciently  a  privy 
counsellor. 

The  number  of  secretaries  of  state  seems  to  have  varied  from  time 
to  time :  in  the  reign  of  George  III.  there  were  often  only  two ;  but 
there  are  now  five  principal  secretaries  of  state,  whose  duties  are 
divided  into  five  departments,  namely,  for  homo  affairs,  foreign  affairs, 
for  war,  for  the  colonies,  and  a  fifth,  first  appointed  in  1858,  for  the 
management  of  the  affairs  of  India.  They  are  always  made  members 
of  the  privy  council  and  the  cabinet,  'ihey  are  appointed  (without 
patent)  by  mere  delivery  to  them  of  the  seals  of  office  by  the  sovereign. 
Each  is  capable  of  performing  the  duties  of  aU  the  departments,  and 
the  offices  are  all  so  much  counted  to  be  one  and  the  same,  that  if 
removed  from  one  secretaryship  of  state  to  another,  a  member  of  the 
House  of  Commons  does  not  vacate  his  seat. 

To  the  secretary  of  state  for  the  home  department  belongs  the 
mamtenimce  of  the  peace  within  the  kingdom,  and  the  administration 
of  justice  so  far  as  the  royal  prerogative  is  involved  in  it.  All  patents, 
charters  of  incorporation,  commissions  of  the  peace  and  of  inquiry,  pass 
through  his  office.  He  superintends  the  administration  of  afl'airs  in 
Ireland.  The  secretary  for  foreign  affairs  conducts  the  correspondence 
with  foreign  stotes,  and  negotiates  treaties  with  them,  either  through 
British  ministers  resident  there,  or  personally  with  foreign  ministers  at 
this  court.  He  recommends  to  the  crown  ambassadors,  ministers,  and 
consuls  to  represent  Great  Britain  abroad,  and  countersigns  their 
warrants.  The  secretary  for  the  colonial  department  performs  for  the 
colonies  the  same  functions  that  the  secretary  for  the  home  department 
performs  for  Great  Britain.  The  secretary  for  war  has  the  manage- 
ment of  the  army,  in  which  he  has  the  ossistance  of  the  commander- 
in-chief.  Each  is  assisted  by  two  undersecretaries  of  state,  nominated 
by  himself;  the  one  being  usually  permanent,  the  other  dependent 
upon  the  administration  then  in  power.  The  secretary  for  India  has 
one  under-secretary,  and  the  assistance  of  a  council.  There  is  likewise 
in  each  department  a  large  establishment  of  clerks  appointed  by  the 
principal  secretary. 
The  power  to  commit  persons  on  suspidon  of  treason  is  incidental 


to  the  office  of  principal  secretary  of  state — a  power  which,  though 
long  exercised,  has  been  often  disputed.  It  is  not  necessary  here  to 
give  the  arguments  on  both  sides ;  they  are  discussed  with  great  cue 
by  Lord  Camden  in  the  case  above  cited  (Entick  v.  Carrington),  which 
was  one  of  the  mmierous  judicial  inquiries  arising  out  of  the  dispute 
between  the  Crown  and  John  Wilkes  st  the  beginning  of  the  reign  of 
George  III.  The  conclusions  to  which  Lord  Camden  comes  are — that 
the  secretary  of  state  is  not  a  magistrate  known  to  the  common  law; 
that  the  power  of  commitment  for  state  offences,  which  he  has  for 
many  ages  exercised,  was  used  by  him  as  an  immediate  delegation  from 
the  person  of  the  king,  a  fact  which  may  be  inferred,  among  other 
thifags,  from  the  debates  in  parliament  in  the  time  of  Charles  I.,  when 
Seoetary  Cook  claimed  the  power  on  that  ground ;  that  neverUieless 
courts  of  justice  must  recognise  this  power,  inasmuch  as  there  has 
been  constant  usage  of  it,  supported  by  three  judicial  decisions  in 
favour  of  it  since  the  Revolution,  namely,  by  Lord  Holt  in  lj695  (Rex 
r.  Kendal  and  Rowe) ;  by  Chief  Justice  Parker  in  1711  (Quaen  «. 
Derby) ;  and  by  Lord  Hardwicke  in  1734  (Rex  v.  Earbury).  la  s 
more  recent  case  (Ring  v.  Despard,  1798),  Lord  Kenyon  says,  "  I  have 
no  difficulty  in  saying  that  the  secretaries  of  state  have  the  right  to 
commit,"  and  he  hints  that  Lord  Camden  felt  too  much  doubt  on  tho 
subject. 

There  is  also  a  chief  secretary  for  Ireland,  resident  in  Dublin  (except 
when  parliament  is  sitting),  and  having  always  an  imder-eecretuy 
there.  He  corresponds  with  the  home  department,  and  is  under  the 
authority  of  the  lord  lieutenant.  His  office  is  called  that  of  secretaiy 
to  the  lord  lieutenant ;  but  it  is  analogous  to  the  office  of  secretary  of 
state.  He  has  sometimes,  though  very  rarely,  been  a  member  of  the 
cabinet. 

SECT  (from  the  Latin  Secfa).  Two  accounts  are  given  of  the  origin 
of  this  word.  By  some  persons  it  is  represented  as  a  derivative  of 
teqvror  (teca-ttu),  "to  follow."  By  others  it  is  derived  from  see-o 
(<ec-tt»),  "  to  cut."  It  is  in  this  case,  as  in  many  similiar  instances, 
not  easy  to  decide  between  the  pretensions  of  the  two ;  and  it  is 
fw  from  being  improbable  that  some  persona  may  have  used  the 
word  as  a  derivative  from  one  verb,  and  others  as  derived  from 
the  other. 

The  lectt  of  philosophers  in  ancient  times  seem  rather  to  have  been 
persons  who  were  followers  of  some  distinguished  teacher,  than  per- 
sons cut  off  from  any  general  mass.  But  when  we  come  to  the  word 
in  its  now  more  Common  and  familiar  ua'e,  namely,  as  denoting  a  par- 
ticular community  of  Christians,  the  idea  then  predominates  of  tepara- 
(ton,  cutting  off,  over  that  of  follomng.  Thus  no  one  thinks  of  (ailing 
the  Roman  Catholic  ohurch  a  sect :  and  none,  except  it  was  designed 
to  disparage  and  dishonour  it,  would  call  the  English  Protestant 
church  a  sect.  But  when  we  descend  below  it,  we  then  see  smaller 
religious  communities,  who  are  cut  off  from  a  church,  either  by  their 
own  act,  or  by  some  supposed  or  real  act  of  usurpation  and  unchristian 
tyranny  on  the  part  of  tho  larger  community.  Thus  the  Quakers  are 
a  sect,  the  Anabaptists  are  a  sect,  the  Methodists  are  a  sect,  and  the 
Independents  and  English  Presbyterians  now  are  sects,  though  some 
of  these  were  for  a  time  in  existence  without  falling  under  the  descrip- 
tion of  a  sect,  being  still  incorporated  in  the  church,  in  which  they 
sought  to  accomplish  certain  reforms.  In  other  systems  there  are 
smaller  bodies  of  sectaries. 

SECTION,  the  curve  made  by  the  intersection  of  two  surfaces.  In 
the  graphical  arts  it  means  generally  a  plane  section,  and  most  fre- 
quently a  vertical  section,  the  horizontal  section  being  called  the  plan. 
In  architectural  designs,  the  longest  vertical  section  is  usually  tnlled 
the  elevation,  the  term  section  being  restricted  to  vertical  sections 
which  are  perpendicular  to  the  elevation. 

SECTOR  (Geometry),  the  figure  made  by  two  straight  lines  which 
meet,  and  a  curve  which  cuts  them  both.  The  most  common  is  the 
circular  sector,  made  by  two  radii  of  a  circle  and  the  arc  which  they 
include.  If  r  bo  the  radius  in  linear  units,  and  B  the  angle  measured 
in  theoretical  units  [  AyoLz],  the  area  of  the  sector  is  i  r'  6  square  units ; 
but  according  as  the  angle  is  expressed  in  degrees  and  fractions  of  a 
degree,  in  minutes  and  fractions  of  a  minute,  or  in  seconds  and  fractions 
of  a  second,  the  area  is  foimd  by  the  first,  seoond,  or  third  of  the 
following  formulte : — 
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SECTOR  (drawing  instrument),  an  instrument  invented  by  Gunter, 
which  has  the  appearance  of  a  small  carpenter's  rule,  marked  with 
scales  in  every  part ;  the  greater  number  of  these  scales  not  being  laid 
down  parallel  to  the  edges  of  the  rule,  but  converging  towards  the 
pivot  on  which  the  moving  arm  of  the  rule  turns  while  tjhe  instrument 
is  opened.  Only  these  converging  scales  properly  belong  to  the  sector ; 
the  others  are  merely  laid  down  for  convenience  on  such  blank  spaces 
as  are  left  by  the  converging  or  sectorial  scales. 

The  sector  is  a  large  number  of  pairs  of  compasses  packed  up  into 
one,  and  most  explanations  of  the  instrument  attempt  to  describe 
them  all  in  one.  It  will,  however,  be  more  convenient  to  separate  one 
pair  of  compasses  from  the  rest,  and  to  describe  its  use.  Each  piece 
of  the  ruler  is  marked  with  the  same  scales.  Take  one  of  these  scales, 
o  A,  and  that  which  corresponds  to  it,  O  B ;  then  a  o  B  is  a  pair  of  com- 
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passes  which  can  he  opened  or  shut  at  pleasure.    Suppose  two  scalest 
ny  of  ahords,  to  be  Ud  down  on  o  a.  and  ob,  which  are  chorda  of  90°, 


o  p  and  OQ  being  radii,  or  ohordi  of  60*.  If  op  be  tour  inches,  we 
haye  then  before  us  two  scales  of  chords  with  the  radius  of  four  inches 
actually  laid  down,  and  any  chords  might  be  taken  off  them  as  from  a 
common  scale :  for  instance,  if  the  marks  of  Sfi°  be  at  o  and  D,  then 
either  o  C  or  o  D  is  the  diorid  of  85°  to  a  radius  of  four  inches.  But 
suppose  it  required  to  find  the  chord  of  85°,  not  to  a  radius  of  four 
inches,  but  to  one  of  3-61  inches.    We  know  that 

4  :  8-61  :  :  ch.  85°  (rad.  4)  :  ch.  35°  (rad.  361); 

and  the  fourth  term  of  this  proportion  is  to  be  found,  l^ow  this  may 
be  done  with  sufficient  accuracy,  and  without  any  drawing,  as  follows : — 
Take  a  common  pair  of  compasses,  and  open  them  to  8 -61  on  a  sub- 
divided scale  of  inches.  Then  open  the  sector  until  the  points  of  the 
compasses  are  made  to  fall  on  r  and  q,  which,  if  the  sector  open 
rather  easily,  may  be  done  very  quickly.  We  have  tiien  p<j  =  8'61 
inches,  and  OD  is  the  chord  of  85°  to  that  radius;  for  by  similar 
triangle* 

OP  :  P<)  :  :  00  :  od; 

or,  4  :  8  61  :  :  ch.  85°  (rad.  4)  :  od; 

whence,  od  =  ch.  35°  (rad.  3*61). 

Take  the  compasses  then,  and  fixing  one  point  at  0,  make  the  other 
fall  on  D ;  the  distance  o  D  may  then  be  transferred  with  the  compasses 
to  the  paper,  or  to  the  scales  of  inches,  according  as  construction  or 
arithmetical  estimation  is  required.  ' 

The  scales  usually  laid  down  upon  the  two  sides  of  common  sectors, 
such  as  are  constructed  upon  a  foot  ruler,  are  : — 

1.  A  line  of  polygons,  marked  poL.,  showing  the  sides  of  polygons 
inscribed  in  a  circle.  And  since  the  side  of  the  hexagon  is  the  radius 
of  the  circle,  the  radius  of  the  scale  is  the  distance  from  o  to  the 
figure  6.  Thus,  to  inscribe  a  polygon  of  ten- sides  in  a  circle  of  two 
inches  radius,  open  the  sector  until  6  and  6  ou  the  counterpart  poly- 
gon scales  are  two  inches  apart :  then  the  distance  from  10  to  10  on  the 
same  scales  will  be  the  side  of  the  figure  required.  i 

2.  A  line  of  chordt,  as  above  described,  the  radius  being  the  chord 
of  60°.  But  it  is  jbo  be  noted  that  upon  the  common  sector  the  whole 
length  o  A  of  the  scale  is  only  the  diord  of  60°,  so  that  angles  above 
60°  do  not  appear.  To  constaruct  an  angle  of  more  than  60°,  first  set 
off  60°  on  the  circle  drawn  by  means  of  the  radius,  and  take  the  chord 
of  the  renuunder  from  the  sector.  We  think  that  the  sector  might 
be  usefully  copied  in  this  respect  on  the  common  scales  :  giving  all  the 
kngUi  which  the  proposed  scale  will  allow,  to  the  chord  of  60°,  instead 
of  that  of  90°. 

8.  A  line  of  anet,  the  radius  of  whiuh  is  the  sine  of  90°.  Thus,  to 
find  the  upright  side  of  a  right-angled  triangle  having  an  hypothenuse 
of  8'41  inches,  and  an  angle  of  32°,  open  the  sector  untU  90°  and 
90°  on  the  oounterpart  lines  pf  sines  are  8*41  inches  apart;  then 
the  distance  from  3J°  to  32°  on  the  same  lines  will  be  the  side 
required. 

4.  A  line  of  uccmtt,  usually  extending  to  about  75°,  the  radius  of 
course  being  the  secant  of  0°.    This  scale  is  blank  from  0  to  0°. 

6.  A  first  line  of  tangents,  from  0°  to  45°,  the  radius  being  the  tan- 
gent of  45°,  or  the  whole  length  of  the  rule. 

6.  A  second  line  of  tangents,  on  a  smaller  scale,  beginning  at  45° 
and  proceeding  to  about  75",  the  radiui  being  the  tangent  of  45*,  or 
the  distance  from  o  to  the  beginning  of  the  scale. 

7.  A  line  of  equal  parts  for  operations  answering  to  finding  a  fourth 
proportional  to  three  numbers.  Thus  to  find  a  fourth  proportional  to 
86,  47,  and  63,  make  86  and  86  on  the  counterpart  scales  fall  as  far 
apart  as  from  o  to  47 ;  then  the  distance  from  53  to  53  on  the  same 
scales,  measured  on  the  scale,  will  show  the  fourth  propoi-tional. 

To  write'  on  the  applications  of  the  sector  would  be  to  make  a 
treatise  on  graphical  trigonometry :  one  instance  may  suffice.  It  is 
lequired  to  oalculate  the  formula 

sin.  69* 

On  the  counterpart  Unes  of  sines  make  38'  and  88°  (by  opening  the 
lector)  &11  as  ha  i^iart  as  from  o  to  59°  on  the  same  scale ;  then  the 
distance  from  76  to  76  on  the  counterpart  lines  of  equal  parts  will 
show,  on  that  line  of  equal  parts,  the  numerical  value  of  tiie  result 
required.  Or  make  88°  and  38°  on  the  counterpart  lines  of  sines  fall 
M  ba  apart  as  from  o  te  76  on  the  line  of  eqn^  parts :  then  the  dis- 
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tance  from  59°  to  59°  on  the  coimterpart  linei  of  sines  will  show  the 
result  required  on  the  scale  of  equal  parts. 

The  sector  becomes  an  incorrect  instrument,  comparatively,  when  a 
great  opening  is  required,  and  also  when  the  result  is  much  greater 
than  the  data  from  which  it  is  produced.  So  much  accuracy  of  con- 
struction is  necessary,  that  those  to  whom  the  instrument  is  often 
really  useful  ^ot  many,  we  suspect)  should  rather  procure  the  larger 
ones,  which  are  manu&ctured  by  tbe  best  instrument-makeis,  than  be 
content  with  the  six-inch  lines  which  are  found  in  the  common  cases 
of  instrument&  The  sector  is  an  instrument  which  requires  mudi 
more  care  than  the  common  scale,  and  in  the  use  of  which  ezpertneas 
can  be  gained  by  nothing  but  practice.  Each  scale  is  a  pair  of  parallel 
lines  with  cross  divisions ;  and  it  is  important  to  note  that  the  com- 
passes must  be  applied  to  the  inner  of  the  parallel  lines  in  every  case. 
Also  when  the  compasses  are  in  the  hand,  with  one  point  laid  on  one 
of  the  scales,  the  other  scale  being  about  to  be  moved  to  bring  the 
other  point  of  the  compass  on  the  right  division  of  the  oounteivart 
scale,  take  care  to  hold  the  compasses  only  by  that  leg  which  is  laid 
down  on  the  scale. 

SECTOR,  ZENITH.    [Zenith  Sector.] 

SECULAR,  a  name  given  to  those  variations  in  the  planetary 
motions  which  are  of  long  duration,  so  that  their  periods  are  bett<» 
expressed  in  centuries  than  years. 

SEDATIVES  are  agents  which  produce  a  direct  depression  of  the 
action  of  the  vascular  system,  with  little  sensible  evacuation.  They 
diifer  from  narcotics,  inasmuch  as  their  depressing  effects  are  not  pre- 
ceded by  any  obvious  excitement  or  increased  action  of  the  heart  and 
arteries.  Whether  they  act  primarily  on  the  heart  itself,  or  secondarily 
by  a  previous  inSuence  on  the  nervous  system,  is  not  clearly  ascer- 
tained. Some,  such  as  the  infusion  of  tobacco,  and  hydrocyanic  acid, 
appear  to  destroy  completely  the  sensibility  of  the  heart,  so  that  it  no 
longer  responds  to  the  stimulus  of  the  blood;  but  how  this  effect 
results  is  altogether  unknown.  Oxalic  acid,  when  tbe  dose  is  large, 
seems  also  to  paralyse  the  heart;  while  in  less  quantities  it  operates 
differently.  [OxkLio  Acid.]  The  peculiar  mode  of  action  of  the 
articles  entiUed  to  be  considered  as  pure  sedatives  has  been  detailed 
under  the  respective  heads  of  Diqitalis,  Hysuocyakic  Aoid,  Nico- 
TIAli'A,  &c.,  and  need  not  be  repeated  here.  'The  medical  employment 
of  these  formidable  agents  should  never  be  had  recourse  tu  without 
competent  authority  and  superintendence ;  but  ns  many  coses  of 
poisoning  result  from  their  accidental  or  criminal  administration,  it  is 
needful  to  observe  that  the  greatest  promptness  is  requisite  in  the 
administration  of  appropriate  remedies.  Tital  stimulants,  such  as 
ammonia  and  brandy,  are  the  best ;  and  electricity  or  galvanism  may 
be  resorted  to  after  tiie  others. 

Sulphuretted  hydrogen,  when  breathed,  injected  into  a'vein  of  the 
rectum,  or  even  applied  to  the  skin,  acts  as  a  sedative,  and  in  a  small 
quantity  can  occasion  death.  It  is  largely  disengaged  from  many 
decomposing  substances,  such  as  exist  in  stagnant  pools,  ditches, 
drains,  and  cesspools.  Proximity  to  these  produce  effects  more  or  less 
serious  according  to  the  intensity  of  the  gas.  Even  one  of  its  com- 
pounds, hydro-Bulphuret  of  ammonia,  is  a  potent  sedative.  Cold, 
when  extreme,  likewise  acts  as  a  sedative,  but  its  mode  of  action  has 
been  already  explained  under  Batbino.  Chloroform  and  other  antra- 
thetics  may  be  considered  sedatives  of  the  nerves  of  sensation. 

SEDILIA,  in  ecclesiastical  arohitecture,  the  seats  on  the  south  side 
of  tbe  chancel,  near  the  high  altar,  in  Roman  Catholic  churches,  in 
which  the  ofBciating  priest  and  his  attendant  ministers  sit  during  a 
portion  of  the  performance  of  high  mass.  In  many  of  our  old  collegiate 
and  pai'ish  churches  the  sedilia  stiU  remain.  The  few  that  are  extant 
of  Norman  date  belong  to  the  middle  or  latter  half  of  the  12th  oentury. 
In  Pointed  Gothic  of  every  period  they  are  frequent,  and  tie  almost 
always  made  a  very  ornamental  feature.  Usually  they  are  recessed  in 
the  wall,  like  niches,  and  covered  with  canopies,  which  in  some 
instances  are  lofty  and  much  ornamented,  resembling  tabernacle  work  : 
but  sometimes  the  sedilia  are  quite  plain,  little  more  in  fact  than  stone 
benches.  Commonly  the  sedilia  are  three  in  number,  divided  from  each 
other  by  slender  pillars,  and  gradated,  that  nearest  the  altar  (iiftended 
for  the  priest)  being  the  .highest;  but  they  are  met  with  of  varying 
numbers— from  one  to  five— and  all  level,  or  with  only  the  priest'sseat 
raised  above  the  others. 

SEDITION  (from  the  Latin  tedUio).  It  is  stated  thAt  in  many 
of  the  old  English  common  law  writers  treason  is  sometimes  expressed 
by  the  term  Sedition ;  and  that  when  law  proceedings  were  in  Latin, 
seditio  was  the  technical  word  used  in  indictments  for  treason,  till  it 
was  superseded  by  the  word  jtrmftCio. 

Sedition  does  not  appear  to  be  very  exactly  defined.  It  is  stated  to 
comprehend  contemptuous,  indecent,  or  malicious  observations  upon 
the  crown  or  government,  whether  made  in  words  only,  or  in  writing, 
or  by  tokens  (which  last  term  must  comprehend  pictures  or  drawings), 
calculated  to  lower  the  sovereign  in  the  opinion  of  the  subjects  or  to 
weaken  his  government.  All  tiiese  offences  fall  short  of  treason ;  but 
they  are  considered  crimes  at  common  law,  and  punishable  by  fine  and 
imprisonment. 

There  are  also  statutes  against  particular  acts  of  sedition,  such  as 
seditious  libels.  [Law,  Cbiudial.]  There  are  also  various  acts  against 
societies  established  for  seditious  and  treasonable  purposes,  and  against 
seditious  meetings  and  asaembliee. 
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The  Roman  senae  of  teditio  (ted  or  te,  and  itio,  a  going  apart,  a  sepa- 
ration) is  properly  a  disunion  among  the  citizens,  a  tiot,  or  turbulent 
assemblage  ol  people  for  the  purpose  of  accomplishing  some  object  by 
violence  or  causing  fear.  It  was  included  among  other  forbidden  acts 
in  the  Lex  Julia  de  Majestate.  ('  Dig.,'  48,  tit.  4.)  It  is  of^n  used  in 
connection  with  "  tummtus  "  and  "  turba,"  and  the  three  terms  seem 
to  have  the  same  siguificntion. 

(Kein,  Mmischtt  OritamalreelU,  p.  522.) 

SEDUCTION.    [Pabent  asd  Chuld.] 

SEOMENT  (part  cut  ofT),  a  term  which,  in  its  general  sense,  needs 
no  explanation.  It  is,  in  mensuration,  most  frequently  i^>plied  to  the 
part  cut  off  from  a  circle  by  a  chord,  and  the  measurement  of  this 
s«|;ment  of  a  circle  is  the  only  point  for  which  reference  is  likely  to  be 
made  to  the  word.  Let  a^  be  the  segment  of  a  circle,  and  o  and  o 
the  middle  point*  of  its  «ro  and  chord.    Thia  segment  a  o  B  is  easily 


expressed  by  the  angle  which  the  an  sabteads  at  the  centra :  if  this 
angle  (measured  in  the  theoretical  unite  [Axot>])  be  0,  ai^  tiie  radios 
r,  the  number  of  square  units  in  the  segment  is 

'^(t-vn.t). 

But  when  a  segment  is  actually  to  be  measured  in  practice,  it  usually 
happens  that  the  radius  is  not  giren,  and  the  circle  is  too  lai^  to 
measure  it  conveniently.  In  that  case  the  middle  point  c  must  be 
found,  and  a  B  and  a  o  must  be  meaoured,  as  idso  o  o.  This  being 
done,  the  length  of  the  are  A  B  can  be  found  with  great  exactness 
from  the  formula  "  one  third  of  the  excess  of  eight  times  A  c  over  A  B, 
or  i  (8  AO— ab)."  This  formula  errs  only  about  one  foot  out  of  80 
(always  giving  the  are  a  little  too  small)  in  a  whole  semicircle,  and  the 
error  diminishes  nearly  as  the  fourth  power  of  the  arc ;  thus  at  half 
a  semicircle  the  error  is  about  one  foot  out  of  2*xS0,  or  1280  feet; 
at  one-third  of  a  semidrcle'it  is  only  about  one  foot  out  of  8*  x  80,  or 
6480  feet,  and  so  on.  Another  formula  of  the  same  sort,  but  so  close 
to  the  truth  that  no  measurements  could  ever  be  taken  in  practice 
sufficiently  exact  to  make  its  inaccuracy  appreciable,  is  the  following : 
find  B  the  middle  point  of  a  o,  and  measure  a  B ;  then  the  arc  is  very 
nearly  (but  a  little  leas  than) 

AB  +  2g6  AB— 40  AC. 

46 

The  error  here  is  leas  than  one  foot  out  of  S90  on  the  whole  circle, 
and  diminishes  with  the  sixth  power  of  the  aro. 

Taking  the  arc  from  one  or  other  of  these  methods,  the  area  of  the 
segment  is  tiien  to  be  fotmd  as  foUows  : — Determine  B,  the  radius, 
from  A  c*-f-2  0  D,  and  compute 

B  X  Aro— A  B  (b—  0  p) 
2 
which  givaa  the  area  required.    This  formula  may  be  reduced  to 
t  A c'  (2  A 0  + A d)— AD». 
OD 
Thus  (to  take  an  instance  of  Bonnyoastle'a)  if  ai>=12,  AC=18, 
whence  0D=  6  (all  feet),  we  have  for  the  area  of  the  segment 

J  X  169x38 -1728    .o.mo  .^ 

J —  =  82'58a  square  feet. 

o 

Another  approximate  rule  is  (giving  somewhat  too  Uttle) 

0D(12  AD+8  AC) 

16  ' 

which  is  more  exact  than  the  preceding.  "  The  error  is  only  one  per 
cent,  when  the  segment  is  a  semicircle,  and  it  diminishes  with  the 
seventh  power  of  the  subtended  angle  nearly. 

It  answers  well  enough  for  rough  purposes,  and  particularly  when 
the  segment  is  small,  to  consider  the  ore  of  the  circle  as  being  part  of 
a  parabola,  and  to  take  two-thirds  of  the  rectangle  under  a  b  and  o  D 
for  the  area. 

SEIGNORAGE.    [ConnEiroY.l 

SEIQNORY.    [Temube.] 

SEISIN  is  a  term  properly  applied  to  estates  of  freehold  only,  so 
tbat  a  man  is  said  to  be  leUcd  of  an  estate  of  inheritance  or  for  life, 
and  to  be  poi»eiud  of  a  chattel  interest,  Such  as  a  term  of  yeam  This 
distmction  does  not  appear  to  have  existed  in  the  time  of  Bracton ;  at 
least  he  uses  the  two  words  as  identical  in  meaning  ("  possesaio  sive 
seisina  multiplex  est,'  lib.  ii.,  foL  88). 

The  seisin  of  the  tenant  of  a  freehold  is  the  legal  possession  of  the 
land.  It  is  actual  seisin,  called  seisin  in  deed,  when  he  has  corporeal 
possession  of  the  knd,  or,  as  Bracton  expresses  it,  "  corporaUs  rei 
detentio  :  corporis  et  anima  cum  iuris  adminiculo  concurrente."  It  is 
seisin  in  law  when  lands  have  descended  to  a  person,  but  he  has  not  yet 


actually  entered  into  possession  of  them,  and  no  person  has  tuuq)ed  the 
possession.  When  an  estate  of  inheritance  is  divided  into  several  estates, 
as  for  instance  an  estate  for  life,  and  a  remainder  or  rcveivlon  iu  fee,  the 
tenant  in  possession  has  the  actual  seisin  of  the  lands;  but  the 
persons  in  remainder  or  reversion  have  .also  seisin  of  their  rcspoclivo 
estates. 

In  the  conveyance  of  laitd  by  feofflnent,  which  is  now,  however,  almost 
unknown,  the  delivery  of  the  possession,  or  livery  of  seUin,  an  it  is 
termed,  is  the  efficient  part  of  the  conveyance.    [FEOFruENT.] 

Seisin  in  deed  is  obtained  by  actuolljr  entering  into  lands,  and  an 
entry  into  part  in  the  name  of  the  whole  is  sufficient ;  by  the  receipt 
of  rents  or  profits ;  and  by  the  actual  entry  of  a  lessee  to  whom  the 
lands  are  demised  by  a  person  who  is  entitled  to  but  has  not  obtained 
actual  possession. 

Seisin  may  also  be  acquired  under  the  Statute  of  Uses,  27  Hen.  VIII., 
which  enacts  that  when  any  penon  shall  be  seised  of  any  lands  to  the 
use,  &0.,  of  another,  by  reason  of  any  bargain,  sale,  feoffment,  &c.,  the 
person  having  the  use,  &o.,  shall  thenceforth  have  the  lawful  seisin,  tc, 
of  the  lands  in  the  same  quality,  maimer,  and  form  as  he  had  before 
in  the  use. 

A  disseisin  supposes  a  prior  snsin  in  another,  and  a  seiain  by  the 
disseisor  which  terminates  such  prior  seisin.  To  constitute  a  disseisin, 
it  was  necessary  that  the  disseisor  should  not  have  a  right  of  entry; 
the  disseisee  should  not  voluntarily  give  up  his  seisin ;  and  that  the 
disseisor  should  make  himself  the  tenant  of  the  land,  or  in  other 
words,  should  put  himself,  with  respect  to  the  lord,  in  the  same 
situation  as  the  person  disseised.  *  But,"  it  is  well  remarked  (Co.  Litt., 
266  b,  Butler's  note),  "  how  this  substitution  was  effected,  it  is  difficult, 
perhaps  impossible,  now  to  discover.  From  what  we  know  of  the 
feudal  law,  it  does  not  appear  how  a  disseisin  could  be  effected  with- 
out the  consent  or  connivance  of  the  lord ;  yet  we .  find  tiiat  the 
relationship  of  lord  and  tenant  remained  after  the  disseisin.  Thna 
after  the  disseisin  the  lord  might  release  the  rent  and  services  to  the 
disseisee ;  might  avow  upon  him  ;  and  if  he  died,  his  heir  within  age, 
the  lord  was  entitled  to  the  wardship  of  the  heir."  But  the  doctrine 
of  disseisin  is  in  many  respects  very  obscure,  and  at  present  of  very 
little  practical  importanoe. 

SEISMOLOQ  Y,  from  atttius,  an  earthquake  (that  is,  a  movement  lika 
the  shaking  of  a  sieve),  and  A^t,  a  disoouiae,  the  science  of  earthquakes ; 
and  SKISMOMETKY,from  the  same,and/utTp^,to  measure,  the  soienoe 
of  the  mensuration  of  all  the  phenomena  of  earthquakes  which  can  be 
expressed  in  numbers,  or  by  their  relation  to  the  co-ordinates  of  spocei. 
The  origin  of  these  new  departments  of  science  has  been  statad  in  the 
article  Earthquakes,  in  which  the  physical  definition  of  an  aarthqaake 
was  also  given,  agreeably  to  the  researches  of  Mr.  Robert  Mallet  We 
now  proceed  to  state  some  of  the  elements  of  seismology,  and  the 
nomenclature  ^iplied  to  them,  premising  that  the  basis  of  this  is 
formed  by  the  adjectives  leamal  and  leitmic,  both  signifying  what  has 
relation  to  an  earthquake.  An  earthquake  being  the  transit  of  a  wave 
of  elastic  compression  through  the  earth,  there  are  throe  elements  of 
this  earthquake-wave,  namely,  the  velocity  of  tran^t,  the  velocity  at 
the  wave-particle  (or  wave  itself  [Wave]),  and  the  direction  of  motioa 
at  each  point  of  the  teimic  area,  or  tract  on  the  earth's  surfaoe  wiUiin 
which  the  earthquake  is  felt.  From  the  last  element  may  be  deter, 
mined,  lat,  the  point  upon  the  earth's  surface  vertically  over  the  centre 
of  effort,  or  focal  point,  whence  the  earthquake  impulse  was  delivered ; 
and  2nd,  the  depth  below  the  surface  (or  rather  sea-level)  of  the  focal 
point  itself.  The  line  passing  through  both  these  points  is  the  Minattf 
vertical.  The  wave  starts  from  the  focal  point  with  one  normal  and 
two  transversal  vibrations,  and  may  be  inuupned  transferred  outwards, 
in  all  directions,  in  concentric  spherical  shells,  whose  volume  at  the 
same  phase  of  the  wave  is  constant.  The  shock  reaches  the  aorfaoe 
directly  above  the  focal  point  vertically;  but,  for  all  points  around 
that,  it  emerges  with  angles  becoming  more  and  mora'  nearly  horisontal 
OS  the  distance  measured  on  the  surfaoe  increases.  The  intessacting 
circle  of  any  one  shell  with  the  surface,  which  is  that  of  simultaDeous 
shock,  is  the  cotcumal  line,  or  crest  of  the  earth-wave :  circular 
if  in  a  homogeneous  medium,  more  or  less  distorted  if  in  a  hetero- 
geneous one  (such  as  constitutes  the  various  geological  fonnatiana 
of  the  earth's  crust),  but  always  a  closed  curve.  The  «i«isoifi»ig<  artt 
is  that  in  which  the  shook  is  experienced  in  the  greatest  degree,  and 
isoMumoZ  areas  are  those  in  which  it  is  felt  at  the  same  time.  AMuntc 
region  is  a  troot  of  the  earth's  surfaoe,  the  earthquakes  of  which  have 
some  community  of  origin,  manifested  by  their  simultaneous  occurrence. 
iSoniiie  energy  is  the  total  amount  of  force  exerted  in  earthquakes  at  a 
given  period,  or  in  a  given  space,  or  with  relation  to  any  other  element 
of  the  subject.  A  chrono^eimtie  eurvt,  laid  down  from  the  reoords  of 
earthquakes,  the  ordinate  of  which  is  tluit  of  epoch,  and  the  abaeissa  that 
of  leismic  intentUy  (in  this  case  the  force  of  a  given  earthquake), 
expresses  the  progression  of  seismic  energy  in  time. 

Every  object  displaced  by  an  earthquake  shock  is  in  foct  a  ttittno- 
meter,  and  in  the  sdection  and  arrangement  of  suitable  objects  for  such 
displacement,  so  as  to  give  the  required  evidence  of  the  velocity  and 
directions  of  the  motion,  consists  the  practical  science  of  seismometiy. 
For  particulars  of  the  construction  and  principles  of  complete  self- 
registering  seismometers,  we  must  refer  to  Mr.  Mallet's  Fourth  Report  to 
the  British  Association;  but  we  proceed  to  notice  some  extemporaneous 
seismometen  with  which  important  ohaervations  may  bs  noAe,  under 
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drenmstuiees  In  vhieh  fixed  fautnunents  (nonot  be  appealed  to.  The 
elementa  necee^siy  to  be  recorded,  Mr.. Mallet  statea,  in  his  article  '  On 
Obaerration  of  EuthqiiAke  Phenomena/  in  the  tUrd  edition  of  the 
'  Admiralty  Manual  of  Soientifi*  Inquiry/  are  such  as  will  enable  us  to 
calculate,  in  order  to  obtain  finally  the  actual  elements  of  the  vave 
itself,  as  stated  above — 1,  the  direction  in  azimuth  of  the  wave's  motion 
upon  the  earth's  surface,  and  also  its  direction  of  emergence  at  the 

rints  of  observation.      2,  Its  velocity  of  transit  upon  the  surfoce. 
Its  dimensions  and  form — that  is,  its  amplitude  and  altitude. 

If  a  common  barometer  be  moved  a  few  inches  up  and  down  by  the 
band,  the  column  of  mercury  will  be  found  to  osdllate  up  and  down 
in  the  tube  in  directions  opposite  to  the  motions  of  the  InslTument,  the 
range  of  the  mercury  dependiug  upon  the  velocity  and  range  of  motion 
of  the  wholo  instrument.  A  barometer  fixed  to  the  earth,  therefore, 
if  we  could  unceasingly  watch  it,  would  give  the  means  of  measuring 
the  vertical  element  of  the  shock-wave ;  and  if  we  could  lay  it  down 
horisontally,  it  would  do  the  same  for  the  amplitude,  or  horizontal 
element.  Tlils  we  cannot  do ;  but  the  same  principle  may  be  put  into 
use  by  having  a  few  pounds  of  mercury  and  some  glass  tubes  bent  into 
the  form  of  the  letter  |_,  sealed  dose  at  one  end,  and  open  at  the 
Other  J  together  with  some  contmon  barometer  tubes,  having  the  open 
end  turned  up  like  an  inverted  syphon.  The  instmmeuts  to  be  con- 
structed of  these  are  of  the  nature  of  fluid  pendulums.  They  ore 
miperior  to  common  solid  pendulums,  where  the  dimensions  of  the 
shocks  are  small ;  but  where  these  are  great  and  very  violent,  heavy_ 
solid  suspended  pendulums  will  be  found  more  applicable.  The  length' 
of  the  seconds  pendulum  for  the  latitude  of  Qreenwioh  will  always  bs 
desirable. 

Mr.  Mallet  thus  describes  a  solid  pendulum,  of  easy  construction, 
which  will  answer  seven^  important  pnrposes  of  seismometry.  "  Fix 
•  heavy  boll,  such  as  a  four-pound  shot,  at  one  end  of  an  elasttc  Mek, 
whose  direction  passes  through  the  centre  of  gravity  of  the  ball :  a 
stout  rattan  will  do.  Fix  the  stick  vertically  in  a  socket  in  a  heavy 
block  of  wood  or  stone,  and  adjust  the  length  above  the  block  as  near 
as  nay  be  to  that  of  the  seconds  pendulum  for  Greenwich.  Prepai«  a 
hoop  of  wood,  or  other  convenient  material,  of  about  8  inches 
.diameter ;  bore  four  Bniooth  holes  through  the  hoop  in  the  plane  of 
its  circle,  and  at  poiuts  90°  distant  from  each  other  :  adjust  through 
each  of  these  a  smooth  round  rod  of  wood  (an  uncut  pencil  will  do 
well),  and  make  them,  by  greasing,  ftc,  slide  freely,  but  with  slight 
friction,  through  the  holes.  Secure  the  hoop  horizontally  at  the  level 
of  the  centre  of  the  ball  by  struts  from  the  block,  and  the  ball  being 
lb  the  middle  of  the  hoop,  slide  in  the  four  .rods  through  the  hoop 
until  ]nst  in  contact  with  the  ball.  It  U  now  obvious  that  a  shock, 
causing  the  ball  to  oscillate  in  any  direction,  will  move  one  or  moro  of  j 
the  rods  through  the  holes  in  the  hoop,  and  that  they  will  remain  to 
mark  the  amount  of  oscillation. 

"  A  similar  app.iT!itiu,  with  the  pendulum-rod  secured  horizontally 
(wedged  into  the  face  of  a  stout  low  wall,  for  example),  will  give  the 
vertical  elemcat^of  the  wave.    Two  of  these  should  be  arranged,  one  ! 
north  and  south,  the  other  east  and  wost.    One  objection  to  this  and  j 
an  apparatus  upon  the  same  principle  is,  that  as  the  centre  of  elastic 
effort  of  the  pendulum-rod  never  can  be  insured  perfectly  in  the  plane 
passing  through  the  centre  of  gravity  of  the  ball,  for  every  possible  I 
plane  of  vibration,  so  an  impulife  in  a  single  plane  produces  a  txinical  l 
vibration  of  the  pendulum,  and  hence  the  ball  deranges  the  position, 
more  or  less,  of  the  index  rods  which  are  out  of  the  true  direction  of  i 
shock.  Moving  the  apparatus  by  hand,  and  a  little  practice  in  observa- 
tion of  ita  action,  will,  however,  soon  enable  a  pretty  accurate  con_ 
elusion  as  to  the  true  line  of  shock  to  be  deduced  from  it." 

The  observer  must  record  miuutely  the  dimensions  and  other  con- 
ditions of  such  apparatus,  to  enable  calculations  as  to  the  wave  of 
scientific  value  to  be  made  from  his  observations  of  the  range  of  either 
fluid  or  solid  pendulumk  "  A  common  bowl  partly  filled  with  a 
viscid  fluid,  such  as  molasses,  which,  on  being  thrown  by  oscillation 
up  the  side  of  the  bowl,  shall  leave  a  trace  of  the  outline  of  its  sur&ce, 
has  been  often  proposed  as  a  seismometer.  This  method  has  'many 
objections ;  it  can  only  give  a  rude  approximation  to  the  direction  of 
the  horizontal  element;  but  as  it  is  easily  used,  should  never  be 
neglected  as  a  check  on  other  instruments.  A  common  ^lindiical 
wooden  tub,  with  the  sides  rubbed  with  dry  chalk  and  then  carefully 
half  filled  with  water  or  dye  stuff,  would  probably  be  the  best 
modification." 

Such  instruments  and  contrivances  as  those  now  described,  stiffice 
to  give  the  direction  of  transit  of  the  earth-wave,  and  its  dimensions.- 
Its  rate  of  progress  or  transit  over  the  shaken  country  remains  to  be 
observed ;  and  wherever  it  may  be  possible  to  connect  three  or  more 
such  instruments,  at  moderately  distant  stations,  say  from  fifteen  to 
thirty  miles  apart,  by  galvanio  tel^raph  wires,  so  as  to  register  at  one 
point  the  moment  of  time  at  whi(£  each  instrument  was  affected,  the 
best  and  most  complete  ascertainment  of  transit  rate  may  be  expected. 
On  the  entire  subject  of  extemporaneous  seismometry,  we  must  again 
refer  the  intending  observer  to  Mr.  Mallet's  article  in  the  '  Admiralty 
Manual  *  before  referred  to. 

Since  the  publication  of  the  article  Eabtbquakcs,  Mr.  Mallet  has 
applied  the  method  of  investigating  their  phenomena,  announced  in 
hu  rcj^ortu  published  in  tboae  of  the  British  Association,  to  the  earth- 
quake of  December  16, 1857,  noticed  in  that  article,  the  greatest  that 


has  occurred  in  Ital^  rinoe  that  of  1788 ;  having  personally  examined 
its  effects.  He  has  ucorpomted  the  results  in  an  elaborate  report  read 
to  the  Royal  Society  on  the  24th  of  May,  1860,  and  of  which  an 
abstract  is  given  in  vol.  x.  of  the  Society's  '  Proceedings/  p.  486-494, 
the  report  itself  being  reserved  for  the  '  Philosophical  Transactions.' 

From  that  abstract  the  following  particulars  are  derived,  being 
tile  result  of  the  first  exact  investigation  of  the  phenomena  of  a 
great  earthquake.  It  was  felt  over  nearly  the  whole  of  the  Italian 
peninsula,  south  of  Terracina  in  the  States  of  the  Church,  near  the 
Neapolitan  frontier,  about  56  miles  south-east  from  Home,  and  of  Ctar- 
gauo,  on  the  Adriatic.  Its  area  of  greatest  destruction,  or  meizoseismal 
area,  within  which  nearly  tli  the  towns  were  wholly  demolished,  was 
an  oval,  whose  major  axis  was  !n  a  direction  north-west  and  south- 
east nearly,  and  about  twenty-five  geographical  miles  in  length  by  ten 
in  width.  The  first  isoseismal  area  b^ond  this,  within  which  buUd- 
ings  were  everywhere  more  or  less  prostrated  and  people  killed,  is 
within  an  oval  of  abont  sixty  geographical  miles  by  thirty- five;  the 
second  isoseismal  is  also  an  oval  within  which  buildings  wore  every- 
where fissured,  but  few  prostrated,  and  few  or  no  lives  lost  The 
third  isoseismal  embraces  a  greatly  enlarged  area,  within  which  the 
earthquake  was  everywhere  perceived  by  the  unasiHsted  senses,  but  did 
not  produce  injury,  A  fourth  isoseismal  vras  partially  traced,  within 
which  the  shock  was  capable  of  being  perceived  by  instrumental 
means,  and  whioh  probably  reached  beyond  Rome  to  the  northward. 

The  seismic  vertical,  Mr.  Mallet  determined  from  the  independent 
and  concurrent  evidence  of  above  seventy  separate  wave-paths,  was 
dose  to  the  village  of  Caggiano,  near  the  eastern  extremity  of  the 
valley  of  the  Solaris.  The  depth  of  the  focal  point  below  the  sea-level, 
that  is,  thesMan  focal  depth  was  found  to  be  about  6}  geographical  miles. 
Fhnn  all  the  information,  observed  and  calculated,  it  was  deduced  that 
the  focal-cavity,  within  which  the  seismic  enei;gy  ori{^nated,  was  a 
curved  lamellar  cavity,  or  fissure,  of  kbout  three  geographical  miles  in 
depth  by  nine  in  length,  with  an  inclined  vertical  section,  and  a  mean 
focal  depth  (or  depth  of  its  central  point  of  surface)  of  6}  miles  below 
the  level  of  the  sea,  as  just  stated.  The  probable  horizontal  form  of 
the  cavity,  when  laid  down  Upon  a  map,  co-ordinates  with  the  existing 
lines  of  diriocation  of  the  country  in  %  remarkable  manner.  Mr. 
Mallet,  it  may  here  be  remarked,  assumes  the  force  that  acted  within 
this  cavity  to  have  been  due  to  steam  of  high  tension,  either  suddenly 
developed  or  suddenly  admitted  into  a  fissure  rapidly  enlarged  by 
rending. 

The  most  trustworthy  of  the  observations  of  time  correspond  with 
considerable  exactness,  and  give  a  velocity  of  transit  of  the  wave  of 
shock  upon  the  surface,  of  between  700  and  800  feet  per  second. 
Strictly  speaking  this  is  the  velocity  at  which  the  viavc-form  was 
propagated  from  point  to  point.  The  velocity  of  the  wave  itself,  or  of 
the  mive-particlc,  was  in  round  numbers  between  13  and  14  feet  per 
second  in  the  direction  of  the  wave-path.  Mr.  Mallet  points  out  a 
remarkable  rektion  between  this  velocity  and  that  recorded  for  the 
earthquake  of  Riobamba,  as  the  greatest  whose  effects  have  been  ob- 
served. The  height  duo  to  the  velocity  of  this  wave  is  to  the  altitude 
of  Vesuvius  as  that  due  to  the  velocity  recorded  of  the  Riobamba  Wave 
is  to  the  mean  height  of  the  volcanic  sh<ifts  of  the  Andes,  and  more 
especially  to  the  height  of  the  volcanic  vents  nearest  to  Riobamba. 
[VoLCASOS.]  The  wave  of  shock,  of  course,  decays  in  relation  to 
superficial  distance  from  the  seismic  vertical.  The  amplitude  of  the 
wave  slowly  and  slightly  increases,  and  its  velocity  decreases.  In  the 
ease  of  the  Italian  eorthouake  under  investigation,  the  lowest  velocity 
at  nearly  30  miles  from  we  seismic  vertical  was  still  about  11 1  feet  per 
second.  The  total  modifying  effects  of  this  earthquake  on  the  earth's 
surfoee  were  insignificant.  No  great  sea-wave  accompanied  it ;  nor 
was  such  possible,  the  focal  point  being  inland.  Mr.  Mallet  examined 
with.care  more  than  150  miles  of  sea-coast,  as  well  as  river-courses,  for 
evidence  of  any  permanent  elevation  of  land  having  taken  place  cun- 
cnrrently  with  the  eorthquake,  but  foimd  none.  This  is  an  imimrtant 
point,  because  geologists  and  travellers  have  often  ascribed  elevations 
of  the  land  to  earthquakes,  or  to  a  succession  of  earthquake-shocks 
directed  upon  the  same  spot ;  but  "  earthquakes,"  Mr.  M.  observes, 
"  cannot  produce  elevations,  although  the  latter  have  been  known  to 
hare  token  place-about  the  same  time  as  earthquakes,  and  in  the  sami 
region."  .  ,  ,  .  "  The  functions  of  elevation  and  depression,"  of  aa 
earthquake,  "  are  limited  solely  to  the  sudden  rise  and  as  immediate 
fall,  of  that  limited  portion  of  the  surbce  through  which  the  great 
wave  is  actually  passing  momentarily." 

The  works  and  memoirs  cited  in  this  and  in  the  article  Earto- 
QrAXE,  will  make  the  student  acquainted  with  the  entire  available 
literature  on  the  subject  of  earthqu.ikes. 

SELECT  VESTRY.    [Vestry.] 

SELENALDINE.    fTinAU)nfE.J 

SELENE  (ifKlivii),  the  Moon,  was  worshipped  as  a  goddess  by  the 
ancient  Greeks.  She  is  generally  represented  as  the  sistw  of  Helios,  or 
the  Sun  ;  sometimes  as  his  daughter,  and  occasionally  as  his  wife,  and 
Ihe  mother  of  the  four  Seasons.  She  is  also  said  to  have  had  children 
by  Zeus  and  several  others.  The  story  of  Endymion,  whom  she 
caused  to  &11  into  a  perpetual  sleep  that  she  might  unseen  gaze  upon 
his  beauty  and  enjoy  his  embraces,  is  well  known  from  the  use  mode 
of  it  by  the  poets.  By  him  she  is  said  to  have  been  the  mother  of 
fifty  dangfateis.    She  was  believed  to  drive  her  chariot  through  the 
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heavens  during  the  night.  (Horn., '  Hymn.,'  zxxiL  7.)  Her  chariot  is 
usually  represented  in  ancient  works  of  art  drawn  by  two  horaes, 
whereas  tlut  of  Apollo  was  drawn  by  four.  She  is  only  distingiiiahed 
from  Artemis  by  being  more  fully  draped.  She  is  frequently  re- 
presented in  bas-reliefs  on  sarcophagi,  hovering  in  the  air  over  the 
sleeping  Endymion.  In  course  of  time  the  attributes  of  Selene  were 
given  to  Artemis,  and  the  Utter  was  represented  as  the  goddess  of  the 
moon ;  but  these  deities  were  originally  distinct.    [Abtehis.] 

SELENETHTL.    [Selbniuic] 

SELEyiC  ACID.    [SELEinuH.] 

SELENIOUS  ACID.    [SKLKMixiit.] 

8ELENITE.    [CaloICm.    Sulphvne  Aeid  an4  Lime.] 

SELENIUM  (Se)  a  nonmetallic,  solid,  elementary  body,  discovered 
in  1818  by  Berzelius  in  the  iron  pyrites  of  Fahlun ;  the  sulphur  pio- 
Bored  from  which  was  used  at  Qripsholm  in  the  manufacture  of  sul- 
phuric acid.  In  the  latter  a  deposit  was  formed  of  a  red  colour,  which, 
on  account  of  the  peculiar  odour  that  it  emitted,  was  supposed,  though 
erroneously,  to  contain  tellurium,  the  origin  of  which  name  suggested 
that  of  seletuvm,  from  3t\^,  the  moon,  for  the  new  substance.  The 
discoverer  considered  it  a  metal,  but  it  is  now  classed  with  the  non- 
mcH^Uc  elements. 

Selenium  has  been  found  hitherto  only  in  small  quantity ;  it  occurs 
in  the  pyrites  of  Anglesey,  and  probably  in  that  of  many  other  places : 
sulphide  of  selenimn  has  been  detected  among  the  volcanic  products 
of  the  Lipari'  Isles ;  and  in  the  Haiz  it  has  been  met  with,  combined 
with  lead,  silver,  and  some  other  metals. 

Magnus  extracts  selenium  from  the  native  sulphide  by  treating 
it  wiUi  binozide  of  manganese,  by  the  .o:n'gen  of  which  the  sulphur 
is  converted  into  sulphiux>us  acid,  which  escapes  in  the  gaseous 
form,  while  the  selenium  either  sublimes  in  its  pure  state  or  as 
selenious  acid. 

Selenium  is  a  brown  somewhat  transclucent  solid  when  in  mass.  It 
is  inodorous  and  insipid,  moderately  hard,  may  be  readily  scratched 
with  a  knife,  is  brittle  ss  glass,  and  easily  reduced  to  powder.  Its 
fracture  is  conchoidsl.  Its  sp.  gr.  varies  from  4'30  to  4'8,  on  accotmt 
of  the  cavities  which  it  frequently  contains.  It  is  a  bad  conductor  of 
heat,  and  a  non-conductor  of  electricity.  It  softens  at  212°,  and  may 
be  drawn  out  into  fine  threads,  which  are  transparent,  and  of  a  red 
colour  by  transmitted  light.  When  heated  rather  higher,  it  becomes 
fluid,  and  boils  at  660°,  emitting  a  vapour,  which  is  inodorous,  and  of 
a  deep  yellow  colour ;  this  in  dose  vessels  condenses  in  dark  globules 
of  a  metallic  lustre,  or  of  a  cinnabar-red  colour,  according  as  the  space 
in  which  it  collects  is  small  or  lu^e.  Water  does  not  dissolve  Eelenium ; 
it  is  howorer  soluble  in  the  fat  oils  and  melted  wax,  but  not  in  the 
volatile  oils.    The  equivalent  of  selenium  is  8975. 

Ojcijgm  and  Sdmium  combine  in  three  different  proportions,  form- 
ing oxide  of  selenium,  selenious  acid,  and  selcnicacid. 

Chdde  of  Sdenium  (SeO)  may  be  formed  by  heating  the  selenium  in 
a  limited  quantity  of  atmospheric  air,  and  by  washing  the  product  to 
separate  the  selenious  acid  formed  with  it.  It  emits  a  very  strong 
smell  resembling  that  of  decayed  horse-radish,  so  that  l-50th  of  a 
gram  of  selenium  is  sufficient  when  burnt  to  scent  a  room  of  consider- 
able Buse,  and  tliis  is  a  characteristic  property  of  selenium.  Oxide 
of  selenium  is  gaseous,  colourless,  very  slightly  soluble  in  water,  and 
quite  devoid  of  acid  propei'ties. 

telenioat  acid  (SeO.)  may  be  prepared  by  passing  a  current  of  oxygen 
gas  over  heated  selenium  j  but  it  is  more  conveniently  obtained  by 
digesting  selenium  in  nitric  acid  or  nitro-hydrochloric  acid  till  dis- 
solved, and  then  evaporating  the  solution  to  dryness. 

This  acid  is  colourless,  and  when  strongly  heated  sublimes,  and  con- 
denses unchanged  in  the  form  of  acicular  crystals,  which  possess 
distinoUy  marked  acid  properties.  It  attracts  moisture  from  the  air 
and  is  consequently  very  soluble  in  water;  a  hot  saturated  solution 
yields  crystals  on  cooling ;  it  is  also  soluble  in  alcohol,  and  has  when 
heated  an  acrid  odour.  It  forma  salts  with  bases,  which  are  called 
Sdemttt. 

Many  substances  which  have  strong  affinity  for  oxygbn  decompose 
selenious  acid ;  this  is  the  case  with  sulphurous  acid  and  phosphorous 
acid,  and  when  the  former  is  added  to  a  solution  of  selenious  acid,  a  red 
powder  is  precipitated,  which  is  pure  selenium,  and  sulphuric  acid  is 
at  the  same  time  formed.  An  alkaline  sulphate  produces  a  similar 
•fleet;  hydrosulphuric  acid  is  also  decomposed  by  and  decomposes 
selenious  acid,  and  a  yellow  compoimd  is  formed  and  precipitated, 
which  is  sulphide  of  selenium.  ' 

Sdenic  Add  (HO.SeO,)  may  be  prepared  by  fusing  selenium,  a  sele- 
nide,  or  selenite,  with  nitrate  of  soda.  The  seleniate  of  soda  obtained 
is  to  be  decomposed  by  nitrate  of  lead,  and  the  insoluble  seleniate  of 
lead  precipitated  is  to  be  decomposed  by  a  current  of  hydrosulphuric 
acid,  which  throws  down  the  lead  as  a  sulphide.  The  seleuio  acid 
remains  in  solution,  with  some  excess  of  hydrosulphuric  acid,  which  is 
to  be  expelled  by  ebullition. 

Selenic  acid  is  liquid,  colourless,  inodorous,  ef  an  oleaginous  consist- 
ettce,  and  very  acid;  it  attracte  moisture  from  the  air,  and  always 
retains  about  12*4  percent,  of  water,  which  cannot  be  expelled  with- 
out decomposing  the  acid.  It  may  be  heated  to  636°  without  decom- 
position, but  at  554°  it  is  rapidly  converted  into  oxygen  and  selenious 
add,  _  When  concentrated  at  a  temperature  of  329°,  its  sp.gr.  is  2'624, 
Mid  it  gradually  increases  up  to  the  temperature  of  646°,  when  it 


becomes  2'625.  When  mixed  with  water,  much  heat  is  evohrod.  I^ 
salte  are  called  SdemaU$.  Zinc  and  iron  are  dissolved  by  this  wiia 
with  the  evolution  of  hydrogen  gas,  and  copper  with  the  formation 
of  selenious  add. 

Seleniate  of  toda  (NaO,  SeO,  *  10  oq.)  occurs  in  large  crystals  like 
those  of  Qlauber's  salt.  SeUniales  qf  lime  (CaO,  SeO,  +  2aq.)  and  of 
nickel  (  NiO,  SeO,-i-6aq. )  resembles  the  corresponding  sulphates. 
Seleniate  of  Cadmium  (CdO,  SeO, -f  2aq)  differs  both  in  composition 
and  cryst^ne  form  from  tlie  sulphate  of  cadmium,  the  crystals  also 
lose  an  equivalent  of  water  on  being  heated  to  212'  Fahr. 

Hydrogen  and  Sdenium  (HSe)  unite  to  form  hydroselenio  add  or 
seleniuretted  hydrogen.  It  is  easily  obtained  by  the  action  of  diluted 
sulphuric  acid  upon  selenide  of  potassium,  or  of  iron.  This  gas  is 
colourless,  has' a  disagreeable  odour,  and  so  powerfully  irritates  the 
membrane  lining  the  nose  as  to  exdto  symptoms  of  catarrh,  and 
destroy  the  sense  of  smelling  for  some  hours.  Water  readily  dissolves 
this  gas :  the  solution  is  at  Srek  colourless,  but  after  a  time  it  acquire* 
a  reddish  hue;  it  gives  a  brown  stain  to  tiie  skin,  and  reddens  Utmua 
paper.  When  exposed  to  the  atmosphere  it  is  decomposed,  ite  hydro- 
gen being  absorbed  by  oxygen,  and  the  selenium  is  deposited.  It 
decomposes  tiie  solutions  of  many  metallic  salts,  selenides  of  the 
metals  being  predpitated. 

Chlorine  and  Sdenivm  combine  when  the  gas  is  passed  over  the 
selenium ;  heat  is  evolved,  and  a  brown  chloride  is  obtained,  which 
is  liquid ;  it  ia  heavier  than  water,  not  very  volatile,  and  by  the  action 
of  water  is  eventually  decomposed,  and  resolved  into  selenious  and 
hydrochloric  adds  and  sdenium. 

This  dichloride  (Se,Cl)  maybe  converted  into  a  WeAton'rfe  by  exposure 
to  excess  of  chlorme.  It  ia  a  white  solid  compound  which  is  volati- 
lised when  heated,  and  condenses  in  small  crystals.  It  is  decom- 
posed by  water. 

Sviphmr  and  Sdenvm  (S^).  A  definite  compound  of  these  is 
formed  by  passing  hydrosulphuric  odd  gas  into  a  solution  of  hydro- 
selenic  acid ;  the  fluid  assumes  a  yellow  colour,  becomes  turbid,  and  a 
predpitate  is  formed,  though  but  slowly,  unless  a  "little  hydrochlorio 
odd  be  added.  When  exposed  to  heat  this  disulphide  of  selenium 
becomes  red  and  visdd,  and  at  high  temperatures  may  be  distilled 
without  decomposing. 

Phofphana  and  Sdenium  combine  when  the  selenium  is  dropped 
into  melted  phosphorus ;  the  product  is  a  red  substance,  but  it  does 
not  appear  that  any  definite  compound  of  these  bodies  lb  formed. 

Selenethyl  or  tdenium-ethyl.     [Ethyl,  idenide  of  eUiyL] 

Selenium  forms  idenidet  with  most  of  the  metals,  and  the  sdenide 
of  lead  is  one  of  the  most  abundant  of  the  native  compounds  which 
occur  in  the  Hartz.    [Lead,  in  Nat.  Hist.  Div.] 

The  characteristic  propertiea  of  selenium  are  those  of  tinging  the 
'flame  of  the  blowpipe  of  a  light  blue  colour,  and  emitting  an  acrid 
vapour,  when  heated  in  the  air,  which  has  the  pe^culiar  smell  of 
decayed  horse-radish. 

SELENIURETTED  HYDROGEN.     [Selekium.] 

SELF-REGISTERING  INSTRUMENTS.  In  the  determination 
of  sdentific  data,  it  is  of  the  utmost  importance  that  the  instruments 
of  observation  be  as  free  from  error  as  possible,  or  that  the  sources 
and  amount  of  error  be  accurately  known.  It  is  further  necessary' 
that  the  means  of  observation  be  irreproachable,  and,  if  possible,  con- 
tinuous. Where  an  instrument  requires  to  have  its  indications  recorded 
night  and  day,  a  large  staff  of  observers  is  required,  and  tbey  ore  liable 
to  error,  even  when  carefully  trained  to  their  work.  [EiJUATioif, 
Personal.]  The  magnetic  instruments  at  the  Greenwich  Observatory 
were  formerly  observed  eveiy  two  hours;  but  tiie  results  yien  of 
course  liable  to  error,  and  occasionally  the  magnetic  variations  were 
too  rapid  and  transient  to  be  recorded.  Hence  attempts — and  many 
of  them  successful  ones — have  been  made  from  time  to  time  to  make 
instrumente  of  observation  record  their  own  results.  We  have  seen 
under  Anemoketer  the  contrivances  for  registering  the  direction  and 
pressure  of  the  wind,  together  with  the  amount  of  rain ;  and  under 
Baboueter  some  of  the  mechanical  arrangemente  are  stated  for 
making  that  instrument  self-registering.  The  maximum  and  mini- 
mum thermometers  in  ordinary  use  will  be  described  under  Thsbxo- 
METER.  Our  object  in  tins  place  is  briefly  to  notice  the  vast  improvement 
that  has  taken  place  of  late  years  in  consequence  of  the  application  of 
photography  to  the  purposes  of  self-registration.  A  description  of  the 
apparatus  employed  for  the  self-registration  of  the  changes  in  position 
of  the  declination  magnet,  of  the  horizontal  force  magnet,  and  of  the 
vertical  foroe  magnet,  will  show  the  nature  of  the  arrangements.  A 
prepared  photographic  paper  is  wrapped  round  a  cylinder,  the  axis  of 
which  is  placed  parallel  to  the  direction  of  movement  to  be  registered, 
and  the  cylinder  is  turned  round  at  a  uniform  rate  by  dockwork.  The 
light  ia  supplied  by  a  gas-lamp  furnished  with  a  copper  chinmey,  in 
which  is  a  small  slit  capable  of  adjustment  by  a  screw.  It  ia  on  the 
breadth  of  this  slit  that  the  breadth  of  the  register-line  depends.  This 
light  falls  upon  a  concave  speculum,  which  rests  in  a  stirrup  connected 
with  the  magnet  to  be  ol»erved,  so  as  to  partake  of  all  ite  angular 
movements.  The  pencil  of  light  is  reflected  from  the  mirror  to  a  plano- 
convex lens,  placed  near  to,  and  parallel  with,  the  axis  of  the  cylinder, 
which  lens  condenses  the  line  of  light  to  a  definite  spot  of  light  on  tiie 
paper.  The  source  of  light  being  fixed,  it  ia  evident  that  the  move- 
menta  of  the  spot  of  light  will  correspond  with  those  of  the  magnet,  to 
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Ihe  right  and  left  in  a  horizonial  plane  in  the  case  of  the  declination 
magnet  and  horizontal  foroe  magnet,  and  tip  and  down  in  a  vertical 
plane  in  registering  the  movements  of  the  vertical  force  magnet.  Hence, 
as  the  cylinder  is  constantly  being  moved  round  b^  clockwork,  there  is 
traced  upon  the  paper  a  curve 'of  which  the  abscissa,  measured  in  the 
direction  of  a  line  round  the  cylinder,  is  proportional  to  the  time,  while 
the  ordinate,  measured  in  the  direction  of  the  axis  of  the  cylinder,  is 
proportional  to  the  movement  of  the  magnet,  A  base-line,  from  which 
to  measure  the  ordinates,  is  traced  upon  the  paper  by  the  action  of 
a  spot  of  light  proceeding  from  another  gas-lamp  placed  near  the 
cylinder  and  passing  through  a  slit  fixed  to  the  carrier  of  the  cylinder. 

In  the  i^otographic  registiration  of  the  barometer,  the  instrument  is 
arranged  in  the  siphon  form,  and  a  float,  resting  on  the  surface  of  the 
mercury  in  the  shorter  limb,  hangs  in  a  notch  on  the  short  arm  of  a 
delicatdy  poised  lever.  At  the  end  of  the  long  arm  of  this  lever  is  an 
opaque  screen  containing  a  small  aperture,  through  which  a  pencil  of 
light  passes.  Now  it  is  evident  that,  as  this  screen  moves  up  and  down 
with  the  oedllations  of  the  mercury,  a  line  will  be  traced  on  the  pho- 
tographic paper  by  the  pencil  of  light  traosmitted  by  the  screen.  There 
is  also  an  anangement  for  tracing  a  base-line  on  the  photographic 
paper.  The  cylinder  carrying  the  sensitive  paper  is  mounted  on  a 
turn-table,  which  is  carried  round  by  the  hour-hand  of  a  dock  placed 
ooncentri<»lly  beneath  it.  The  paper  is  covered  by  a  second  cylinder 
to  prevent  it  from  becoming  dry,  during  the  twenty-four  hours  tiiat  the 
apparatus  remains  in  action.  The  cylinders  are  also  covered  with  a 
blackened  sine  case  to  prevent  all  light  from  falling  on  the  paper, 
except  that  from  tiie  pencils  which  describe  the  register  and  the 
hawo  line. 

In  the  photographic  registration  of  the  thermometer  and  psyohro- 
meter,  the  bulb*  of  the  instruments  are  freely  exposed  beneath  a  table 
on  wUeh  is  a  revolving  cylinder  covered  with  sensitive  pi^>er,*  while 
the  steins  pass  up  through  the  table,  and  are  placed  between  the  cylin- 
der and  a  source  of  li^^t,  which,  by  means  of  a  cylindrical  lens, 
foils  on  the  stem  of  the  thermometer  in  a  narrow  vertical  line,  and, 
passing  through  that  part  of  the  bore  which  is  above  the  mercury, 
blackens  the  sensitive  paper.  The  boundary  between  the  affected 
and  the  unaffected  parts  of  the  paper  indicates  the  position  of  the 
mercury  in  the  stem  of  the  instrument.  Fine  wires  are  placed  across 
the  slit  through  which  the  light  passes,  and  coarser  wires  are  attached 
to  eVeiy  tenth  degree,  as  well  as  to  the  points  32°,  51°,  76°,  and  98° 
Fahr.  The  shadows  of  theee  wires  protect  the  portion  of  Uie  paper  on 
whioh  they  fall  from  the  action  of  the  light,  so  that  the  darkened 
Burfoce  of  the  paper  is  traversed  by  a  series  of  parallel  pale  lines,  and 
the  relative  positions  of  the  broad  and  narrow  lines  show  the  tempe- 
rattire  indicated  by  the  register.  The  whole  of  the  apparatus  is 
protected  by  an  outer  wind-  and  water-tight  zinc  case. 

SELINUNTINE  MAKBLES.    [Sculptorb.] 

SEMAPHORE.    [TELEOBxra.] 

SEMIBENZIDAM.  Synonymous  with  Atophenylamine.  [OsOAino 
Babeb.1 

SEMIBREYE,  a  character  in  music,  sometimes  nearly  ciroular  in 
form,  but  more  commonly  ellipUcaL    Ex. : 


Thisis  adopted  as  the  measure-noto  in  music ;  the  other  five  cha- 
racters that  indicate  duration,  as  minim,  crotchet,  &c,  being  considered 
as  proportional  [lai-ta  of  it. 

SEMICOLON.    [PD-NCTUATioit.] 

SEMINAPHTHALIDUM.  [Naphthalio  QroOp.  NUrmaphthg- 
lamineA 

SEMIQUAVER,  a  musical  character,  formed  of  a  crotchet  with 
two  hooks  added  at  the  extremify  of  the  stem,  and  is  in  duration  ^  of 
a  aemibreve.    Ex. : 


SEMITIC  LANOUAOES.  [Abamaan,  or  Arauaio  Lanocaqe; 
Hbbbkw  Lamodaoi  ;  Lanquaoe.] 

SEMITONE,  an  interval  in  music,  whose  ratio  is  16  :  15,  aa  o  o  I. 

SENATUS,  according  to  the  etymological  meaning  of  the  word,  is 
"  an  assembly  of  elders,"  and  this  is  the  sense  which  ^e  Roman 
writers  atta<m  to  the  earliest  senate  of  Rome.  The  number  of  senators 
in  the  Oreek  republics,  as  well  as  at  Rome,  always  bore  a  certain 
relation  to  the  number  of  tribes  of  which  the  state  was  composed. 
Hence,  as  long  as  Attica  was  divided  into  four  tribes,  the  number  of 
senators  was  400 ;  and  when  Cleisthenes  divided  the  country  into  ten 
tribes,  he  increased  the  number  of  senators  to  600.  As  long  as  Rome 
only  comprehended  one  tribe,  the  Latins  of  the  city  on  the  Palatine, 
their  senate  consisted  of  only  100  members.  After  the  accession  of  a 
second  tribe,  the  number  of  senators  was  raised  to  200 ;  and  when  a 
third  tribe  was  united  with  them,  the  number  of  senators  was 
increased  to  300.  Kach  of  the  three  Roman  tribes  was  divided  into 
ten  ourite,  and  each  curia  into  ten  gentes,  and  the  same  number  of 
decurieSj  containing,  according  to  Qottling,  parts  of  several  gentes,  and 
made  for  purposes  of  representation.  At  the  head  of  each  gens  there 
was  a  deourio,  who,  aooording  to  Niebuhr,  by  virtue  of  this  office  was 


a  senator,  or  a  representative  of  iia  gens  in  the  senate.  But  Walter 
('  Oeeoh.  dee  Rom.  Rechts,*)  justiy  observes  that  the  age  of  a  deourio, 
who  was  at  the  same  time  a  miUtarr  officer,  and  consequently  must 
always  have  boon  a  young  man  and  able  to  boir  arms,  does  not  appear 
to  be  consistent  with  the  age  and  duties  of  a  senator.  It  is  much  more 
probable  that  each  decury  elected  from  its  own  body  one  by  whom  it 
was  represented  in  tiie  senate.  Each  curia  was  thus  represented  by 
ten  senators,  who  were  called  a  "  decuria  senatorum"  (Liv.,  i.  7).  At 
the  head  of  this  decuria  senatorum  was  a  curio,  and  the  ten  heads  of 
the  decuries,  when  the  senate  consisted  of  only  100  members,  ox  ten 
decuries,  were  the  "  decem  primi,"  from  among  whom  tiie  king  choea 
one  as  princeps  senatus.  It  appears  that  when  the  Ramnes  and  Tities 
became  united,  and  the  senate  consisted  of  twenty  decuries,  the  ten 
decuries  of  the  Ramnes  with  their  decem  primi  still  retained  for  a 
time  a  kind  of  superi(»ity  over  the  Tities.  (Dionys.  HaL,  ii. ;  Plut., 
'  Num.,'  8.)  The  senators  representing  the  Ranmes  gave  their  votes 
first,  and  the  princeps  senatus  was  chosen  from  among  them  alone. 
But  the  first  two  tribes  must  soon  have  been  placed  on  a  footing  of 
equality,  so  that  some  of  the  decern  primi,  as  weU  as  the  prinoeps 
senatus,  might  belong  to  either  of  the  tribes,  (Dionys.,  L,  e.)  After 
the  union  of  the  tlurd  tribe,  the  senators  representing  the  first  two 
are  supposed  by  Niebuhr  to  be  the  "  patres'  majorum  gentium,"  and 
those  representing  the  third  to  be  the  "  patres  minorum  gentium." 
Gottling  ('  Qeech.  d.  Riim.  Staatsv, )  on  the  other  hand  oonsiders  the 
"  patres  minorum  gentium"  to  have  been  the  noble  plebeians  whom 
Tarquinius  Priscus  admitted  into  the  three  old  tribes,  and  who,  in  eon- 
sequence  of  this,  became  eligible  to  the  senate.'  (Cio.,  '  De  Rep.,'  u. 
20.)  The  patres  minorum  gentium  had  at  first,  as  Niebuhr  (ii.,  p. 
114)  supposes,  no  right  to  speak  in  the  senate,  but  merely  voted  by 
going  over  to  either  party ;  and  he  therefore  oondeives  that  they  were 
the  "  senatores  pedarii."  (Qellius,  iii.  18 ;  Dionys.,  viL,  p.  468.)  This 
name  of  senatores  pedarii  might  in  subeequent  times,  when  all  the 
senators  had  equal  rights,  be  applied  to  all  senators  indiBcriininately, 
as  it  was  their  general  custom  to  vote  by  diaoe88io,.or  a  division.  JUl 
writers  agree  that  Tarquinius  Priscus  nused  the  number  of  senators  to 
300,  but  the  maqner  in  whioh  tiiis  vras  effected  is  stated  differentiy. 
Cicero  {I.  e.)  says  tiiat  the  king  doubled  the  existing  number  of 
senators  (which  would  accordingly  have  been  160),  while  others  (Liv., 
i.  36 ;  Dionys.,  iii.,  p.  189}  state  that  he  merely  added  100  senators  to 
the  existing  number  of  200.  Niebuhr  ingeniously  reconciles  these 
two  statements  by  the  supposition  that  before  the  time  of  Tarquinius 
Priscus  some,  of  the  gentes  of  the  first  two  tribes  had  become 
extinct,  though  it  does  not  follow  that  the  number  of  the  extinct 
gentes  amounted  exacUy  to  fifty.  But  if,  as  we  have  supposed,  the 
senators  were  not  elected  by  each  gens,  but  by  a  decuria,  Niebuhr's 
supposition  must  fall  to  the  ground,  as  it  cannot  be  conceived  how 
decuries  could  become  extinct,  as  they  might  be  formed  in  such  a 
manner  that  one  large  gens  wotild  comprehend  several  decuries,  while 
smaller  ones  united  in  formUig  one  decury,  and  thus  were  always  able 
to  moke  up  a  certain  number  of  decuries.  The  statement  of  Cicero 
appous  to  rest  upon  a  misconception.  (Qottling,  p.  228.)  Serviua 
Tullius  did  not  introduce  any  change  in  the  compositton  of  the  senate, 
but  in  the  reign  of  the  last  king,  Tarquinius  Superbns,  the  number  of 
senators  is  said  to  have  become  greatly  diminished,  as  many  of  them 
were  put  to  death,  and  others  were  sent  into  qxile.  These  vacandes 
however  were  filled  up  immediately  after  the  establishment  of  the 
republic  by  electing  into  the  senate  the  principal  plebeians  of  the 
equestrian  order.  Livy  (ii.  1)  ascribes  this  completion  to  L.  Junius 
Brutus;  Dionysius  (v.,  p.  287),  Plutarch  ('  Pop].,'  11),  and  Festus  (<.  v. 
''qui  patres"),  to  Valerius  Publicola.  The  number  of  these  new  ple- 
beian senators  is  said  to  have  been  164,  but  this  is  utterly  incompatible 
with  the  subsequent  history  of  Rome.  The  new  plebeian  senators 
were  called  Conacripti,  in  oontradistinotion  to  the  patrician  senators, 
or  patres ;  hence  the  mode  of  addressing  the  whole  senate  "  patres 
oonscripti,"  tl^at  is,  "  patres  et  conscripti."  The  word  patres,  although 
in  later  times  used  to  designate  senators  in  general,  was  originafly 
another  name  for  patricians.  (Liv.,  ii.  1 ;  Fest.,  i,  v.  "  adlecti ;" 
Niebuhr,  i.,  p.  327,  &c.)  The  number  of  800  senators  henoeforUi 
remained  unaltered  for  several  centuries.  C.  Giaoohus  was  the  first 
who  attempted  an  alteration.  Livy  ('Epit.,'  lib.  60)  says  that  he 
wished  to  increase  the  senate  by  adding  600  equites,  but  this  seems  a 
mistake,  and  the  reading  is  probably  corrupt.  Plutarch  ('  C.  Qracch.,' 
6,  ftc.)  says  that  he  added  300  equites  to  tbe  300  senators,  and  trans- 
ferred to  this  body  the  Judicia  (publica).  All  the  other  writers  who 
mention  these  events  (see  the  passages  in  Qottling,  p.  237,  note  8)  do 
not  allude  to  an  increase  in  the  nuknber  of  senators,  but  merely 
state  that  he  transferred  the  Judicia  to  the  equites.  A  similar 
attempt  was  made  by  the  tribune  Livius  Drusus.  (Appian,  '  Civil.,' 
i.  35.)  Sulla  added  300  equites  to  the  senate,  and  thus  increased 
its  number  to  600.  [Sdlla,  in  Bioo.  Drv.  ]  Four  hnndred 
senators  were  after  this  time  present  in  a  case  when  many  were 
absent.  (Cia  '  ad  Att.',  i.  14.)  Julius  Ctesar  increased  the  number  of 
senators  to  900,  and  elected  men  of  the  lowest  rank  into  the  senate, 
(Dion  Cos.,  liii.  47.)  This  mode  of  filling  up  vacancies  or  increasing 
the  number  of  senators  with  freedmen  and  common  soldiers  was  con- 
tinued after  the  death  of  Ceesar,  and  at  one  time  there  were  mora  than 
1000  senators.  (Suet,  'Aug.,'  35.)  Augustus  again  reduced  the 
number  to  600.    (Dion  Cass.,  liv.   14.)    Respecting  the  number  of 
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MDkton  fluring  the  ampire,  we  posseaa  no  direct  inforaiation.  During 
the  latter  period  of  the  empire  the  number  ot  senators  appean  to  hare 
become  greatly  diminished. 

The  senatore  were  from  the  earliest  timee  elected  for  life.  Their 
name  indioates  that  originally  they  were  men  of  advanced  age,  but  the 
exact  age  at  whioh  a  man  might  become  a  senator  during  the  kingly 
period  is  not  mentioned.  During  the  latter  centuViea  of  the  republic, 
however,  the  age  seems  to  have  been  fixed  bj'some  Les  Annalis,  as  the 
ffitas  senatoiia  is  frequently  mentioned.  But  as  a  queestor  after  the 
year  of  kis  office  might  be  made  a  senator,  and  as  the  legitimate 
age  for  the  quaestordiip  was  twenty-flve  years,  we  have  reason  to 
'  Mlleve  that  a  person  who  had  attained  the  age  of  twenty-six  might  be 
elected  a  senator.  It  might,  however,  be  inferred  from  Polybius  (vi. 
17)  that  this  was  not  the  case  till  a  person  had  completed  his  twenty- 
seventh  year.  As  regards  the  election  of  persons  into  the  senate  during 
the  kingly  period,  Livy  (i.  8)  and  Festus  (».  v.  '  Pneteriti  Senatores') 
state  that  it  was  a  privilege  of  the  kings.  Dionysiua  (IL,  p.  86),  though 
he  involves  himself  in  difficulties  by  supposing  that  the  Hbtee  tribes 
were  alreftdy  united  when  the  senate  ooneisted  of  only  100  members,  is 
undoubtedly  right  in  stating  that  the  senaton  were  not  appointed  by 
the  kings.  (Niebuhr,  i  p^  8S8.)  The  senators  were  elected  by  the 
decuries,  and  thus  were  real  representatires  of  the  curies,  or  a  select 
body  of  the  populus.  The  plebeians,  who  were  afterwards  admitted  into 
Vu  senate  by  Tarquinius  Prisous,  and  siter  the  baoishment  of  the 
kings,  must  either  hare  been  inoorporated  withtiie  patridaa  gantes,  or 
their  number  must  have  been  very  smidl,  for  the  first  instance  of  a 
.  plebeian  senator  at  Rome  is  8p.  Maelius,  in  489  B.O.  ;  and  a  second  is 
P.  IiioiniuB  Ca^vua,  in  400  B.o.,  although  the  latter  may  have  held 
the  offioe  of  que^tor,  and  ao  have  got  admission  into  the  senate. 
Niobuhr  (L  p.  fi27,  Ac)  thinks  that  long  before  the  institution  of  the 
crasonhip  there  must  have  been  a  time  when  the  senators  were 
chosen  by  the  euries,  and  not  by  the  subdivisions  of  the  curies,  and 
that  each  curia  elected  ten  senators.  He  founds  this  supposition  upon  the 
hex  ovinia  tribunioia  mentioned  by  Festus  (».  v. '  Pneteriti  Senatores '). 
But  as  regards  the  time,  If iebuhr  is  manifestly  wrong,  which  he  him- 
self seems  to  have  felt  afterwards  (li.,  p.  403,  note.88S);  for  the  Lex 
Ovinia  refers  to  the  censors,  whom  it  directed  to  elect  into  the  senate 
"  optimum  quemque  ouriatim."  (Compare  Qottling,  p.  845,  &c. ; 
WiJter, '  Qesch.  d.  Riim.  K ,'  p.  100,  Ac )  During  the  early  period  of 
the  republic,  the  right  of  electing  persons  into  the  senate  belonged  to 
Uie  consuls,  dictator,  and  military  tribunes.  But  all  the  eurnle  magis- 
tracies, as  well  as  the  qutcstorahip,  conferred  upon  those  persons  who 
had  held  them  the  right  of  being  elected  into  the  senate.  (Liv.,  xxii. 
49,  "  unde  in  Senatum  legi  deberent")  The  quoestorship  conferred  this 
right  probably  from  the  earliest  times,  aa  it  did  in  the  time  of  Sulla 
[Qu£STob],  and  this  circumstance  explains  why  the  patricians  opposed 
the  eligibility  of  the  plebeians  to  the  quasstorship.  After  the  esta- 
blishment of  the  censorship,  the  election  of  persons  into  the  senate 
was  wholly  in  the  hands  of  the  censors.'  All  ounile  magistrates,  that 
is,  consuls,  prgetors,  curule  axliles,  and  censors,  had  by  virtue  of  their 
oifice  a  seat  in  the  senate,  and  might  speak  on  any  subject.  After 
ttieir  office  was  over  they  retained  this  right,  but  without  being 
real  senators.  Now  vacauoiee  in  the  senate  were  filled  up  at  every 
luetmm,  and  it  was  only  on  this  occasion  that  the  censors  might 
elect  those  ex-uiagistrates  into  the  senate  whose  conduct  was  un- 
blemished. Hence  we  have  to  distingxiish  between  two  kinds  of 
senators,  real  senators  (senatores),  and  such  as  were  allowed  "  dicere 
sentcntiam  iu  seuatu."  (Feat.  i.  r.  'Senatores.')  The  old  decern 
primi  senatus  ore  no  longer  mentioned.  The  honour  of  princeps 
aenatus,  which  during  the  kingly  period  had  been  combined  with  the 
office  of  oustos  urbia,  and  had  been  granted  by  the  kings  for  life,  was 
afterwards  united  vrith  the  office  of  pnctor  urbanus,  or  with  that  of  a 
military  tribune  (Liv.,  vi.  6),  and  only  lasted  for  one  year.  After  the 
eetabiishmeot  of  the  censorriiip,  thu  honour  xvaa  conferred  by  the 
censors,  and  a(  first  upon  the  eldest  among  the  living  ex-oensors;  but 
afterwards  upon  any  one  whom  the  censors  thought  moat  worthy. 
(liiv.,  xxvii.  11.)  If  the  censors  thought  a  person  who  had  held  a 
eunile  offioe  unworthy  of  being  a  senator,  they  passed  over  him  ("  pra3- 
teribant:"  Fast.,  ».  t.  'PixeteriU');  but  this  seems  to  hare  seldom 
ooeuned  with  persons  who  had  held  a  curule  office.  (Liv.,  xxxiv.  44 ; 
zzxviii.  B8.)  The  plebeians  aa  an  order  never  obtnined  the  light  of 
being  eligible  as  senators ;  but  as  soon  as  the  great  offices  of  the  re- 
public beoame  accessible  to  the  plebeians,  their  claims  to  the  dignity 
of  senator  could  not  be  disputed.  As,  therefore,  the  quomtorship,  con- 
suieh^,  censorship,  and  praetonhip,  were  one  after  the  other  thrown 
open  to  the  {debeuuis,  their  numbers  in  the  senate  likewise  continued  to 
increase.  At  last  (perhaps  in  the  year  131  Rc. ;  Walter,  p.  165,  note 
166),  even  the  tribunes  of  the  people,  after  having  before  acquii-ed  the 
right  to  convoke  the  senate  and  to  take  part  in  its  deliberations,  gained 
«>y  the  PlebiKitum  Atinium  the  rights  of  real  senatoi^  (Qellius,  xiv. 
8.)  On  certain  oooaaions  a  dictator  was  created  (or  the  purpose  of 
^ecting  new  members  inte  the  senate.  (Liv.,  xxiii.  22,  to.)  M.  Fabius 
Bttteo,  in  ai6  B.a,  not  only  elected  such  men  as  had  held  curule 
offices,  but  aJso  such  as  had  been  plebeian  esdiles,  tribunes,  quicstors, 
and  persons  who  had  distinguished  themstjlves  ss  soldiers.  The  senate, 
which  at  first  had  been  the  r^iresentatire  of  the  populus,  thus 
gradually  became  the  real  representative  of  the  people ;  for  although 
the  censors  or  a  dictator  were  the  electors,  yet,  either  by  custom  or  by 


law,  they  always  elected  such  men  as  had  held  offices  given  by  the 
people,  so  that  it  Iwas  in  fact  the  people  who  elected  the  meinbers  of 
tiie  senate,  and  the  Roman  senators  themselves  viewed  their  dignity  aa 
from  the  people.  (Cic.  '  pro  Sext.,'  68;  '  c.  Verr.,'  iv.  11 ; '  pro  Oluent.,' 
66.)  Tlus  also  accounts  for  the  fact  -that  the  members  of  the  great 
colleges  of  priests,  with  the  exception  of  the  flamen  dialia  (Lir.,  xxviL 
8),  had  no  seats  in  the  senate ;  and  for  the  same  reason  it  was  a  dis- 
puted point  whether  the  pmfectus  urbi  should  have  a  vote  in  the 
senate  (Qellius,  xiv.  8),  for  in  the  oolleges  of  priests  vacancies  were 
filled  up  by  co-optatio  of  the  members  themselves,  and  the  prsefectus 
'  urbi  wai  appointed  by  the  consuls,  and  none  of  them  derived  their 
I  power  from  the  people.  In  the  time  of  Cicero,  however,  this  appears 
to  have  been  altered,  for  we  find  that  pontifis  might  at  the  same  time  be 
senators.  (Cic  '  od.  Att,,'  iv.  2.)  Notwithstanding  oil  this,  however, 
the  senate,  down  to  the  end  of  the  repubiio,  preserved  in  a  great 
measure  its  original  character ;  it  remained  an  stistoeratio  body. 

During  the  republic  we  do  not  hear  that  any  property  qualifioation 
was  required  for  a  senator  (Plin.,  '  Hist.  Nat,'  xiv.  1),  though  the . 
senators  must  generally  have  belonged  to  the  wealthiest  elsssw,  There 
is  indeed  a  passage  in  Livy  (xxiv.  11)  from  whioh  it  baa  been  inferred 
that  previous  to  the  second  Punic  war  a  senatorial  census  was  instituted 
(Niebuhr,  iii.,  p.  406) ;  but  the  words  of  Livy  are  too  vagus  to  admit 
of  such  an  inferenoe,  and  prolx^ly  refer  only  to  the  faot  that  aenatora 
were  among  the  wealthiest  Romans,  and  were  eonaequentiy  able  to 
make  greater  sacrifices  to  the  republic  than  other  persons.  OotUing 
(p.  846)  concludes  from  Cicero  ('  ad  Fam.,'  xiii  6)  that  Cieaar  was  the 
first  who  instituted  a  senatorial  census,  but  the  nwsnge  of  Cioero  is  even 
less  conclusive  than  that  of  Livy.  The  first  to  wnomtiie  introduction  of 
a  senatorisl  census  is  expressly  ascribed  is  Augustus.  He  first  fixed  it  at 
400,000  sesterces,  but  afterward)  increased  it  to  800,000,  and  at  laai  to 
1,200,000  seetetves.  (Suet, '  Aug.,'  41 ;  Dion  Cass.,  liv.  17,  26,  80 ;  Iv. 
13.)  If  a  senator  lost  or  spent  so  much  of  his  property  aa  to  &U  short 
of  the  senatorial  census,  he  was  obliged  to  withdraw  from  the  senate, 
unless  the  emperor  connived,  or  supplied  the  defidenoy.  (Ta<at, 
'Annal.,'  ii.  48;  xii.  62;  xv.  28;  'Hist,'  iv.  42  r  Suet,  'Aug.,'  41; 
'  Tiber.,'  47 ;  Dion  Cass.,  Ix.  11.)  The  senatorial  age  was  fixed  hy 
Augustus  at  twenty-five  years  (Dion  Cass.,  Iii.  20),  and  the  names  of 
the  senators  were  entered  on  a  list  called  '  Album  Benatorium.'  (Taoit, 
'  AunaL',  iv.  42  ;  Dion  Cass.,  liv.  13  ;  Iv.  3.)  Augustus  reduced,  as  we 
have  seen,  the  number  of  senators  to  600,  and  cleared  their  body  from 
the  unworthy  persons  who  had  been  admitted  before  his  time.  He 
also  improved  the  senate  by  electing  into  it  the  most  distinguished 
citizens  of  municipia  and  colonies,  and  even  provindala.  (Tacit, 
'  Annal.'  iii.  66 ;  xi.  25 ;  Suet, '  Vespas.,'  9.)  Sudi  senators  of  course 
resided  at  Rome,  and,  with  tiie  exception  ot  those  who  belonged  to 
Sicily  or  GaUia  Narbonnensis,  they  were  not  allowed  to  visit  their 
former  homes  without  a  special  permission  of  the  emperor.  (Tacit., 
'  Annal.,'  xiL  23 ;  Dion  Cass.,  Iii.  42 ;  Ixi  26.)  At  a  later  period  these 
foreign  senators  were  required  to  purchase  a  certain  amount  of  landed 
property  in  Italy.  (PUn.,  'Epist,'  vL  19.)  The  emperors  also 
assumed  the  right  of  convoking  the  regular  as  well  as  extraordinary 
meetingB  of  the  senate  (Dion  Cnsa.  liii.  1 ;  liv.  3),  although  the  consols, 
pnctors,  and  tribunes  continued  to  enjoy  the  same  privilege.  (Tacit 
'  Hist.,'  iv.  39 ;  Dion  Cass.,  IvL  47  ;  lix.  24.) 

Senators  were  never  allowed  to  carry  on  any  mercantile  business. 
About  the  commencement  of  the  second  Punic  war,  however,  somo 
senators  seem  to  hare  entered  into  mercantile  speculatiotas ;  and  a  law 
was  pasaed,  notwithstanding  the  opposition  of  the  senate,  that  no 
senator  should  be  allowed  to  possess  a  ship  of  more  than  300  amphono 
ill  tonnage  (Liv.,  xxL  63),  this  being  thought  sufficienUy  large  to  con- 
vey to  Rome  the  produce  of  their  xxissessions  abroad  (comp.  Cic  '  c. 
Verr.,'  v.  18) ;  from  which  passage  it  is  clear  that  this  Uw  was  not 
always  observed.  No  one  moreover  could  be  elected  senator  whose 
parents  were  not  free  men  by  birth  (iugenui).  The  first  violation  of 
this  custom  was  attempted  by  the  censor  Appius  Claudius  Cascus,  who 
elected  into  the  senate  the  sons  of  freedmen.  (Liv.,  ix.  29  and  46  ; 
Aurcl.  Vict, '  De  Vir.  lUustr.,'  34.)  But  this  election  was  considered 
illegal.  Towards  the  close  of  the  repubiio  such  proceedings  appear  to 
have  been  rather  common.  (Dion  Cass.,  xL  63;  iii.  47;  Horat. 
'  Sat,'  i.  6,  21.)  If  a  senator  was  struck  from  the  lists  of  senators  by 
the  censors,  he  was  not  disqualified  for  any  of  the  (great  state  offices, 
but  he  might  still  obtain  them,  and  thus  find  his.  way  bank  to  the 
senate.  <Cio.  'pro  Cluent.,'  40;  Dion  Cass.,  xxxviiL,  80;  xliit.  S2; 
comp.  "  Nota"  in '  Diet,  of  Oreek  and  Itom.  Antiq.') 

The  regular  meetings  of  the  senate  {tenatu*  u^Umui)  during  the 
repubiio  were  held  on  the  calends,  nones,  and  ides  of  every  month. 
(Cio.  'ad  Quint  Frat,'  ii.  13.)  Kxtraordiuary  meetings  (tautHt 
indictus  or  tdiclut)  might  be  convoked  on  any  day,  provided  it  was  not 
a  dies  comitialis,  or  a  dies  ater.  Augustus  decreed  that  a  senatus 
legitimuB  should  only  be  hold  twioe  every  month,  on  tift  oalends  and 
on  the  idee;  that  during  the  months  of  September  and  October,  only 
a  small  number  of  senators,  drawn  by  lot,  should  attend ;  and  that 
their  attendance  should  be  sufficient  to  enable  the  body  to  transact 
business.  (Suet,  'Aug.,' 35;  Dion  Cass.,  Iv.  3.)  What  number  of 
senators  Was  necessary  in  order  to  constitute  a  legal  meeting  is  uncer- 
tain :  on  some  occasions,  however,  aa  we  see  from  the  senatus 
consultum  de  BacchauaUbus  (Liv.,  xxxix.  18),  a  decree  oould  not  be 
made  unless  (liere  were  one  hundred  senat<H«  present    Sometimes 
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alM  it  waa  found  neeeaMty  to  auiorca  the  •ttandaaoa  by  a  multa,  or  a 
pignorU  captio.  (Cic., '  Philip./  i.  6.)  Augustus  incrraaed  the  aere- 
rity  of  the  kw  in  this  reapeot.  (Dion  Can.,  liv.  18 ;  It.  8 ;  Ix.  11.) 
At  firtl  ha  required  the  preaenoe  of  four  hundred  memben  to  con- 
atituta  a  full  aaaembly ;  but  he  afterwatxla  reduced  this  number;  and 
at  a  later  period,  the  preaence  of  aerenty,  or  even  fewer  lenators,  waa 
auffioient.    (Lamprid., '  Alex.  Ser./  16.) 

The  plaoea  of  meeting  for  the  senate  (curiM  or  senaonla)  were  olwaya 
templa,  that  ia,  places  consecrated  by  the.  augurs ;  and  there  wore 
origin^y  three  of  them:  1,  the  temple  of  Concordia,  between  the 
(^tol  and  the  Forum ;  2,  a  plaoe  near  Uie  Porta  Capena  j  and  8,  a  place 
near  the  temple  of  Bellona,  outside  of  the  city.  (Feet.,  <.  r. '  Senacula.') 
Subaequently,  howerer,  meetings  of  the  senate  wore  held  in  a  great 
many  other  places.  The  place  near  the  temple  of  Bellona  waa  princi- 
pally uaed  for  the  purpoee  of  giving  audience  to  generala  who  returned 
from  their  campaigns,  and  were  desirous  to  obtain  a  triumph ;  also  to 
receive  foreign  ambassadors,  especially  such  as  were  sent  by  an  enemy, 
and  were  not  allowed  to  enter  the  city.  Towards  the  close  of  the 
republic,  it  was  decreed  that  during  the  whole  month  of  February  the 
senate  dkould  give  andience  to  foreign  ambassadors  on  all  days  on 
whidi  a  senate  could  be  held,  and  that  no  other  business  should  be 
transaoted  in  the  senate  until  the  aSairs  of  the  foreign  ambassodora 
wer«  setOed.    (Cic  '  ad  Quint.  Frat.,'  iL  13  ;  '  ad  Fam.,'  i.  i.) 

In  the  earliest  times  of  Home,  the  right  of  convoking  the  senate 
belonged  to  the  kings  or  their  vicegerents,  and  they  also  introduced 
the  subjects  for  discussion.  The  pi-inceps  senatus,  or  cuatos  urbis,  put 
the  question.  The  patres  majorum  gontiimi  voted  first,  and  the 
patres  minorum  gentium  last.  (Cic.,  '  De  Rep.,'  ii.  20.)  During  the 
republic  the  senate  might  be  convoked  by  the  consuls,  the  dictator, 
the  pnetor,  the  tribunes  of  the  people,  the  interrez,  or  the  prsfectus 
urbi :  the  decemvirs,  military  tribunes,  and  the  triumviri  rei 
publioH)  constituenda),  likewise  exercised  this  right;  but  the  persons 
who  intended  to  convoke  the  senate  generally  offered  .sacriflces  to  the 
gods  and  oonsnited  the  auspices.  (Uellius,  xir.  7.)  The  assembled 
senators  appear  to  have  sat  in  a  regular  and  fixed  order :  first,  the 
Prinoeps  aeoatua ;  then  the  Consulares,  Censorii,  Pnatorii,  .^dilicii, 
Tribunicii;  and  lastly,  the  QusestoriL  In  this  succession  they  also 
gave  their  votes.  (Cic ,  '  Philip.',  v.  17 ;  xiU.  14 ;  '  Ad.  Att.',  zii.  21.) 
The  majmity  always  decided.  This  mode  of  voting  remained  the 
same  during  the  empire.  (Plin.,  'Epist.',  viii.  14;  Ix.  13;  Tacit., 
'  Anna].',  iiL  22 ;  xi.  6.)  The  business  waa  conducted  as  follows  :  the 
magistrate  who  had  convoked  the  aenate  was  always  the  president,  and 
he  kid  before  the  aaaembly  the  subjects  for  discuinon,  opening  the 
busineas  with  the  words, "  Quod  bonum,  faustum,  felix,  tortunatum 
sit;  referimus  ad  vos,  patres  conscriptL"  After  the  subject  of  dia- 
cussion  was  explained,  the  president  asked  the  senators  for  thmr 
opinion  in  the  order  in  which  they  sat.  (Liv.,  L  82  ;  ix.  8.)  If  the 
consules  designati  were  present,  they  had  the  precedence  even  of  the 
princeps  senatus.  (Sallust, '  Cat.',  60 ;  Cic.  'Philip.',  v.  18.)  If  any 
of  the  members  dissisnted  from  the  measure  proposed,  he  might  express 
hla  opinion  freely,  or  propose  an  amendment  to  it.  After  the  dis- 
cussions were  over,  the  president  called  upon  the  members  to  vote; 
and  the  majority,  which  decided  the  question,  vras  ascertained  either 
bynumentio  or  discesaio.  A  sitting  of  the  aenate  waa,  generally 
speaking,  not  continued  after  sun-set;  but  in  unexpected  or  very 
urgent  cases  the  business  was  carrisd  on  by  candlelight,  and  even  till 
after  midnight.  Augustus  Introduced  the  custom  that  every  senator, 
before  he  took  his  seat,  should  ofier  incense  and  a  libation  to  the  god 
in  whose  temple  the  meeting  waa  held.  (Buet.,  '  Aug.',  85.)  During 
the  time  of  the  empire  one  of  the  consuls  seems  always  to  have  presided 
in  the  senate,  and  the  emperors  only  when  they  were  consuls  (Plin., 
'  £pist.',  ii.  11) ;  but  by  virtue-of  their  tribimician  power,  they  might 
at  any  session  introduce  any  subject  they  pleased  (Dion  Cass.,  liii.  82), 
and  subsequently  this  privilege  waa  nanted  to  them  by  an  especial 
decree  (jua  rslationis).  (Vopisc.,  '  Prou.',  12 ;  J.  Capitol.,  '  Pertin.',  6 ; 
'  M.  Antonin.',  6 ;  Lainprid.,  '  AleX.  Sev.',  1^  The  measures  or  pro- 
positions made  by  an  emperor  were  introduced  in  the  form  of 
written  orations  (raaitiones  priacipum),  and  read  in  the  senate  by  one  of 
his  quiestors.  (Suet., '  Aug.',  66 ;  Tit.,6,Tacit.,'AmiaL',  xvi.  27.)  The 
manner  of  conducting  the  businegs  was  on  the  whole  the  same  as  in 
the  time  of  the  republic.  But  when  msgistrates  were  elected  in  the 
senate,  the  votes  ware  given  by  ballot  (Plin., '  Epist.',  iiL  20 ;  xL  S.) 
Previous  to  the  time  of  Caesar  the  transactions  of  the  senate  were  not 
kept  or  preserved  in  any  regular  way.  (Flut., '  Cat.  Uin.',  23.)  .  Ca»ar 
was  the  first  who  ordained  that  all  the  transactions  of  the  senate  (acta 
senatus)  should  be  kept  and  made  public.'  (Suet., '  Cues.',  20.)  Those 
transactions  were  written  under  the  superintendence  of  one  of  the 
senators  (called  "  ab  actis,"  or  "  h  oura  actomm  "),  by  scribes  appointed 
for  the  purpose.  (Tacit,  '  Annal.',  v.  4,  &o. ;  Spart.,  '  Hodr.',  8.)  In 
case  the  business  of  the  senate  waa  carried  on  in  secret,  the  senators 
themselves  officiated  as  clerks.     (Jul.  Capitol., '  Oord.',  12.) 

Down  to  the  end  of  the  republic  the  senate  of  Borne  partook  more 
or  less  of  the  character  of  a  body  repreeenting  the  people  :  it  was,  as 
Dionysius  saya  (v.,  p.  381,  vi.  p.  408),  the  head  and  soul  of  the  whole 
re^ublio,or  the  concentrated  intelligence  and  wisdom  of  the  whole  nation. 
It  is  chi^y  to  the  consbtency,  wisdom,  and  energy  with  which  the  senate 
acted  during  a  long  period  that  Borne  was  indebted  for  har  greatneaa 
and  bar  snooeM. 


During  the  kingly  period  the  kings  acted  according  to  the  deter- 
minations of  the  senate,  snd  the  kings  had  only  the  executive.  The 
subjects  on  which  the  senate  decided  before  thoy  came  before  the 
people,  comprehended  the  whole  internal  administration  of  the  state, 
legislation,  finance,  and  war.  On  the  death  of  a  king  the  senate  pro- 
posed the  new  candidate  to  the  comitia  by  means  of  the  intorrex. 
(Liv.,  i.  17.)  At  the  establishment  of  the  republic  no  change  appears 
to  have  been  mode  in  tho  power  and  authority  of  the  senate.  The 
senate  and  the  people  had  the  sovereign  power.  At  first  all  measures, 
whether  relating  to  the  administration  vr  legislation,  originated  with 
and  were  prepared  by  the  senate ;  but  this  power  was  afterwords  con- 
siderably diminished  by  the  attadu  of  the  tribunes  of  tho  people.  In 
many  oases  the  original  state  of  things  became  reversed,  inssmuch  as 
laws  might  originate  with  the  people,  snd  only  require  the  sanction  of 
the  senate ;  or  might  have  the  power  of  law  even  without  this 
sanctinn.  [Tribunus.]  A  still  more  formidable  blow  was  inflicted 
upon  the  power  of  the  senate  when  the  tribunes  obtained  the  right  of 
invalidating  its  acts  by  their  intercessio.  [Tribvncs.]  The  power 
which  the  senate  exercised  during  the  republic,  when  the  tribunes  did 
not  interoede,  may  be  comprised  under  the  following  heads : — 

1.  The  senate  had  the  control  of  tho  public  treasury  (icrarium) 
('  Polyb.',  vL  13);  tlie  aooounts  of  all  the  revenues  were  laid  before  the 
senate,  and  no  i>art  of  the  public  money  could  be  expended  without 
their  consent.  lience  no  consul  or  magistrate  oould  raise  an  army,  or 
keep  it  at  the  expense  of  the  state,  unleas  he  was  authorised  by  the 
senate.  [Scirio,  in  Bioo.  Drv.] 

2.  Crimes  committed  in  Italy,  such  as  treason,  eonspiraoies, 
poisoning,  and  murder,  belonged  to  the  cognisance  of  the  senate; 
moreover,  if  any  private  individuals  or  any  of  the  allied  towns  of 
Italy  had  disputes  among  themselves,  it  they  hod  done  anything 
deserving  punishment,  or  if  they  required  assistance  or  a  garrison,  all 
this  vras  within  the  power  of  the  senate.  (Polyb.,  vL  11 ;  oomp.  Liv., 
XXX.  26.)  In  oases,  however,  where  a  judicial  sentence  wss  required, 
the  senate  vappointed  a  person,  but  did  not  pronounce  sentence  itself. 
(Cic,  'De  Off.',  1.  10;  Val.  Max.,  vu.  8,  4.) 

8.  All  ambassadors  sent  from  Rome,  and  all  commissioners  choi'ged 
with  the  regulation  of  the  affairs  of  a  newly  conquered  province,  were 
nominated  by  tho  senate,  and  the  ambassadors  themselves  were  in 
many  cases  members  of  the  senate.  All  foreign  ambassadors  com- 
municated with  the  Boman  senate.  (Polyb.,  I.  e. ;  and  Livy,  in 
numerous  passages.)  Treaties  concluded  with  foreign  nations  by  a 
Boman  general  required  the  sanction  of  the  senate. 

4.  The  senate  aasigued  to  the  consuls  and  pnetors  their  respective 
provinces  [Pbovinoia],  and  the  senate  might  at  the  end  of  a  year 
propose  the  prolongation  of  their  imperium, 

6.  The  senate  decreed  all  public  thanksgivings  (supplicationes)  for 
victories  obtained  by  the  genmals  of  the  republic ;  and  the  senate  alone 
could  confer  on  a  victorious  genera]  the  honour  of  a  triumph  or  of  an 
ovatio.  (Liv.,  v.  23 ;  Cic, '  Philip.',  xiv.  6.) 

6.  The  senate  in  times  of  great  danger  oould  delegate  unlimited 
power  to  the  consuls ;  and  this  was  dons  by  the  formula,  "  videant 
consules  nequid  respublica  detriment!  capiat."  The  senate  had  also 
the  supreme  superintendence  in  all  matten  of  religion,  and  decided 
whether  the  worship  of  new  gods  was  to  be  adopted  or  not.  [SERAns.] 

During  the  empire  the  senate  lost  its  former  character,  for  the 
emperors  became  the  sovereign,  and  the  senate  was  a  subordinate 
power,  and  little  more  than  a  high  oourt  of  justice.  Respecting  the 
provinces  of  the  senate,  see  Proviscia.  The  senators,  however,  were 
always  looked  upon  as  persons  of  the  highest  rank.  Vacancies  were 
filled  by  the  emperor  at  discretion,  chieBy  with  equites,  whence  the 
equitee  are  called  seminarium  senatus.  (Lamprid,,  '  Alex.  Sev.',  19 1 
Joseph.,  '  Antiq.  Jud.',  xix.  1.)  Constautine  established  a  second 
senate  at  Byzantiiuu,  and  the  emperor  Julian  conferred  upon  it  the 
privileges  which  were  enjoyed  by  the  senatora  of  Rome.  (Zosimus,  ill. 
11.)  Both  senates  were  still  sometimes  addressed  by  the  emperors  in 
a  imperial  oration  concerning  matters  of  legialation,  and  each  of  the 
senates  still  continued  to  be  a  high'  court  of  justice,  to  which  the 
emperors  referred  important  criminal  cases.  The  senatorial  dignity 
was  now  obtained  either  by  descent,  by  the  favour  of  the  emperor,  or 
by  virtue  of  having  held  some  office  at  the  imperial  oourt.-  The 
senatois  enjoyed  m.iuy  distinctions,  but  their  burdens  were  exceedingly 
heavy,  for  they  hod  to  pay  a  peculiar  tax  (follis)  upon  their  landed 
property,  to  give  public  games,  and  magnificent  presents  to  the 
emperors,  and,  in  times  of  need,  large  donations  to  the  people.  The 
emperors,  therefore,  contrived  to  elect  into  the  senate  the  weolthieet 
persons  firom  all  parts  of  the  em{»r«,  (Walter,  'Oeech.  d,  Rom. 
Beohta.') 

From  the  time  of  Diocletian  the  senate  was  only  a  shadow  of  ita 
former  state,  but  it  was  still  the  highest  object  of  the  ambition  of  tlio 
wealthy  Romans. 

It  now  remains  to  mention  some  of  the  external  insignia  and  the 
privileges  of  the  Roman  senators. 

1.  The  latut  clavm,  or  tunica  laticlaria,  or  a  tunica  with  a  brctd 
purple  stripe,  which  -kbh  not  sewed  to  it,  but  woven  in  it. 

2,  A  kind  of  short  boots  with  the  letter  C  on  the  top  of  the  foot. 
This  C  is  generally  interpreted  to  mean  centum,  and  to  refer  to  the 
original  number  of  a  hundred  (centum)  senators. 

8.  A  particular  phtoe  (orchestra)  In  the  theatres  and  amphitheatres 


Digitized  by 


6-oogle 


M 


SENECA  INDIANS. 


SEPARATE  PROPERTT. 


MS 


TUs  was  first  aaaigned  to  the  senate  by  Scipio  Afrioanus  Ifajor,  b.o. 
194  (Liv.  zzxir.  54;  comp.  Cic.  'pro  CIuei>t.',.47.)  In  the  reign  of 
Claudius  they  obtained  the  same  distinction  at  the  games  in  the  Circus. 
(Suet., '  Claud.',  21 ;  Dion  Cass.,  Ix.  7.) 

4.  On  the  day  when  sacrifices  were  oflered  to  Jupiter,  the  Ben.itora 
had  a  public  feast  on  the  Capitol,  and  this  distinction,  which  no  one 
else  had,  was  called  jus  publico  epulandi.  (Suet,  'Aug.',  35; 
Oellius,  zii.  8.) 

5.  The  jus  liberiB  legationis,  that  is,  senators,  when  allowed  to 
travel  abroad,  had  .a  right  to  demand  from  the  inhabitants  of  the 
towns  or  countries  uirough  which  they  travelled,  all  that  was 
necessary  for  their  support  or  accommodation.  Towards  the  end  of 
the  republic  this  right  was  much  abused,  wherefore  Cicero  obtained 
the  passing  a  law  which  limited  the  time  during  which  a  senator  might 
be  absent  and  enjoy  the  jus  libera  legationis  to  one  year :  Cssar, 
howerer,  extended  it  to  five. 

SENECA  INDIANS.    [Nobtb  Ahebioan  Iitduns.] 

SENEOUIN.    [SAFomH.] 

SENESCHAL,  a  word  rarely  used  except  by  persons  who  affect  a 
kind  of  refinement  of  style  which  they  think  is  attained  by  using 
words  of  exotic  growth  rather  than  words  the  natural  growth  of  their 
own  soil,  the  meaning  being  precisely  that  which  is  represented  by  the 
word  "  steward,"  and  this  when  the  word  is  applied  to  officers  so  desig- 
nated of  the  greatest  eminence ;  the  lord  high-steward  of  England  or 
of  ScotUmd  being  the  proper  phrase  for  that  great  officer,  and  not  lord- 
high-seneschal.  But  the  functions  of  the  officer  called  steward  in 
Britain  oorresponding  with  those  of  the  officer  called  seneschal  abroad, 
and  especially  in  France,  when  the  word  appears  in  Latin,  it  is  repre- 
vented  by  lenacallvt,  writs  running  "  Senescallo  Hospitii  Regis,"  4a, 
when  addressed  to  the  steward.  In  poetry  and  rOmance-writing  it  is 
sometimes  used  for  a  principal  officer  in  the  household  of  distinguished 
persons,  when  it  is  thought  that  the  word  steward  would  be  toA 
fjMniliar,  and  suggest  an  officer  whose  duties  are  of  an  inferior  class  to 
those  of  the  seneschal. 

SENNA  is  prepared  from  several  species  of  Catda  [Cassia,  in  Nat. 
Hist.  Drv.],  of  which  the  aaUifolia,  grown  in  Egypt,  Sennaar,  and 
Abyssinia,  and  shipped  from  Alexandria,  is  considered  the  best  The 
leaflets,  leaf  stalks,  and  pods  are  frequently  present  in  the  senna  used 
in  medicine.  The  pulp  of  C.  Futida,  called  also  Oathartocarpiis  Fistula, 
oonsists  chiefly  of  sugar  and  gum,  with  some  other  principles,  and  is  a 
mild  laxative.  It  accordingly  enters  into  the  composition  of  the  con- 
fection of  cassia,  and  the  confection  of  senna  or  lenitive  electuary. 
These  are  pleasant-tasted  but  rather  bulky  pui^tives  for  children. 
They  are  not  much  used,  and  the  pulp  of  cassia  is  chiefly  employed  to 
foim  what  is  termed  essence  of  coSce.  This,  when  prepared  from  pulp 
which  has  not  been  kept  too  long,  is  mildly  cathartic,  and  a  very  proper 
article  of  diet  for  persons  subject  to  habitual  constipation. 

Senna  contains  a  peculiar  principle  called  cathartine,  with  a  fat  oil, 
and  a  little  volatile  oil,  a  colouring  principle,  mucilage,  and  malate  and 
tartrate  of  lime,  chlorophylle,  Ac. 

The  active  or  purging  principle  is  yielded  to  water,  both  cold  and 
worm,  and  to  alcohol.  If  the  infusion  be  made  with  cold  water,  it 
never  gripes  :  this  method  is  now  much  employed  to  form  the  eon- 
ceotnled  infusions  supplied  by  wholesale  chemists  and  druggists  to 
country  practitioners.  It  requires  that  the  water  should  stand  twenty- 
four  hours  on  the  leaves,  which  should  be  kept  down  with  a  heavy 
weight,  and  the  air  excluded  as  thoroughly  as  possible.  The  tincture 
is  idmost  an  unnecessary  form,  while  the  powder  is  objectionable  from 
its  bulk  and  disagreeable  taste.  Various  articles,  especially  aromatics, 
are  occasionally  added  to  infusions  to  correct  its  griping  tendencies,  or 
iucrease  its  purgative  power.  The  confection  is  an  example  of  such 
combinations  in  a  solid  state.  A  carefully  prepared  extract  keeps  well, 
retains  the  odour  and  virtue  for  years,  and  may  be  given  in  moderate- 
■ixed  boluses  or  pills. 

SENSIBILITY,  an  aptitude  for  receiving  impressions  of  the  senses. 
This  is  its  physiological  meaning,  as  designating  that  faculty  of  the 
senses  whereby  things  external  are  made  to  act  upon  us.  That  peculiar 
fineness  of  organisation  which  renders  a  man  aUve  to  the  impressions  of 
physical  objects,  has,  by  a  natural  metaphor,  become  the  expression  of 
that  peculiarity  of  mental  organisation  wlich  renders  the  mind  alive 
to  imprassions  of  moral  objects,  such  as  pity  for  the  distress  of  others, 
admiration  of  heroic  courage  or  patient  endurance,  &c. ;  and  thus  a 
parson  with  a  keen  sense  of  ^[randeur,  sublimity,  nobility,  beauty,  or 
pathos  in  nature  or  art,  is  said  to  possess  great  sensibility.  It  is  this 
monl  aspect  of  sensibility  which  in  all  people  creates  the  love  of 
poetry  and  fiotion,  and  when  possessed  in  a  high  degree  creates  the 
poet  himself. 

A  singular  but  suggestive  theory  of  universal  sensibility  was  pro- 
jrannded  by  Campanella  in  his  work  '  De  Sensu  Rerum ; '  but  its 
daring  assumptions,  however  consonant  to  a  poetical  temperament, 
require  greater  accuracy,  lai^er  data,  and  more  logical  deductions, 
before  this  hypothesis  can  have  any  weight  with  exact  thinkers;  and 
in  fact  it  has  gained  few  converts. 

SENTENCE.    [Judomknt;  OBaAKOH.] 

SENTINEL,  or  SENTRY  (from  tentire,  to  look  or  perceive),  is  a 
cerm  now  applied  to  an  infantry  soldier  when  placed  on  guard  before 
:he  palace  of  a  royal  personage,  or  before  some  other  pubUc  builiing ; 
also  when  guarding  the  Tampirts  of  a  fortress,  or,  on  an  army  being 


in  the  field,  when  he  is  stationed  on  the  exterior  of  the  line  of  outposts. 
[PiqcET.] 

SEPARATE  PROPERTY.  By  the  common  law  of  Engjand  the 
husband  acquired  by  the  marriage  a  freehold  interest  in,  and  a  ri^t  to 
dispose  of,  the  rents  and  profits,  during  the  joint  lives  of  himself  and 
his  wife,  of  all  the  estates  of  inheritance  of  which  she  was  at  that  time 
seised,  or  might  become  seised  during  the  coverture,  as  well  as  a  right  to 
an  estate  for  his  own  life  as  tenant  by  the  curtesy  in  the  event  of  his 
surviving  his  wife  and  there  having  been  issue  of  the  msniage.  By 
the  common  law,  also,  marriage  was  an  absolute  gift  to  the  husband  of 
all  the  goods  and  personal  chattels  of  which  the  wife  was  actually  pos- 
sessed at  that  time  or  might  become  possessed  during  the  coverture, 
and  it  gave  him  a  right  to  dispose  of  her  chattels  real  and  of  such  of 
her  choses  in  action  as  he  should  have  reduced  into  possession 
during  the  same  period.  There  was  no  mode  by  which  the  wife  could 
take  or  enjoy  any  estate  or  property  absolutely  independent  of  her 
husband. 

In  process  of  time,  however,  limitations  of  both  real  and  peraoDsl 
property  to  the  separate  use  of  the  wife  were  established  in  courts  of 
equity,  and  the  validity  of  them  has  been  recognised  even  in  ooucbs  of 
law.  It  was  at  first  considered  necessary  that  property  wluch  was  to 
be  enjoyed  by  a  married  woman  for  her  separate  use  should  be  vested 
in  trustees  for  her,  but  it  has  since  been  settled  that  where  either  re,U 
or  personal  property  is  given  to  the  separate  use  of  a  married  woman, 
without  any  appointment  of  trustees,  the  husband  shall  be  considered 
a  trustee  for  her.  This  principle  applies  d  fortiori  when  the  property 
is  expressly  given  to  the  husband  for  the  separate  use  of  his  wife.  In 
the  same  manner  the  agreement  in  writing  between  the  husband  and 
wife  before  marriage,  that  his  wife  shall  be  entitled  to  any  specific 
property  for  her  separate  use,  converts  him  into  a  trustee  for  her  as  to 
that  property ;  and  if  the  subject  of  agreement  be  real  estate,  and  be 
such  as  to  give  the  wife  a  power  of  dispositiun,  the  agreement  will  be 
binding  on  her  heir,  and  make  him  a  trustee  for  her  appointee.  The 
consideration  of  what  is  or  is  not  a  valid  settlement  of  property  by  Uie 
husband  to  the  separate  use  of  his  wife  as  against  creditors  and  pur- 
chasers, belongs  to  the  general  doctrine  of  marriage  settlements. 
[Settlement.] 

Many  questions  have  arisen  upon  the  construction  of  particular 
instruments  as  to  what  words  are  necessary  to  raiae  a  trust  for  the 
separate  use  of  the  wife.  The  result  of  the  oaaes  upon  this  point  may 
be  stated  to  be,  that  when,  from  the  nature  of  the  transaction  and  the 
context  of  the  instrument,  the  intention  to  limit  the  property  to  the 
wife  for  her  separato  use  is  clear,  whatever  may  be  the  particular 
expressions  used,  that  intention  will  be  carried  into  effect ;  but  that 
the  courts  of  equity  will  not  interfere  to  deprive  the  husband  of  the 
interest  which  he  would  otherwise  take  in  his  wife's  property  upon 
doubtful  inferences  or  ambiguous  expressions.  It  has  sometimes  been 
doubted  whether  property  could  be  limited  in  trust  for  a  woman, 
whether  married  or  sole  at  the  time,  so  as  to  enure  to  her  separate 
use  in  the  event  of  a  second  or  future  marriage ;  but  the  recent 
decisions  upon  this  point,  in  accordance  with  the  general  practice  of 
conveyancers,  leave  no  room  now  to  doubt  their  validity.  The  intention 
to  extond  the  limitation  to  future  covertures  must,  however,  be  clearly 
declared  ;  for  if  the  apparent  object  be  to  protect  the  fund  against  the 
particular  husband,  a  declaration  that  the  trust  shall  continue  during 
the  life  of  the  woman  will  not  extond  it  to  a  future  marriage. 

Separato  estate  may  be  acquired  not  only  in  lands  and  personalty, 
but  in  the  profits  of  trade  carried  on  by  the  wife  on  her  spparate 
account,  in  consequence  either  of  express  agreement  between  her  and 
her  husband  before  marriage,  or  his  subsequent  permission.  Upon 
the  general  principles  applicable  to  mairiage  settiements,  the  agreement 
in  the  former  case  will  be  good  against  creditors ;  in  the  latter  against 
the  husband  only.  In  such  cases  the  stock  in  trade  and  property 
required  for  carrying  on  the  business  are  usually  vested  in  trustees 
for  the  wife,  who  is  considered  at  law  as  their  agent,  and  should  carry 
on  all  business  transactions  in  their  names.  But  if  no  trustees  should 
have  been  appointed,  the  rule  of  equity  before  stated  will  apply,  and 
the  husband  will  be  bound  by  his  agreement,  that  all  hia  wife's 
earnings  in  trade  shall  be  her  separate  property  and  at  her  own 
disposal. 

When  personal  property,  whether  in  possession  or  reversion,  is 
settled  to  the  separate  use  of  a  married  woman,  she  may  dispose  of 
it  and  the  produce  of  it  as  a,  feme  sole  to  the  full  extent  of .  her 
interest,  though  no  particular  power  be  given  by  the  instrument  of 
settlement  But  a  mere  limitation  of  real  .estate  in  fee  to  tho  sole 
and  separate  use  of  a  married  woman,  though  it  enables  the  wife  to 
dispose  of  the  rents  and  profits  as  a  feme  sole,  gives  her  nu  power  of 
disposition  over  the  estate  beyond  what  she  has  by  the  common  law. 
The  gift  to  the  separate  use  may  be  accompanied  by  on  express  power 
of  appointment  by  deed  or  will.  The  rules  of  law  relating  to  the 
formal  execution  of  such  powers,  and  the  cases  in  which  defective 
execution  will  be  supplied,  are  the  same  as  those  which  are  applicable 
to  the  execution  of  powers  in  generaL     [Uses.] 

It  is  not  necessary  in  all  cases  of  settiement  of  personal  property  tc 
the  separate  use  of  a  married  woman,  accompanied  with  a  power  ol 
appointment,  that  she  should  appoint  in  terms  of  the  power.  Upon 
this  point  the  following  distinctions  ore  eatebliahed : — 1.  When  thert 
is  an  express  limitation  of  an  estate  for  life  in  the  fund  to  the  wif^ 
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iriib  »  powar  to  i^ppoiat'  the  principal  after  her  death,  the  wife  can 
diipow  of  Ute  capital  only  by  an  execution  of  the  power,  which  may  be 
iinmecliate,  if  the  power  authoriae  on  appointment  by  deed ;  but  if  it 
require  tiie  appointment  to  be  made  by  will  only,  then  it  cannot  take 
effect  till  after  her  death.  This  ia  equaUy  true  whether  the  limitation 
in  d^ult  of  appMntment  be  to  a  Btrtmger,  to  the  next  of  kin,  or  to 
the  executors  and  administntors  of  the  wife.  2.  When  the  wife  takes 
the  absolute  interest  in  the  property,  although  it  ahotdd  be  limited  to 
her  in  the  form  of  a  power,  she  may  diaposs  of  it  under  her  general 
power,  and  without  regtid  to  the  oeremonies  prescribed  by  the  inatru- 
ment.  Under  tiie  second  head  are  included  all  the  cases  in  which 
the  trust  for  the  wife  appears  to  be  of  the  principal  and  not  of  the 
interest  only,  and  t^e  effeot  of  such  a  limitation  will  not  be  controlled 
by  the  introduction  of  any  subsequent  proTisions  as  to  the  mode  of 
payment  of  the  interest  or  otherwise. 

The  foregoing  ofaaerrations  with  respect  to  the  powers  of  disposition 
by  a  married  woman  of  the  capital  of  a  fund  given  generally  to  her 
separate  use,  are  equally  applicable  to  the  cases  where  the  interest  or 
rent  of  property  only,  or  inoome  of  whatever  kind,  is  ths  subject  of 
the  settlement.  If  no  particular  power  to  dispose  be  given,  she  may 
do  so  imder  that  general  power  wmcb,  as  before  mentioned,  a  manied 
woman  possesses  over  hw  sepaiote  penonal  estate,  and  even  where  a 
particular  mode  of  disposition  is  prescribed  in  the  instrument  of  settle- 
ment, she  wUl  not,  it  seems,  be  bound  to  follow  it. 

If  the  wife,  having  a  general  power  of  disposition  pi  her  separate 
property,  permit  her  husbsod  during  his  life  to  receive  and  apply  her 
sepaimte  estate  as  his  own,  a  gift  frcnm  her  will  in  general  be  presumed, 
and  she  wiU  not  be  allowed  at  his  death  to  cbaige  his  estate  with  the 
amount  so  received. 

If  the  wife,  having  power  to  disp(»e  absolutelr  of  her  separate  pco- 
perty,  die  without  making  any  dispositioo  of  it,  the  qualify  of  separate 
propoty,  it  seems,  ceases  at  her  death,  and  tiie  surviving  husband  is 
entitled  to  the  fund.  If  the  property  consist  either  of  chattels  real  or 
penotal  in  possession,  he  will  be  entitled  to  them  without  administra- 
tion ;  but  if  of  dioees  in  action,  he  must  take  out  administration  to  her 
ea[tate. 

In  some  osaea  wlMre«  manied  woman,  having  an  absolute  power  of 
ntpointment  over  a  fund,  has  executed  it,  a  bill  nas  been  fllsd,  in  order 
that  the  consent  in  court  of  the  wife  to  the  disposition  mig^t  be 
taken;  and  this  practice  occasioned  a  doubt  whether  it  was  not 
necesasiy  that  the  wife's  consent  in  court  should  be  obtained,  especially 
in  cases  where  the  appointment  was  in  favour  of  the  husbtuid.  But. 
unquestionably  the  appointment  is  valid  without  any  such  consent, 
and  tlie  presence  of  the  wife  in  court,  whether  the  appointment  be  to 
her  husband  or  to  strangers,  is  entirely  unneoeeaary. 

It  was  at  one  time  doubted  whether  the  wife's  general  power  of 
alienation  of  her  separate  estate  could  be  restrained  by  the  expressed 
intention  of  the  settlor,  sucli  restraint  being  thought  repugnant  to  the 
interest  which  she  had  in  the  property ;  but  the  power  of  the  settior 
to  impose  it  is  now  established  by  undoubted  authority.  The  intention 
to  impose  this  restraint  will  not  however  be  inferred  m  the  absence  of 
express  words  to  that  eSisct.  If  the  gift  be  to  a  woman  unmarried  at 
the  time  when  it  takes  efiect,  a  clause  against  anticipation,  that  is,  a 
clause  which  prohibits  or  limiia  the  power  of  alienation,  though 
inserted  expressly  in  contemplation  of  a  future  manisge,  is  inoperative, 
as  it  would  be  in  the  case  of  a  man,  to  prevent  alienation  miile  she 
continues  sole ;  and  if  the  gift  be  to  a  woman  married  at  the  time,  the 
property  becomes  absolutely  disposable  by  her  upon  the  expihttion  of 
the  coverture.  It  bos  also  been  much  questioned  whether,  in  the 
coses  supposed,  the  property,  if  not  alienated  by  the  woman  while 
discovert,  would  be  subject  to  the  settiement  to  her  separate  use  and  to 
the  prohibition  against  anticipation  during  any  future  coverture  or 
covertures.  The  question  has  tieen  decided  in  tiie  affirmative^  and  is 
now  well  settled.    (Tuiiet  v.  Armstrong,  4  M.  ft  C,  890.) 

It  has  been  stated  that  if  a  married  woman  has  property  setUed  to 
her  separate  use,  without  any  restraint  On  alienation,  she  may  dispose 
of  it  as  a  feme  sole,  either  with  or  witho-.it  consideration ;  but  it  seems 
to  be  now  determined  (though  there  ore  conflicting  decisions  on  the 
point  among  the  older  authorities),  that,  in  order  to  affect  her  separate 
estate,  she  must  show  an  intention  to  charge  it,  and  that  it  is  not 
liable  to  answer  generally  the  demands  of  creditors.  It  ia  not  very 
clearly  determin^  in  what  cases  and  frqm  what  circumstances  the 
intention  to  charge  the  separate  estate  will  be  pr^umed.  It  seems  to 
be  established  that  the  separate  estate  of  a  married  woman  is  liable  to 
debts  for  which  she  hss  given  a  written  security  or  acknowledgment, 
such  OS  a  bond  or  promissory  notei  The  extent  to  which  a  woman's 
separate  property  may  be  subjected  to  the  demands  of  creditors 
claiming  under  parol  agreements  has  not  been  determined.  If  the 
separate  property  consists  of  land,  it  will  of  oonise  not  be  liable ; 
beouise,  by  tiie  Statute  of  Frauds  (29  Car.  U.,  i  8),  no  agreements  can 
affect  lands  unless  they  are  in  writing  and  signed  by  the  party  to  be 
charged;  but  if  of  personalty,  it  is  probable  that  an  express  parol 
agreement  that  her  sqiante  property  should  be  charged  with  the  pay- 
ment of  a  debt,  or  even  perhaps  a  tadt  agreement  to  be  implied  bom 
the  circumstances,  as  when  the  wife  ia  living  separate  from  her  husband, 
would  be  held  binding  on  the  property. 

It  haa  sometimes  been  oonsideTed  that  upon  the  principle  of  the 
general  Ualnlify  of  the  separate  property  to  debtS|  oftw  (h9  d^atb  of 
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the  wife,  in  the  administration  of  it  among  creditors,  all  ought  to  come 
in  pari  paua,  as  in,  other  cases  of  the  administration  of  equitable 
assets ;  "but  the  later  authorities  seem  to  show  that  the  separate  pro- 
perty of  a  feme  covert  is  not  subject  at  her  death  to  any  such  general 
BabUity,  and  &om  this  it  would  appear  to  follow  that  the  crediton 
whose  dJebts  are  charged  upon  it  ought,  as  specific  incumbranoeis,  to  be 
paid  according  to  their  priorities. 

The  wife,  in  equity,  as  at  law,  can  incur  no  personal  responsibility 
by  her  engagements  as  to  her  separate  property,  and  is  liable  only  to 
the  extent  of  that  property  in  the  hands  ol  her  trustees ;  but  in  suits 
respecting  her  separate  estate  she  is  treated  in  all  respects  ss  a  feme 
sole,  and  is  persoDolly  answerable  for  contempt  in  not  obeying  the 
orders  of  the  court  In  such  suits,  if  she  is  a  plaintiff,  she  must  sue 
by  her  next  friend,  and  not  with  her  husband,  who  however  should  be 
made  a  defendant  to  the  wife's  bill :  and  if  she  is  a  defendant,  she 
must  be  served  personally  with  process  in  the  cause.  She  must  answer 
by  her  next  friend  separately  from  her  husband,  who  ought  however 
to  be  made  a  parfy  to  the  biU. 

The  savings  and  earnings  of  a  wife  may  become  her  separate  property 
at  lav,  and  die  may  deal  therewith  ss  a  feme  sole,  either  ^ere  on 
order  hss  been  made  to  that,  effect  under  tile  statute  20  ft  31  Vict, 
c.  SS,  or  a  judicial  separation  has  been  obtained  by  the  wife. 

(Bright,  On  Hviband  and  Wife  ;  and  Lord  St.  Leonarda,  On  PwKrt^ 

SEPARATION  A  MENSA  ET  THORO.    [Divoboe.] 

SEPARATION,  JUDICIAL.  Until  the  statute  20  ft  21  Vioi  o.  85, 
divorces  a  vinado,  which  put  an  end  to  the  marriage  altogether,  were 
only  obtainable  by  a  special  act  of  parliament,  which  the  legislature 
would  not  pass  in  favour  of  a  husband  until  aftcn-  a  sentence  of  separa- 
tion a  maud  et  thoro  in  the  ecolesiastical  court,  and  would  not  pass  at 
all  if  his  conduct  had  not  been  free  from  reproach.  [DtvOBOB.] 
Either  of  the  spouses  could  always  however  obtain,  on  the  ground  oi 
adultery,  ci;uelty,  and  certain  other  causes,  a  divorce  a  menti  et  tkaro. 

The  remedy  now  given  in  such  cases  by  the  Court  fbr  Divorce  and 
Matrimonial  Causes  is  termed  a  judicial  teparatian.  This,  like  a 
divorce  a  maud  et  thoro,  does  not  dissolve  the  marriage ;  it  does  not 
bar  the  wife  of  her  dower,  for  instance ;  it  effects  only  such  a  separa- 
tion of  the  parties  as  leaves  it  open  to  them  to  come  together  again. 
But  it  relieves  the  husband  from  all  liability  for  his  wife ;  and  it 
confers  on  the  wife  the  right  of  having  and  disposing  of  her  own 
property  and  earnings,  as  freely  as  if  she  were  a  feme  sole. 

This  kind  of  separation  may  be  obtained  on  the  ground  of  adultery 
or  cruelty,  or  desertion  without  cause .  for  two  years  or  upwards ;  but 
unlike  a  decree  for  a  divoree,  which  is  absolute  and  irreversible,  a 
sentence  of  judicial  separation  may  be  reversed  at  any  time  after, 
wards,  if  obtained  in  the  absence  of  the  defendant,  on  its  appearing 
that  there  was  reasonable  ground  fur  the  alleged  desertion. 

In  esses  either  of  divorce  or  judicial  separation,  the  Court  may,  if  it 
shall  think  fit,  order  that  the  husban  I  shall  secure  to  the  wife  such 
sum  as  it  shall  deem  reasonable.  The  allowance  which  may  thus  bo 
made  to  a  woman  for  her  support  out  -i  the  husband's  estate,  is  to  be 
setUed  at  the'  discretion  of  the  court  on  consideration  of  all  ths 
cireumstonces  of  the  case,  and  to  be  proportioned  to  the  rank  of  the 
parties. 

SEPIRINK  A  resinous  alkaloid,  found  along  with  bebirine  in  the 
bark  of  the  bebtern  tree  of  British  Quiana. 

SEPOT,  or  SIPOY,  the  name  of  the  native  soldier  in  the  East 
Indies,  probably  from  tipahi,  the  Persian  word  for  soldier,  though 
Bishop  Heber  derives  the  word  from  "  sip,"  the  bow  and  arrow,  which 
were  originally  in  almost  universal  use  by  the  native  soldiers  of  India 
in  offensive  warfare.  Those  Bhiels  and  Kholees  who  are  employed  in 
Ouzerat  in  the  service  of  the  police  and  in  protecting  gentiemen's 
houses  and  gardens  are  also  called  sepoys,  and  with  more  propriety, 
as  they  still  use  the  bow  and  arrow.  The  native  soldiers  in  the  pay 
of  the  British  government  now  form  a  large  army,  well  trained  in 
European  discipline.  Though  the  men  of  some  of  the  regiments  com- 
posed of  men  of  the  highest  caste  are  said  to  have  been  of  a  greater 
average  size  than  the  Europeans,  the  generality  are  somewhat  smaller 
than  European  soldien,  but  b.'ave,  hardy,  and  active,  capable  of 
undergoing  much  fatigue  and  of  sustaining  great  privations.  To  the 
attachment  and  braveiy  of  this  army,  which  was  not  doubted  till 
rudely  shaken  by  the  mutiny  of  the  Bengal  army  in  1857,  Great  Britain 
is  chiefly  indebted  for  the  possession  of  her  Indian  empire,  and  the 
security  of  her  sovereignty  over  a  territory  vosUy  more  extensive  than 
her  own,  and  separated  from  her  by  the  distance  of  nearly  half  the 
{[lobe. 

Bombay  was  the  fint  possession  which  the  English  obtained  in  India, 
but  the  establishment  on  that  island  was  for  a  long  time  on  a  very 
limited  scale,  and  required  nothing  more  than  its  own  garrison  and  a 
few  companies  of  native  troops,  who  were  peons,  subject  to  litUe 
control,  to  no  fixed  military  law,  and  who  used  their  native  weapons  in 
preference  to  muskets.  The  French  were  the  first  to  set  the  example  of 
employing  natives  regulariy  instructed  in  European  discipline.  Labour- 
donnais,  in  the  siege  of  Madras  in  1746,  had  400  sepoys  well  armed 
and  well  trained,  besides  400  disciplined  negroes  from  Madagascar,  in 
addition  to  his  European  soldiers.  A  corps  of  100  sepoys  from  Bombay 
and  400  from  Tellichery  ore  mentioned  as  having  joined  the  army  of 
Madras  in  1747,  but  these  were  probably  only  peons  and  bands  of  un- 
disciplined natives  hired  fur  the  ewasiM),    In  1748  »  small  corps  pf 
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DlttiTes  iras  raised  in  the  neighbourhood  of  Madras,  and  trained  and 
disciplined  by  Mr,  Haliburtun,  a  lieutenant  From  1748  to  1766  the 
lepoys  were  in  separate  companies  of  100  each,  commanded  by  8U- 
badars,  or  native  oaptaina,  though  under  the  aupoiintendence  of  Euro- 
peans. In  1766  the  companies  were  formed  into  battalions  of  1000 
men  each,  commanded  by  European  officers,  under  whom  the  subadars 
still  retained  their  rank  and  influence.  In  1796  two  battalions  were 
made  to  constitute  a  regiment,  which  continued  to  bo  the  form  till 
about  1820,  since  which  time  each  regiment  has  been  made  to  consist 
ot  two  battalions  of  500  men  each.  This  deacription  of  force  was 
adopted  also  in  Bombay  and  Madras,  and  continued  to  increase.  In 
1856,  just  before  the  mutiny  of  the  Bengal  army,  the  native  army 
was  composed  of  240,120  men,  forming, — 

5  Troops  of  horse  artillery. 
18  Companies  of  artillery. 

22  Regiments  of  regular  cavalry. 
155  Regiments  of  rejgular  infantry. 

23  Re^menta  of  irregular  cavalry. 
80  Raiments  of  irr^^ular  infantey. 

B  Contingent  brigades  of  all  arms. 
1  Native  legion. 

The  native  army,  which,  with  the  whole  of  the  Company's  troops, 
were  in  1858  transferred  with  the  government  of  India  and  placed 
under  the  crown,  having  been  in  great  part  destroyed  by  the  mutiny 
of  the  Bengal  army,  is  now  greatly  reduced,  and  hi  being  reorganised 
and  plaoed  on  the  footing  of  irregulars.  In  irregular  regiments  the 
number  of  European  officers  is  very  small,  the  men  receive  high  pay, 
and  provide  their  own  horses,  forage,  &c. 

SEPTEMBER,  the  ninth  month,  as  the  year  is  now  divided  by 
Suropean  nations.  It  consists  of  SO  days.  Etymologicolly  the  name 
is  improper,  being  a  Latin  term  formed  of  leptcm,  seven,  oiTcl  the  ter- 
mination ber  ;  and  the  same  impropriety  belongs  to  October,  Nbvember, 
and  Deoembo:.  The  Roman  year  originally  commenced  in  March ;  and 
'  the  English  names  of  the  months,  wUch  are  all  Latin  terms,  appear  to 
Iiave  been  given  to  them  by  the  lawyers,  whose  writings  were  formerly 
n  Latin,  and  who  supposed  the  year  to  commence  in  March,  on  which 
supposition  the  names  are  right,  September  being  the  seventh,  October 
the  eighth,  tc,  when  March  is  the  first.  The  legal  year  in  England 
was  not  made  to  commence  on  the  1st  of  January  till  the  alteration  of 
the  style  in  1752. 

Other  appellations  were  given  to  this  month  under  some  of  the 
Roman  emperors.  The  Saxons  called  it  Oersttiionath,  or  barley-month, 
gerst  being  the  original  Sason  name  for  barley,, which  was  the  chief 
grain  cultivated  by  the  Saxons,  and  commonly  harvested  in  this 
month. 

SEPTrrAQESIMA.    [Sexaoesima.] 

SEPTUAOINT,  or  THE  ALEXANDRINE  VERSION  OF  THE 
OLD  TESTAMENT,  the  most  ancient  translation  of  any  part  of  the 
Scriptures.  It  is  in  the  Greek  longuage.  The  account  of  its  origin 
is  given  in  a  letter  ascribed  to  Arietcas,  an  officer  at  the  court  of 
Ptolemy  Philadelphua,  and  repeated  by  Joscphua  ('  Ajitiq.,'  xii,  c.  2)  and 
Kui'cbiuB  '  Pnepar.',  Evang.  viii.,  c.  2-5.    [Amsteas,  in  Bioa.  I)i v.] 

Philo  says  that  the  Septuagiut  was  translated  from  the  Chnldaic,  by 
which  he  means  the  Hebrew  Scriptures  as  they  existed  after  the 
Captivity.,  But  from  certain  points  of  resemblance  bctueen  the 
Septungint  and  the  Samaritan  Pentateuch,  many  eminent  critics  have 
concluded  that  the  former  was  translated  from  the  litter,  and  not  from 
the  Hebrew.  It  is,  however,  quite  incredible  that,  if  this  had  been 
the  case,  the  Septuagint  should  have  been,  as  it  Avas,  universally 
received  by  the  Jews. 

The  charEicter  of  the  version' varies  greatly.  By  far  the  best  part 
is  the  version  of  the  Pentateuch,  which  was  evidently  made  by  a  man 
well  acquainted  with  both  Hebrew  and  Greek.  Next  in  value  is  the 
book  of  Proverbs,  which  is  for  the  most  part  very  accurate,  and  dis- 
plays much  poetical  taste.  The  translation  of  Eoclesiastes  is  tuo  literal. 
The  books  of  Judges,  Ruth,  Samuel,  and  ICings  appear  to  have  been 
translated  by  the  same  author,  and  do  not  contain  so  many  Hebnusms 
as  other  parte  of  the  version.  In  the  book  of  Job  many  interpolations 
are  made  in  the  narrative,  and  there  are  considerable  omissions  in  the 
poetical  parts.  The  book  of  Esther,  and  the  Psalms  and  Prophets, 
appear  to  have  been  translated  between  180  ond  170  n.o ,  but  in  a  very 
inferior  manner :  indeed  a  great  part  of  the  version  of  the  Psalms  is 
quite  unintelligible.  Jeremiah  is  the  best  translated  of  the  prophets ; 
next  come  Amos  and  Ezekiel.  The  version  of  Isaiah,  which  Lowth 
places  100  years  later  than  that  of  the  Pentateuch,  is  the  worst  of  all, 
except  that  of  Daniel,  which  differs  so  much  from  the  Hebrew,  that 
the  cfirly  Christians  rejected  it  altogether,  and  substituted  the  version 
by  Theodotion  In  its  place.  The  Septuagint  contains  also  the  apo- 
cryphal books  ot  the  Old  Testament.     [ApocBTniA.] 

The  Septuagint  was  used  not  only  by  the  Hellenistic  Jews,  but  by 
all  Jews  who  understood  Greek;  and  even  some  of  the  Tidmudists 
mention  it  with  praise.  It  is  constantly  quoted  by  Josephus,  and  very 
frequently  by  the  writers  of  the  New  Testament. 

Soon  after  the  Christian  era,  however,  we  find  the  opinion  of  the 

Jews  respecting  it  very  much  altered,  probaV)ly  in  consequence  of  the 

use  mode  of  it  against  them  by  the  Christians.    They  went  so  far  as 

'  to  institute  a  gol6mn  feast  6tx  the  8th  of  the  month  Thebet  (December) 


to  execrate  the  memory  of  its  having  been  made,  and  afterwards  a 
new  version,  that  of  Aquila,  was  made  for  the  express  purpose  of  super- 
seding the  use  of  the  Septuagint  in  the  ^synagogues.  [Aqdu^,  in 
Bioo.  Dtv.]  The  fathers  of  the  Oreek  church  always  quote  the 
Septuagint.  All  the  early  versions,  except  the  Syriao,  were  made  from 
it.  And  thus,  through  the  Vulgate,  it  was  used  in  the  Latin  as  well 
08  in  the  Greek  chun£.  Its  text  having  become  corrupted  by  frequent 
transcription,  Origen  undertook  to  revise  it,  and  produoed  his  cele- 
brated '  Hexapla.'    [Obiobmes,  in  Bioa.  Div.] 

At  the  end  of  the  3rd  and  the  beginnhig  of  the  4th  centuries,  three 
recensions  of  the  text  of  the  Septuagint  were  produced.  The  first  was 
undertaken  by  Lucian,  a  presbyter  ai  Antioch,  who  su&red  martyrdom 
A.D.  311.  This  edition  was  conformed  to  the  Hebrew  text,  and  was 
received  in  the  churches  from  Antioch  to  Constantinople.  The  second 
was  edited  at  the  same  time  by  Hesychius,  an  Egyptian  bishop.  It  is 
not  known  whether  he  followed  the  Hebrew  text  ot  ancient  manuscripts 
of  the  Septuagint ;  but  his  alterations  appear  to  have  been  fewer  than 
thoseof  Lucian.  Hisedition  wasreceivedbythechurchesof  Egypt,and 
is  cited  by  Jerome  as  the  '  Exemplar  Alexandrinum.'  The  third  was 
transcribed  by  Eusebius  and  Pamphilus  from  the  text  in  the  Hexapla, 
with  the  whole  of  Origan's  critical  marks.  In  process  of  time  these 
marks  became  so  altered  by  frequent  transcription,  that  they  were  at 
length  altogether  omitted,  so  that  it  is  now  impossible  to  distinguiah 
Origen's  emendations  from  the  original  text.  Thia  editica  was  received 
by  the  churches  of  Palestine,  and  had  a  place  in  all  libraries.  All 
the  subsequent  editions  of  the  Septuagint  ai-e  founded  upon  these  three 
recensions. 

There  have  been  many  modem  editions  of  the  S^toagiiit;  the 
earliest  is  the  Complutensian  in  1514-1517. 

For  an  account  cdf  the  other  Greek  veFsi<»is  of  the  Old  Testament, 
seeAqmtui;  Stuhachus;  Theodotion,  in  Bioo.  Dit.  (The  'Intto- 
ductioDS '  of  Home  and  Jahn,  and  the  authorities  (Quoted  by  them.) 

SEQUESTRATION.     [BBifXFiCE.] 

SEQUESTRATION  is  a  process  by  which  the  revenues  of  an  ecclo- 
mastical  beneflce  are  received  and  applied  by  persons  othor  than  the 
incumbent  of  it.  It  issues  immediately  from  the  biahop  in  all  cases, 
but  it  may  be  founded  upon  proceedings  commenced  either  in  his  own 
court  or  in  the  temporal  courta  It  is  a  mandate,  in  the  nature  of  a 
warrant,  addressed  by  the  bishop  to  the  parties  who  are  to  execute  it. 
These  are  called  sequestrators,  and  in  general  are  the  churchwardens 
of  the  parish.  So  far  as  regards  their  duties  linder  the  scquontratiun, 
they  are  a  kind  of  buliflb.  They  collect  the  fruits  of  the  benefice,  and 
apply  them  according  to  the  directions  they  receive  in  each  case. 

The  occasions  un  which  a  sequestratiou  is  founded  on  prweediiigs 
in  the  court  of  the,  bishop  are  various.  There  may  be  a  sequestration 
where  a  living  is  vacant  by  death ;  in  order  to  provide  for  tho  ex- 
penses of  supplying  the  cure,  and  to  preserve  Uie  surplus  for  the 
successor.  Where  the  title  to  a- living  is  in  dilute,  a  sequestration 
may  issue  imder  which  some  third  {nrty  collects  the  fruits,  and,  after 
defraying  the  salary  of  the  curate  and  other  necessary  expenses  ot  the 
benefice,  retains  the  surplus  for  the  party  who  may  api>e.-ir  to  be  law- 
fully entitled.  There  are  many  occasions  also  whera  the  bishop  acting 
judicially  may  sequester  a  living,  as  where  the  paraonage-huuse  is  iii 
decay,  and  the  incumbent,  after  due  admonition,  which  may  be  ni.-ide 
by  the  arohdeacon,  fails  for  a  period  ut  two  muutlis  to  repair  it.  The 
payment  of  a  curate's  salary  may  also  be  enforced  by  sequestration. 

Sequestrations  founded  on  proceedin2;8  in  the  temporal  courts  occur 
undei-  tho  followuig  circumstances : — The  sheriff,  tho  ordin.-u-y  minis- 
terial officer  of  those  courts,  has  no  power  to  interfere  with  oci-lesi- 
astical  revenues.  When  a  juc^ment  therefore  has  been  obtained 
against  a  beneficed  clergyman,  and  execution  has  issued  upon  it,  and 
the  clergyman  lias  no  lay  property  upon  which  the  sheriff  can  levy,  he 
makes  a  return  that  the  defendant  is  a  beneficed  clerk  having  no  lay 
fee  within  his  bailiwick.  The  plaintiff  aay  then  sue  out  a  writ  ad- 
diessed  to  the  bishop,  directing  him  to  levy  the  amount  upon  the 
clergyman's  ecclesiasti<»]  goods.  The  bishop  up»n  this  issues  a  seques- 
tration, directing  the  sequestrators  to  levy  the  debt  upon  the  profits 
of  the  benefice ;  or  the  plaintiff  may  sue  out  a  sequesti:ari  facias, 
addressed  to  the  bishop.  The  bishop,  under  these  circumstances,  is 
said  to  be  a  kind  ot  ecclesiastical  sheriif ;  nnd  tho  temporal  courts,  in 
so  for  as  relates  to  his  duties  as  such  miuisterial  officer,  have  the  some 
power  over  him  as  they  have  over  tho  sheriff,  and  his  duties  are  ana- 
logous. [SuiiHiFF.}'  The  sequestration  ought  to  be  forthwith  pub- 
lished by  reading  it  in  church  during  divine  service,  and  afterwards 
at  the  church-door.  The  party  obtaining  it  may,  on  giving  pro^x  r 
security,  tiame  his  own  sequestrators.  Under  either  of  those  writ.? 
the  plaintiff  is  entitled  to  the  growing  profits,  until  the  whole  s:uii 
endorsed  upon  it  is  satisfied,  even  although  this  should  not  occur  till 
after  the  time  at  which  the  writ  is  retuinable.  The  necessary  exp<:n.u!.-i 
of  the  sequestration,  jcc,  are  also  leviable  under  the  w^rit.  The  lauds 
are  bound  from  the  time  of  the  delivery  of  it  to  the  bish::p. 

Sequestration  in  chancery  is  a  "writ  i-isuiug  out  of  the  court, 
directed  to  four  or  more  commissioners,  empowering  tliem  to  enter 
into  r.  defendant's  real  estates,  and  to  sequester  into  their  own  hands  not 
only  the  rents  thereof,  but  also  all  his  goods,  chattels,  and  pet30ii.-tl 
estate  whatsoever,  to  keep  the  same  until  the  defendant  has  fully 
answered  his  contempt."  It  issues  upon  the  occasion  of  their  co:u- 
mittisg  *  eontempt  agsinit  the  oourt,  -by  keying  out  of  the  way  of 
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the  Mrjeant^t-arma,  or  esonplDg  from  euetody,  or  disobeying  an  order 
of  tbe  court  to  pay  money. 

Sequeitrabion  aUo  may  be  iaauecl  from  the  Courtg  ot  Common 
Law  against  a  eoiporation,  to  compel  obedience  to  a  mandainus  or 
injuuetlon. 

SEQUESTBATIOH  (Scotland).    {BiLNKSurr  Laws  or  Scotlaztd.] 

6EQUIN.    [HoKSY.] 

SERA'OLIO,  properly  urat,  tlie  paJaee  of  the  Sultan  of  Turkey; 
in  thu  aenae  tlM  -rrcrd  is  alao  applied  to  the  houaea  of  foreign 
ambaaaadora  reaident  at  hia  oourt.  The  aeial  of  Constantinople  atanda 
in  a  beautiful  aitaation,  on  a  head  of  land  projecting  into  the  aea, 
formerly  called  Ouyaocra^aa,  or  the  Horn  of  Gold,  now  Seraglio  Point, 
The  waUa  embrace  a  circuit  of  about  three  mllea.  Ita  outwud  appear- 
ance IB  not  impoaing,  though  ita  extent  ia  lai^e.  The  pnacipal 
entrance,  a  large  pavilion,  which  looks  more  like  a  guardhouse  than 
the  entrance  to  a  palace,  is  always  guarded  by  capidjii,  officers  of 
the  seraglio ;  but  this  is  the  Porte,  from  which  the  title  of  the  Sublime 
Porte  has  arisen.  That  part  of-  the  building  which  is  occupied  by  the 
women  of  the  sultan  has  been  improperly  called  leraglit,  and  hence 
the  word  has  become  synonymous  with  harem,  an  Arabic  word,  mean- 
ing "  sacred  spot,"  oi-  that  part  of  the  hou£e  where  the  women  and 
daughters  of  the  Mohammedans  reside. 

SEBAI,  a  largo  building  for  the  accommodation  of  tnTellers,  com- 
mon in  Eastern  countries.  The  word  is  Persian,  and  means  in  that 
language,  "  a  palace,  the  king's  court,  a  large  edifice ; "  hence  hardvia- 
Krai,  by  corruptien  caravamarie,  that  is,  place  of  rest  for  caravans. 
In  Turkey  these  buildings  are  generally  called  hhan»,  from  hh&n, 
anotiier  Persian  word,  which  has  a  similar  meaning.  In  Tartary  and 
India  they  are  simply  called  teraie.  The  ereotion  of  these  buildings  is 
considered  highly  meritorious  by  Hindus  as  well  as  Mohammedans, 
who  frequently  endow  them  wiU;  rents  for  their  support  [Seiulqlio.] 

SEBALBUMEN,    [Ovalbumeit.] 

SERAPEUM,  the  name  given  to  two  celebrated  Egyptian  temples, 
one  at  Alexandria,  the  other  at  Memphis,  dedicated  to  the  god  Serapis. 
There  was  also  a  temple  of  the  same  name  at  Babylon,  where  the 
friends  of  Alexander  the  Great  wished  to  transport  him  during  his  last 
illness  (Arrian, '  Anab.,'  vii.  fi6.)  The  temple  of  Serapis  at  Alexandria 
was  preceded  byjan  older  one  dedicated  at  Rbocotis.  ( JuL  Valer., '  Alex. 
Ort./  L  xxxi)  All  these  temples  derived  their  name  from  the  god 
Serapis,  who  was  affirmed  by  Manetho  to  be  Pluto,  or  the  Jupiter  of 
Sin'ope.  piutarch,  'laid  and  Osiiid,'  xxxvii.)  Of  the  many  etymo- 
logies proposed  for  the  name  of  the  god,  that  of  St.  Clement  of 
Alexandria  ia  now  recognised  to  be  the  correct  one,  Serapis  being 
composed  of  two  words  signifying  the  Ostris,  or  deceased  Apis,  from 
the  name  of  Osiris  having  been  applied  to  all  mortals  after  death, 
uid  to  the  bull  considered  as  a  demigod.  Recent  discoveries  at 
Memphis  have  shown  that  the  Serapeum  was  tlie  cemetery  of  the  Apis, 
and  dose  to  the  Apeum  where  the  bull  dwelt  during  his  life.  The 
Ap«um  was  established  here  after  the  time  of  the  Psammetichi,  where 
it  still  existed  in  the  days  of  Herodotus  (ii.  21).  But  the  Serapeum 
or  mortuary  temple  of  the  Apis  was  founded  by  Shocmgam,  the  eon  of 
Barneses  II.,  who  removed  thither  the  tomb  of  the  sacred  bull.  This 
temple  was  discovered  by  M.  Mariette,  at  tho  west  end  of  a  dromos  of 
sphmxes  lying  to  the  north  of  the  Pyramids  of  Sakkara.  It  seems  to 
have  been  enlarged  and  repaired  till  the  days  of  Keththerhebi  or 
Keotanebee  t.,  of  the  30th  dynasty.  Another  temple,  lying  on  the  east 
end  of  the  same  dromos,  seems  to  have  been  that  ei-ected  in  Ptolemaic 
times,  and  continued  to  be  used  for  the  Apis  and  the  worship  of 
Serapis  till  the  days  of  the  lihnperor  Julian,  and  even  later.  This 
Serapeum  at  Memphis  was  called  the  Great,  to  distinguish  it  from 
that  of  Alexandria,  which  was  surnomed  "  the  most  illustrious."  It 
comprised,  or  was  a  portion  of,  a  group  of  buildings,  consisting  of  the 
Astarteum,  dedicated  to  Astarte;  the  Anubeum,  to  Anubia;  the 
Asclepeum,  or  Temple  of  .£sculapiu8,  in  which  libations  were  daily 
offered ;  the  dweHings  of  the  hierarchy ;  and  tho  apartments  or  hospital 
of  the  sick  who  flocked  to  the  temple  for  the  sake  of  the  cure  of  their 
maladies,  which  was  supposed  to  be  effected  {hrough  the  dreams 
accorded  by  the  god  during  their  sleep  in  the  sacred  edifice.  One 
hundred  and  forty-six  papyri  discovered  m  the  adjacent  ruins,  and  now 
dispersed  through  tho  museums  of  Europe,  relating  to  the  quarrels 
and  litigations  of  the  functionaries  of  the  temple,  have  thrown  great 
light  on  its  administration.  They  all  date  from  the  18th  to  the  24th 
year  of  Ptolemy  Philometor,  and  describe  the  temple  as  connected  by  a 
dromoB  of  sphinxes  with  the  city  of  Memphis,  and  which  had  not  then, 
as  in  the  days  of  Strabo,  been  buried  m  the  sand.  (Strabo,  xviL 
807,  a)  The  temple  was  under  the  direction  of  prefects,  delegates, 
vicars,  subadministrators,  and  storekeepers,  and  two  female  priestesses 
called  Didymi,  or  "  twins,"  whose  office  was  \o  serve  .^sculapiua  and 
Serapis,  and  a  peculiar  class  of  hierodulcs,  who  voluntarily  dedicated 
themselves  to  we  service  of  the  gods,  and  lived  in  celibacy  and  seclu- 
rion  within  the  precincts.  These  persons  derived  no  support  from  the 
revenues  of  the  temple,  and  were  either  maintained  by  their  families 
or  the  alms  of  visitors  to  the  soared  edifice.  They  had  in  their  hands 
the  charge  of  affairs,  but  could  not  go  beyond  the  precincts,  and  lived 
to  all  intents  a  cloistered  or  monastic  life.  Tius  institution  is  man- 
tioaed  ■■  late  as  Antoninus  Pius,  and  is  evidently  that  from  which 
monaohism  has  been  borrowed.  (Peyron,  B.,  '  Papiri  Qreci,'  p.  14.) 
There  were  also  many  officers  attached  to  the  woidhip  of  the  Apis,  who 


had  two  shrines,  into  which  he  entered  at  pleasure,  and  from  which 
passage  augury  was  token  by  the  priests.  The  sacred  bull  was  attended 
by  a  herdsman  whUo  Uving,  and  an  entaphiastea  or  embalmer  when 
.  diead.  (Peyron,  B., '  PapUi  Gred,'  p.  8.)  His  mother  also  paitiapatad 
in  his  honours,  and  had  a  shrine  assigned  hJer  in  the  Apeiuu.  ^^i*. 
ordinonr  care  and  vast  sums  were  expended  both  by  native  and  Qi^ek 
monaitms  in  embeUiahing  these  shnnes  ;  and  if  the  old  capital  of 
Memphis  was  comparatively  neglecteid  during  the  sway  of  the  mit 
Theban  dynasties,  this  was  amply  compensated  by  the  mayiififtmti 
donations  of  the  later  Saitic  dynasty  .and  the  Ptolamiea.  Apia 
is  mentioned  on  monuments  of  Uie  4th  dynasty,  «nd  his  ihriae 
must  have  been  established  as  early,  as  tiie  buikttng  of  tiu  oldMt 
Pyramids. 

The  remains  of  this  edifice  were  discovered  in  the  plains  of  Sakkai^ 
in  1 850  by  M.  Mariette,  then  an  employ^  of  the  Louvre,  who  had  besB 
sent  to  Egypt  to  collect  Coptic  nianuscripts  for  the  French  governments 
where  he  first  found  the  dromos  of  sphinxes  connecting  tiie  tamjilsf , 
This  excavation  was  a  work  of  great  labour,  the  dromos  haying  been 
made  through  the  ancient  cemetery  of  Sakkara,  and  curved  to  Mvoid 
injuring  the  tombs,  and  partly  buried  under  a  great  depth  of  sand; 
after  excavating  a  length  of  7000  feet  and  uncovering  141  uphinyi^, 
he  discovered  at  the  end  of  the  avenue  a  semicircle  omataeoted  with 
statues  of  the  sages,  poets,  and  philosophers  of  ancient  Greece,  rap{i«Md 
to  have  formed  part  of  the  Ubrary  of  the  Serapeum.  Batirciea  thil 
semlcirole  and  tho  two  last  sphinxes  he  found  a  traosveiM  avewM^ 
the  right  branch  of  which  led  to  a  temple  erected  to  Acja  by  tlM 
monarch  Kectanebes,  or  Neththerhebi;  the  left  branch,  psreoirith  lama 
stones,  led  to  the  Senpeum  itself.  The  dromos  was  about  860  feet  U 
Jength,  flanked  on  each  aide  by  a  low  wall,  divided  on  the  left  ikU 
about  the  middle  by  a  small  Greek  building  having  before  it  a  noa  ia 
which  was  a  statue  of  Apis,  probably  that  described  br  Strabo.  Ott 
each  side  of  the  temple  and  on  the  woJl,  were  allegorieal  agures  of  boys 
riding  on  chimeras  and  animals,  and'  at  the  end  of  the  inKtM  WHW 
the  pylons  er  gateways  of  the  Serapeum. 

Tile  wall,  built  in  the  Teign  of  Neththerhebi,  was  aovared  with 
sepulchral  altars,  and  428  small  bronze  votive  figurea  of  deities  were . 
discovered  ia  a  niche.  At  this  Stage,  owing  to  diffioultiea  witii  the 
EgypfioD  government,  the  exbavations  were  stopped  in  1861,  and  not 
resumed  wl  the  spring  of  1852.  In  Kovember  of  18£1,  the  firat  tombs 
of  the  Apis  were  discovered,  640  sepulchral  tablets,  five  entzsoces,  sod 
varioiu  small  objects.  This  great  subterraneous  cemetery  divided 
itself  into  two  parts,  the  first  of  which  had  its  entraooe  at  the  south 
end,  and  went  in  a  northern  direction  forming-a  vaulted  gallery  like 
a  tunnel,  having  at  its  side  about  20  chambers,  the  oldest  of  the 
age  of  Barneses  II.,  and  tho  most  recent  of  that  of  Psammetiohus  L 
During  this  period  tbe  remains  of  24  Apis  mummies  showed  that 
this  number  of  generations  of  cattle  had  lived  and  died  during 
that  chronological  period.  The  other  part  of  the  cemetery  was  a 
aonterrajn  divided  into  a  conaidersble  number  of  gaUarisB,  com- 
menced in  the  S2nd  year  of  Psammetichus  L,  sad  fontinued  till  tha 
commencement  of  the  Boman  Empire.  The  bull  mummies  of  this 
division  were  deposited  in  gigantic  monolith  sarcophagi  of  SyeniUe 
granite,  tomsported  from  the  quarries  above  the  first  oatai»eb  These 
sarcophagi  ranged  from  11  to  12  feet  high,  14  to  15  feet  long,  and 
weighed  6500  lulugrammes ;  or  above  64  tons,  24  of  them  ware  found  ia. 
the  40  chambers  of  this  tunnel.  The  tablets  were  not  fixed  to  the  inner 
walls  but  to  the  lintels  of  the  doors,  and  were  chiefly  inscribed  is 
demotic  characters,  and  the  most  important  one  was  placed  in  tha 
midst  of  the  wall  which  dosed  the  door  of  the  chamber,  ooataining 
the  dates  of  the  birth,  enthronement,  death,  and  burial  of  1^  Api& 
Only  four  of  these  sarcophagi  had  iuscriptaims,  one  bore  tha  date  of 
the  2nd  year  of  Khabash,  a  Persian  king,  supposed  to  be  later  than 
Darius ;  anoUier  that  of  the  reign  of  Cambyses ;  »  third  in  th^  of 
Amacds  II. ;  and  Che  last  that  of  Ptolemy.  Tbe  result  of  these  researches 
showed  that  the  bull,  said  to  have  been  stabbed  by  CamtTsea,  sur- 
vived till  the  reign  of  Darius.  Among  the  mummies  of  the  Apis  were 
found  two  others  of  men,  evidently  of  the  highest  rank,  who  had  been 
buried  with  the  sacred  bulls.  The  bulls  which  died  tcaa.  the  eon- 
meucement  of  t^  reign  of  Amenophis  III.  to  the  middle  of  thai  vi 
Bamebas  II.,  had  a  mortuary  chapel  with  four  columns  erected  abora 
the  tomb,  which  was  a  chamber  with  a  flat  roof  h(^wed  in  tha  solid 
rock  bdow,  and  the  votive  tablets  of  the  adoten  of  tiie  dacaaaed  IniU 
were  built  into  the  stylobate  of  the  mortuary  diapel.  The  bull  wia 
treated  as  a  dsceaaed  human  being,  and  the  aarccq>bagi  wars  acoran- 
panied  by  sepulchral  vases,  and  the  visitors  to  the  tomb  depoated  tha 
usual  sepulohnl  figures  offered  to  tha  dead ;  but  at  the  later  period  of 
the  age  of  Bameses  the  tombs  ooniisted'  of  chambers  on  aaeh  aide  s( 
the  ^llery,  with  the  votive  tablets  placed  in  tha  gallery ;  sad  tha 
sepulchral  figures,  deposited  in  the  eases,  were  strewn  aloag  the  floor, 
or  inserted  into  niches  in  the  wall.  AJEter  the  6StA  year  of  FaaniF 
metiahus  II.,  tiie  chambers  became  more  mogaificeat,  being  atxKva 
80  feet  high,  with  vaulted  roofs  of  white  limeatcee,  and  the  walli. 
faced  with  stone  from  the  Tourah  quairies ;  the  sarcophagi  wera  of  tha- 
finest  red  Syenite.  At  the  period  of  tbe  80th  dyaasty  tha  taUata 
were  not  allowed  to  be  placed  inside  the  tomb,  but  were  rastriotad  to 
the  entrance,  and  the  walls  of  the  roads  conducting  to  tha  tceab. 
After  the  epoch  of  Darius,  the  tombs  are  far  less  magaifloent.  Tha 
Apis  of  Cambjaes  is  deposited  ia  tha  restibuls  sA  that  which  dM  ia 
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Ill*  4tli  jmr  of  DaritB.  AH  the  nend  bulla  were  not  buried  with  the 
■n— -  hoqonn,  those  moet  earetaOj  emUUmed  hanng  their  ptineipel 
bone*  plaeed  in  a  wooden  ooiBn  inade  t'-  ■  %-?-aDite  mcophngna;  othien 
were  cut  into  a  hollowed  {dace  in  Vi-i  rackj  payement,  and  eoT«red  | 
with  a  mere  flagstone.  Tlie  taUeta  found  oonnited  chieflj  of  hiero-  i 
l^ljphical  iiMcii|itiona  intennised  with  demotic,  commencing  with  the 
16th  jear  of  Dariua,  and  oon^ated  of  two  daaea :  the  aepaldml,  cr 
tambetooei  of  the  bull,  on  which  was  inscribed  the  date  of  the  death 
of  the  sacred  bull,  that  of  his  birth,  and  of  his  installation  at  Memphis, 
sadthesse  which  he  had  reached;  and  Totiva  tablets  dedicated  bj 
indiTidoals  to  the  departed  Apia  for  the  usual  benefits  mppceed  to  be 
seeoided  by  the  gods.  About  1200  of  theee  tableta  were  found,  and 
they  have  thrown  great  light  upon  the  chronologieal  period  and  soo- 
eeanon  of  the  monareha  of  the  21st  and  22nd  dynastj.  Altogether, 
7000  objects  were  foond,  3000  of  which  referred  to  the  woidiip  of 
Apia,  m  nomber  by  no  meana  remaritable  when  it  is  considered  that 
Ptolsmj  L  spent  sboat  10,0001  on  the  fnnenl  of  an  Apia.  The 
lapaldms  were  of  bulla  which  died  in  the  following  icuna-^Ame- 
nophb  IIL,  Amenankhuly  Horus,  and  Khuenateo,  of  the  18th  dynasty ; 
of  Bethce  L  and  Barneses  IL,  three  of  which  happened  in  the  16th, 
24th,  sad  80th  yean  of  the  last-named  monarch,  of  the  19th  dynaaty ; 
of  Barneses  III,  T.,  VIIL,  XIV.,  of  the  20th  dynasty ;  of  Osorchon  IL, 
lUcdothis  L,  Sheahonk  III.,  IV.,  of  the  22nd  dynasty ;  of  Boochoris, 
of  the  24di  dynasty;  of  Sabaoo  and  Tirhaka,  of  the  25th  dynasty;  of 
FHunmatidios  L,  IL,  and  Aahmes,  of  the  26th  dynasty ;  of  Cambyses, 
Dariu,  and  Khabadi  or  Smerdis,  of  the  27th  dynasty ;  of  Nethther- 
beU,  ol  the  tOth  dynasty.  The  tablets  sobsequeot  to  this  rogn, 
diiedy  dsoiotia,  oonsist  of  TotiTe  inscriptions  in  honour  of  Apis,  and 
they  gave  the  following  datea  for  the  appearance  of  the  Apis :  B.C.  263, 
in  the  38nd  year  of  Ptolemy  Philadelphus ;  B.c.  231,  the  20th  year  of 
Boeigetes;  blc.  210,  the  14th  year  of  Ptolemy  Philopator ;  aa  185 
and  106,  in  the  reign  of  Ptolemy  Philometor ;  B.c.  142,  the  13th 
year  of  Ptdemy  Eueigetes  II. ;  and  b.o.  117,  in  the  reign  of  Ptolemy 
Kuenetea  II.  The  tem{de  of  .lEsculapius  was  also  partbilly  nncovered 
by  JL  Mariette,  but  tradition  had  assigned  the  spot  to  be  Uie  prison  of 
Joseph,  sad  the  woHe  oonld  not  be  carried  on. 

(Hariette,  Aug.  CAoiz  de  MtmununU  deeonrerU  pendant  le  dSplaee- 
mait  d»  Serapeum  de  Memphii,  4to,  Paris,  1856  ;  Metaoin  tur  la  mire 
d!Apu,  4to,  Puis,  1856;  L'Atkenaum  PranfaU,  1855, 1856.) 

SEBAPHINBt  a  musical  instrument  of  ijie  keyed  kind.  It  may  be 
daacribed  as  a  amsll  organ,  in  which  short,  thin,  and  narrow  steel  bars, 
or  springs,  put  into  Tiraatory  motion  by  means  of  a  bellowa  acted  on 
by  the  foot,  are  used  instead  of  pipes.  It  was  one  of  the  predecessors 
of  the  HABMonuM,  which  now  takes  the  place  of  such  instruments  aa 
are  not  poitaUe.  The  portable  forms  are  rtjnesented  by  the  Coit- 
OKBTiRA.  See  also  Accobdiok. 
SERAPIS.    [Skbafbdk.] 

SERENADE,  a  word  adopted  from  Uie  French  tSrtnade,  which  is 
derived  firom  the  Italian  and  Spanish  lerenata,  a  term  formed  from  the 
Latin  lerentu,  clear,  serene.  A  serenade  is  properly  music  performed 
in  the  open  air  on  a  serene  night,  but  is  generijly  festHcted  to  a 
musical  performance  given  at  night  by  a  lover  to  bia  mistress  under 
her  window.  The  giving  of  serenades  is  little  practiiwd  except  by  the 
Spanish  and  Italians,  who  generally  on  these  occaaions  use  the  guitar 
as  an  accompaniment  to  their  songs. 

SERIES.  The  mathematical  meaning  of  the  word  series  is,  a  set  of 
terms,  finite  or  infinite  in  number,  connected  together  by  addition  or 
(ubtradaoD,  and  formed  upon  some  distinct  law.  If  it  had  been  the 
plan  of  this  work  to  write  treatisea  on  the  various  branches  of  piure 
mathematics,  the  present  article  would  have  been  brie^  and  abounding 
in  referencea  to  the  articles  on  algebra  and  the  differential  calculus, 
the  most  important  results  of  whicii  are  expressed  in  aeries ;  but  in  a 
Work  which,  without  entering  into  such  full  details,  professes  to 
famish  references  to  the  most  important  detached  doctrines  of  the 
exact  sdenoes,  the  present  article  must  extend  to  some  length. 

Series  may  be  either  finit»i«r  infinite  in  the  number  of  their  terms. 
Aa  to  finite  series,  such  for  instance  as'x  terms  of  1  +  2  +  3+  ....,' 
the  only  question  of  importance  which  generally  arises  with  respect  to 
them  is,  how  to  express  the  sum  as  a  function  of  the  indefinite 
number  of  terms,  x.  On  this  point  we  refer  to  the  artiolea  Ii(Ta> 
ORATIOV,  Fram,  and  SntltATIOH  :  it  is  witb  the  doctrine  of  infinite 
series  tint  the  mathematidan  ia  more  particularly  concerned  in  the 
present  article.  Again,  as  to  the  msnner  in  which  the  difierential 
calculus  is  applied  to  the  development  of  functions  in  series,  we  refer 
to  Tatlob's  Thbobbm. 

A  aeries  of  an  infinite  number  of  terma  may  be  dther  purely  nume- 
rical, aa  1+8+8+4+ ,  in  which  the  symbol  +  . . .,  or  +,&c., 

means  that  the  series  is  to  be  carried  on  for  ever,  the  law  of  formation 
of  the  written  terms  being  continued  through  aU  the  unwritten  ones ; 
or  it  may  contain  literal  expressions  with  an  obvious  law  of  formation, 
as  in  1  +2tr+ 8il*+  ....  A  series  of  the  latter  class  is  reduced  to  one 
of  ths  former  so  soon  aa  any  definite  value  is  given  to  the  letters  it 
eontaina. 

An  infinite  series  may  be  either  convergent  or  divergent,  as 
agiplained  in  the  article  Coitvxbobmt.  The  various  tests  there  ex> 
plained  will  periii^  serve  to  settle  this  point  as  to  the  greater  number 
of  series  actually  employed ;  but  the  following  ('  Diff.  Calo.,'  '  lib.  of 
Useful  EnowL,'  pp.  236, 826 ;  we  shaU  refer  to  this  woAiu  tlie  sequel 


under  Uie  ktl»s  D.  C)  wOl  leaTS  no  dooMfnl  eaas^  though  its  apiit- 
cation  may  sometimes  be  troi.'  V'ome. 

Let  ^  be  the  :rth  tenn  of   >  otriea  ♦1++2  ►♦»+ (tlius«*-« 

w  the  2th  term  of  1  +  b  +  «'+ ;  j-**-*  of  l+S«+8«?+  ....), 

and  let  f,=  —x^x  :  ^x,  ^x  beuy  the  diifereatial  coeffiaent  of  i/x. 
Let  OL,  be  the  limit  oi  p.  when  xincrsaasa  without  Ihnit;  then  if  a^  be 
greater  than  1,  the  series  ia  eonvesgeot ;  if  agbeleHthanl  (negative 
quantity  induded),  divetgeut ;  if  =1,  dioubtfuL 

In  the  doubtful  ease  of  the  jnoediBg,  let  rt=H(  '  ('o— 1)'  *°° 
let  a,  be  ita  limit  when  xinereaaes  without  limit.  Than  if  a,  be  >  1, 
theaeries  ia  convergent;  if  <l,divenent;  if  =l,doabtfaL  In  this 
doubtful  ease  examine  r.  =  log  kig  x  (p.-l),  of  which  let  the  hnut  be 
o_  Then  if  «»,>1,  the  series  is  cuuteigmt;  if  <1,  divesgemt;  if  — 1, 
doubtful;  ami  ao  on.    In  brief,  take  the  aet  of  qnantitiea 

ilx 
Po=-«^,  P.=logx(p,-l),  P,=l<wlog«(»»-l). 

r.rckC  log  kg  X  (p,-l),  *c  ftc ; 

make  x  infinite ;  then,  according  aa  the  first  of  these'  which  differs  from 
unity  is  greater  than  or  less  than  unity,  the  series  is  conveigent  or 
divergent.  If  it  be  more  convenient  to  write  1  :  fx,  instead  of  jfcc  for 
the  xth  tenn  of  the  series,  then  p,  must  be  x^'x :  ^,  instead  of 
—xi/x  :  fx.  Kcr  need  ^  be  the  j:th  term ;  it  may  stand  for  tiie 
(x+«)th  term,  a  being  constant 

?y  the  symbol  a^  is  here  meant  the  aeries  fr+^x+l)+*{«+2)+ 
. . . . ;  but  when  a  number  is  written  beneath  s,  aa  in  8^  it  indicsfea  tiie 
'nlue  of  X  in  the  first  term  of  the  series.     Thus  s,x  stands  for 

4  +  5  +  6+ ,s.logx  stands  for  logo  +  log (o  + 1)+ .  ...    Smne 

such  abbreviation  is  moet  wanted  in  an  article  of  reference,  in  which 
compression  ia  desirable ;  but  the  student  ^ould  write  his  seriea  at 
more  length  untU  he  is  weU  accustomed  to  them. 

A  divergent  series  is,  arithmetically  speaking,  infinite;  that  ia,  the 
quantity  acquired  by  slimming  its  terms  may  be  made  greater  than 
any  quantity  agreed  on  at  the  beginning  of  the  process.     Such  ij 

eridently  the  case  with  1  +  2  +  4+ ,  or  Bo2'.     Nevertheless,  aa 

every  algebraist  knows,  such  seriea  have  been  frequently  used  as  the 
npmmtaXixa  of  finite  qaantitiet.  It  was  usual  to  admit  auch  seriea 
without  heatation ;  but  of  late  years  many  of  the  continental  mathe- 
maticians have  declared  against  divergent  series  altogeUier,  and  have 
asserted  instances  in  which  the  use  of  them  leads  to  false  results. 
Those  of  a  contrary  opinion  have  replied  to  the  instances,  and  have 
argued  from  general  principles  in  fovour  of  retaining  divergent  aeries. 
Our  own  opinion  is,  that  the  instances  have  arisen  from  a  misunder- 
standing or  misuse  of  the  series  employed,  though  sufficient  to  show 
that  divergent  series  should  be  very  carefully  bandied ;  but  that,  on 
the  other  hand,  no  perfectly  general  and  indi^utable  right  to  the  uae 
of  these  series  has  been  established  d  prtori.  They  appear  always  to 
lead  to  trae  results  when  properly  used,  but  no  demonstntion  has 
been  given  that  they  must  always  do  so. 

Before,  however,  we  proceed  to  reason  upon  them,  we  must  distinctly 
understand  what  we  mean  by  an  i^^fb^ite  series.  Some  persons  cannot 
imagine  an  infinite  series,  except  by  means  of  successions  of  finite 
terms  :  thus  they  have  no  other  idea  of  ]+2  +  4-f8  +  ...,  except  as 
something  of  which  the  conception  is  a  pure  result  of  the  successive 
consideration  of  1, 1  +  2, 1  +  2  +  4, 1  +  2  +  4  +  8, 4c.  If  they  can  get  no 
further  than  thia,  that  is,  if  at  no  stage  of  their  contemplation  can  they 
treat  1  +  2  +  4  + .  . .  as  anything  more  than  carried  to  some  enormous 
number  of  terms,  with  a  right  to  carry  it  further ;  we  can  then  concede 
to  them  the  right  to  object,  in  the  manner  described,  to  the  use  of  a 
divergent  series,  though  we  think  it  possible  that  even  in  this  case  an 
answer  might  be  given  to  the  objection.  But  if  there  be  any  who  can 
with  us  carry  their  notions  further,  and  trsat  the  series  aa  aimlutdf 
auUat,  in  the  same  manner  as  we  are  obliged  to  conceive  time  and 
space  to  be  absolutely  endless,  looking  upon  ihp  result  not  ss  to  its 
arithmetical  value,  but  as  to  its  algebraic^  form  and  capability  of  being 
the  object  of  algebraical  operations — we  then  think  that  we  have  thoee 
with  whom  the  question  of  divergent  series  can  be  argued  on  something 
more  like  a  baida  of  demonstration.  They  may  arrive  at  the  final  idea  by 
meana  of  the  aucceasions  which  the  first  class  of  thinkers  say  must  eM 
totnewlure  ;  but  they  answer,  that  this  is  no  more  true  than  that  space 
must  end  aomewhere :  if  it  be  granted  that  we  are  capable  of  conceiving 
a  straight  line  extended  without  limit,  with  equal  parts  set  off  throughout 
its  total  infinite  length,  it  must  equally  be  granted  that  we  might 
suppose  one  term  of  a  series  written  at  each  and  every  point  of  sub- 
divinon.  To  this  issue  tiie  question  might  be  brought,  namely,  ths 
alternative  of  allowing  the  conception  of  the  infinite  series,  or  of 
dmying  that  of  the  infinite  straight  line.  And  it  must  be  remarked 
tiiat  the  considerations  by  which  we  limited  the  fise  of  the  word 
iNFiiriTB  in  that  article  do  not  apply  here,  for  we  are  not  reasoning 
upon  any  supposed  *  attainment  of  the  other  end  of  the  straight  line, 
but  upon  ideas  derived  from  a  process  of  successions  carried  on  during 
such  attempt  as  we  can  make  in  our  thoughts  towards  that  attainment. 

This  being  premised,  let  us  now  consider  the  series  1  +a+a'+efl+. . . 

*  Indeed  It  is  only  a  phraseological  attainment  of  inSnite  magnltode  whiA 
is  used  In  the  artiola  cited :  when  we  toy  that  ■=>  if  s  he  infiuttr,  ws  mesa 
that  a  and  t  never  ocas*  to  approaeh  caoh  other  so  kag  a*  the  vtlns  ef  a 
InoiteNs, 
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act  t)^/liM(Ml,  the  last  wordi  being  tiaed  (tiicUyin  the  ibove  lenaej 
Tiiihout  reference  to  any  particular  -value  of  a,  and  onlj  as  an  object 
of  algebnical  operation.  To  what  finite  function  of  a  is  this  an 
alKebraieal  equiralent  in  all  matters  of  operation  1  Let  us  consider  first 
merely  results  of  operation,  without  any  question  as  to  whether  the 
seriea  operated  on  have  values  or  not,  or  whether  ezpressioos  which 
appear  to  be  the  same  so  far  as  operations  are  concerned,  are  to  be  the 
same  in  value  or  not,  when  any  difficulty  arises  as  to  the  value  of  either. 
We  assume  those  five  rules  of  operatidn  and  their  consequences,  on 
which  [Opebatios]  the  technical  part  of  algebra  is  founded.  If  we 
then  call  the  preceding  series  r,  we  find  that.p  and  1 4-aP  are  the  same 
series.  If  then  P=«l  +  ap,  we  find  p=l  :  (1— aj,  a  result  which  is 
certainly  not  true  in  any  arithmetical  point  of  new,  when  a  >  1 ;  for 
in  such  a  case  the  series  is  infinite,  and  the  finite  ezpreaalon  negative. 
Leaving  this,  let  us  assume,  for  triial  if  the  reader  pleases,  the  equation 
1  :  (1 — a}=aga'  ;  in  this  change  a  into  1  :  a,  and  add,  which  gives 
1 


l-o 


+  rrr  =  2  +  8,a»  +  1  +  8,ar« 


or  1+8,  (a*  ■t-<r-')  =  0,  a  result  which  is  again  perfectly  inoongruoua 
in  an  arithmetical  point  of  view.    At  full  length  it  is 

1         .      1 
1  +  a+j  +«'+j^+....=0. 

To  test  this  curious  result,  by  opemtious  me^y,  call  it  Aa,  and 
multiply  A  +  Ba-«-ca'+ . . . .  by  it:  the  result,  by  common  rules,  will 
be  found  to  be 

{k  +  9  +  o+  ....  .)4a  -  (a  +  Ba ■>•....) ^; 

a  result  which  agrees  perfectly  with  ^  =s  0,  and  with  no  other  sup- 
position whatsoever. 

A  great  many  other  instances  might  be  given.  In  which  the  use  of 
^  =  0  makes  sense,  so  to  speak,  of  results  in  the  formation  of  which 
^  has  been  used.  And  it  is  generally  admitted  that  divergent  series 
are  found  to  make  sense,  in  the  same  manner,  of  almost  every  result  in 
the  formation  of  which  they  are  used ;  and  also  that  when  such  results 
happen  themselves  to  be  free  of  divergency,  there  is  very  rarely  any 
distinction,  as  to  tithet  truth  or  clearness,  between  them  and  the 
results  of  ordinary  algebra ;  insomuch  that  tike  objection  of  those  who 
would  avoid  them  altogether,  aa  usually  stated,  amounts,  so  far  as 
operations  are  eonoemed,  to  the  assertion  that  they  Bttaetimet  give  false 
results.  I 

If  we  then  compare  the  position  in  which  we  stand  with  respect  to 
divergent  series,  with  that  in  whioh  we  stood  a  few  yean  ago  with 
respect  tp  impossible  quantities,  we  shall  find  a  perfect  eiimlarity. 
The  divergent  series,  that  is,  the  eqiuUity  between  it  and  a  finite 
ezprearion,  is  perfecUy  incomprehensible  in  an  arithmetical  point  of 
view;  and  so  was  the  impossiLle  quantity.  The  use  of  divogent 
series  has  been  admitted,  by  one  on  one  explanation,  and  by  another 
on  another,  almost  ever  since  tiie  commencement  of  modem  algebra ; 
and  so  it  was  Yvith  the  impossible  quantity.  It  became  notorious  that 
such  use  generally  led  to  true  results,  with  now  and  then  an  apparent 
eiception,  which  most  frequentiy  ceased  to  be  such  on  further 
consideration ;  this  is  well  blown  to  have  happened  with  impossible 
quantities.  In  both  cases  these  apparent  exceptions  led  some  to  deny 
tiie  validity  of  the  method  which  gave  rise  to  them,  while  all  were 
obliged  to  place  them  both  among  those  ports  of  mathematics  (once 
more  extensive  than  now)  in  which  the  power  of  producing  results  had 
outrtm  that  of  interpreting  them.  But  at  last  came  the  complete 
explanation  of  the  impossible  quantity  [ALOEBBiL],  showing  that  all  the 
difficulty  had  arisen  from  too  great  limitation  of  definitions ;  and 
almost  about  the  same  time  arose  that  disposition  among  the  con- 
tinental writers,  of  which  we  have  spoken  above^  namely,  to  wait  no 
longer  for  the  explanation  of  the  true  meaning  of  a  divergent  series, 
but  to  abandon  it  altogether.  But  why  shoiSd  the  divergent  series, 
of  all  the  results  of  algebra  which  demand  interpretation,  be  the  only 
one  to  be  thrown  away  witiiout  further  inquiry,  when  in  every  other 
case  patience  and  research  have  brooght  light  oat  of  darkness. 

So  far  as  the  matter  has  yet  gone,  very  little  has  been  done  towards 
the  interpretation  of  a  divergent  sraies  independentiy  of  its  invelop- 
ment,  or  function  from  which  it  is  developed.  When  this  invelop- 
meot  is  known,  and  the  series  deduced  from  it,  there  are  means  of 
stopping  the  diveigency,  by  arresting  the  development  at  any  given 
-  point,  and  turning  the  remainder,  not  into  a  further  development  but' 
into  a  finite  form.    Thus  if  ^,  a  given  function  of  x,  should  give  a 

divergent  series  a„  +  A,x  + ,  sll  that  part  of  the  development 

whioh  follows  ▲,  z*  may  be  included  in 


/*'♦'*+"(« -•)*■*  :  1.2.8. 
•^     o 


This  will  be  proved  in  Tati:x>b'8  Tbbobku,  and  it  is  a  result  of  great 
importance,  because  it  gives  the  means  of  removing  all  the  doubtful 
points  of  divergent  series  from  the  ordinary  branches  of  mathematics. 

Next  to  the  question  of  conveigenoy  or  divei^ncy,  comes  that  of 
continuity  or  discontinuity.  We  are  not  here  speaking  of  continuity 
of  value,  but  of  form.  A  series  is  continuous  when  for  all  values  of  x 
a  tugnimbt  tl»  same  function  of  x,    Tha»»^oTxf>  +  x^  +  s^+  ,,,, 


is  in  all  eases  the  development  of  (1  —  x)~',  whether  it  be  eonvsrgant 
or  divergent.  Even  those  who  reject  divergent  series  altc^geuier, 
though  wey  would  call  this  series,  when  2>1,  a  false  or  inadmissible 
development  of  (1  —  x)-*,  would  not,  though  they  reject  it,  lo<A  upon 
it  as  possible  to  arise  from  any  other  function.    But  the  series 

sin.nJ         .            ain2»        sin  89 
■i  (- 1)**'  —^  or  sin  »  -  -g-  +   — g— 

is  discontinuous;  for  certain  values  of  i  it  represents  one  function, 
and  for  other  values  another.  When  i  is  any  multiple  of  r  [Anolb]  it 
is  =  0 ;  when  9  falls  between  —  t  and  -t-  r,  it  is  {B;  when  t  falls 
between  ir  and  Sr,  it  is  49  —  t,  Ac. ;  in  fact,  it  stands  for  \S—mw, 
where  m  is  to  be  so  taken  that  ^9  —sw  shall  fall  between  —  Jv  and 
+  iir.    Again,  the  series 

o^x 1  •  « 

"•  (!  +  »•*)  (!■►«•+»«)    "  (a-l)(«-l-l)  "(1— a)(«-H) 

according  as  a  >  1  or  <  1 :  and  when  a  =  1,  it  is  infinite.  Bemember 
that  by  calling  a  series  infinite  we  do  not  merely  mean  that  it  is 
divergent,  for  a  divergent  series  may  be  the  development  of  a  finite 
quantify ;  tlius  l-(-2-t'4-l-....isa  development  of  —  1  from  the 
form  (1  — 2)~>.  But  we  mean  tiiat  the  arithmetieal  rtBite  of  the 
function  developed  is  infinite  when  we  say  that  the  series  is  infinite. 

Discontinuity  of  form  may  be  in  many  coses  avoided  by  an  extension 
of  the  modes  of  algebraical  expression.  Thus  if  we  write  down  the 
expression 

.o  — llx-^l      o*x-^lJ 

and  oonmder  h  ss  having  a  very  great  value,  the  second  term  will  bo 
very  small  or  very  near  to  unity,  according  asaia>lor<l.  If  we 
introduce  the  symbol  a"  ss  representing  oo  when  a  >  1,  and  0  when 
a  <  I,,we  have,  on  putting  «>  for  k,  the  representation  of  both  forma 
of  the  preceding  series  in  one.  We  shall  now  proceed  to  point  out 
some  of  the  principal  modes  of  transforming  series  into  others,  or 
deducing  others  from  them,  so  fsr  as  this  is  done  without  interfering 
with  the  developments  in  Tatiab'b  Tbsorbm. 

1.  If  ipx  can  be  developed  into  o  +  a,»•^«,i«?■^  . . .,  then  ab+aJ>iX+ 
a,i^*+  . . .  can  be  developed  as  follows  (D.  C,  p.  289).  Let  the  last 
be  ^x,  and  from  b,  i„  b„  tu>.  [DlprBBESOB]  form  Ai,  A%,  4». :  then 

^=tb<px+  tih.xi^x  +  -g-  a^*  +  278  '"V^«  +  •  •  • 

where  0'z,  ^"x,  too.,  txt  the  suocessive  difiisrential  ooeffi<dents  of  ^ 
If  b,  4„  &c.  be  values  of  a  rational  and  integral  function  of  »,  denoted 
by  i>,  the  preceding  is  not  an  infinite  series,  but  a  finite  expression. 
We  have  not  room  for  examples,  and  it  is  to  be  remembered  tiut  this 
is  au  article  oLreferenoe.  Particular  classes  of  instances  are 
6  _hb.x_        t.V>.!>f 

*  ■*■  *i*  +  •  •  •  =  (\-x)  ■*■   (1  -xf  ■•■   {l-x)«  ■*■••• 

•  -1  ,  »-l  w-2.    . 

i  +  nb^x  +  »  — 2 —  *»^  ■*"  *     2      ~8 —    ^  -f  •  •  •  *» 

(1+*)-  {»  +  "Aij^+i.'^A*(i-f^)%...} 

6  -H  i.x  -t-  5.|^  +1,2^  +  . .  =  .-  (i  +  Ate  +  A'i  2  +  ..) 

the  preceding  is  a  case  of  more  general  theorem  (D.  C,  p.  665)  froai 
whicn  the  fofiowing  may  also  be  deduced : — 

6  Vb.x__  V°6.a^ 

j  +  V  +  .---n:^  +  (TT^)'   *  (\  +  Wif  *'" 

V6  =  6,  +  mb,  7'4  =  J,  -h  2»ii,  -h  m»J,  4c  By  this  theorem  many 
divergent  series  may  be  converted  into  ooave^nt  ones,  or  the  oon- 
vorgency  of  convergent  aeries  may  be  increased. 

gsing 

2.  Letr=  V(1-2cob9.x  +  a!»),tan*-  i  _xoos»* 

Then5  ■(■  6,ocs«.«-hJ,oos2».a? -I- J,oos8«.a:> -h...- 

b  A6x  .      A'i.a* 

008  ^  -  -t  COB  (9  +  2^)  — j3-  -H  cos  (29  -h  8^)      jy—  +  . .. 

and  i,  sin  9  a;  -h  i,  sin  29 .  a?  -^  i,  ain  8«. «» -f  <. .  ■ 

h  Lb.x  ^  A't.a^ 

un# -  -I-  sin  (9  -h  2^)  — ^3—  +  sin  (29  +  8f)  — p —  +  . . » 

8.  Let  ^  be  a  rational  and  integral  function  of  x ;  then 
^ -f  ♦  (x  +  1) .  a  +  ♦  (x -f  2) .  a»  +  . . .  =  j^T^  ♦*  + 

a       ..         o  +  tf   ♦"«  A,_  iTx 

(r:^*^*  +  (l-a)»T   ■*■  (l-a)*2.S+"" 

A,  =  a  -f  4a'  +  a>,  A«  =  o  +  11«*  +  llo*  +  «*^ 

A,  =  a  +  a6a'  -^  66a^  ■¥  26a*  +  o»,  4o. 

4,  »  «  +  67a'  +  »0a  iff  ■*■  of)  +  67a»  +  «A 
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This  must  lead  to  a  finita  ezpreosion  for  tlie  aeries,  &ud  is  frequently 
€h«  ahorteet  wav  of  obtaining  it. 

^  •[#(«)  +  ♦  (7)  ]-=<^„+ a,  co»e.a:+ 

j^^Pj  •[^(«)-*(j)}^0,  Bine.a:  + 

tlte  seriei  resembling  Uiose  in  (2).  FurUur  varieties  will  appear  iu 
Tatlob'b  Tbeobem. 

6.  If  *(0)  +  ^l)  .ar  +  *(2).a?+  ....  be  the  doTelopment  of  a  per- 
fectly continuous  function  of  x,  and  if  ^  be  a  function  which  never 
becomes  infinite  for  any  real  value  of  »,  positive  or  negative ;  then  the 
same  function  may  be  also  developed  into  — $(—  1) .  x"'  — ^— 2) .  as"* 
-^-8)  .X-*- (D.  C,  p.  860). 

6.  If  <fx=%+a^x+a^+ and  if  p„  <>„  ,../>.  be  the  »  reth 

Boots  of  unity,  then  (D.  C,  p.  S19) 


%  +  a,x*+a2Mx'»+  .  ..= 


<HPiX)+...+t(p.x) 


^X^^^,^-^^  H- . . .  =  "-'-•^"■^^^  •  •„  •^>-'-'»<'"-> 


o,a^+o,^.ja!"+'  +  . . ,  = 


<>i-'»0'ig)+  •  •  •  +<>.-*»0>.^) 


and  BO  on.  Also  if  we  male  p^,  p,,  ftc,  the  nth  roots  of  —1,  and  use 
the  same  results,  only  altering  the  multipliers  into  (>,•"""',  &o.,  Pi'""', 
ke.,  we  have  the  sums  of  tiie  sama  serieB  with  the  terms  alternately 
poritive  and  negative. 

7.  One  of  the  simplest  modes  of  aetnally  finding  a  finite  expression 
for  a  series,  finite  or  infinite,  Hie  coefficifflits  of  which  are  Values  of  a 
rational  and  integral  function,  is  the  continual  multiplication  by  1—x, 
which  must  at  lost  produce  a  finite  expression.  It  must  be  remem- 
bered that  multiplication  by  1—x  may  be  performed  by  letting  the 
first  coefficient  remain,  and  diminishiog  every  oUier  coefficient  by  its 
predecessor.  Thus  a  +  bx+a?  +  e3f+  ....  multiplied  by  I—*  gives 
o  +  (*— o)a!+(c— ft)a?  +  (e— 6)**+.  And  a  finite  series  must  be  sup- 
posed to  be  continued  ad  iiijifiitnm  with  vanishing  coefficients.  For 
example,  it  is  required  to  find  a  finite  expression  for  V  +  2'x  +  3^t^  + . . . ; 
write  this  as  in  the  first  line,  and  make  successive  multiplications  by 
1 —X,  as  in  the  following  lines.: — 

l+6x+27x'>+6i^  +  n6x'+ . . 
l-^7a■^19a'■^87x'-^  61x*+.. 

l+6x+l2gl> +!&!?+  2ixf+ 

l-^6a:-^  6*^  6x»-^     (ix*+..,, 
l  +  ix+    a?+  Ox'+     f)x*+.... 

After  four  multiplications,  then,  by  1 — x,  the  series'  becomes  1  +  ix 
+  a^ ;  whence  its  value  is — 

l-t-ix+x' 
(l-x)« 

Independently  of  the  modes  of  deriving  series  obtained  from 
n^ylor's  Theorem,  and  of  which  we  are  to  ^eak  elsewhere,  there  are 
two  modes  of  forming  them  which  deserve  attention.  The  first 
depends  upon  the  numbers  called  the  diflerencea  of  nothing  [Nothing, 
r  DumBBNOES  of]  ;  the  second  on  those  called  NrHBEns  of  Bernoulli. 

By  the  first  of  these  any  function  of  «'  can  be  expanded  in  powers 
of  X, 

•      /«■  =/l+/(l  +  A)0.x  +  /(l+  A)0».  ^  +  ... 

Here /(I  +  A)  0'  is  a  symbol  of  the  calculus  of  opentione  [OPB- 
Katiox],  whidi  expanded  is— 

/I  .  0-  -I-  /'I .  A0«  -I-  . . . .  +  f'n  2;y~ 

it  being  unnecessary  to  go  further,  because  A"0*  =  0  whenever  n  is 
greater  than  n.     (D.  C,  3U7.) 

The  numbers  of  Bernoulli  occur  first  in  the  development  of 
(«*  —  1)~>,  a  series  the  importance  of  which  can  only  be  estimated  by 
iU  use  in  Summamos.  Taking  the  numbers  from  the  article  cited 
above,  or  making 

1  1 


»*=« 


"»=  80 


1 

X 

1 
3 


42   ' 

B-1? 


2  ■*■    2    ~   [t] 


2 

8b,x        ]6b,x' 
2      +  -[i]- 

-l.n. 


*'~   30- 

*  ~m  - 

63b,x»     . 
[6]-  + 


&a 


where  [m]  means  1 .  2 .  8  . . 

We  shall  now  give  a  number  of  series  which  are  not  of  very 
frequent  use,  but  which  may  sometimes  be  sought  in  a  work  of  refer- 
ence.   Under  tiie  lack  predioament  we  can  never  suppose  that  any  of 


the  following  developments  would  come  ;  (1  +  x)  • ,  e* ,  «• ,  log  (1 + «)  , 
log  YZI~ t  ^  ^1  or  COS  X.  Some  terms  are  given,  and  ±. .,  ..jm 
omitted  to  save  room. 

af       2x»        17^        62^  .     1882x" 
816    ■*■  2835  +  155925 
1        X        x»        2x»  x?  2it» 


timx=x+   j"  +  yg"  + 


cotx-  J  -  8  -  45  -  945  —  4725  -  98555   " 


x»        6x* 
aecx=l-i-  2    +   24 


eix*        277x' 
+   720   ■*■   8064 


cosecx=  -  + 

X 


7^ 
360 


Six* 
15120 


127x? 
604800 


sin~'x•=x-^ 


tan— 'x*=x—  -g-  + 


1  x»        1.8x»        1.8.6a? 


log 
log 


X 

sinx 
1 

cos  X 
tanx 

X 


a? 
=  ^  + 


160 


2.4  5 
6 
2885 


2.4.6  7 


+   12   +   IK 


_  jf       7x| 
-   8    +90    + 


7 

■*"  87800  +  4C7775 
17x»         Six"* 
2620  ■*■     14175 

jfi_  82jy 

2885  ■*"  2700  ■*"  467775 


a* 

45  + 
62x« 


These  logarithms  are  the  Naperian  logarithms,  as  is  always  the  case 
in  analysis,  unless  the  contrary  be  expressed  (as  it  is  usual  to  say,  but 
it  really  never  happens) : 

x>        102>        3x«         8fi8x> 


log{l+x)  ~  X  ■*■  2  ~  12  ■*■ 


24 


720    +  160 


60480 


We  must  again  remind  the  reader  that  the  aymbol  + ,  &&,  or  — ,  tta., 
is  throughout  omitted  to  save  room. 

There  is  one  property  of  series  which  deserves  particular  notice 
(D.  C,  pp.  220  and  649)  as  creating  a  most  remarkable  distinction 
between  those  which  h^e  all  their  terms  positive,  and  those  which 
have  them  altcmately  positive  and  negative.  The  former,  even  if  the 
terms  diminish  without  limit,  are  not  necessarily  convergent;  thus 
1  +2~'  +3~'  -(-....  is  divergent.  But  if  the  terms  be  alternately 
positive  and'  negative,  and  Himinialiing  without  limit,  the  series  is 
always  convergent,  and  the  error  made  by  stopping  at  any  term  is  leas 
than  the  first  of  the  terms  thrown  away.  And  the  most  remarkable 
part  of  the  property  is  that  this  last  is  true,  even  if  the  series  become 
divergent,  by  having  its  terms  increasing  without  limit,  instead  of 
diminishing;  so  that  if  the  terms  diminish  for  a  time,  and  then  begia 
to  increase,  the  portion  of  the  series  during  which  the  diminution 
takes  place  may  be  made  use  of  in  approximating  to  its  (uitbmeticml 
value.  That  is,  if  jl.^,  iL,,  be  all  positive  quantities,  and  if  the  infinite 
aerie*  a,— a,-{-a,—  ....  be  canied  as  for  as  a,  ,  the  error  is  less  than 
^*+h  whatever  the  law  of  the  terms  may  be,  or  however  ra{>idly 
tluqr  may  afterwards  increase.    Let  us  take,  for  instance, — 


,       2        2.3 

l-x  +  ^ 


2.3. 


4        2.8.4.6 
-  +  — Zi — 


Let  X  be  ever  so  great,  the  rapid  increase  of  the  numerators  must  stm 
make  this  series  ultimately  divergent..  Nevertheless,  if  x  be  con- 
siderable, the  first  terms  diminish  so  rapidly  that,  with  the  aid  of  the 
above  theorem,  a  good  approximation  may  l>e  made  to  the  arithmetical 
value  of  Uie  function  from  which  the  series  was  derived.  Let  x=100, 
whence  the  series  becomes — 

1  -  -02  -i-  -0006  —  -000024  -|-  -00000120  —  . . . 

After  ^e  hundredth  term  (he  terms  will  begin  to  increase,  and  more 
and  more  rapidly ;  but  the  theorem  enables  us,  when  x  =  lUO,  to  make 
the  following  assertions ;  first,  1  is  too  great,  but  not  by  so  much  as 
-02;  1  — '02,  or  -98,  is -too  small,  but -not  by  so  much  as  -0006; 
-98  +  -0006,  or  '980t<,  is  too  great,  but  not  by  so  much  as  -000024 ;  -a&Oe 
—■000024,  or  -980576,  is  too  small,  but  nut  by  so  much  as  '00000120; 
-980576  +  -00000120,  or  -9805772,  is  too  great,  but  not  by  eo  much  as 
Uie  next  term ;  and  so  on. 

SERJEANT,  or  SERGEANT  ^Servitni).  This  term,  in  its  original 
signification,  has  long  become  obsolete.  It  would  however  be  dillici«it 
to  trace  the  connection  between  the  different  officers  to  whom  the 
term  is  now  applied  without  going  back  to  their  comnion  type. 

The  term  servieus  and  servicium  appear  to  have  been  applied  at  fitst 
to  all  servants  of  the  public,  or  of  the  crown,  as  the  head  of  the  state, 
and  to  the  service  rendered  by  them  as  an  acknowledgment  or  render 
for  the  lands  held  by  such  service.  Rent  pud  by  a  tenant  to  hia  land- 
lord is  still  distinguished  by  the  name  of  rent-service  [Rest]  from 
other  annual  payments  charged  upon  land,  &c.  The  word  "  Serjeant " 
comes  to  us  from  "  sei^gent,"  into  which  the  French  had  modified  the 
j^atin  "  serviens."    The  word  serjeanty;^  in  French  "  sergenterie,"  was 

*  to  these  asries  the  aagis  Is  Itss  tlMn  a  ritht  aifl^  paallive  «r 
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{ormed  from  "aeKeht,"  bat  yn»  always  Hwd  with  nftuwKw  to  a 
particular  species  oi  ssnrice. 

The  ootnplete  development  of  the  feudal  system  which  followed  the 
Norman  conqneet,  was  greatly  facilitated  by  tiioee  political  strug^^as 
which  terminated  in  placing  Iwge  portions  of  the  lands  of  the  kingdom 
in  sncoeuion  at  tiie  disposition  of  the  orown.  The  forfeited  Isnds  of 
the  revolted  English  were  granted  by  the  Conqueror  to  his  folktwers 
witii  few  exceptions,  subject  to  the  performance  of  personal  services 
rcgiilsted  by  uie  quantity  of  the  land  granted  and  the  rank  and 
quiUification  of  the  grantee.  The  services  ordinarily  reserved  upon 
grants 'by  the  crowta,  and  upon  those  made  by  inferior  grantors  to 
their  military  followers,  Were  of  a  military  character.    Where  the 

Suit  was  to  hold  by  the  service  of  a  knight's  fee,  or  of  two,  or  halt  a 
ight's  fee,  Ac.,  vrithout  expressing  the  nature  of  the  service  to  be 
peifoimed,  the  party  was  said  to  hold  by  knight's  service,  per  tervieium 
mUiUtH  [Knmht'b  Sirviob]  ;  but  where  some  partiettlar  service  was 
to  be  performed  by  the  tenant,  or  by  some  duly  qualified  person  pro- 
vided by  him, — as,  to  be  on  earl  or  baron  of  ike  realm,  to  lead  the 
king's  host,  to  assist  in  the  defence  of  a  certain  castle,  te  wind  a  horn 
ttpon  an  invasion,  &c. — ^the  tenure  was  called  tenure  by  serjeanty  (per 
tayeanliam),  and  the  grantee  became  a  tenant  by  serjeanty,  and  would 
be  a  Serjeant  (jntrtcnj).  Whilst  the  two  tenures  were  always  da- 
tinguished  by  the  two  appellations  of  "  serjeaotia  "  and  "  serviciuni 
militare,"  the  term  "  serviens"  or  "  Serjeant*  was  applicable  to  a  tenant 
belonging  to  either  class  who  had  not  taken  upon  himsdf  the  Mder  of 
knighthood. 

As  the  tenant  by  serjeanty  was  commonly  distinguished  by  some 
title  derived  from  the  nature  of  his  service — as  earl,  baron,  constable, 
marshal,  treasurer,  &c. — the  name  "  Serjeant "  was  nsnally  ap{£ed,  not 
to  those  who  held  in  serjeanty,  but  to  those  who  held  per  leirricHtm, 
tulUart  ffenerally.  and  had  not  been  knighted.  Thus  in  1B48  the 
four  knignts  impanneled  on  a  grand  assize  were  told  by  the  judM  Ast 
they  should  elect  no  Serjeants  whilst  they  could  find  suitable  nrfghte 
(M.  22  Edw.  III.,  fo.  18);  and*  in  1852  the  four  kni^ts,  not  being 
able  to  elect  twelve  other  knigfais,  were  allovred,  by  the  assent  of 
pai-ties,  to  elect  of  the  most  Wealthy  Serjeants  (If.  26  Edw.  III.,  fo.  67, 
pi.  12).  (These  two  cases  have  been  strangely  misunderstood  t^ 
Dugdale  and  others,  as  if  they  related  to  an  exemption  of  serjeante-at- 
law  from  the  burthen  of  serving  upon  a  grand  assize.)  So  an 
ordinance  was  made  in  parliament  in  the  reign  of  Edward  IIL  (1362), 
by  which  the  return  of  lawyers  to  parliament,  as  knights  for  counties, 
was  prohibited,  on  the  ground  that  they  acted  with  a  view  rather  to 
the  benefit  of  their  clients  than  to  tliat  of  the  public,  and  the  elections 
were  directed  to  be  made  of  knightsand  of  Serjeants  of  the  most  value. 
The  term  Serjeant  is  also  applied  to  those  inferior  mUitaTy  tenants,  in 
the  grant  of  a  subsidy  in  1879,  in  which  Serjeants  and  franklins  of  the 
county  are  assessed  at  6a.  Sd.,  or  S<.  id.,  according  to  their  estate, 
whilst  Serjeants  at  law  are  assessed  at  a  fixed  sum  of  40(.,  being  twice 
the  amount  of  the  assessment  of  barons  of  the  realm.  (3 '  Hot.  Far).,'  68.) 
.  The  Serjeant  holding  par  lervidum  militare,  if  possessed  of  sufficient 
land,  was  however  bound,  when  called  upon,  to  take  upon  himself  the 
obligations  attendant  upon  the  order  of  knighthood.  The  tenant,  or 
expectant  tenant  of  such  an  estate,  who  wished  to  qualify  himself  for 
the  creditable  ^discharge  of  knightly  duties,  usually  entered  upon  a 
couisa  of  training  in  the  capacity  of  esquire  to  some  knight,  into 
whose  service  he  was  induced  to  enter  by  considerations  arising  from 
family  connection,  tenure,  or  friendship,  or  from  the  opinion  enter- 
tained of  his  military  fame.  Although  from  the  time  of  the  Conquest 
down  to  the  latter  end  of  the  reign  of  Edward  III.  all  military  tenants 
who  had  not  been  knighted  are  designated  "  Serjeants,"  we  find  tliat 
after  the  first  years  of  the  reign  of  llichard  II.  the  term  Serjeant,  as 
applied  to  the  unknighted  tenant  by  knight's  service,  di^ippears,  and 
is  succeeded  by  the  "  eequire,"  a  tena  previously  used  not  to  designate 
a  class  of  persons  occupying  a  certain  rank,  but  an  office  actually  per- 
formed. ('  Abb.  Rot.  Origin.,'  209,  b.)  The  services  of  the  Serjeant  of 
the  14th  century,  and  those  of  his  successor,  the  esquire  of  the  ISth, 
were  alike  estimated  as  equal  to  one-half  of  the  service  of  a  knight- 
bachelor,  or  one-fourth  of  the  service  of  a  knight-bannerel 

A  special  service  of  a  military  character,  to  be  performed  by  the 
tenant  or  his  sufficient  deputy,  was  not  less  noble  than  the  ordinary 
knight's  service,  and  was  sometimes  called  chivalerian  serjeanty,  but 
more  conmionly  grand  serjeanty.      It  is  said,  indeed,  hj,  Littleton 
(s.  153)  to  be  a  greater  and  more  worthy  service  than  the  other.    But 
Wy  service,  military  or  civif,  which  was  to  be  performed  by  the  tenant 
or  his  deputy  to  the  king  himself,  was,  on  account  of  the  dignity  of  the 
king's  person,  accounted  a  grand  or  chivalerian  serjeanty.    Thus,  in  the  | 
Qermanic  body,  the  offices  of  arch-chancellor,  arch-treasurer,  arch-  | 
butler,  &0.,  of  the  empire,  attached  to  particular  electorates,  were  of  ; 
equal  dignity  with  that  of  areh-marshal  of  the  empire  held  by  another  I 
elector ;  and  in  England,  the  civil  office  of  lord  high  treasurer,  &c.,  the 
military  office  of  lord  high  constable,  &c.,  and  the  mixed  office  of  lord  | 
high  steward,  &c.,  and  that  of  earl  or  baron  by  tenure,  are,  or  were,  all 
equally  held  by  grand  serjeanty. 

Lands  held  by  serjeanty,  ob  accotmt  of  the  entire  nature  of  the 
service,  could  not  lawfully  be  aliened  or  divided.  This,  however,  was 
by  a  species  of  connivance  fre^iuently  done  in  fact.  The  course  was 
for  the  crown  to  issue  a  commission  to  fix  a  rent  upon  the  alienated 
serjeanty,  or  the  divided  portions.    By  this  process,  tenancies  in 


■etjeaaty  giadusllj  beMue  nearly  extinct  before  the  aboUtion  of 
military  tenures.  Sometimes,  upon  the  escheat  or  forfeiture  of  a 
serjeanty,  the  lands  were  granted  by  the  erown,  to  hold  by  knight's 
mpTTice,  whereby  the  special  service  of  the  serjeanty  was  lost. 

Where  the  services  reserved  upon  the  tenure  mm  some  relation  to 
waf,  but  were  required  neither  to  be  execated  personally  by  the  tenant 
or  his  deputy,  nor  to  be  performed  to  the  person  of  the  king,  as  the 
payment  of  rent  in  spurs,  arrows,  tus.,  the  tenant  was  said  to  hokl  by 
petit  or  pelty^  serjeanty,  which  was  a  socage  tenure,  having  the  same 
non-military  inddenta  as  a  tenure  upon  which  an  mwiiytj  rent  in  money, 
com,  &0.,  was  reserved,  Uioug^  «onBidend  to  be  of  a  scunewbat  more 
dignified  character. 

The  tenant  in  serjeanty  was  bound  either  to  perform  tJie  speeial 
service  himself,  or  to  provide  a  person  competent  to  disohaige  il 
Sometimes,  the  land  having  descended  to  or  been  aoquired  by  a  oitbeii 
or  a  burgess,  the  service  was  considered  of  too  great  dignity  to  be  par- 
formed  by  the  tenant  upon  whom  the  duty  of  the  sm^eaaty  had  thus 
devolved,  in  which  case  he  was  required  to  appoint  a  oompetaat  sub- 
stitnte.  It  happened  more  frequently,  however,  thU  the  service  to  be 
performed  was  below  (he  Serjeant's  nmk,  in  which  case  it  was  pennittsd 
and  expected  that  the  service  should  be  performed  by  deputy.  This 
became  so  inuch  a  matter  of  oonise,  that  we  find  lands  held  in  serjeanty 
oonuoonly  described  as  held  by  the  servioe  of  procuring  (per  servieiunt 
inveniemU)  persons  to  do  the  duty.  This  fiequaatly  happfltwid  with 
regard  to  the  inferior  of&ces  relating  to  the  administration  of  the  laW, 
•B  in  the  ordinary  case  of '  a  tenure  by  the  servioe  ot  finding  faailifb 
itinerant.  With  respect  to  this  particular  appointment  and  soma  few 
others,  the  name  itself  was  truuferred  from  the  appointer  to  tke 
appointee,  and  the  designation  of  Serjeant  was  given  to  the  person  by 
whom  the  service  of  the  serjeanty  was  actually  performed.  Henee  oor 
serjeants-at-mace,  and  other  similar  officers  in  Normandy  and  in 
England.  In  like  manner,  the  sheriff  being  the  ballivus  of  the  ooonty, 
— that  is,  the  person  into  whose  custody  or  bailiwick  the  oounty  is 
bailed  or  delivered, — the  inferior  offioere  whom  he  employs  mve 
acquired  the  name  of  boilifis.  However  humble  the  nature  of  the 
servioe  na^  have  been,  the  tenant  was  bound  to  perform  it  in  penon, 
in  case  no  substitute  oould  be  obtained. 

Among  the  civil  services  the-performsnee  of  which  was  provided  for 
by  the  creation  of  serjeanUes,  one  of  the  most  important  was  the 
administration  of  justice^  Both  in  Normandy  and  in  England  nume- 
roas  grants  of  lands  were  made,  to  wliich  grants  the  obligation  to  dis- 
charge certain  judicial  or  ministerial  duties  was  annexed  in  lieu  of  the 
ordinary  knight's  service.  In  both  countries  it  would  appear  that  all 
counties,  as  well  as  the  mora  important  cities  and  boroughs,  wsre 
placed  under  an  officer  of  the  crown  who  held  lands  by  the  tenure  of 
administering  justice  in  criminal  matters.  This  local  judge  wss  in 
England  called  the  king's  serjeant  (serviens  regis),  or  the  Serjeant  of 
the  oounty,  city,  or  borough  ;  sometimes  (stat  Westm.  I.,  a,  80) 
Serjeant  in  fee ;  sometimes  capitaUs  Servians  of  the  oounty  ('  Hot.  Farl ,' 
286)  or  of  the  hundred  ('  Testa  de  Nevil,"  409  d). 

Lands  held  by  this  tenure  are  oommonly  described  in  ancient  records 
as  lands  held  per  serjeantiam  tenendi  (sometimes  oustodiendi)  placita 
coronEC.  It  appears  from  Braoton,  fol.  167,  that  this  officer  (the  king's 
Serjeant)  had  a  concurrent  jurisdiction  with  the  sheriff,  and  that  their 
records  were  equally  incapable  of  being  controverted.  These  Serjeants 
iiad  officers  under  them,  who,  taking  the  denomination  of  Serjeant 
from  the  hereditary  officer  whose  autnority  was  in  part  delegated  to 
them,  were  in  counties  known  by  the  name  of  Serjeants  of  the  sword, 
sergens  de  I'espee,  servientes  ad  spatam,  and  in  cities  and  boroughs 
by  the  name  of  serjeants-at-maoe,  servientes  ad  davam.  In  the  course 
of  time,  as  charters  were  obtained,  the  citiaens  and  burgesses  acquired 
the  right  of  choosing  their  own  magistrates ;  and  the  king's  officer,  the 
Serjeant,  was  superseded  by  the  municipal  officers,  the  mayor  and 
aldermen.  It  is  said  that  Norwich  had  no  magistrate,  except  the 
king's  Serjeant,  until  the  17th  year  of  King  Stephen.  (Stow,  214; 
Spelman,  'Oloss.')  It  sometimes  happened  that,  after  the  incorpo- 
ration of  the  city  or  town,  the  serjeant  continued  to  be  the  judicial 
officer  de  facto,  sitting  as  assessor  to  the  municipal  magistrates.  This 
was  t^  case  at  Oxford.  ('  Harleian  MSS.,'  298,  foL  66.)  In  London 
the  office  appears  to  have  been  retained,  but  a  ciiartar  of  18  Edw.  II. 
gave  to  the  citizens  the  privilege  of  eleotiqg  their  eoniman  terjeaftt. 

In  counties,  the  king's  serjeant,  as  a  judicial  officer,  nuiy  be  traced 
to  a  much  later  period ;  and  although  the  office  is  now  become  obso- 
lete, and  its  principal  functions  have  for  centuries  devolved  upon  the. 
justices  of  the  peace,  proclamation  is  still  made  upon  the  ezeoution  of 
every  comminion  of  jaU  delivery,  inviting  all  persons  to  inform  this 
officer  of  any  treason,  felonies,  or  misdemeanors  committed  by  the 
prisoner  at  the  bar. 

Where  the  criminal  jurisdiction  of  a  particular  district  was  annexed 
to  a  grant  of  land  to  a  subject,  the  jurisdiction,  though  imposed  as  a 
condition  and  a  burden,  was  called  a  franchise  [Fbaitohise],  inasmuch 
as  it  excluded  the  ordinary  power  of  the  officen  of  the  orown.  The 
grantee  was  said  to  hold  in  frank  serjeanty,  en  franohe  sergenterie ; 
and  in  respect  of  the  lands  attached  to  the  ofnoe,  this  serjeanty  was  in 
Normandy  sometlmeB  called  une  sergenterie  ^Ub^  For  the  actual 
administration  of  justice,  the  tenant  luually  delegated  his  judioial 
authority  as  serjeant  to  an  officer  of  bis  own,  who  was  tiierdere  called 
Am  Serjeant,  or  til*  serjeant  of  th«  dlttrtot  (Mad. '  Bscil,.'  lOS ;  '  Test* 
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de  Nevil,'  889),  or  seijeant  of  the  peace  for  the  diatrict.  (Cowell, 
'Inteipr.')  Hence,  the  stewaid  of  a  private  leet,  or  of  a  manor  to 
which  a  leet  is  attaiched,  to  whom  the  l<nd  always  delegates  his  judicial 
power,  ia  Koaetimea  designated  aa  aerriens  sive  senescallus.  (i  Co., 
'  Rep.,'  SI.)  Latterly,  indeed,  it  has  been  considered  that  a  tenure  by 
aerjean^  oould  only  be  created  by,  and  held  under,'  tlie  crown.  (Co. 
Litt.^  108  a.)  This  was  not  the  case,  however,  in  tiie  time  of  Henry  IIL, 
as  appears  by  Bracton  (3S  b.). 

The  tenure,  by  which  lands  were  held  by  a  "  Serjeant  of  the  county," 
or  "  Serjeant  in  fee,"  was  a  serjeanty  belonging  to  that  class  which  was 
called  grand  serjeanty,  aa  being  cormected  with  the  administration  of 
justice.  Edmund,  earl  of  Lancaster,  brother  of  Edward  Li  died  seised 
"  de  magna  aergeantia  totius  comitatus  de  Derby."  ('  Calend.  Inquis. 
poet,  mortem,'  136,  b.) 

But  the  Serjeants  of  counties  were  neither  the  only  nor  the  most 
numerous  dass  of  serjaabts-at-law.  The  main  branch  of  that  body 
remained  in '  attendance  upon  the  king.  Their  duty  was  to  assist  in 
the  proceedings  of  the  Aula  Begia,  the  great  court  of  justice  of  the 
realm,  as  assessors  to  the  chief  justiciar,  and  as  advocates  for  the 
■uitoiB,  who  being  generally  unacquainted  with  the  language  in  which 
the  prooeedings  of  the  court  were  carried  on,  were  seldom  able,  and 
were  never  permitted,  to  plead  their  own  causes.  (1  '  Rot.  Pari.,'  i  a ; 
2 '  Rot.  Pari,'  140.)  Upon  the  breaking-up  of  the  Aula  Regia  into  the 
■BTeral  courts  which  now  occupy  Westminster  Hall,  the  serjeants-at- 
law  became  the  justices  of  the  courts  of  King's  Bench  and  Common 
Pleas,  and  acted  as  advocates  for  the  suitors,  when  not  appointed  to 

eose  offices,  and  when  removed  from  them.  While  not  employed  in 
didal  stations,  they  were  called  serjeant-cotmtors,  servientes-narra- 
totes,  and  biool  nanatores,  counter  (narrator)  being  a  term  derived 
from  the  Norman  "  conteurs,"  persons  whose  office  it  was  to  conduct 
the  catises  of  litigants  in  court,  the  verb  "center"  being  applied 
indifferently  to  the  pleadings  on  the  part  of  the  plaintiff  and  those  on 
tiie'part  of  the  defendant. 

It  does  not  distinctly  appear  whether  any  grants  of  land  were 
annexed  to  the  office  of  eerieant-countor ;  if  not,  it  is  probable  that  the 
Coiiqueror,  or  some  of  his  early  successors,  considered  the  fees 
receivable  by  the  serjeant-justices  and  the  serjeaat-countors  as 
equivalent  to  a  grant  of  lands,  and  as  constituting  a  serjeanty  not 
attached  to  a  tenure  of  land,  or  a  serjeanty  in  gross.  However  this 
may  be,  the  kings  exercised  the  tight  of  creating  both  serjeant-justioes 
and  serjeant-countors.  The  appointment  of  serjeant<ountor  has,  from 
the  earliest  period,  been  effected  by  the  royal  mandate  imder  the  great 
seal ;  by  writ,  where  the  party  to  whom  it  was  addressed  was  required 
to  serve  the  king  and  his  people  in  the  Aula  Regis,  and  afterwards  in 
the  courts  of  Westminster  Hall;  by  letters-patent,  with  respect  to 
aerjeonta  in  Ireland.  Under  this  appointment,  the  Serjeants  were  the 
sole  public  pleaders.  They  were  the  only  persons  in  the  state  entrusted 
with  the  exercise  of  the  ordinary  judicial  funotions,  and  even  now  no 
person  can  be  appointed  a  justice  of  the  Queen's  Bench  or  Common 
Pleas,  who  is  not  of  the  degree  of  the  coif,  that  expression  being 
derived  from  the  peculiar  species  of  cap  which  was,  and  still  is,  the 
distinguishing  dress  of  serjeants-at-law.  The  barons  of  the  Exchequer 
who  were  formerly  merely  officers  of  revenue,  are  not  required  to  be 
taken  from  amongst  the  Serjeants ;  but  unless  they  were  of  the  degree 
of  the  coif,  they  were  not  qualified  to  act  as  justices  of  nsHize. 
Although  the  Serjeants  on  the  circuit,  and  the  queen's  counsel,  and 
occasionally  other  barristers,  are  included  in  the  comitissiona  of  oyer 
and  terminer,  and  jail  delivery,  and  assist  in  the  trying  of  prisoners 
when  the  judges  are  pressed  for  time,  or  if  it  is  thought  desirable  to 
relieve  the  county  from  the  expense  ^arising  from  the  detention  of 
proeeoutora  and  witnesaea,  the  name  of  no  person  who  ia  not  a 
Serjeant  or  queen's  counsel,  or  possesses  a  patent  of  precedence,  can  be 
inserted  in  the  commission  of  assize.  Formerly  no  one  but  a  Serjeant 
was  Bo  quali6ed.    (13  Edw.  L  st.  L,  o  80 ;  18  &  14  Vict.  c.  25.) 

Much  obscurity  however  still  hangs  over  the  origin  of  the  con- 
nection between  tile  terms  Serjeant  and  oountor.  It  has  been  suggested 
that  upon  the  introduction  of  the  Norman  conteurs  in  England,  they 
were  formed  into  a  Jay  brotherhood,  somewhat  analogous  in  form  to 
the  religious  communities  by  which  they  were  surrounded ;  that  the 
members  of  this  brotherhood  were  admitted  by  royal  authority,  and 
employed  in  different  capacities  as  judges  and  advocates  about  the 
Aula  Regia;  and  that  they  probably  derived  their  adjunct  title  of 
servientes  from  the  nature  of  their  employment,  and  from  the  circum- 
stance of  their  appointment  being  conferred  by  the  crown,  and  of  its 
being  considered  that  the  services  which  they  rendered  were  of  equal 
dignity  and  importance  with  services  reserv^  upon  those  tenures  by 
grand  serjeanty  to  which  administration  of  justice  was  attached,  and 
the  tenants  of  which  were  in  strict  propriety  denominated  Serjeants. 

Upon  the  calling  of  every  parliament,  the  judges  and  serjeauts  are 
summoned  by  writ  to  give  their  attendance.  Their  principal  duty 
appears  ib  have  been  to  assist  the  lords  in  the  trials  of  petitions. 
('  Rot.  Pari.' juun'm.)  The  writ  of  summons  issues  to  the  judges,  not 
as  judges,  but  as  Serjeants ;  and  if  a  baron  of  the  Exchequer  be  not  a 
Serjeant,  as  was  formerly  often,  and  still  may  be,  the  case,  he  is  not 
summoned.  No  Serjeants  have  been  required  to  attond  of  late  years, 
except  judges  and  queen's  Serjeants,  but  formerly  otiker  serjeanta  were 
also  summoned. 

Whilst  the  Aul»  Jlegis  coDstituted  one  court,  a  second  class  of 


advooataa  was  littie  needed;  and  upon  that  court  bong  afterwards 
divided  into  different  sections  or  branches,  no  inconvenience  appears  to 
have  been  felt,  as  all  the  different  sections  of  the  court  equally  followed 
the  person  of  the  king.  But  when,  in  the  reign  of  Edwud  L,  the 
regulation  for  holding  common  pleas,  that  ia,  all  civil  actions,  in  sonM 
certain  place  to  be  appointed  by  the  crown,  was  put  in  force,  parties 
who  had  business,  in  the  court  of  King's  Bencli,  the  jurisdiction  of 
which,  except  occasionally  as  a  court  of  appeal,  was  then  almost  con- 
fined to  criminal  matters,  or  in  the  court  of  Exchequer,  the  juriadiction 
of  which  related  to  matters  of  revenue,  or  in  the  oourt  ox  Chancery, 
were  put  to  inconvenience  for  want  of  advocates,  aa  often  as  the  king, 
whose  progresses  these  courts  still  followed,  happened  to  be  distant 
from  the  plac6  (usually  Westminster  Hall,  and '  seldom  elsewhere, 
after  the  reign  of  Edward  III.)  at  which  the  oourt  of  Common  Pleas 
sat.  To  remedy  this  inconvenience,  and  at  the  same  time  to  relieve 
parties  from  the  burdensome  duty  of  appearing  in  person  in  the 
court  of  Conunon  Pleas,  an  ordinance  was  mikde  in  Parliament,  in  1292, 
by  Edward  L,  by  which  the  king  directed  the  selection  of  a  number 
(fixed  provisionally  at  140)  from  the  higher  class  of  legal  students  to 
act  both  as  attorneys  in  the  stationary  court  of  Common  Pleas,  and  aa 
advocates  in  the  comparatively  few  cases  which  then  required  their 
assistance  in  the  ambulatory  courts  of  the  King's  Bench,  Chancery,  and 
Exchequer.  No  distinction  is  made  in  the  ordinance  between  attor< 
neys  and  apprentices,  and  the  140  appear  to  have  acted  indiscriminately 
(2 '  Rot.  Pari.',  96)  as  attorneys  and  as  advocates,  as  their  services 
happened  to  ,be  required.  Complaints  were  however  still  made  in 
Parliament  (1864-5)  of  the  prejudice  arising  to  parties  implicated  in 
proceedings  in  the  two  latter  courts,  from  being  unable  to  procura  the 
asaistanoe  of  Serjeants ;  and  it  was  prayed,  though  unsuccessfully,  that 
on  this  grourvd  these  courts  might  also  be  made  stationary. 

Apetition  of  the  Commons  in  1343,  that  parties  to  suits  in  the  Marshal- 
sea  might  be  allowed  to  plead  their  own  causes  in  that  court,  in  order 
that  they  might  not  be  delayed  for  want  of  Serjeants,  had  met  with  a 
more  favourable  reception,  and  the  permission  was  granted  by  an  act 
of  parliament  (2  'Rot.  Pari.,'  140),  which  act  waa  not  in  print  till  the 
parliament  rolls  were  publii^ed  at  the  commencement  of  the  present 
oentury.  It  was  a  punishal^le  contempt  of  the  court  for  a  person  to 
interfere  as  advocate  without  possessing  a  legal  titie  to  the  office. 
('  Abb.  Placit.  in  Dom.  Cap.  Westm.,'  137.) 

It  is  stated  in  the  article  Babbisteb,  ibai  serjeanta  and  apprentices 
at  law  were  supposed  by  Dugdole  to  be  the  same  persons.  Dugdale 
relies  upon  the  circumstance  that  in  the  second  year  of  Henry  VI.  an 
apprentice  was  heard  in  the  court  of  Common  Pleas,  where  serjeanta 
alone  practised.  But  Dugdale  was  mistaken  in  supposing  that  the 
apprentice  acted  as  an  advocate  in  that  court ;  for  upon  reference  to 
the  'Year-Book'  (M.  2  H.  6,  fol.  5,  pL  8),  it  will  be  seen  that  this 
apprentice  was  merely  Sent  by  the  Exchequer  into  the  Common  Fleas 
to  ask  the  opinion  of  the  judges  and  Serjeants  in  the  latter  court  upon 
a  point  of  law  then  depending  in  the  Exchequer;  upon  which  the 
judges  of  the  Conmion  Pleas  consulted  the  Serjeants,  and  the  point  waa 
debated  by  judges  and  Serjeants  indiscriminately.  The  apprentice 
took  no  part  in  the  discussion,  but  carried  back  the  result  to  the 
Exchequer,  upon  which  that  coiu^  acted.  It  has  also  been  supposed 
that  Piowden  and  Carrel,  who  are  spoken  of  aa  apprentices  in  4  ElizI, 
(1562),  were  at  that  time  Serjeants.  With  respect  to  the  former,  the 
mistake  arose  from  the  circumstance  that  a  writ  issued  to  Piowden 
and  eleven  others,  in  October,  1558,  calling  upon  them  to  be  mode 
Serjeants  in  Easter  following.  Mary  dying  in  November,  1S58,  tiie 
writs  abated.  In  1£59  fresh  writs  were  issued  by  Elizabeth  to  seven 
of  the  eleven,  but  the  names  of  Piowden  and  four  others,  as  may  be 
seen  in  Dugdale,  were  omitted.  Piowden  therefore  remained  an 
apprentice  as  before,  and  he  is  properly  so  designated  in  4  Eliz.  (1562). 
With  respect  to  Carrel  also,  we  have  no  distinct  proof  that  he  ever  took 
the  degree  of  Serjeant,  though  it  seems  not  improbable  that  he  was 
often  commanded  so  to  do.  John  Carrel  received  a  writ  requiring  him 
to  take  the  degree  of  a  Serjeant  in  1540,  and  again  in  1552  and  1554. 
In  what  manner  he  was  excused  on  these  occasions,  and  whether  he 
paid  more  attention  to  Jklbry's  commands  than  he  had  done  to  those  of 
her  father  and  brother,  or  whether  indeed  the  Carrel  apprentice  in 
1562  was  the  same  person  with  John  Carrel,  the  Serjeant  thrice  elect, 
does  not  appear. 

The  ordinance  of  Edward  I.  authorised  only  students  who  had 
reached  the  rank  of  "  apprentices  at  law "  to  practise  as  advocates  in 
those  courts  in  which  the  assistance  of  serjeante  could  not  constanUy 
be  obtained ;  but  as  the  practice  of  these  courts  increased,  it  was  found 
aecessory,  in  the  reign  of  Elizabeth,  to  allow  persona  of  less  standing 
than  apprentices  to  act  both  as  adrocates  ^d  as  attorneys. 

Students  who,  though  not  yet  apprentices  at  law,  bad  been  admitted 
to  argue  fictitious  coses  at  the  mootings  in  their  respective  inns  of 
court,  were  allowed  to  practise  as  advocates  in  the  ambulatoiy  oourta 
of  common  law  and  equity.  Advocates  of  this  tiiird  daaa  were  called 
utter-barristers,  because  in  arguing  their  moot  oases  by  way  of  pre- 
paration for  real  forensic  debates  they  were  placed  at  the  outer  or 
uttermost  end  of  the  form  on  which  they  sat,  and  which  was  «UIed  the 
"  barr."  (Stow  ;  Waterhous ;  Dugdale ;  Herbert,  •  Antiq.  Inns  of 
Court,'  176.)  The  junior  studento,  who  sat  in  ailenc;)  on  the  inside, 
were  called  inner-barristeis.  But  the  latter  term  has  long  been 
abandoned,  and  i;  ^un^  is  the  more  {^neral  desi^piation  of  student ;  ig 
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<xm8eqnenoe  of  which  the  term  utter-barriater  has  also  given  plaoe  to 
that  of  barrister,  and  the  student  ^ho  ia  admitted  to  tiiat  degree  ia 
■ud  to  be  "  called  to  the  bar."  Thia  call  however  oonsiata  merely 
in  thfl  pieeiding  bencher*!  sa;^ing^  "  I  publish  you  a  barrister  of  this 
Sooiety." 

The  mere  students,  formerly  called  inner-banisteia,  oonfine  them- 
selves to  stodyi  or,  when  they  consider  themselves  qualified,  practise 
as  oonveyanoera,  special  pleodera,  br  equity  draftsmen,  m  which  capacity 
they  are  recognised  by  the  legislature,  being  required  to  take  out 
aonual  certificates  from  the  stamp-office.  For  nearly  the  last  forty 
years  students  practising  as  oertmoated  special  pleaders  have  been 
allowed  to  practise  as  advocates  before  judges  sitting  in  their  private 
chamben  at  Serjeants'  Inn,  for  the  summaiy  despatch  of  matters  of 
pleading  and  practice,  &o. 

Sh(ntiy  after  Hub  permission  given  to  barristers  to  practice  as  advo- 
eates,  we  lose  sight  of  the  order  of  apprentices.  Though  usiial,  it  was 
atfvsr  perhi^  absolutely  necessary  that  a  student  should  become  an 
appientica  in  order  to  qualify  him  for  being  called  to  the  degree  of  the 
«aif ;  and  when  it  ceosed  to  be  required  as  •  title  to  practise  as  an 
advocate,  there  was  no  longer  any  motive  for  tidung  tha  degree  of  an 
apprantice. 

The  result  of  these  inquiries  seems  to  be,  that  from  the  Conquest  to 
the  20  Edw.  I.  (I!i92),  setjeant-oountors  were  the  Mily  advooatee;  that 
from  1292  to  tiie  latter  end  of  the  16th  century,  apprentices  were 
allowed  to  practise  in  certain  courts;  that  townds  the  dose  of  die 
10th  eantmy,  the  apprentices  ware  supplanted  by  a  more  numerous 
okas  of  junior  studsmts  called  utter-bamsters  and  afterwards  barristers ; 
and  that  from  the  middle  of  the  I8th  oentuiy,  mere  students  Were  at 
any  time  after  tbeir  admission,  and  immediately  upon  their  admisaiim, 
allowed  to  piaotise  as  eertifloated  ocmveyancers  or  oertificated'speeial 
pleaders;  and  that  such  special  pleaders  have  latterly  been  allowed  to 
practise  as  sdvocates  before  judges  when  administering  justice  in  their 
private  chambers ;  which  latter  practice  may  be  thus  explained  : — The 
buidness  to  be  disposed  of  by  uie  courts  at  Westminster  having  far 
outgrown  the  machinery  provided  for  its  despatch,  many  acts  of  par- 
liament have  directed  that  certain  judicial  acts  shall  be  done  by  the 
court "  or  any  judge  thereof.*  The  consequence  of  these  provisions, 
and  of  a  jsnctioe  existing  before,  of  referriug  minor  questions  and  cases 
of  a  pressing  nature  to  he  disposed  of  by  a  single  judge,  has  been  that 
a  mwt  impnrtant  part  of  the  judicial  business  of  the  country,  instead 
of  being  discussed  as  formerly  in  open  court  before  a  full  bench,  and 
with  the  assistance  or  in  the  presence  of  an  intelligent  bar,  is  commonly 
disposed  of  by  a  single  judge  in  a  private  room,  without  any  assistance 
except  that  which  he  can  derive  from  the  sttomey's  clerks  on  each 
side  who  attend  the  summons.  It  not  unfrequently  happens  that  a 
most  abstruse  point  of  special  pleading,  involving  l£e  fate,  and  aome- 
times  the  real  merits  of  the  cause,  and  which  in  the  reign  of  Edward  VL 
'woold  have  been  argued  by  learned  Serjeants  «nd  tcid  apprentices^at 
the  bar,  and  afterwards  debated  publicly  on  the  benoh,  is  disposed  of 
in  five  minutes,  and  without  appeal,  at  chambers  by  a  judge  who  has 
never  practi»d  this  branch  of  the  law,  and  who  would  when  at  the 
bar  have  shrunk  from  the  i«sponslbili<7  of  expressing  sn  opinion  on 
the  most  ordinary  question  connected  with  tiie  science  of  special 
pleading.  It  was  therefore  quite  natural  that  judges  should  be  glad  to 
avail  themselves  at  chambers  of  the  assistance  of  special  pleaders ;  and 
In  order  to  prevent  the  abuse  of  the  indiscriminate  invitation  given  by 
the  le^alature  to  all  persons,  though  students  only  of  a  day's  standing, 
who  are  members  of  an  inn  of  ooiui,  to  take  out  Ucenoee  to  practise  as 
spvcial  pleaders,  &o.,  the  benchers  or  governing  members  of  some  of 
ue  inns  (^  court  now  require  that  upon  the  admission  of  a  student, 
he  shall  engage  not  to  practise  as  a  special  pleader.  Sue.,  till  he  be  of 
■uffident  standing  to  be  otHti  to  the  bar. 

The  Serjeants  remsined  however,  till  9  ft  10  Vict,  c  64,  the  only 
advocates  recognised  in  the  court  of  Comnum  Pleas.  _  In  Uiat  court 
they  retained  their  right  of  exdusive  audience,  which  privilege  extended 
to  tnals  at  bsr,  but  not  to  trials  at  nisi  prius,  either  at  the  aasizea  or  at 
the  sittings  in  London  and  Middlesex. 

Attempts  had  been  made  previously  to  place  tlie  court  of  Common 
Haas  upon  the  same  footing  in  thu  respect  as  the  other  courts  at 
.Weatminster.  A  suggestion  to  that  effect  was  made  by  Sir  Hatthew 
Hale,  in  his  '  Considerations  tou&hing  the  Amendments  of  the  Law.' 
In  1765  it  was  proposed  by  Sir  John  Willes,  then  chief -justice  of  the 
Canunon  Pleas,  that  the  court  should  be  opened  to  all  banisters.  The 
Judges  met,  and,  after  much  discussion,  expressed  their  opinion  sgainst 
tlie  nlan,  wtuch  was  strongly  opposed  by  Lord  Hardwicke.  It  was 
Beam  a  century  before  f&eot  was  given  to  the  enlightened  views  of 
Sir  Matthew  Hale  and  Sir  John  WiUes. 

In  1834,  while  the  Central  Criminal  Court  bill  was  in  tiie  House  of 
Lords,  a  olause  was  introduced  for  opening  the  court  of  Common  Pleas. 
This  dause  was  withdrawn  before  the  bill  was  sent  to  the  Commona. 
But  on  24th  Ajnil,  in  that  year,  a  royal  warrant  issued,  ordering  and 
i^irrHi^  that  the  right  of  practising,  pleading,  and  audience  m  the 
oourt  ox  Common  Pleas  should  cease  to  be  ezardsed  exclusively  by  the 
Mtjeants-at-hkw,  and  that  boiristers-at-law  should  have  and  exercise 
equal  li^t  and  privilege  with  them  of  practising,  kc,  in  that  court, 
'llie  warrant  protased  to  give  to  such  of  the  Serjeants  then  in  practice 
•a  were  not  king's  Serjeants,  and  had  not  patente  of  ^ireoedence,  ai  an 
t^ptoial  nutrk  ofrogai  favour,  {reoedflnee  over  any  kmg'*  eoonsal  vho 
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might  be  thereafter  appointed.  This  wwrant  was  filed-in  the  oourt  of 
Common  Pleas  on  2fith  April,  from  which  time  until  January,  1840,  it 
was  acted  upon  by  the  court.  During  this  period  no  persons  applied 
for  the  coif,  except  those  who  had  received  an  intimation  that  they 
were  to  be  made  judges. 

In  18S7,  a  petition  was  addressed  to  her  majesty  by  tlie  queen'a 
Serjeants  snd  two  other  Serjeants  who  had  not  availed  themsNves  o< 
the  clause  of  preoedenoe  contained  in  the  warrant  of  April  84, 18S4, 
suggesting  that  the  warrant  was  illegal,  and  praying  that  the  legality 
of  that  document  and  the  expediency  of  the  alteration  might  be  duly 
investigated.  The  illegality  of  the  warrant  was  asserted  chiefly  upon 
the  prescriptive  rights  of  the  Serjeants,  coeval  with  the  existence  of 
the  courts  themselves;  but  also  on  some  merely  technical  grounds. 
A  memorial  was  at  the  some  time  presented  to  the  chancellor,  m  which 
it  was  submitted  that  such  an  alteration  oould  only  be  made  by  act  of 
poriiament. 

The  petiti(Hi  being  referred  to  the  privy  council,  the  question  was 
argued  on  10th  January,  1889,  and  Main  on  2nd  February.  A  strong 
oj^iion  was  expressed  as  to  the  illegUity  of  the  warrant,  but  the  court 
sqMiated  without  coming  to  any  otmolusion. 

In  November,  1889,  a  motion  was  mode  in  the  Common  Pleas  by 
Wilde,  as  the  senior  praotiBlng  Serjeant,  that  the  exclusive  right  of 
audience  of  the  serjeonts-at-law,  whidi  had  been  suspended  in  obedience 
to  the  warrant  of  1834,  should  be  restored;  and  at  tiie  close  of  Hilary 
term,  1840,  the  right  of  being  heard  as  counsel  and  of  signing  pleadings 
in  causes  depending  in  the  Common  Pleas,  was  declared  by  the  court 
to  belong  ezclusiTMy  to  the  aeneants-at-law.  The  legislature  then  took 
up  the  question  seriously,  and  the  monopoly  of  the  Serjeants  was 
abolished  by  9  &  10  Vict.  o.  64. 

Serjeants  had  formerly  not  only  exduihe  audietun  in  the  Common 
Pleas,  but  had  also  in  all  other  courts  pre-audienee  over  all  other 
advocates.  They  are  still  addressed  by  the  judges  as  brothers,  by 
which  tiUe  they  speak  to  and  of  one  another. 

Though  the  king  was  represented  in  each  of  hi*  courts  at  West- 
minster by  one  or  more  persons  as  his  attorney  and  soliratorgeneral  in 
one  or  all  of  those  courts,  no  one  formerly  pleaded  as  eaatutl  for  the 
crown  except  Serjeants.  In  the  patent  of  a  king's  Serjeant,  he  was 
appointed  by  the  king  "  Serviens  Noster  ad  legem,  et  Narrator  pro 
Nobis  in  cuiiis  Nostris,  in  quibusounque  negotiis  Nos  tangentibus." 
^iterwards  when  the  king's  attorney,  as  it  usually  happenwl,  was  an 
apprentice,  he  was  allowed  not  only  to  appear  as  attorney,  but  to  plead 
as  advocate  for  the  crown  in  those  courts  in  which  apprentioas  were 
permitted  to  practise,  and  when  so  employed  he  claimed  and  exercised, 
for  the  benefit  of  the  crown,  a  right  of  pre-audience  over  Serjeants 
pleading  for  ordinary  clients  in  those  oourts.  Afterwards  the  attorney- 
general  exercised  a  rij^t  of  pre-audience  even  when  not  engaged  for 
the  Grown. 

Other  king's  counsel  appear  to  have  obtained  pr»«udienoe  over  the 
Serjeants  by  a  similsr  course  of  proceeding ;  but  the  queen  s  Serjeants 
still  retain  pre-*udienoe  over  all  other  counsel  except  the  attomey- 
geoeral  and  solicitor-general;  and  even  over  the  attorney-general, 
the  senior  of  the*  king's  Serjeants,  distingiushed  by  the  appellation 
of  "  the  king's  ancient  Serjeant,"  retained  his  preoedenoe  until  1814, 
when  Sir  Samuel  Shepherd,  the  king's  ancient  Serjeant,  being 
appointed  solicitor-general,  instead  of  vacating  his  office  td  Serjeant,  as 
had  always  before  been  done  in  such  oases,  obtained  a  wammt  from  the 
Prince-Regent  giving  to  the  attorney-general  and  solidtor-general  per- 
petual preHiudience  of  the  whole  bar.  In  the  reigns  of  Maiy,  Elizabeth, 
and  James  I.,  several  persons  were  degraded,  or  disehatgsd,  from  the 
degree  of  serjeant-at-law  in  order  to  capsmtata  them  for  aoo^pting  the 
office  of  solieitor-general,  as  it  is  not  unusual  now  for  barrittera  to 
apply  to  be  disbaired  for  the  purpose  of  enabling  tiiem  to  practise  as 
aoUdtors  or  attorneys  to  private  suitors. 

The  pre-audience  acquired,  in  comparatively  modem  times,  by  the 
attorney-general  and  souoitor-general  and  the  other  king's  oounsd  over 
the  Serjeants  in  the  oourts  of  Westminster  Hall,  has  not  otherwise 
afiected  the  rank  or  podtion  of  the  latter.  At  the  coronation  of  Queen 
Elisabeth  it  appears  to  have  been  finally  setUed  that  in  the  royal  pro. 
oeenun  (in  which  those  of  inferior  rank  walk  first)  "  the  attorney  and 
solidtor-general  walk  immediatdy  before  the  barons  of  the  Exchequer, 
and  immediately  after  tiie  serjeants-at-law,  who  follow  the  knights- 
bannerets,  bachdor-knights,  masters  of  the  chanoeiy,  derka  of  the 
oourt,  fto."  (Egerton '  Papers,'  60.) 

The  Serjeants  formerly  occupied  three  inns,  or  collegiate  buildings, 
for  practice,  and  for  occasional  reddenoe,  dtuate  in  Chanoeiy  Lane, 
Fleet  Street  and  Holbom.  The  last,  called  Scroop's  Inn,  has  long  been 
aband(Hied,  and  since  the  burning  down  of  Sujeants'  Inn,  Fleet  Street, 
in  the  middle  of  the  last  centiuy,  that  nta  has  also  been  deserted 
by  the  Serjeants,  who  have  now  no  other  building  than  Serjeants'  Inn, 
Chancery  Lane.  Here  all  the  common-law  judges  have  chambers,  in 
which  they  dispose  in  a  summary  way,  and  wit£  dosed  doors,  of  such 
matters  as  the  legislature  has  expressly  entrusted  to  a  single  jndgs^ 
and  of  all  business  which  is  not  thought  of  sufficient  magnitode  ts 
be  brought  before  more  than  one  judge,  or  which  is  supposed  t( 
be  of  a  nature  too  urgent  to  admit  of  postponement. 

The  inn  contains,  besides  aocemmo(Utions  for  the  judges,  ofaambeia 
for  fourteen  Serjeants,  the  junior  Serjeants  while  waiting  for  a  vaoanoj 
being  dispersed  in  the  difforant  inns  ot  oourts. 
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Ib  8etj«aiibf  Ian  HiH  the  judges  and  serjeuits,  m  membets  of  the 
fioehty  of  Serjeanta'  Inn,  dine  together  during  term-time. 

Formerly  Teiy  a^endid  and  ezpeneiTe  entertaiamenta  were  given  by 
the  new  aarjeanta  upon  their  reoeplsou  into  tlie  order.  About  a  oentury 
ago  this  custom  was  discontinued,  and  instead  of  festiTities  at  tiieir 
joint  eipenae,  aaeh  aerjeant  paid  lOOJ.  to  the  Treaaurer  of  the  Society 
of  Bbrieanta'  Inh  xsp«a  hia  kdmission  as  a  member  of  that  Society, 
.  ibto  which  the  new  lerjeanbi  are  eleoted  almost  as  a  matter  of  course. 
Hm  payment  is  now  rused  to  860&  The  pntctioe  of  giving  gold  rings 
to  the  qneen  and  the  great  officers  of  state  and  others  BtiU  continues, 
though  the  Aumber  bia  been  lately  reduced.  These  rings,  wiUi  the 
robea  and  «tter  expenses,  raise  the  S60L  to  something  less  than 
600{.  The  peesliar  dress  of  the  serjeants-at-law,  berides  their  dni- 
tmotive  ooif ,  oonsista  in  fotir  spedee  of  robes.  In  term  time  the  gofrn 
iof  Uaok  dotii  is  worn  on  ordimury  occasiotur.  On  holidays  the  Serjeants 
appear  in  court  in  purple  (violet  coloured)  gowns.  When  they  go  in 
state  to  Stt  Paul's,  they  wen-  sosrtet  gowns,  aa  also  when  they  attend 
the  House  of  Lords,  if  the  sovereign  be  present,  and  when  tJley  dine  at 
Ouildhall  ott  lord  mayor's  day.  At  nisi  prins  they  iqipear  iti  black 
silk  gowns,  which,  as  being  at  hand,  they  generally  wear  \vhen  called 
apon  to  try  eauses  or  prisoners  on  the  circuit,  though  for  the  latter 
purpose  the  scarlet  gown,  always  accompanied  with  a  emtence  mp,  is 
understood  to  be  the  appropriate  costume. 

The  creation  of  Serjeants  was  anciently  attended  with  numennis 
.  oeremoniee,  a  description  of  which  may  be  seen  in  the  last  chapter  of 
Herbert's  *  History  of  Inns  of  Court'  Some  practices  belonging  to  an 
age  of  greatar  simplicity  than  the  present,  are  still  retained  in  those 
casta  where  the  writ  to  the  Serjeant  elect  issues  hi  term-et'nte.  But 
by  6  Geo.  IV.,  cap.  95,  persons  receiving  writs,  issued  in  vaeation, 
commaiiding  them  to  appear  in  the  Court  of  Chancery  and  to  take 
upon  thoBselveBthe  estate  and  dignity  of  a  serjeaot-at-Iaw,  are,  upon 
appearing  before  the  lord  ohaboellor  and  taking  the  oaths  usually 
administered  to  persons  called  to  iliat  degree  and  office,  declared  to  be 
serjeants-at-law  sworn,  without  any  further  ceremony. 

Another  class  of  Serjeants  is  that  of  serjeants-at-arms,  whose  number 
IB  limited,  by  statute  13  Rich.  II.,  cap.  6,  to  thirty.  Their  office  is  to 
attend  the  person  of  the  king,  to  arrest  offenders,  and  to  attend  the 
lord  high  steward  when  sitting  in  judgment  upon  a  peer.  Two  of 
these  serjeants-at-arms  by  the  king's  permission  attend  the  two  houses 
of  parliament.  In  the  House  of  Commons,  the  office  of  the  serjeant-at- 
arms  (as  he  is  emphatically  called)  is  to  keep  the  doors  of  the  house, 
and  to  execute  such  commands,  especially  touching  the  apprehension  of 
any  ofienders  against  the  privileges  of  the  Commons,  aa  the  house 
throof^  its  Speaker  may  enjoin.  From  these  serjeants-at-arms  tbe 
preaebt  legimtetal  Serjeants  are  probably  derived. 

In  Bome  offices  about  the  royal  person  the  principal  officer  of  the 
department  is  distinguished  by  the  appellation  of  serjcant,  aa  the 
ierjeatit-aurgeon.serjeant-pttinter,  &o. 

Many  of  the  documents  referred  to  in  the  present  article  are  printed 
at  length  in  the  Appendix  to  Manning's '  Serviens  ad  Legem,'  which  is 
a  report  of  the  argument  before  the  Privy  Council  in  1839. 

Serjeants  and  other  counsel  are  engaged  to  assist  a  party  hi  a  cause 
either  by  the  delivery  of  a  brief  in  that  cause  or  by  giving  a  retainer  or 
retaining  fee.  A  retainer,  if  for  a  partioular  cause,  or  for  a  particular 
stage  of  that  cause,  is  called  a  common  retainer,  and  it  now  consists 
in  the  pajrment  of  the  sum  of  one  guinea  and  the  delivering  of  a  paper 
•adorsed  with  the  name  of  the  cause  and  of  the  court,  and  the  words 
"j£r.  Serjeant  A  (or 'Mr.  B'),  retainer  for  the  plaintiff"  (or  for  the 
defendant).  A  general  retainer  is  where  a  retaining  fee  of  five  guineas  is 
given  to  oounsel  to  engage  the  assistance  of  that  counsel  in  all  causes  in 
wliidi  Hm  party  retamisg  may  be  -conoemed  in  the  courts  which  the 
counsel  retained  attends.    A  special  retainer  is  where  a  large  fee  is 

g'ven  to  counsel  to  plead  in  a  particular  cause  on  a  circuit  on  which 
>  does  net  usoaliy  practige.  This  fee  is  given  and  received  partly 
with  a  view  to  remunerate  the  oounsel  for  the  inconvenience  of 
leaving  other  engagements  to  come  to  a  strange  circuit,  and  partly  for 
tlia  purpose  of  preventing  any  unnecessary  interference  witii  the 
business  of  the  regular  prootitioners  of  the  particular  court  into  which 
ha  it  brought,  in  oases  which  are  not  of  great  importance.  Both  the 
commM  and  the  speoial  retainer  amount  to  an  engagement  on  the  part 
of  theconnsel  to  accept  the  brief  of  the  party  retaining,  and  to  refuse 
«ny  brief  oflbied  by  the  adverse  party,  and  on  the  part  of  the  client,  to 
deliver  a  brief  to  the  counsel  retained  in  case  the  cause  is  entered  for 
trial,  whetiier  a  trial  takes  place  or  nob    A  general  retainer  merely 

.  renders  ^imperative  on  the  counsel  retained  to  accept  no  brief  or 
retainer  from  tiie  adversary  of  the  party  retaining,  until  he  has  first 
■aoertointd  that  it  ia  not  the  intention  of  the  latter  to  require  hia 
"grvicts  in  the  particular  cause.    The  general  retainer  continues  in 

,  force  dining  the  joint  live*  of  the  retaining  client  and  the  counsel 
rettined,  nnleas  the  engagement  be  cancelled  by  the  former,  who  is  at 
liberty  st  any  time  to  renounce  his  title  to  the  services  of  the  counsel 

.nttined.  In  the  ease  of  a  common  or  a  special  retainer,  the  contract 
■can  be  put  ao  end  to  only  by  the  oOncurreut  act  of  counsel  and  client. 
>  In  cues  of  importance,  counsel  are  generally  retained  before  the 
action  is  actually  commenced  j  and  it  often  happens  that  for  want  of 
•uffioiebt  infOrmatiOb  as  to  the  form  of  the  intended  proceedings,  or 
feom  oardessneas,  the  cause  is  not  deecril>ed  in  the  retainer  with  suffi- 
cient accuracy.    When  this  is  the  case,  tiie  retainer  is  TOid,  and  the 


counsel  is  bound  to  iccept  the  retainer  of  the  advert*  p^tiif,  if  ten- 
dered before  the  mistake  has  been  oorreded.  The  sufficiency  of  the 
first  retainer  becomes  frequently  the  subject  of  dispute  between  the 
litigant  parties,  which  dispute,  if  not  orrsAged  bistwdss  tiieiiuelves,  it 
generally  settled  not  by  the  counsel  to  whom  the  retainer  is  gtven>  but 
by  some  other  leading  counsel. 

Ih  former  times  it  was  usnal,  particufcr?y  for  great  peVsbm  and 
public  bodies,  especially  for  refigious  oorpotatiMs,  to  f)n»t  sumitiM 
pro  consilio  impenso  vel  impendendo. 

SERJEAN'r,  or  SEROEANT,  is  «  BO«-ootntbia»iMled  offiiu-  fA  a 
troop  of  cavlilry  oT  in  a  company  of  infantry.  The  duties  of  itarjeants 
arls  to  drill  or  instruct  ih  discipiine  the  recruit*  of  a  regiment,'  to  look 
after  the  interior  economy  and  discipline  of  fft*  troof)  «r  ebttipsny 
under  the  captain  and  subalterns ;  whilst  on  p^ritde  the}'  A«t  is 
mariLers  or  guides  in  the  (terformance  of  the  evdlntiobs.  t%e  eerjeantt 
of  inhntfy  are  now  arined  WiUt  mliskels  like  the  refet  «f  th«  VfOSfa. 
In  each  company,  when  a  battalion  ti  in  line,  h  ooteriBg  SerjeaBt  fa 
always  stationed  behind  the  officer  eommatiding  IJie  OompUiyt  *h«i 
the  ranks  take  open  order,  and  that  officer  ^vances  befote  Hie  £robt 
rank,  the  sorjeant  steps  into  his  place;  but  upoti  Qxa  radks  being 
closed,  he  falls  again  to  the  rear.  Four  or  six  serjeanta  We  Otarged 
with  the  duty  of  guarding  tt»e  colouts  of  the  regiment :  they  oeastantly 
attend  the  oifficers  who  cstry  tiiem,  ohd  are  called  eelobr-SerjeaBte. 
One  Serjeant  in  each  troop  or  company  is  appointed  to  pay  the  men ; 
also  to  keep  the  accounts  relating  to  tlinr  allowanoea,  tA>e  state  of  their 
necessaries,  *c.  There  are  five  terjeaats,  indodlng  the  colotrr-MrjAmt, 
to  each  comjpany. 

The  namb  of  sergens  o^  Servients  was,  in  the  AtmieS  of  Frtuee 
diiring  the  reign  of  Philip  Augustus,  applied  to  gentlemen  \thn  served 
on  horseback,  but  were  below  the  taiik  Of  knights ;  «ld  also,  as  a 
general  term,  to  the  infantry  soldiers  who  were  finldslied  by  Hie 
towns.  There  was,  besides,  a  body  of  troops  consisting  c*  1«9  or  SOO 
men  of  rank,  who  were  called  sergens  d'armeS,  and  welfe  insldtnted  by 
the  prince  just  mentioned  for  his  protection,  when  itt  the  Bast,  agiunkt 
the  subjects  of  the  chief  of  the  Assassins.  (P.  Daniel,  '  Hfat.  A>  la 
Milice  Kr.,'  lir.  iii.  ch.  7,  and  liv.  ix.  ch.  12.) 

Corresponding  tothis  corps  was  the  lx>dy  of  seijeants-at-wtns,  Wineh 
was  instituted  in  Engluid  by  Richard  I.,  and  appointed  to  ^lud  the 
royal  tent  in  complete  armour.  At  first  it  consistM  of  twAtgr-feur 
men,  but  the  number  was  afterwards  increased.  Being  ftecUMd  of 
extortion  and  oppression,  the  parliament  made  several  applications  to 
the  king  that  their  number  might  be  diminished,  and  in  the  reign  of 
Edward  IV.  the  desired  reduction  took  place.  (Orose, '  Mil  Antiq.,' 
vol  i.  p.  199.) 

In  the  reign  of  Philip  and  Mary  the  serjeaut-major  of  Hie  airttiy  vrts 
an  officer  vmose  post  corresponded  to  that  of  the  modem  maje^- 
generol ;  and  the  serjeant-major  of  a  regitnent  was  a  fidd-offieer,  Mio 
would  now  be  designated  the  major.  At  present  the  serjeant-raajoT  is 
an  assistant  to  the  adjutant,  and  keeps  the  roster  for  thS  duties  of  tiie 
Serjeants,  corporals,  and  privates.  The  quartermaster-Serjeant  is  otae 
who  acts  immediately  under  the  quartennaster  of  a  regiment  in  all  the 
details  relating  to  the  quarters  of  the  officers  aikd  teen,  th«  sop^ek  of 
food,  clotliing,  kc. 

BERJEANT-AT-ARMS.    [Seiuxaiit.    (Utr.)1 

SERJEANT-AT-MACE.    [aERntini.    (Law.)] 

SERJEANTY.    [SERjeAHT.    (Law.)] 

SERMON,  a  form  of  the  Latin  urmo,  Wliich  denotes  a  discourse  6f 
any  kind,  and  even  common  talk  or  conversation.  It  is  no*  however 
applied  only  to  a  discourse  of  a  particular  kind,  namely,  obe  ddiveMd 
to  an  assembly  of  persons  who  are  gathered  together  for  purposes 
of  devotion,  or  in  the  character  of  a  Christian  and  religious  congregS' 
tidn.  Nor  is  any  address  delivered  on  such  occasions  properly  a  Sermon, 
though  the  word  is  very  loosely  used,  and  addresses  delivered  da  such 
oocasions,  which  tsm  hardly  be  called  sermons,  are  not  uzlfreqnently  so 
denominated ;  bat  it  seems  to  be  eteential  to  a  sermon  that  it  khsll  be 
a  diseooise  grounded  on  some  particular  passage  of  holy  Scrfptore 
which  more  or  less  influences  the  preacher  in  the  whole  of  his  dis- 
cotirse.  This  passage  is  called  the  text,  that  it,  it  Is  the  portiota  of 
the  text  qf  Seripture,  of  which  the  sermon  is  the  long  paraphrase  add 
commentary,  with  suitable  application  and  exhortation  intermixed  or 
appended. 

The  sermons  delivered  in  the  English  church  before  the  Bofotibatjte 
were  very  shorii,  probably  seldom  requiring  mote  than  ten  loiiitttek  for 
the  delivery  of  them.  Many  specimens  remain  in  manuscript  bat  few 
are  generally  accessible  by  having  been  printed.  Perhaps  the  most 
remarkable  and  the  most  easily  consulted  are  tiie  sermons  st  Uie 
opening  of  each  parliament,  of  wliich  there  are  notices  in  the  pHntod 
rolls. 

But  with  the  Reformation  a  great  change  in  this  resflecjt  took  t>l*M ; 
and  in  many  cases  the  ministers  of  religion  came  to  conddeT  them- 
selves rather  as  persons  whose  peculiar  duty  it  was  to  exhort  and 
preach,  than  to  conduct  the  devotions  of  a  Cnrlatian  assembly  and  to 
minister  the  sacraments.  The  Codsequence  of  Hdt  was  that  the  sei^ 
mons  ran  out  to  a  great  length,  and  assemblies  were  gathered  togetiier 
rather  for  the  purpose  of  listening  to  them  than  of  entering  into  the 
devotions  of  the  church ;  and  the  term  "  preaching  minister "  vsas 
invented  to  designate  those  mlniste^9  who  changed  the  nature  of  thrir 
offlos,  from  one  wlkidi  wss  ImHtttted  tot  tbe  adminSstiatlon  of  tlM 
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flkriatink  ebAnraaa  and  Um  awirtint  ttie  ]pw^ki  their  dewtuq>%  ^ 
WM  v^ck  «M  «i  taxdung,  if  not  eaaliwiTelyi  jet  pFincipally.  It  wv 
m4  TMy  uiunial  ia  tiw  17tk  owtnry  ior  «Ba8H8»U<w»  to  Ustan  to 
aermtnu  which  occupied  one,  two,  or  even  three  hours  i«  H^  delivca^. 
Uuqe  (d  thee*  lermona  Me  in  prin^  wd  mi^  t)tar«iw«  be  aow  read 
■ad  judfed  •£.  - 

Theie  i>  •  Hnguhs  work  by  «  niniater  «|  tlt«  iV«De)i  B«{an9i9d 
•hutoh  at  Chaieaton,  Monateor  Cla«K(«,  entitled  '  An  Easaj  oa  the 
Oompwitisii  o{  a  Semottn.'  Thia  wa«  traoalatod  hy  Robert  Kobinson, 
9  Baptiat  ■ainiatei'  at  Cambridge  who  haa  iUua^ted  tite  mlea  by 
aumarana  ^uetelbisBa  irora  SkigtiMi  aermo*  Trit«n>  Tb^s  ti»Qalatiai) 
ii  in  tna  tohimea,  irio.,  177ft. 

a£aP£Na  (tha  Swipent)^  a  eauM}i«ti<w  viiiob  i«  aaiioBonieaUy 
fetiagnidwd  froin  Qiaivoaua,  fewt  aot  mytbologlct^,  being  the  ser- 
pent aarriad  bjF  the  ijenient -bearer.  Tbe  windings  oi  tite  figure  bring 
ik  In  eontaet  wUh  Aquila,  OpUushoa,  Libiai,  and  Heicuileat 
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B&RPBNT,  a  moaiaal  instrument,  a  long  conical  tube  of  wood 
•orerfd  with  leather,  having  a  mouth-pieoe,  yentaf^ea,  and  keys,  and 
t>aiit  in  a  asrpeatine  form ;  heace  ita  name.  The  composs  of  the 
aeniant  is  from  i>  ftat  below  the  .baae  staff,  to  a,  the  treble  olef  lioe^ 
including  every  tone  and  semitone  between  these  extramea.    Or^— 
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Tha  aaa  of  this  ia  ooQ6ned-to  military  bands,  though  it  m^ht  have 
beeo  nandeted  valuable  in  the  oroheetra.  The  ophecieide  however,  an 
iMbrumant  applioabla  ta  the  same  purposes,  but  of  far  superior 
utmty,  haa  alneadjr  obtaiuad  a  plaoe  in  the  coMoert-room,  and  will, 
probably,  supersede  altogether  its  ancient  and  imperfect  precursor. 
lOraxotttD*,] 

S£BPliNTABIK.    agmonyvioua  with  Asistolqohix. 

SBBVANT,  one  who  has  contracted  to  serve  aoothen  The  person 
whont  he  has  oontraotod  to  servo  is  styled  naater.  Servants  are  of 
Tariooa  kinds;  appientioea  [AFrsiKTios],  menial  or  domestic  servants 
who  reside  within  the  house  of  the  master,  servants  in  husbandry, 
tvorkmea  or  artifioen,  and  clerks,  warehousemen,  &c.  From  the 
relatioB  of  master  and  servant  a  variety  of  righta  and  duties  arise. 
Same  of  tivsae  are  founded  on  the  common  law;  and  some  on  tfpecial 
statutory  enaotmeota. 

A  oontnot  of  hiring  and  service  need  not  be  in  writing  unlesa  it  be 
for  a  period  longer  than  a  year,  or  for  a  year  to  commence  at  some 
future  time.  If  in  writing,  it  is  not  liable  to  any  stamp  duty,  unless 
it  aoily  to  the  snpcpor  claasae  of  clerks,  &c.  To  all  such  contracts 
the  law  attadiea  an  implied  undertaking  on  the  part  of  the  servant 
faithfully  and  carefully  to  serve  the  master,  and  to  do  his  lawful  and 
UMiinimMa  oammonds  within  the  scope  oi  the  employment  contracted 
for;  on  tite  part  a^  the  maater,  to  protect  and  fairly  remunerate  the 
■arvaot,  This  implied  undertaking  to  remunerate  may  be  rebutted  by 
aircnmaiBnoaa  showing  that  it  never  was  contemplated,  as  where  it 
appeal^  that  the  servant  tnerely  catna  on  trial,  or  where  a  party  haa 
hiouj^  to  Sngland  a  peiaon  who  was  his  slave  abroad.  In  ul  hirinj^ 
vdteaa  ao  tiaie  cj  doiatioB  is  exprrmn  H,  e»eep*  those  of  menial  servants, 
ifeiaaruleof  law  that  the  eoatraotahalloantimiebirayear.  In  the 
«aaa  of  menial  aervaatg  it^ia  determinable  by  a  month's  warning,  or  the 
paymoat  of  a  montbVi  wagaai  Servants  in  husbandry  can  only  be 
Haabaifiai  m  quit  the  sorvice  upon  a  quarter's  notice.  This  rule  as  to 
tima  nuqr  of  coune  also  be  reltatted  by  any  oircumstaaoea  hi  the  con- 
tsaot  JBSosuistent  with  its  BTiatnnce  la  the  oaae  of  immontiity,  or 
■oy  kind  el  oStnoa  amounting  to  a  miadeBaeanor  eommitted  during 
the  time  of  the  service,  or  of  oontiaued  TO^lBck,  ok  determined  dis- 
•haoUancs^  a  servant  may  be  hmnadiatdy  diaehamed;  and  the  service 
ha'ang  been  datesminsd  before  the  ezpiratiou  of  the  time  contracted 
for,Ja  cmaequense  of  the  faidt  of  the  servsat,  he  is  not  entitled  to 
flaim  wfges  lor  any  portion  of  the  time  during  which  ha  has  served. 
The  ooBtnat  eontinues  to  exist,  notwithstanding  the  disability  of  the 
servant  \o  perfonn  hia  dutiea  4:om  illness,  and  he  ia  in  such  a  case 
ititlnd  to  laoeiTe  his  wages.  The  nueter  however  it  not  bound  to 
paf  tha  ehargea  iwnined  by  medicine  or  atteodanos  upon  his  sick 
Ja  sasB  the  gfBoda  pf  tha  aoHtv  aM  tost  ar  laakeii  by  tha 


oareJsasasaa  of  As  semmt,  the  master  ,is  not  entitled  to  dedu<st  their 
value  from  the  wages  of  the  servant,  unleea  them  has  been  a  special 
oontiacfc  bet^ieen  them  to  that  effect.  Uis  only  remedy  ia  by  an 
aotioB.  Where  a  maater  bacomea  bankrupt,  the  oosamisaionent  era 
authenaed,  on  piool  that  they  ore  dne,  to  pay  ak  raootiia'  w^ea  to  Us 
darks  and  seorvant^  U  the  wages  for  any  loiter  period  ara  di^  the^ 
must  be  proved  for  Uke  othev  debts  aader  the  fiat.  Ii  a  aarvHtt  has 
left  hia  aervioa  for  a  coosidarable  time  without  making  any  demand  ios 
wages,  it  will  be  preuimed  that  they  are  paid.  A  master  may  ehastias 
hia  apprentice  for  negleet  or  misoondact,  hut  he  will  not  be  justified  in 
strikivg  aay  other  descriptiaa  of  servant.  Servants  who  steal  or 
embeasle  their  mastorli  geait  are  subject  to  a  greater  degsae.  oi  punish- 
ment than  others  who  oommit  those  crimes.  [LiAaaESS.}  Mastera 
aie  not  oompallahle  to  giva  a  obuacter  to  servants  vrho  bave  theil 
employment.  If  they  choose  to  do  so,  and  th^y  give  one  which  is 
false,  they  may  be  liable  to  an  action  at  the  suit  of  tlra  asrvant;  but  iu 
order  to  recover  in  such  an  action,  the  servant  must  prove  tint  the 
character  was  maliciously  given  for  the  porpose  of  injucing  him.  If 
tike  master,  merely  for  the  purpose  of  twaiideutially  communicating, 
icsd^iis  state  what  he  believes  to  be  the  truth  resecting  a,  sentMit, 
he  is  aot  lespoosibla  for  the  conaequenoea  of  his  communication. 

By  a  great  variety  of  atatutee,  a  special  jutdadiotian  ia  given  to 
magiBtiatea  aver  servants  in  husbandry,  and  alaa  in  many  olaases  of 
manufactures  and  other  emplaymenta.  Nona  of  these  rules  ofi  law 
apply  to  menial  aervanis.  The  object  of  them,  aa  relates  to  servaota  in 
husbandry,  ia  to  compel  peiaona  not  having  any  estensiUe  meana  of 
aubsistenoe,  to  enter  into  service,  to  regulate  the  time  (nd  mode  of 
their  service,  to  punish  negligence  and  refusal  to  serve,  to  determine 
disputes  betweea  masters  and  servants,  to  enable  servants  to  noover 
their  wagea,  and  to  authoriae  magistrates  under  certain  circmnatanoes 
to  put  on  end  to  the  service. 

Those  statutes  which  relate  to  servants  in  manuftotares  end  ether 
employments  prohibit  the  payment  of  wagea  in  goods,  and  provide  for 
their  poymeut  in  money,  and  for  the  regulation  of  disputes  coneeming 
thasn.  They  olao  eon  tain  various  eoactmenta  applicable  to  the  cases  of 
workmen,  &c,  absconding,  neglecting  or  mismanaging  their  work, 
injuring  or  embezzling  the  mateciala,  tooh^  &o.,  entrusted  to  them,  and 
fraudulently  receiving  those  entrusted  to  ethets.  With  respect  alao  to 
this  closa  oi  servants,  magisbratee  have  authority  to  put  oa-end  to  Um 
cuatracts  of  hiring  and  service. 

By  reason  of  the  relationship  which  exists  between  a  master  and  a  sai:. 
vant,  and  the  protection  which  ia  thereby  due  from  the  former  to  the 
latter,  a  master  ia  not  held  to  be  guilty  of  the  offence  of  maintenance 
[Mainteh Ajics],  though  he  maintain  ami  auppott  his  servantin  an  aotion 
brought  by  him  against  a  third  party.  When  a  servant  is  assaulted,  his 
master  is  justified  in  assisting  his  servant,  and  rqwlling  the  assault  by 
force,  although  he  himself  be  not  attacked ;  and  undsr  similar  circum- 
stances a  servant  may  justify  an  assault  committed  in  defence  of  his 
master.  AmaBterisaBswenibIe,bothcivillyandcnminally,farthose  sets 
of  his  servant  which  are  done  within  the  soope  of  his  employment.  Thus 
a  master  is  indictable  if  a  servant  commit  a  nuisance  by  throwing  dirt 
on  the  highwi^ ;  and  a  bookseller  or  newsveuder  is  liable,  crimmally 
aa  well  aa  civiUy,  for  libels  which  are  sold  by  his  servant  in  his  shop. 
This  liability  of  the  mnster  does  not  release  the  servant  from  his  own 
liability  to  punishment  for  the  same  o%nce.  The  servant  is  also  liable 
when  he  commits  a  trespass  by  the  command  of  his  master.  A  master, 
although  liable  drilly  for  any  injm-iea  arising  from  the  negUgenoe  or 
unakilf ulnesa  of  his  servant,  is  not  responsible  for  the  ooasequences  of 
a  wilful  act  of  his  servant  done  without  the  direction  or  assent  of  the 
maater :  in  such  case  the  servant  alone  is  liable.  Where  a  servant 
makes  a  contract  within  the  scope  of  his  emplojsi>eii.t,  what  he  does 
will  be  binding  on  his  master,  just  as  if  ha  had  expreoly  authoiiaed 
the  servant.  But  in  all  oases  where  there  is  no  express  evidence  of  the 
deletion  of  the  master's  authority,  there  muat  be  facts  from  which 
such  delegation  con  be  inferred.  Where  a  servant  obtains  goocts  for 
his  master,  which  the  master  uses,  and  ha  afterwards  gives  money  to 
the  servant  to  pay  fnr  them,  the  master  will  be  liable  to  pay  for  them, 
even  though  the  money  should  have  been  embezzled  by  the  servant. 
If  a  coachman  go  in  his  master's  livery  to  hire  horses,  whioh  his  master 
afterwards  usee,  the  master  will  be  liable  to  pay  for  them,  thoucAi  the 
coachman  has  received  a  large  salai^  for  the  express  purpose  of  pro- 
viding horses ;  unless,  indeed,  that  fact  were  known  to  the  party  who 
let  out  the  horses.  If  a  master  is  in  the  habit  of  paying  ready  money 
for  articles  furnished  to  his  family,  and  gives  money  to  a  servant,  on  a 
particular  occasion,  for  the  purpose  of  paying  for  the  articles  which  he 
is  sent  to  procure,  the  master  will  not  be  liable  to  the  tradesman  if  the 
servant  should  embezzle  the  money.  Where  articles  furnished  to  a 
eertain  amount  have  always  been  paid  for  in  ready  money,  and  a 
tradeeman  allows  other  articles  of  the  same  character  to  be  delivered 
without  payment,  the  maater  will  not  be  liable,  imless  the  tradesman 
ascertains  that  the  articles  are  for  the  maatec'a  own  use.  Where  a 
tradesman,  who  had  not  before  been  employed  by  a  master,  was 
directed  by  a  servant  to  do  some'  work,  and  afterwa^  did  it  without 
any  communication  with  the  master,  it  was  held  that  the  master  was 
not  liable,  though  iba  thing  upon'  which  the  work  was  done  was  the 
property  of  the  master. 

By  the  contract  of  hiring  and  service,  the  maater  obtains  a  right  to 
tha  aaniae.  of  ^  servaat.    Any  one,  thersfoie,  who  interfegras  wit^ 
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^hat  right  don  him  an  injury  for  which  he  is  TMponsible.  in  an  action 
for  damogea.  A  master  may  be  deprived  of  the  serricea  of  a  servant, 
cither  by  soma  hnrt  done  to  the  servant,  or  by  his  being  enticed  out  of 
the  semoe.  An  action,  therefore,  may  be  brought  by  a  master  where 
a  serraat  has  received  some  personal  injury  disqualifymg  him  from  the 
diachaige  of  his  duties  as  a  servant,  as  where  he  has  been  disabled  by 
the  ovvtum  ol  a  coach,  the  bite  of  a  third  ponon's  dog,  ftc  The 
action  by  a  pannt  against  the  seducer  of  his  daughter  is  of  this  olaas, 
and  putpotts  to  be  brought  to  recover  the  damages  incurred  by  the 
parent  for  the  loss  of  his  daughter's  services ;  and  iSthough  in  piactioe 
the  damsges  are  never  really  measured  by  the  injury  ooourring  from 
the  mere  loss  of  service,  still,  from  the  form  of  the  action, — the  onl^ 
one  which  osa  be  brought  in  such  a  case, — it  is  necessary  to  give  evi- 
dence of  services  performed.  Any  kind  of  aaaistance  in  domestic  offices 
is  sufficient.    [Fabutt  aid  Child.] 

In  order  to  succeed  in  an  action  for  enticing  a  servant  oat  of  his 
service,  the  master  must  prove  that  the  party  enticing  away  the 
servant  knew  of  the  previous  engagemeot  at  the  time  when  he  enticed 
him  away,  or  that  he  has  refosed  to  restore  the  servant  upon  subse- 
qneat  amilicatiou.  This  action  is  maintainable  where  the  servant  is 
lund  to  do  work  by  the  piece,  as  well  as  where  the  servant  is  hired 
for  a  definite  time.  But  no  action  lies  for  inducing  a  servant  to  quit 
his  service  at  the  period  when  the  definite  time  for  which  he  was  hu«d 
eaqpires,  although  the  servant  had  no  previous  intention  of  quitting  tiie 
■ervioe  at  such  period.  Neither  will  an  action  lie  against  a  party  for 
totioing  away  a  servant  if  the  servant  has  paid  to  the  master  the 
peoalij  stipulated  for  by  the  agreement  of  hiring  and  service  in  case 
«f  his  quitting  his  master's  service.  Where  a  servant  has  been  enticed 
away  from  the  service,  an  action  lies  against  liim  for  his  breach  of 
eontiact,  as  well  as  against  the  party  who  has  enticed  him  away. 

It  is  not  inoonsistent  with  the  duty  of  tiie  servant  of  a  tradesman  to 
solicit  his  master's  customers  to  give  him  business  after  he  shall  have 
left  the  service  of  his  master.  Where  a  workman  discovers  a  new 
invantioD  during  the  time  of  his  service,  the  invention  is  the  property 
of  the  servant,  unless  perhaps  he  were  specially  hired  for  the  purpose 
of  making  new  inventions. 

Pfoalties  are  imposed  1^  the  statute  law  upcm  parties  who  peraonate 
masters  and  give  false  characters  with  servants ;  and  also  upon  those 
who,  thoug^  they  really  have  been  masters,  wilfully  make  false  state- 
ments in  writing,  as  to  we  time  and  particvdars  of  the  service  or  the 
ofaaiaeter  of  the  servant,  and  also  upon  those  who  personate  servants 
or  fiJsely  state  that  they  have  been  in  particular  services,  or  deny  that 
they  have  been  in  such  employments  as  they  really  have  filled.  A 
person  who  wilfully  g^ves  a  false  character  with  a  servant  is  also  liable 
to  an  action  at  the  suit  of  the  party  who  has  been  induced  by  the  false 
character  to  employ  the  servant,  for  any  damages  which  he  may  suffer 
in  consequence  of  employing  him.  Thus,  where  one  was  induced  by  a 
fiUse  character  to  employ  a  servant  who  afterwards  robbed  him  to  a 
large  amount,  and  was  convicted  of  the  robbery,  the  mnster  was  held  to 
be  entitied  to  recover  to  the  extent  of  his  loss  from- the  party  who  gave 
the  false  character. 

Formerly  a  aetUement  was  gained  by  residence  in  a  pariah  under  a 
contract  of  hiring  and  service  for  a  year ;  but  no  settiement  can  now 
be  gained  by  such  means. 

SERVICiS  (Law).    fSERVXNi.] 

SERVICE,  the  name  given  in  English  cathedral  musio  to  the  Tc 
i>nMt  and  JMlatt,  the  Uagnifieat  and  A'unc  JDimittii,  the  CatUaU 
Domino  and  J>eiu  MitenUwr,  ooIleoUvely  or  separately ;  and  sometimes 
applied,  very  erroneously,  in  our  concert  books,  to  the  whole  or  por^ 
turns  of  the  mass. 

SEBVITES,  or  .Servants  of  the  Blessed  Vii^n,  a  religious  order 
flrrt  instituted  in  Tuscany,  x-D.  1233,  by  seven  Florentine  merchants. 
This  order,  though  subjected  to  the  rule  of  St  Augustine,  was  neverthe- 
less erected  in  commemoration  of  the  most  h^y^ridowhood  of  the 
blessed  Virgin,  for  which  reason  its  monks  wore  a  black  habit)  and 
observed  several  rules  not  practised  in  other  monasteries. 

Toward  the  close  of  the  16th  century  it  was  found  that  the  Servites 
had  faUui  off  from  their  early  strictness  j  and  in  lfi9&  the  order  was 
re-esUblishod  in  its  original  austerity  iu  the  hermitages  of  Monte- 
Senario,  where  the  reformed  brothen  took  the  title  of  Servitet- 
Enmittt     Thit  order  continues  to  exist  in  Italy. 

Father  Paul  Sorpi,  the  well-known  author  of  the  '  History  of  the 
Council  of  Trent,'  was  a  Servite. 

(Moahcim,  Meda.  Hit.,  Ceat.  xiiL  Part  a  •.20;  Bitt.  da  Ordra 
BOimeax,  nor  M.  Henrion,  8vo.  Brux..  1888.) 

SERVITOR.    [SizaB.1 

SERVITUDE,  PENil.    [Purai  Sebvittob.] 

SERVITUDES  {tavUtOei).  A  servitus  in  tiie  Roman  Uw  signifies 
tlmt  the  owner  of  some  particular  property  is  bound  in  respect  to  some 
other  person,  simply  as  such  person,  or  as  being  the  owner  of  a  par- 
ticular property,  either  not  to  do  certam  acts  to  his  property,  or  to 
allow  that  other  person  to  do  some  particular  acts  to  the  property. 

Servitutes  were  thus  either  a  right  belonging  to  some  particular 
P«"»n.  yWch  ceased  with  his  life  (unless  they  were  granted  to  him 
and  his  hein),  and  were  called  servitutes  personsnim  or  penonalee ; 
or  th^  were  attached  to  a  piece  of  ground  as  the  subject,  and  could  bo 
exereised  by  any  person  who  was  in  the  possession  of  the  ground,  and 
were oolled  Jura,  or  serritittea  {oiediorom  or  nrom,  andsometimes 


Servitutes  simply.  Personsl  servitudes  were  comprehended  under  th* 
heads  of  Ususfruotus,  Usus,  HaUtatio  (a  lodging  in  another  peiacn's 
house),  sod  Operfe  Serrorum  et  Atiimalinm  (the  use  of  another  peiacD'* 
slaves  or  beasts). 

Pradial  Servitodes  were  either  Servitutes  Urbonta  or  BosticsB. 
They  were  Urbonta  if  the  property  which  was  entitied  to  the  servi- 
tude wss  a  building;  they  were  Rusticn  if  it  was  a  pieoe  of  ground. 
There  was  no  limit  to  the  number  or  kind  of  servitudes  of  this  dasa 
which  might  be  established.  Those  Servitutes  Urbsnm  which  were  of 
ordinary  occurrence  were  such  as  follow  : — Servitutes  oneris  ferendi, 
the  right  which  a  man  has  to  let  hia  building  rest  on  the  building,  the 
wall,  or  the  pillar  which  belongs  to  anotiier ;  Tigni  inimitt«idi,  tha 
right  of  fixing  a  man's  tknbeis  in  his  neighbour's  wsll ;  Lnminum,  siva 
luminis'exoipiendi,  the  lij^t  of  a  man's  making  windows  or  openings  in 
his  neighbour's  wall,  or  in  a  common  wall,  in  order  to  get  li^t  for  his 
own  bmlding,  or  to  make  holes  or  windows  in  a  man's  own  ^rall,  whicb 
holes  or  windows  lo(A  into  his  neighbour's  properhr,  in  such  oases  ss 
woiUd  be  unlawful  without  the  existence  of  the  servitude;  No  lumini- 
bus  ofBciatur,  the  right  to  prevent  a  neighbour  from  obstructing  the 
light  that  comes  to  a  man's  buildings,  by  raising  any  obstacle  in  the 
way ;  and  others  of  a  like  kind.  The  Servitutes  Rusticte  were  rights 
of  rood  over  another  man's  property,  which  were  of  various  kmds 
according  to  the  kind  of  road,  as  Servitus  itineris,  actus,  via ;  Poscendi 
sive  pascui,  right  of  pasturing  a  man's  -animals  on  another  man'a 
ground ;  and  the  various  servitudes  which  have  for  their  object  the 
use  of  water,  as  servitus  aquee  ductus,  aquie  baustus,  and  others  of  a 
like  kind. 

ServiCudes  might  be  established  by  contract,  by  testamentary  dispo- 
sition, by  prescription  in  the  Roman  sense,  and  in  some  other  ways. 
They  might  oease  by  the  party  entitled  to  them  renouncing  them  by 
express  words  or  tacitiy :  in  the  case  of  pnedial  servitude,  by  od* 
person  becoming  owner  of  the  servient  and  dominant  properties ;  sad 
m  some  other  ways. 

The  pnedial  servitudes  may  be  compared  with  some  of  the  easemeots 
and  rights  of  the  English  system.  The  personal  servitudes  of  tha 
Roman  law  do  not  correspond,  except  in  some  few  cases,  with  anything 
in  the  English  Iaw,;exoept  limited  enjoyments  of  a  thing,  as,  tor  instanoe, 
an  estate  in  lands  for  life. 

The  subject  of  the  Roman  servitudes  would  require  a  long  exposition 
to  be  treated  fully.  A  good  ouUine  is  contuned  in  Thibaut, '  System 
des  Pandekten  Rechta,^  i  f  296,  Ac,  9th  ed. ;  and  in  Maokeldey, 
'  Lehrbuch,'  &c.,  iL  §  274, 12th  ed. 

SESQUIALTER,  the  name  of  a  stop  on  the  organ,  containing  three 
ranks  of  pipes,  thus  giving  three  pipes  to  each  organ  key,  which  are 
tuned  in  different  but  harmonic  intervals.  Sometimes  the  Mixtun 
stop  is  considered  as  part  of  the  Sesquialter,  in  which  case  the 
latter  is  said  to  oontain  five  ranks  of  pipes,  all  tuned  in  harmonio 
intervals.    [Oboik.] 

SESSION,  COURT  OF,  is  the  principal  tribunal  of  civil  joriadiotion 
in  Scotland.  As  at  present  constituted,  it  dates  back  to  the  year  15S2, 
but  it  was  then  reoonstructed  on  the  basis  of  institutions  whidi  had 
existed  at  a  much  earlier  period.  The  early  records  of  the  Boottish 
Parliament  show  that  the  judicial  authority,  which  in  those  times  was 
mixed  with  the  legiilative  functions  of  that  body,  was  often  dqiuted 
to  committees.  These  were  tej-med  Domini  Auditores,  or  Domini  ad 
Querelas,  sod  received  other  Uke  titles.  We  find  these  committees 
and  their  functions  placed  on  a  more  distinot  position  in  150S,  when  a 
permanent  body  received  the  designation  of  "  The  Daily  CoundL"  It 
IS  worthy  of  observation  that  these  incidents  in  the  history  of  the 
court  explain  the  absence  of  jury  trial  as  a  fundamental  feature  in  the 
Court  of  Session,  while  in  early  times  it  is  known  to  have  belonged  to 
the  courts  of  the  inferior  judges.  Parliament  being  the  high  jury  of 
the  nation,  it  would  be  an  anomaly  that  a  committee  of  that  Mdy 
should  act  through  the  aid  of  a  jury.  The  number  of  the  oourt  ss 
finally  established  in  1 S82  was  fifteen,  the  usual  number  of  a  Soottish 
jury  in  former  times,  and  still  the  number  of  a  jury  in  a  criminal 
prosecution.  There  was  then  a  lord  chancellor  of  Scotland,  whose 
functions  in  some  degree  resembled  those  of  the  same  official  in 
England.  He  presided  over  the  Court  of  Session,  and  his  judioial 
functions  gradually  came  to  be  absorbed  in  those  of  the  court.  At 
the  union  with  Epf^^d  it  was  deemed  unneceasaiy  to  retain  a  aepante 
chancellor  of  Scotland,'  and  the  great  seal  to  be  appended  to  prirato 
documents  for  that  part  of  the  country  being  committed  to  a  keeper, 
the  court  was  presided  over  by  the  lord  president,  who  previously  pre- 
sided in  the  absence  of  the  chancellor.  In  1808  tiie  Court  of  Session 
was  divided  into  two  divisions  :  the  head  of  the  oourt,  tiie  lord  presi- 
dent (who  is  also  now  lord  justice-general  or  head  of  the  sapreme 
criminal  oourt)  presides  in  the  first  division,  and  the  lord  justioe  clerk 
in  the  second.  In  1816  trial  by  jvtry  in  civil  esses  was  introduced  in 
Scotland,  a  separate  tribunal  being  established  for  these  esses;  but  in 
1830  the  practice  of  jury  trial  was  united  with  that  of  tiie  Court  of 
Session.  It  is  still  only  adopted  in  a  limited  number  of  cases,  and  is 
far  from  being  popular  or  satisfactory.  The  Soottish  mode  of  pleading 
is  ill  adapted  to  it,  and  no  means  have  been  found,  or  indeed  tried,  of 
carrying  it  through  with  the  promptitude  and  precision  which  maik  the 
English  practice.  In  1830  two  separate  courts  of  limited  juriadietion 
and  small  practice — ^the  -Admiralty  and  Commisaionary  Courts — ware  ab> 
aorbed  in  uw  Court  of  Session,  and  the  nnmbar  of  jadgea  was  at  tha  I 
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time  rednoed  firom  fifteen  to  thirteen.  Eight  of  then  judgea,  farmed 
faito  two  comte  of  four  judges  each,  rit  in  the  two  divimona  of  tiie  Inner 
House,  where  pach  division  fonna  a  court  of  seoond  ioatanoe.  The 
five  other  judges  are  called  the  Lords  Ordinary,  and  each  of  them 
holds  a  separate  court,  which,  in  reference  to  tiie  court  of  further 
resort,  is  called  the  "  Outer  House."  The  judgment  of  a  lord  ordinaiy 
on  a  oksed  record  is  final  in  the  Outer  House,  but  it  may,  within  a 
limited  time,  be  carried  ^  >  "  reclaiming  note  "  to  which  the  record  is 
appended,  to  the  Inner  House,  where  it  may  be  pleaded  again  on  the 
record  as  made  up  in  the  Outer  House. 

The  juriadictian  of  the  Court  of  Session  embraces  all  questions  of 
dvil  right.  It  gives  remedy  when  other  courts  whose  function  it  is  to 
regulate  the  rights  and  duties  of  certain  sections  of  the  public  as  mem- 
bvs  of  a  particular  dass—  such  as  courts  martial  and  ecclesiastical — 
exceed  their  powers.  The  proceedings  before  tiie  Court  of  Session  in 
relation  to  the  church  courts  were  the  cause  of  the  greet  seoeeaion 
irom  the  Scottish  Church  in  1818.  As  every  description  of  dvil  question 
between  man  and  man  in  Scotland  can  be  competently  decided  before 
the  Court  of  Session,  it  is  usual  in  England  to  speak  of  it  as  a  court 
"  both  of  law  and  equity ; "  but  this  is  a  distinction  proceeding  from 
incidental  oiroumstanoetf  in  the  oharaoter  of  the  English  courts,  and  is 
no  neeesaarr  or  properly  systematic  division  of  the  administistion  of 
the  law.  The. Court  of  Session  has  the  authority  enjoyed  by  the 
•qnify  oonrts  in  England,  in  the  appointment  of  guardians,  receiven, 
we,,  or  otherwise  seeing  to  the  protection  of  property,  or  of  persons 
where  discretional  protection  or  direction  are  necessary,  and  there  is 
no  penon  competent  in  ordinaiy  course  of  law  to  set.  It  haa  also  the 
aame  authority  aa  the  Court  of  Exchequer  in  matters  of  revenue.  By 
an  <dd  practice  in  Scotland,  eacii  "  Senator  of  the  College  of  Justice, 
as  tiw  joclges  of  the  Court  of  Session  are  officially  called,  takes  the  title 
^lonl 

SESSION,  KIBK,  is  the  lowest  judicatory  in  the  system  of  the 
Chnidt  of  Scotland,  having  jurisdiction  only  over  a  single  pariah. 
Than  is,  or  ought  to  be,  a  kirk  session  in  merj  parish,  oompoeed  of 
tiie  minister,  luo  is  tx  officio  moderator  or  duUrman,  and  of  the  lay 
dders,  who  must  be  at  the  least  two  in  number.  The  moderator  has 
only  a  casting  vote.  Meeting))  of  the  kirk  session  may  be  called  at  any 
time  by  the  minister ;  but  they  are  commonly  held  at  stated  intervals, 
and  it  is  not  unusual  for  the  session  to  meet  on  the  Sunday  after 
aervice.  It  would  rather  appear  from  the  '  First  Book  of  DiBcipline ' 
that  the  nomination  or  election  of  elders  was  originally  in  the  oongre- 

Stion ;  but  tiie  modem  practice  is  for  the  session  to  supply  vacancies 
,  and  to  make  additions  to,  its  number  by  its  own  selection,  only 
submitting  the  names  to  the  congregation,  that  any  objections  may  be 
made  and  inquired  into  by  it ;  and  in  caaea  where  there  happens  to  be 
no  seasion  in  existence,  one  is  -appointed  by  the  presbytery.  In  some 
of  the  largest  town  parishes  there  are  as  many  as  fifty  or  sixty  elders  ; 
but  in  most  cases  this  number  doea  not  exceed  five  or  aix.  In  country 
pfHyhMi  theeldera,  or  at  least  those  of  them  who  do  the  duties 'of  the 
office,  are  commonly  respectable  tradesmen,  shoj^eepers,  or  mechanics, 
although  persons  of  higher  station  occasionally  get  themselves 
wpointed,  principally  with  a  view  to  qualifying  themsdves  for  seats  in 
ue  Qenerel  Assembly  or  the  other  church  courts.  The  law  however 
is,  that  an  eldw  must  be  resident  in  the  parish  at  least  six  weeks  in 
the  year.  He  is  elected  for  life,  or  so  long  aa  he  remaina  qualified  to 
hold  the  office.  Every  kirk  aeaaton  ia  represented  by  on  elder  both  in 
the  presbytery  and  the  nnod ;  the  same  member  being  deputed  to 
both  courts,  and  holding  his  commission  for  six  months.  The  elders 
sent  to  the  Aasembly,  like  the  other  members  of  that  supreme  court 
(except  the  representatives  of  the  Toyal  burghs  and  the  universities), 
are  nominated  by  the  presbytery.  The  kirk  aeaaion  may  be  regarded 
aa  the  council  of  the  minister,  who,  strictly  speaking,  is  scarcely 
authorised  to  perform  any  act  in  the  administration  of  the  spiritud 
affiors  of  the  parish,  beyond  officiating  in  the  services  of  the  kirk, 
without  the  concurrence  of  hia  eldera.  In  practice,  however,  the 
clergyman  very  rarely  enoountera  any  opposition  in  the  kirk  session. 
The  ordinary  business  of  the  session  is  to  exercise  spiritual  discipline 
within  the  parish,  hv  inquiring  into  scandals,  and  punishing  delin- 
quencies, which  is  done  by  susptosion  from  the  benefit  of  church 
ordinuices,  by  public  or  private  rebuke,  and  by  pecuniary  fines 
(exacted  of  course,  like  submission  to  the  other  penalties,  only  as  the 
prioe  of  restoration  to  communion  with  the  church,  for  the  session  has 
BO  power  to  force  any  person  even  to  upear  on  its  sumnions).  The 
aivicMiloe  in  all  esses  that  come  before  t£e  seasion  (at  least  after  the 
inquiry  haa  fitirly  commenced)  is  taken  upon  oath,  and  is,  or  ought  to 
be,  carefully  recorded  by  the  aeasion-olerk,  who  ia  a  paid  officer,  not 
nniiiwillj  a  member  of  the  court.  There  is  in  most  cases  an  appeal 
trook  the  judgment  of  the  kirk  session  to  the  presbytery ;  and  some 
naver  offonces  can  only  be  tried  by  the  preabyteiy  even  in  the  first 
batHtoe.  The  distiibation  of  the  ordinary  collectiona  made  at  the 
ehmrdi  door  for  the  anpport  ol  the  poor,  ia  also  in  the  bonds  of  the 
kirk  session ;  and  the  mani^ement  of  all  other  f  unda  and  assessments 
allotted  to  the  same  purpoae  is  oonjointiy  in  that  body  und  in  the 
keriton  or  landed  pniprietots  of  the  periaL  In  the  non-established 
Presbyterian  bo^es  the  lay-memben  of  the  kirk-seesion  are  appointed 
by  the  direct  vote,  or  with  the  consent  of  the  members  of  the  congre- 
Mtion.  The  duty  of  the  session,  of  idiich  the  mims&r  is  moderator, 
fa  to  attend  to  the  spiritual  diadplin*  of  the  body,  and  to  care  for  the 


poor._  A  body  of  namoffen  ia  generally  chosen  at  an  annual  bnafasi 
meeting  of  the  members  of  the  congregation,  whoae  duty  is  to  transact 
the  secular  business,  such  as  collecting  seat-rents,  paying  the  minister'k 
stipend,  ko.  In  the  Free  Church  of  SooUsnd,  deacoiu  are  usually 
appointed,  who  in  conjunction  with  the  dders,  constitute  the  dtaconi 
eowrt ,  tor  the  mansgement  of  the  secular  a&iis  of  the  congrMjation. 

(Piindpd  HiU's  Viae  of  tlit  Oatulitition  of  the  Outrdi  of  SeoOamd  ; 
Dr.  Alexander  Hill'a  Prokiet  m  At  teveral  ftuUeatoria  cf  ikt  (^iurek  of 
SeoOand.)  * 

_  SESSION'S.  A  session  is  the  period  during  which  any  oomt  of  law 
mt»  for  the  transaction  of  judicial  business  jbut  the  term  Seaskms  ia 
commonly  used  to  denote  the  meeting  of  the  justices  of  a  county,  or 
other  district  which  haa  a  separate  commission  of  the  peace,  for  the 
execution  of  the  authorities  conferred  by  tiie  crown  by  that  com- 
mismon  and  others  created  by  act  of  parliament. 

County  Sfontmt. — The  commisdon  of  the  peace  iasued  by  the  crown 
for  the  purpose  of  creating  county  magistrates,  consists  of  two  braadie*. 
The  former,  relating  to  the  powers  to  be  exercised  by  justices  indi* 
viduslly  and  separately,  has  been  already  set  forth.  [Jubt^obs.]  The 
seoond  branch  of  the  oommisdon  creates  the  powers  of  the  justices 
when  assembled  in  sesdons,  and  contains  the  quorum  clause,  so  cdled 
because  when  the  oommisdon  was  in  Latin,  the  clause  ran  "  jtiorKm 
A.B.  vel  CD.  vd  K  F.,  &a.  unum  esse  volumus." 

The  statute  1  Uary,  sess.  2,  c  8,  s.  2,  prohibiis  sherifi  from 
exerdsing  the  office  of  justice  of  the  peace  during  the  time  that  they 
act  aa  sheriSik  They  might  otherwise  be  called  upon  to  act  in  tha 
same  matter  both  as  judges  and  officers, — Xa  execute,  as  dieriffl^ 
piecepte  which  they  had  issued  as  justices.  It  haa  been  aupposed  that 
where  a  justice  is  dected  coroner,  he  is  discharged  of  his  authority  of 
justice.  But  if  he  be  created  a  duke,  archbishop,  marquess,  eari, 
visoount,  baron,  bishop,  knight,  jndge,  or  serjeant-at-law,  his  authority 
aa  jnatioe  of  the  peace  remains.  (1  Edw.  VI.  c.  7.)  By  5  Qeo.  II.  a 
18,  B.  2,  attorneys,  solidtors,  and  proctors  are  prohibited  from  acting 
as  justices  of  the  peace  for  any  county  during  the  time  that  they 
oontinne  in  practice. 

A  ineeting  of  the  justices  hdd  for  the  purpose  of  acting  judidally 
for  the  whole  district  c<xnprised  within  their  oommisdon  oonstitotea  a 
court  of  general  aeadon  of  the  peace.  By  12  Rich.  II.  c.  10,  aeadons 
are  required  to  be  hdd  in  every  quarter  of  the  year,  or  oftener  if  need 
be.  The  four  aeadina  so  held  are  styled  oourts  of  generd  quarter- 
seedon  of  the  peace,  or,  in  common  parlance,  "  quarter-sesdons."  By 
difierent  statutes  tiie  quarter-sesdons  are  directed  to  be  hdd  at  uniform 
periods.  The  times  at  which  they  are  directed  to  be  hdd  are,  the  first 
week  after  the  lltii  of  October,  the  first  week  after  the  28th  of 
December,  the  first  week  after  the  Slot  of  Slaroh,  the  first  week  after 
the  24th  of  June.  Though  the  justices  act  irregularly  in  omitting  to 
convene  the  quarter-sessions  at  the  prescribed  periods  (except  the 
April  seedons,  in  respect  of  which  power  is  expresdy  given  to  the 
justices  to  dter  the  time  to  any  day  between  the  7th  of  Maroh  and  the 
22nd  of  April),  sesdons  hdd  aa  quarter-sesdons  in  otiier  periods  of  the 
quarter  ore  lej^  quartei^sesdons.  When  the  business  to  be  transacted 
at  a  court  of  quarter-sesdons  is  Hot  completed  before  the  time  at  which 
it  is  thought  desiiable  for  the  justices  to  separate,  the  court  is  usually 
adjourned  to  a  subsequent  day ;  so  where  there  is  reason  to  expeot 
that  new  matters  will  arise  which  it  will  be  desirable  to  dispose  of 
before  the  next  quarter-sessions.  Two  justices,  one  of  them  being  of 
the  quorum,  may  at  any  time  convene  a  general  sesdon  of  the  peace ; 
but  at  such  additiond  session  no  business  con  be  transacted  which  is 
directed  by  any  act  of  parliament  to  be  transacted  at  quarter-aeodous. 

Both  general  sessions  and  generd  quarter-sesdons  ore  hdd  by  virtue 
of  a  precept  under  the  bonds  of  two  justices,  requiring  the  sheriff  to 
return  a  grand  jury  before  them  and  thdr  fellow-justices  at  a  day 
certain,  not  less  than  fifteen  days  after  the  date  of  the  preoept,  at  a 
certain  place  within  tha  district  to  which  the  commisdon  extends,  and 
to  summon  all  coroners,  keepers  of  jails  and  houses  of  correction,  high 
constables,  and  bailiffs  of  liberties  [Fhanchui]  within  the  county. 

Persons  bound  to  attend  at  the  sesdonl  are,  first,  all  justices  of  the 
peace  for  the  county  or  district ;  secondly,  the  custoa  rotulorum  of  the 
county,  who  is  bound  to  attend  by  himself  or  lus  deputy,  with  the  rolls 
of  the  sesdons ;  thirdly,  the  sheriff  by  himself  or  his  under-sheriff,  to 
return  the  precept  and  lists  of  persona  liable  to  aerve  on  the  grand  or 
petty  jury,  to  execute  prooeaa,  ftc. ;  fourthly,  the  aeverd  coroners  of 
the  county  or  district;  fifthly,  the  constables,  of  hundreds  or  high 
constables;  sixthly,  all  beilifb  of  hundreda  and  liberties;  seventhly, 
the  keepers  of  jaijs,  to  bring  and  recdve  prisoners ;  ei^thly,  the  keeper 
of  the  house  of  correction,  to  give  in  a  calendar  and  account  of  persons 
in  his  custody ;  ninthly,  dl  persons  returned  by  the  sheriff  as  juron ; 
tentUy,  all  persons  who  have  entered  into  a  recogninaoe  to  answer 
charges  to  be  made  against  them,  or  to  proseoute  or  give  evidence  upon 
cluuges  against  others. 

Persons  summoned  on  grand  or  petty  juriea  ought  to  be  mdea 
between  21  and  60  years  of  age,  who  are  poaaessed  of  101,  a  year  in 
lands  or  rents,  or  2M.  a  year  in  leaseholds  for  an  imexpired  t^m  or 
terms  of  21  years  or  more,  or  who  are  householders,  rated  to  the  poor 
on  a  vdue  of  not  less  than  20(.  (in  Middlesex  80{.),  or  who  occupy 
houses  containing  not  leaa  than  15  windows,  and  who  are  not  peers, 
judges  of  the  superior  oourts,  dergymen,  Roman  Cathoiii  priests, 
dissenting  ministers  following  no  aeoulor  employniant  Vnit  that  <A 
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gphaolffMttg}  vrinants  or  \»iTisier8-«t-l«w,  docVirs  pr  Advocate*  of 
oml  Uir  ^tuaUy  pntciuing,  oAcen  of  oomts  aa^ually  exercising  tbe 
duties  of  their  leepectiv^  offices,  coronei^,  jailerii  or  keepers  a(  houaes 
pf  correctioili  membeis  or  licentiates  of  tbe  College  of  Phjsiciaiw 
actually  ppctising,  mepibere  of  the  Royal  Colleges  of  Surgeons  in 
LoQcloq,  BdiqbuTgh,  or  Dublin,  and  actuallr  practiaipg,  certiScated 
.apothecaries  actually  pntctiaiog,  oJfScers  in  the  army  or  navy  in  full 

gty,  pUo^  Koensed  by  the  Trinity  House,  masters  of  vessels  in  the 
uoy  and  Light  service,  pilots  licensed  by  the  lord  warden  pf  the 
Cinque  Forts  or  qnd^  Afiy  ftet  ol  parliament  or  charter,  household 
(lervank  of  the  croi|vn,  officers  oiE  the  customs  or  exoiae,  slienS)'  officers, 
hi^  constables  or  parish  clerks. 

The  jifsticee  in  sessions  have  oriminal  jurisdiction,  to  be  exercised 
^partly  tooordin^  to  tbe  rules  of  cominon  law  and  partly  in  a  course 
prescribed  by  different  qota  of  parliament;  they  have  also  jurisdiction 
p  oert^  ptvU  matters  created  by  different  sttttutea;  they  have  an 
^minislnttive  power  in  ceftain  county  matters;  and  they  have  power 
\o  Qne  1^  imprison  for  contempt. 

'.  L  The  critninal  jurisdiction  of  justioos  in  sessions,  aocording  \o  the 
Oourse  of  common  law,  enabled  them  to  try  felonies  and  those  misde- 
inei^qTS  w^h  arc  not  directed  by  any  aUtute  to  be  tried  in  a  siun- 
;ua^  way,  It  has  been  said  that  they  had  no  jurisdictioq  in  oases  of 
perjury  and  forgery ;  but  tliis  opinion  Sfema  to  have  arisen  Iron^  the 
ciroiiTpstanoe  that  at  common  law  these  crimes  were  only  miademeanoiB, 
ffod  tfie  authority  of  the  justices  extended  only  to  puch  p>i«demeanora 
fg  were  specially  mentioned  in  their  commission,  or  which  9ame  within 
the  deacnptioB  of  trespasses;  snd  though  most  species  of  forgery  have 
since  t>een  made  felony,  the  opinion  thitt  courts  d  quarter-se^onn  had 
90  jurisdiction  in  faaes  of  forgeiy  was  yonininnly  entertained^ 

The  jurisdiction  given  by  the  con^mission  of  the  peace,  in  re;g>eot  of 
fel6I^eS(  is  expressed  in  very  general  terms,  and  in  form«i  times 
Dufnerous  executions  for  felopy  took  place  at  the  quarter-aew^on^ 
The  practice  during  the  giesent  and  the  greater  part  of  the  Wt  eeu^wy 
wa^l^owever,  not  to  tiy  at  th?  sessions  persons  charged  with  capit^ 
crimes,  but  to  leave  them  for  trial  by  the  judges  at  the  assizes.  AU 
auest^ons  of  this  description  are,  l)()WC7cr,  ^t  ^t  rest;  for  tiie  criminal 
j^risdlction  of  justices  in  general  ^nd  qqarter-aessioqa  is  now  defined 
Dy  th^  5  ft  6.  Vict.  c.  88,  frhich  enacts  "  tiiat  !^r  the  passing  of  this 
i^ct  neither  th«  justices  of  the  pet^ce  acting  in  and  for  any  oouutyi 
ridutg,  diviuon,  or  liberty,  nor  the  recorder  of  any  borough,  smill  at  any 
session  of  the  peace  nor  the  adjournment  thereof  try  any  person  or  per- 
sons for  jtny  treason,  murder,  or  capital  felony,  or  for  any  felony  whioh, 
whcR  committed  by  a  person  not  previously  (umvicted  of  fplony,  is 
puui^ble  by  transportation  beyond  the  seas  for  life,"  or  for  any  of 
the  oQences  n^entioned  under  the  18  heads  contained  in  the  firat 
section  of  the  Act.  The  second  section  provides  that  any  judge  of  tbe 
glipr^e  courts  at  Westminster,  acting  under  a  cominisaion  of  oyer  and 
tenniner  ^d  jail  deliveiy  for  any  county,  may  issue  a  writ  or  writs  of 
certiorari  or  otbpr  process  directed  to  the  justices  of  the  peace  acting 
in  and  for  such  county,  Sx.,  or  to  the  recorder  of  any  court  within  the 
«amo  county,  commanding  the  said  justices  and  recorder  severally  to 
certify  and  return  into  such  court  of  oyer  inid  terminer,  &c.,  all  indict- 
ments na4  presentments  found  or  taken  by  such  justices  or  recurdM'  of 
offences  whichj  after  the  passing  of  this  Aot,  they  will  not  have  ivfm- 
diction  to  try,  and  the  several  recognizances,  exaininationti,  w^ 
aepositioiis  relative  to  such  indictments  and  presentments;  and,  if 
necessary,  by  writ  or  writs  of  Habeas  Corpus,  may  caua»  any  per^n  tn 
tho  custody  of  any  jiiil  or  prison,  charged  with  any  such  oti'euco,  to  be 
removed  into  the  custody  of  the  common  jail  of  the  county,  that  suob 
pfliinces  may  be  tried  imder  the  said  commission. 

Previous  to  the  year  1836  it  was  in  the  discretion  of  the  magistrate 
before  whom  the  depositions  were  taken,  whether  he  would  allow  them 
fb  be  iniqpected ;  even  the  party  accused  had  no  right  to  demand  a  copy 
oi  the  depositicnis,  though  in  cases  of  treason  or  felony  he  was  entitled 
to  deniand  a  Ust  contaiumg  the  names  of  the  witnesses  for  the  prose- 
ciition.  But  now  all  persona  held  to  bail  or  committ^  to  prison  for 
^y  ofilance,  may  at  any  time  after  the  completion  of  the  examinations, 
.Tfid  before  the  first  day  of  the  sessions  (or  assises),  require  and  have, 
hroni  the  person  who  has  the  custody  thereof,  copies  of  the  exami- 
nations C|f  the  depositions  on  ^hjch  they  were  held  to  bail  or  committed 
to  prison,  on  payment  of  a  rw*onahle  sum  for  the  same,  not  exceeding 
t^irae-halfpeace  fpr  each  folio  of  ninety  words.  (See  11  &  12  Vict,  0. 
42,  B.  i7,  substituted  for  the  previous  provisjona  of  the  6  &  7  Wm.  lY. 
0. 114.) 

A  prwmer  or  dfiendant  chaigad  with  a  felony  or  a  misdemeanor, 
^thouch  entitled  to  defend  himself  by  counsel,  camiot  have  tbe  assist- 
ant of  counsel  to  extnnine  tlw  wituewes,  and  reserve  to  himself  the 
right  of  addressing  the  jury.  BMt  if  he  conduct  his  defence  hiinself, 
Md  anj  point  of  law  aijsea  which  b^  professes  himself  unable  to  argue, 
the  a>urt  will  hear  it  argued  by  covmsel  on  his  behalf. 

yhera  the  qt^rter-seesions  act  as  a  court  of  criminal  jurisdiction 
under  Wffi  powers  (^ven  by  the  commission,  and  acconliug  to  the  course  of 
common  Jpw,  a  writ  pf  error  lies  upon  the  judgment  of  the  seestons  to 
the  court  of  Queen's  Bench,  and  frrau  that  court  to  the  Bxchequer 
fHiamber,  and  ultimately  to  the  Hjonse  of  Lords.  By  the  statute  11  & 
12  Yict,  c.  78,  tiuwe  courts,  in  commoa  with  the  courts  of  Oyer  and 
^fraoiner  and  GlaoJ^  D^ety,  are  awpowered  to  reserve  questions  of 
Jj^fyr  the.  ^Mi4««^.  of  tti»  wuft  o^  CMnm*!  AppM)  j  af«d  by  the 


ftatut*  12  (s  18  Yict.  o^  45,  the  powers  preTioudy  mrm  to  migtf  to 
fodw  pi^nnents  by  way  of  reward  for  the  apprehensioa  of  certain 
oSsnders  was  extended  to  t^esa  courts,  tixei  compensation  to  one  person 
in  no  case  to  exceed  51. 

II.  The  quarter-aessiona  have  an  original  joriadiction  in  all  matters 
required  to  be  d^ne  by  two  or  more  justices,  except  in  co^es  in  vU«b 
a  power  is  given  pf  appealing  to  the  teasionB. 

III.  Statutes  which  give  sumntarv  jurisdiction  to  one  pr  mora 
magistrates,  in  n^ost  oasep  allow  their  oecision  to  be  brought  before  the 
sessions  by  way  of  appeal.  Xotice  of  appeal  is  generally  required,  and 
the  oonrt  is  precluded  from  entertaining  any  objections  not  ap^fied 
in  the  notioe,  Subject  to  this  restriction,  the  case  ia  fteard  aa  if  the 
que^ion  were  raised  for  the  fir^t  time.  Upon  hearing  of  an  appeal  in 
whioh  savara,!  counsel  are  employed,  the  course  of  practice  uaiwly  is 
this  : — the  senior  counsel  for  the  respondent  (the  party  resisting  the 
Itppeal)  states  his  caae  in  accordance  with  the  decision  appealed  a^^unsU 
The  witnesses  and  dooumonta  in  support  of  that  case  having  bet«>  pro 
duced  and  examined)  tbe  senior  counsel  for  the  appclhmt  addressee  thf 
•Qurt,  and  then  his  witneasea  are  examined,  ^oth  counael  for  the 
appellant  than  address  the  court,  and  are  {oUgwcd  by  th«  counsel 
for  the  respondent;  if  no  evidence  ia  prq4uc«d  <»  the  part  of  thl» 
appellant,  the  appellant's  counsel  sun)  up  their  case,  and  tfaf  re- 
mondent's  foUow.  Tbe  practice  in  this  respect,  howeveir,  yarias  at 
different  sessions.  When  the  case  is  closed,  the  order,  conTidion,  or 
other  matter  appealed  af^inst  ia  confirmed  or  diacharfsed,  afcordtng  t« 
the  view  which  the  majority  of  the  justices  present  at  the  monient  of 
the  decision  take  of  the  case,  they  being  the  judges  in  cases  of  ajppeal, 
both  as  to  the  law  and  the  fact.  Where,  however,  queation^  of  4i%- 
cultyin  matter  of  law  present  themselves  upon  the  hearing  ^  an 
appeal,  the  party  against  whom  the  sessions  decide  freqneatly  aj^es 
for  leave  to  state  a  special  case  for  the  decision  of  the  court  of  Qnem'* 
Beaah :  the  niajority  of  the  justices  may  either  grant  Of  njse^  the 
application]  and  if  no  special  case  be  stated,  the  ivkdgmfnt  oi  the 
quarter-sessions  upon  an  appeal,  or  npon  any  other  matter  ifi  vthioh 
they  proceed  in  a  course  prescribed  by  statuto,  different  from  the 
course  of  the  common  law,  cannot  be  reviewe^l  by  aw  other  court. 
The  atat.  12  &  13  Vict.  0.  4S,  has  amended  the  procedure  in  courts 
of  quarter-seaaions,  by  prescribing  uniformity  of  time  for  giving  notices 
of  appeal;  by  conferring  extenave  powers  of  antendment;  a  lors* 
discretion  as  to  oosts ;  and  by  enabling  them  to  refer  Twtt«n  V> 
arbitration. 

IV.  The  quarter-aessiona  have  juriadiotion  over  t}f/>  appropriatAon  of 
the  county  stock,  an  annual  fund  rused  prlnt^^PiUz  by  county  rates. 
This  part  of  the  business  ef  tbe  court  ia  usuall:^  ^ispoaad  of  before  any 
other,  and  in  practice  the  &fst  day  of  the  sessiofa  is  generally  ex- 
clusively devoted  to  what  ia  c^led  "  the  county  buaw^aa," 

Y.  In  common  with  other  ooiurts  of  record,  justj/^  of  the  peae% 
whether  assembled  in  seoainni,  or  sitting  as  individual  ntagistrates,  m^ 
TindMWte  their  authori^  by  Ibiing  and  imprisoning  fo^  qontempt.  Ko 
superior  court  oan  iaquiw  into  the  existence  or  non-e^tooce  of  this 
fact  which  baa  been  so  treated  as  a  contempt,  or  into  th^  ressonaUe- 
ness  of  the  fine  imposed  or  imprisonment  awarded.  The  court  of 
quartar-seanons  has,  however,  no  power  of  puniahlog  contompta  or 
other  offences  oommibted  by  one  of  their  own  body. 

The  justices  being  assembled  in  sessions  elect  a  ebairman.  _  A 
panel,  or  list  of  pieraons  returned  to  serve  on  the  grand-jury,  being 
called  over,  twenty-three,  if  so  many  appear,  are  sworn  to  iiv)uire  of 
the  truth  of  tbe  matters  which  will  be  brought  before  thein,  and  not 
to  disclose  what  is  brought  befora  them.  If  twenty-thr^e  do  not 
appear,  the  court  ntay  prooeed  with  a  amaller  number ,  but  nothing 
can  be  done  by  the  grand-jury  without  the  concurrence  of  twelve  ii 
its  members,  and  it  is  not  usual  to  take  lew  than  t^nrtecn,  though 
twelve  may  ba  sworn,  if,  after  waiting  a  leaaonabla  tinie,  more  do  not 
attend.  Those  persons  in  the  panel  who  do  not  an«w«r  to  their 
names  are  liable  to  be  fined;  and  where  it  ia  thought  desirable  to 
ensure  full  attaodance  in  future,  the  wi^le  panel  ia  called  over  for  tha 
purpose  of  discovering  and  punisbing  aU  the  defaulters.  T^a  grand- 
jury  being  swem,  the  royal  proclamation  agunst  vioe  and  iwmoraUty 
is  read  by  tlie  olerk  of  the  peace.  Tbo  chitrman  deliven  his  diaige  to 
tbe  grand- jury,  in  whioh,  as  he  ia  in  poaaeasion  of  the  depositions 
taken  when  the  prisoners  were  oomiultted,  he  calls  their  attention  to 
such  cases  as  appear  to  present  any  difficulty,  and  explains  such  points 
of  law  m  are  necessary  for  their  guidance.  The  grand-jury  then 
retire  to  their  room  to  receive  anob  bills  af  indictapien^  aa  may  be 
brought  before  them. 

When  the  bitsine^  of  the  seaaions  is  such  as  to  be  Ukal^  t<1  v^eapj  a 
considerable  time,  it  is  usual  to  appoint  a  aeooad  chabman  to  preside 
ia  a  a^iaiate  conirt,  under  the  authority  of  the  2^  &  21  Vict,  c  79^ 
substituted  for  previous  provisions  for  the  same  purpose.  The  bills 
of  indictment  on  patohmenti  with  the  names  of  the  witnesses  indorsed 
thereon,  are  taken  to  the  grand-jury,  who  call  in,  sweats  wad  examins 
the  witneasea  in  sucoession,  no  other  person  being  preaeot.  'The  ex- 
amination beiiag  concluded,  if  a  nwjority  consiatii^  of  not  less  than 
twelve  are  of  opinion  that  the  charge  s  supported  by  the  evidtencek  the 
bill  of  indictment  ia  indorsed  "a  trvw  bill,"  or  tbe  indprstunent  mqr 
state  that  the  bill  is  true  in  such  and  aiich  partB,and  not  true  in  others 
or  the  graad-jnry  may  themselves  strike  out  or  alter  af^y  part  of  tbs 
btU,«ndr«ku(»itinits«on«ote4f<wN[  a#i%  tfHA  bi^  BS^Mnllft    Tf^ 
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Riajori^  of  tfae  gnmd-jiuy  tikitik  that  th«  pir<^  ia  not  goilitjr,  or  if  the 
ntunber  tlut  think  hini  guilty  be  lea  iiata  tWMVe,  they  indons  "  not  a 
true  tnU!"  tlioug)i  in  ue  latter  case  the  (dd  form  of  indorsement, 
"  ignoramus"  (we  .do  not  know),  aeems  to  be  more  correct.  It  not 
tnfirequently  tampena  that  grand-'jurbn  return  "  a  true  bill"  whbre  the 
evidence  which  ilu  been  brought  before  them  is  such  as  merely  to 
raise  in  ibeir  minda  a  strong  oumioioil  of  the  gnilt  of  the  party  accused, 
aetkig  ondn'  aa  impreaaioii  that  it  b  not  their  du^  to  try  tile  guilt  of 
the  party,  and  that  the  inquiry  which  has  taken  place  in  uie  grand-juiy 
room  ia  m  tfab  hatare  of  a  precognition  little  difiWng  from  the  pre- 
limiikaiy  ezaminatiMi  iriiioh  takes  plaoe  beforo  a  mng:i8trate,  who  is 
bound  to  commit  or  to  require  bail  if  a  probable  cause  of  guilt  be  made 
out,  'Bf  the  common  law  of  Bngland,  a  man  is  ndt  liable  to  punish- 
ment rmtil  the  fact  charged  agaimt  him  has  been  fotmd  to  be  trde  l^ 
tbeoathot  twelre  men  (Vrhether  grand-juron,  leet-juron,  or  jnrorti 
impatieBed  to  try  an  issue  in  a  ciril  cause  involving  a  charge  of  orUae), 
not'  until  such  finding  has  been  afterwards  confirthed  by  i£e  verdict  of 
twalve  others,  forming  the  pettj-jur^  or  by  Vtm  eoBfessioa  6t  Oie  potty 
by  tdeadnig  guilty  in  Open  court.  The  judgmoit  of  the  court  ought 
&  strictness  perhaps  to  be  eonsidered  ai  fouteled  upon  the  presentment 
of  the  grand-jury,  and  the  prooeedii^  wfaidi  take  ^laee  before  the 
petty- jniy  may  be  aaid  to  be  less  a  trial  of  the  gnilt  or  itanooence  of  the 
Iwjsaner  than  a  trial  of  the  truth  or  falsehood  ol  the  indietment.  Hie 
ghmd-jurgr  are  sworn  to  inquire,  not  whether  thb  aceutad  ou^^t  to  be  put 
tlpon  his  trial,  but  iriiether  the  matter  iii  respeot  of  whiih  they  are  to 
inake  their  presentment,  contained  'in  the  Ml  of  indictment,  which 
directly  and  uhequivocally  asserts  that  a  crime  baa  beed  committed  by 
the  puty,  is  or  ia  not  true.  To  return  a  bill  as  true  upon  less  evidence 
Huln  thai  which,  if  uncontradicted,  would  be  satisfactory  proof  of  guilt, 
seems  to  be  at  variance  with  an  oath  to  prefaent  the  whole  troth  and 
nothing  but  the  truth.  There  appears  to  be  no  substantial  distinotion 
between  a  fltuWng  by  the  grand-jury  that  the  party  has  eommitted  the 
oflbnoe  ehMged,  and  ar  verdict  of  "  guilty  "  pronounced  by  a  petty-juiy. 
The  finding  of  a  true  bill  Where  tiie  evidence  ia  not  auffioient  to  con- 
vict, ia  a  wrong  to  i^e  party  accused.  On  t^e  other  hand,  the  justice 
of  the  country  ia  not  unfreqnently  defeated  by  forcing  on  a  criminal 
chaige  to  its  final  decisicm  at  a  time  when  evidence  suificient  to  show 
'tiie  resl  eharaoter  of  the  transaction  has  not  beefa  obtained ;  and  by 
the  inoonaidenite  hasto  of  grand-juriea  in  finding  bills,  the  most  atro- 
cioas  crimes  Have  not  unfreqnentiy  obtained  a  total  exemption  from 
punishment.  (8  Howell, '  State  Trials,'  821, 886,  888 ;  Bum's '  Justice,' 
"  Indictment  V.'*) 

The  bill,  being  indorsed,  is  brought  into  court  by  the  grand-jury, 
and  delivered  to  the  clerk  of  the  peace,  who  reads  the  indoVsement  wiUi 
the  lama  of  the  priaoner  and  the  nature  of  the  charge.  By  finding  the 
faiS  to  be  true,  either  generally  or  in  part,  the  gr^d-jury  are  become 
indicton,  and  the  party  chai^ged  the  indictee;  but  these  terms  are 
nearly  obsolete.  The  indictee  is  brought  ts  the  bar  by  the  jailer,  if  in 
custody ;  or  if  out  on  bail,  he  comes  of  hia  own  acoord  in  disohai^  of 
faia  baiL  He  ia  then  arraigned,  and  the  trial  proceeds  in  the  same 
tnanaor.  as  at  the  assises.  [Trial.]  If  the  prisoner  be  found  not 
guilty,  iie  is  immediately  set  at  liberty,  unless  there  be  some  other 
mbtter  before  the  court  upon  which  he  ought  to  be  detained.  If  a 
terdiet  of  guilty  be  returned,  the  sentence  ia  pronounced  by  the  chair- 
man ;  such  sentence,  where  the  amount  of  punishment  attached  to  the 
offence  is  not  fixed,  being  first  determined  by  the  opinion  of  the  majority 
ef  tin  justices  present. 

The  seasionB  cannot  be  held  without  the  presence  of  two  justicea,  at 
least ;  nor  can  they  be  adjourned  fay  one  justice,  though  two  or  more 
may  previously  have  been  present,  Bvery  aot  done  as  an  act  of 
aessidna  before  two  justices  have  met,  or  after  two  have  oeaaed  to  be 
pfmHikt,  is  void. 

The  erown  may  grant  a  ixnnmiasion  of  the  peace  not  only  ftir  an 
nitire  oounty,  blit  also  tat  a  particular  district  within  the  county.  In 
mrder)-however,  to  exclude  the  interferanoe  of  the  county  justices  in 
the  particular  diatriet,  it  &  ne<!e8eBry  either  to  introduce  into  the  com- 
mission of  tile  peace  for  the  particular  district  a  clause  excluding  the 
jtuiadietlon  of  the  county  magistrates,  which  is  called  a  neintromittant 
eiaUsej  or  to  grant  a  new  oommisaion  to  tiie  coutity  magistrates  ekcloding 
the  partieu^  district.  If  tiie  former,  which  la  the  usual  course,  M 
taken,  the  eousty  magiatrates  may  still  hold  their  sesaiona  within  the 
pottieular  district,  though  th^  can  ezetdae  no  jurisdiction  in  respect 
(tf  ipattara  arising  witiiin  the  district. 

Pettff  and  S^ieaal  Semoni. — A  meeting  held  by  justioes  for  the  trans- 
Mtion  of  magisterial  burineaa  arising  within  a  particular  district 
tortniag  a  subdiviaion  of  the  county  or  district  comprised  in  the 
eommiiniea  of  the  peace,  ia  called  a  petty  session ;  and  if  the  meeting 
be  eonveiled  for  eorae  particular  or  special  object,  as  the  appointment 
M  ereneers  of  the  poor,  of  waywardens,  of  examiners  of  weights  and 
mMsurds,  Ac.,  it  la  called  a  special  session.  A  meeting  of  magistrates 
MBBot  ieg^tUy  act  as  a  qpeeial  aession  unless  all  the  magistrates  of 
tiie  particular  division  are  jMesent,  or  hare  had  reafcnable  notice  to 
attend.   ' 

•  The  Btatnto  13  ft  18  Viet.  o.  18  mokes  further  provision  for  the 
holding  petty  sessions  in  counties  and  boroughs,  and  declares  that 
•very  sitting  and  acting  of  justices,  or  of  a  stipendiary  magistrate  for  a 
•lt|y  or  borough,  having  a  separate  commission  of  the  peooe,  shall  be 
4MiB«d  a  (e«ty  aeMioiM,    Tbeitm  ol  jottiosn'  cMn  te  H^  (wliioaa 


tn  mvti&v»  provided  tir  M^Vktlltt  IS  Vitit,  b.  it,  abd  14  ft  1$  ttit 
a  55.    [Jutbhhe  Orp&NDSits ;  JttBtieds  ot  'rat  PtiAciLj 

£oroitgh  Setiiont. — The  Municipal  Corporation  Act  (5  ft  ft  Whi.  IV. 
c.  76)  directs  that  the  recorder  of  any  city  or  borough  to  w6!6h  A  Sepa- 
rate court  of  quarter-seaslods  is  gndted  under  the  proyisiofis  of  that 
Act,  shall  be  the  sole  judge  of  such  court  [ReCobdeb],  leoVing  the 
oidinaiy  duties  of  magistrates  out  of  Nessibns  to  bb  perfbhiied  by  the 
justioes  of  the  peabs  appointed  by  the  crown  for  such  city  or  borou^ 
The  recorder  is  required  to  hold  a  court  of  quarter-sessibns  onoe  in 
every  quarter  of  a  yelir,  or  ot  such  other  and  more  frequent  times  aa 
ho  may  think  fit,  or  as  the  crown  m&y  direct.  Borough  quartOT-sessIoiis 
are  not,  however,  like  'county  quArter-Sessions,  appointed  to  bB  held  In 
particular  weeks.  In  base  of  sickhess  ot'  Unavoidable  absende,  the 
recorder  is  authorised,  vrith  tiie  consent  of  tiia  town  council,  to  appAMt ' 
a  barrister  of  five  years'  standing  to  act  as  deputy  recorder  at' the  next 
session,  but  no  longer,  Ih  the  absence  of  the  recorder  and  of  any 
deputy  recorder,  tiie  cbort  fiiay  be  opehed  and  adjoiuiied,  And  the 
recognisances  recited,  by  the  matdr;  but  the  mayor  is  not  aUthotieed 
to  do  any  other  judicial  act.  Where  it  ttppear*  to  the  recordeJ'  that 
the  aesaionK  are  Ukely  to  last  tnbre  than  three  dayt,  he  miy  appoint  an 
"  ateistant-barrister  "  of  fivA  yell's'  standing  to  hold  i  second  court,  for 
the  trial  of  such  felonies  and  tniademeanors  as  shall  bb  referted  to  hito, 
provided  it  h*s  been  certified  to  the  recorder,  by  the  mayor  and  two 
aldermen,  that  the  council  have  i-esolved  that  such  a  bburse  is  expedient, 
and  the  name  of  the  intended  aasistant-barrister  has  been  approved  Of 
by  a  tosretary  of  stttte. 

Every  burgess  of  a  borough  (or  citizen  ot  a  city)  hiving  &  couft  of 
quarter-aesBlons  (Alfisb  exempt  or  disqualified  otherwise  than  in  respect 
of  property),  ia  liable  to  serve  on  grand  and  petty  juries.  Member*  of 
'Uie  town-council,  and  the  justices  of  the  peace,  treasurer,  and  town- 
clerk  of  the  borough,  are  exempt  abd  disqualified  from  serving  on 
jurisa  within  the  borough ;  and  they  and  all  burges&es  of  borougha 
having  separate  quarter-seaaions  are  exempt  from  uability  to  serVe  oh 
petty-curies  at  the  county  sessions. 

Under  the  106th  section  of  the  Muiiicipal  Corporation  Act,  the 
recorder  has  jurisdiction  in  respect  of  all  crimeu  cognisable  by  courts  of 
quarter-session  in  counties ;  but  be  ia  expressly  restricted  from  making 
or  levying  any  rate  in  the  nature  of  a  county  rate,  or  granting  any 
licence  to  keep  an  inn,  ftc,  and  from  exercising  any  of  the  powers 
vested  in  the  towh-flttUncil.  Other  matters  required  by  statute  to  be 
done  at  quarter-sessions,  and  not  expressly  transferred  to  the  town- 
eoimcil,  devolve  upon  the  recorder,  lul  the  appointment  of  inspectora  of 
weighte  and  meaaurea,  ftc.  Persons  imprisoned  in  a  borough  jail  by 
county  magistrates,  under  6  ft  7  Will.  IV.  c.  105,  may  be  tried  at  the 
borough  sessions  for  ofibnces  committed  out  of  the  borough. 

All  criminal  jurisdiction  which,  before  the  passing  of  the  ilunicipal 
Corporation  Act,  existed  in  any  borough  to  which  no  court  of  quarter- 
sessions  has  since  been  granted,  is  taken  away  by  the  107th  section  ti 
that  Aot. 

SESTE11TI08,  a  Roman  coin,  which  originally  consisted  of  2^ 
aaes,  as  the  name  implies,  lettcrtiut  being  a  contraction  of  (emit 
taiim,  the  third  a-half,  which  is  the  Roman  way  of  expretaing  two  and 
ti-half.  The  sestertius  belonged  both  to  the  brass  and  silver  coinage^ 
and  in  both  it  was  of  the  same  value,  namely,  one-fourth  of  the 
denarius.  This  value  agreed  with  its  value  in  ases  so  long  as  the 
denarius  consisted  of  10  ases.  But  at  an  early  period  the  as  was 
reduced  in  value,  and  16  ases  made  equal  to  the  denarius  [Asj,  and 
then  the  sestertius,  its  value  with  reference  to  the  denarius  remainiii([ 
the  same,  became  of  course  equal  to  4  sses.  On  Mr.  Hussey's  compu- 
tation the  value  of  the  denarius  after  the  reduction  was  i\d.,  and 
therefore  the  sestertius  was  worth  i\d.  After  the  time  of  Augustus 
the  denarius  was  reduced  to  the  eighth  of  an  ounce,  and  was  worth 
1\d.,  and  therefore  the  sestertius  wns  worth  \U.  Theaeetertiusof  the 
brass  coin^^e  was  made  of  the  same  metal  aa  the  as, . 

The  Romans  generally  reckoned  sums  of  money  in  sestertii,  although 
the  coin  used  in  making  paymente  was  commonly  the  denarius.  Lane 
sums  they  reckoned  by  tatertia,  that  is,  sums  of  a  thouMond  tetttrSi. 
It  is  Verf  important  to  attend  to  the  phrases  tisbd  in  such  compute- 
tiona.  Thb  coin  itself  was  called  tatertiva,  or  tetlertiui  nummiM,  or 
simply  numnvt.  The  sum  of  a  thousand  sestertii  was  expressed  b^ 
milt  tatertH,  or  JT.  tetterfium,  or  If.  nuflunt,  or  M,  nummiun,  or  "num- 
morum,  or  M.  latertii  nttmmt,  or  3f.  uttetHum  ntanuMm.  The  singulw 
ieiierlium  is  never  used  for  a  thousand  sestertii,  but  the  plural  lalerlia 
is  used  for  all  multiples  of  a  thousand  sestertS,  up  to  a  thousand  | 
sometimes  the  trord  miUia  (thousands)  is  used  instead  of  teitertiaj 
bometimes  neitiier  word  is  expressed ;  and  sometimes  nummum  is  addacb 
Thus  600,000  sestertii,  or  600  sestettia,  might  be  expressed  by  airy  cl 
the  following  phrasea :  tacmta  taUrtia,  tacmta  mittia,  tacetUoMODi, 
or  taeeiUa  tettertia  nummum.  Suma  of  1000  teiterUa  and  upwanb 
were  expressed  by  'tiie  numeral  adverbs  with  the  termination  ia,  which 
impliee  that  tiie  number  to  which  it  is  affixed  is  to  be  multiplied  hf 
100.  Thus  decia,  imdecia,  duodeeiet,  vlciet  trida,  trieia  quinqidea, 
atend  respectivelv  for  1000,  1100,  1200,  2000,  8000,8500  sestertia. 
These  forma  are,  however,  aometimes  varied.  Ilius  Cicero  ('  in  Verr.,' 
il.  1,  89)  uaes  qvalerdecia  for  1400,  and  deiHe$  et  oetingeuta  millia  for 
1800  sestertio.  When  two  such  adverbs  come  together,  if  the  larger  ia 
first,  they  muat  be  added  together;  but  if  tiie  smaller  ia  first,  they 
»u«t  be  multiplied.    Thus  we  have  is  a  p«M«ge  ^_^u«tonias  ('  Aug./ 
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101),  wtOlm  tt  qmHgeKHa  for  160,000  aeatertte,  and  immediately  after- 
■wtrm  qwaUriteiei  mWitt  tar  1,400,000  sestertia.  (In  the  latter  caae, 
care  moat  be  talieii  not  to  reckon  the  termination  ia  twice  over  in 
multiplying;  it  ia  not  1400  x  100,000,  but  14  x  1000  x  100.) 

The  aymbol  HS  or  IIS  ia  often  used  both  for  latertii  and  for 
(Mfartio.  It  ataoda  for  Ubra  libra  lemit  (two  pounda  and  a-half). 
When  applied  to  teUerln  ita  mflnning  ia  clear  enough,  linoe  the  aa  was 
original^  a  pound  ({tim)  of  braaa.  When  applied  to  <ei(er<>a  it  meant, 
according  to  GronoTiua  ('  Pec.  Vet,'  i.  4, 11),  two  pounda  and  a-biJf  of 
ailver,  which  he  calculates  to  have  been  originally  equal  to  1000 
aeatertii,  and  therefore  to  have  repreaented  th«t  value  ever  after.  It 
ia  often  difficult  to  determine  whether  the  aymbol  HS  standa  for 
taUrtii  or  luterlia.  When  tiie  numeral  ia  written  in  cipher,  and  haa  a 
line  over  it,  it  aianda  for  the  adverb  in  ia,  and  the  HS  meana  Kitertta  ; 

thua,  HS.CCCC  ^  qvadrimgenlia,  or  forty  thonaaod  aatertia.    Some- 

tfanea  the  numeral  ia  found  with  the  aingnlar  of  lalertuim,  aa  taUrtii 
deeUi,  or  itHertio  dteie$.  Gnmoviua  explaina  theae  forma,  and  alao  the 
uae  of  lalertimm  with  the  adverb  in  ia  (which  he  oonaideia  to  be,  in 
thia  caae,  am  aconaative  aingular),  by  understanding  with  them  the 
word|>oikfiM,  a  pound  (of  silver),  according  to  wliich  taterUum  in  theae 
{onnsmeanstwepoundaandajialf  of  ailver,or  lOOOaeatertiL  Hence, 
if  theae  fonna  are  used  with  a  numeral  in  apber,  they  mean  the 
number  of  fotatut  repreaented  by  the  adverb  in  wi  of  that  numend. 
Thua  tattrtio  X  is  decia  or  1000  tatertia. 

According  to  the  value  given  above  for  the  tatertitii,  the  leUtitium 
waa  worth  81. 17<.  Itf. 

The  word  talertimi  ia  often  used  indefinitely  for  any  very  email  sum. 
(Huaiey, '  On  the  Ancient  Weights  and  Money,'  e.  z.,  §  1,  8,  6.) 

SET-OFF,  in  law,  is  the  amount  of  the  debt  due  to  a  defendant 
from  a  i^aintiff,  wiiich  the  defendant  ia  entitled  to  set  off  in  answer 
cither  to  the  whole  or  part,  as  the  case  may  be,  of  the  plaint^'s 
demand.  At  common  law,  if  the  plaintiff  waa  indebted  to  tiie 
defendant  in  an  ascertained  sum  in  respect  of  the  same  transaction 
oonomiing  which  the  action  was  brought,  the  defendant  was  entitled 
to  deduct  at  the  trial  so  much  from  the  plaintiff's  demand.  But  if 
the  debt  due  from  the  {daintiff  accrued  in  reniect  of  another  transso- 
tioD,  the  defendant  had  no  such  power ;  and  he  was  either  compelled 
to  Mng  an  action  aguoat  the  plaintiff  for  what  waa  due  to  him,  or,  if 
he  wiahed  to  avail  himself  of  his  crossKlemaod  without  bringing 
another  action,  to  apply  after  the  action  had  been  commenced  agunat 
him  to  a  court  of  equity  for  the  purpose  of  adjusting  the  claims  of 
llimself  and  the  plaintiff.  To  obviate  the  expense  and  inconvenience 
of  such  a  course,  it  was  enacted  by  2  Oeo.  II.  c.  22,  s.  18,  that "  where 
there  are  mutual  debts  between  tile  pbuntiff  and  defeiK^t,  one  debt 
may  be  set  against  tiie  other ;"  upon  which  statute,  as  ex]duned  by 
8  Geo.  IL  c  24,  a.  4,  is  founded  the  whole  law  on  the  subject.  A  claim 
for  damages  not  ascertained  cannot  be  set  off,  even  although  they  relate 
to  the  subject-matter  of  the  action  Itself.  For  instance,  in  an  action 
for  goods  delivered,  the  defendant  cannot  set  off  the  loss  which  he  has 
•utbred  by  their  non-delivery  at  the  proper  time,  tuc  There  must 
also  be  an  entire  mutuality  between  the  debt  sued  for  add  the  set-off. 
Thus  a  debt  due  from  the  plaintiff  together  with  other  parties  cannot 
be  set  off  against  a  debt  due  to  the  pUintiff  alone ;  nor  can  a  debt  due 
to  the  defendant  personally  be  set  off  to  a  demand  against  him  aa 
executor,  Ac. :  and  the  rule  of  law  is  the  same  for  the  converse  of 
these  oftenL  It  is  consistent  with  this  rule  that  when  an  action  is 
brought  by  or  againat  a  trustee,  a  set-off  may  be  made  of  money  due 
to  or  from  the  party  for  whom  he  is  trustee. 

A  plea  of  set-off  must  describe  the  debt  intended  to  be  set  off  vrith 
the  same  certainty  and  particularity  aa  would  be  necessary  in  a  decla- 
ntion,  which  indeed  such  a  plea  in  several  respects  much  resembles. 
If  for  instance  a  plea  of  set-off  contains  several  ports  stating  distinct 
debts,  these  ore  uialogous  to  distinct  counts  in  a  declaration,  and  one 
may  be  sustained  although  the  others  may  not. 

8ET0N.    ri»ST7l.] 

SETTLEMENT.    [Poor  Laws.] 

SETTLEMENT.  A  settlement,  in  the  most  general  sense  of  the 
word,  is  a  disposition  of  property  of  any  kind  made  for  certain  pur^ 
poses  by  the  owner,  who,  in  relation  to  such  disposition,  ia  ealled  the 
■ettior  or  grantor.  A  settlement  in  thia  case  may  be  made  either  by 
deed  or  by  will;  but  the  term  is  most  commo^y  applied  to  such 
Mttlemento  onl^  as  are  made  by  a  deed. 

A  cmuderation  is  not  necessary  for  the  validity  of  a  deed  at  law. 
nough  a  deed  may  in  many  cases  be  void  as  against  strangers  for 
WKt  of  consideration,  it  is  valid  as  between  the  parties.  [Dksd.j 
Settiements  by  deed,  therefore,  may  be  either  made  upon  valuable  or 
good  oonnderation,  or  they  may  be  purely  voluntary. 

The  most  important  species  of  settlements — to  which,  indeed,  in 
■trict  legal  language,  the  term  is  exclusively  applied — are  marriage 
settlements ;  and  these  may  be  either  such  as  are  made  previous  to 
•ad  in  eonsidention  of  marriage,  or  subsequent  to  it. 

Settlements  of  ptofertj  are  frequentiv  made  by  will,  with  reference 
to  an  existing  or  future  marriage.  The  forms  and  provisions  contained 
in  such  instruments  are,  of  course,  often  very  simiUr  to  those  in  deeds 
■  made  for  like  purposes.  But  dispositions  of  this  khid  are  to  be  regarded 
in  all  respects  as  wills,  and  are  governed  by  the  same  rules  as  other 
instruments  of  the  like  nature.    [Wiu..] 


Settlements  in  oonmdeiation  of  marriage  include  not  only  sodi  as  are 
actually  made  and  executed  before  marriage,  but  also  such  as  are  exe- 
cuted after  marriage  in  pursuance  of  articles  ini  writing  draws  i^  and 
signed  before  marriage. 

1.  First,  aa  to  the  specifio  performance  of  ortiales  and  agreements  to 
settle  property : — 

In  Equity,  no  regard  is  paid  to  the  form  of  marriage  articles,  and 
the  construction  of  them  d^Mods  entirely  upon  the  intcDEticos  and 
obieeta  of  the  parties. 

When  the  intended  husband  and  wife  sre  both  of  full  age  at  the 
time  of  the  marriage,  they  are  of  course  competent  to  enter  into  any 
agreement  for  the  settiement  of  their  respective  estates,  and  all  such 
sgreements  will  be  enforced  in  Equity;  but  if  the  parties  are  one  or 
both  of  them  minors  at  the  time,  the  case  is  different. 

When  the  husband  is  adult  and  the  wife  a  minor,  if  the  subject  be 
real  estate  of  the  wife,  the  husband  will  be  bound  by  the  artiides  ia 
respect  of  his  marital  interest  in  the  lands;  tiiat  is,  for  the  estate 
which  he  takes  during  the  joint  lives  of  himself  sad  his  wife,  sad  ss 
tenant  by  the  courtesy  if  he  survive  her  and  there  have  been  issue  of 
the  marriage  :  but  the  wife  will  not  be  bound  by  them;  sod,  ifahe  die 
during  infancy  or  after  attaining  majority,  but  without  having  con- 
firmed the  settiement  in  the  mode  prescribed  by  the  law  for  dispositian 
of  real  estate  by  married  women,  her  heir  will  take  the  property  unfet- 
tered by  the  articles.  Anin,  if,  in  the  cose  supposed,  the  property  be 
personalty  of  the  wife  (wliich,  in  the  absence  of  a  settlement,  would 
become  tiie  property  of  the  husband),  the  articles  will  be  valid  as 
respects  both  husband  and  wife,  being,  in  effect,  the  settiement  of  the 
husband.  And  this  Is  true  also  as  to  chattels  real  and  ckua  in  aeliim 
which  become  reducible  into  possession  during  the  coverture ;  but,  ss 
to  property  alreadv  settied  to  the  separate  use  of  the  wife,  and  ctosn 
in  actum  which  do  not,  in  event,  become  reducible  into_  possession 
during  tiie  coverture,  the  wife  will  not  be  boimd  by  the  articles. 

If  a  male  infant  marry  an  adult  female,  he  is  bound  by  the  articles 
entered  into  by  her  for  the  settiement  of  her  estate,  and  must  exeenta 
them  when  he  comes  of  age,  whatever  be  the  nature  of  the  pcoperty  ; 
but  as  to  his  own  estate,  he  will  not  be  bound  by  them. 

When  the  husband  and  wife  are  both  minors  at  the  time  of  the 
marriage,  tiie  articles  are  absolutely  null  as  respects  them,  unless  con- 
firmed after  the  attainment  of  majority.  In  such  a  case  a  confirmation 
of  the  articles  by  the  wife  must  be  express,  snd  msde  in  the  same 
manner  as  any  other  alienation  of  property  by  a  married  woman ;  but 
confirmation  on  the  port  of  the  husband  will  often  be  implied  from 
circumstances,  such  as  the  acceptance  by  him  of  any  propetty  under 
the  articles. 

It  has  sometimes  been  thought  that  the  consent  of  parents  or 
guardians,  and  the  sanction  of  the  Court  of  C!hancery,  might  give  effect 
to  settlements  of  their  property  by  infants,  which  would  not  nave  been 
otherwise  binding ;  but  it  may  now  be  considered  as  settied  that  there 
is  no  foundation  for  such  a  doctrine. 

Marriage  is  regarded  by  the  law  as  a  valuable  consideration,  and  will 
support  a  covenant  entered  into  by  a  third  party  to  settie  property 
upon  the  husband  oi^  wife  and  thor  issue,  whether  the  settior  be  one 
under  a  natural  obligation  to  make  a  provision,  as  in  the  ease  of  > 
parent,  or  merely  a  stranger ;  and  such  a  covenant  will  be  enforaed  not 
only  against  the  settior  himself,  but  against  his  hdr,  devisee,  or 
personal  representative. 

Settiements  made  after  marriage,  when  no  valuable  consideratica 
(that  is  to  say,  no  ooorideratibn  in  money  or  property)  is  given  for 
them,  ore  generally  called,  in  oontradistinotion  to  those  made  upon 
marriage,  voluntary  settiements,  and  the  persons  who  take  under  than 
are  called  volunteers ;  though,  ss  such  seUlements  may  have  good  con- 
siderationa  to  support  them,  the  application  of  the  turn  is  not  always 
strictiy  acouraia  By  a  good  conuderation,  as  distinpuidied  from » 
valuable  one,  is  here  meant  that  love  and  affection  which  is  naturally 
aupposed  to  subsist  between  near  relatioas,  such  as  parents^  and 
oluldren,  brothers  and  sisters,  uncles  and  nephews  or  nieces. 

Specifio  performsnce  of  voluntary  covenants  to  settie  property  will 
be  mforoed  in  Equity  only  in  favour  of  those  persons  for  whom  tin 
oovenaator  ia  under  a  natinal  and  moral  obligation  to  provide ;  that  is 
to  say,  in  favour  of  his  wife  or  children,  but  not  in  favour  of  any  other 
claas  of  volunteers.  If,  however,  any  valuable  oomuderation  has  really 
been  given,  either  by  the  person  who,  by  himadf  or  his  representative, 
daims  execution  of  the  articles, or  by  a  third  person, infavouroftheobject 
of  the  limitation,  spedflc  performance  will  be  decreed,  and  no  objection 
eon  be  made  on  account  of  want  of  relationship  between  the  jwrties; 
and,  for  thia  purpose,  it  is  sufiSoient  if  the  fact  of  a  consideration  being 
given  can  be  inferred  from  the  ciicumstanoes.  Though  a  person  whosa 
claim  is  not  supported  by  a  good  or  valuable  consideration  cannot  him- 
self compel  the  execution  of  articles  in  his  favour,  he  may  yat  have  the 
benefit  of  a  suit  instituted  by  another ;  for  in  decreeing  specific  per- 
fonnoaoe,  the  court  exeoutw  the  entire  articles,  though  they  may 
embrace  limitations  to  persons  in  whose  &voar  it  would  not  have 
originally  interfered. 

2.  Next,  as  to  the  validity  of  marriage  settlstaienta  against  crediton 
snd  purchasers. 

Marriage  being  a  valuable  consideration,  tiie  circumstonoe  of  the 
settior  being  indebted,  or  even  insolvent,  at  the  time  of  the  execution 
of  the  settiementt  con  hare  no  effect  on  ita  validity,  evw  thongh  th* 
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peTsona  who  have  the  benefit  of  the  settlement  should  have  full  notice 
of  auoh  insolrenoy.  A  conveyance  or  assignment  of  property  in  con- 
sideration of  mamage  stands  on  the  same  ground  with  a  sale  for  money, 
which  is  not  affected  by  the  insolvency  of  the  vendor.  If,  however, 
the  settlor  be  a  trader,  and  a  fiat  in  bankruptcy  be  issued  against  him 
prior  to  the  execution  of  the  settlement  upon  which  he  Ib  afterwards 
duly  found  a  bankrupt,  such  settlement,  like  nil  other  conveyances  of 
the  bankrupt  under  the  same  circumstances,  will  be  void ;  and  it  would 
seem  that  a  settlement  must  in  all  cases  be  void  as  respects  the  wife, 
if  she  had  notice  of  a  prior  act  of  bankruptcy,  and  a  petition  be  filed 
within  twelve  calendar  months  after  such  act  of  bankruptcy.  (2  &  3 
Vict.  c.  11,  8.  13.) 

The  mai-riage  consideitktion  does  not  extend  or  give  the  character  of 
purohasera  to  all  persons  in  whose  favour  limitations  may  have  been 
introduced  into  the  settlement.  In  relation  to  any  other  persona  than 
the  husband  and  wife  and  the  issue,  the  settlement  is,  it  seems,  to  be 
considered  as  voluntary,  and  subject  therefore  to  the  rules  applicable 
to  voluntarj'  gifts  and  covenants. 

Settlements  made  after  marriage,  it  is  obvious,  can  derive  no  support 
from  the  consideration  of  marriage,  and  their  validity  or  invalidity  must 
therefore  depend  upon  other  circumstances. 

A  postnuptial  settlement  by  the  husband,  of  any  species  of  property 
made  in  consequence  of  a  valuable  consideration  moving  either  from 
the  wife  herself,  who  gives  up  an  interest  that  she'posseases  in  property 
over  which  she  has  a  disposing  power,  or  from  her  relations  or  friends, 
is  good  against  all  persons  whatsoever,  if  the  consideration  be  not  so 
inatiequate  as  to  raise  the  presumption  of  fraud.  And  even  in  case  of 
inadequate  consideration,  the  settlement,  it  seems,  will  be  good  to  the 
amount  of  the  consideration.  It  is  sufficient  if  the  consideration, 
though  not  paid,  is  properly  secured.  Contemporaneous  settlements 
will  in  general  be  presumed  to  have  been  made  in  consideration  of  each 
other;  and  it  seems  that  parole  evidence  of  consideration  is  admissible, 
though  none  appear  upon  the  instrument  itself. 

The  statute  13  Eliz.  c.  5,  enacts  that "  all  conveyances,  &c.,  of  lands 
and  tenements,  goods  and  chattels,  made  of  malice,  fraud,  covin,  col- 
lusion, or  guile,  for  the  intent  or  purpose  of  delaying  or  defrauding 
creditors  and  others  of  their  just  and  lawful  actions,  suits,  debts,  &o. 
shall  be  deemed  and  taken  (only  as  against  those  persons,  their  heirs, 
successors,  executors,  &c.)  to  be  clearly  and  utterly  void,  frustrate,  and 
of  none  effect;  any  pretence,  colour,  feigned  consideration,  expre^ng 
of  use,  or  any  other  matter  or  thing  to  the  contrary  notwithstanding." 
But  the  act  is  expressed  not  to  extend  to  any  interest  or  e-itate  made, 
conveyed,  or  assured,  upon  good  coTiMderation  and  bond  fide,  to  any 
person  or  persons  "  not  having  at  the  time  'of  any  such  conveyance  or 
assurance  to  them  made  any  manner  of  notice  or  knowledge  of  such 
covin,  fraud,  or  collusion  as  is  aforesaid."  Upon  this  statute  it  has 
been  dctermiued,  (1)  ThaV  if  the  settlor  be  not  indebted  at  the  time, 
the  settlemeut,  even  though  entirely  voluntary,-  is  goo4  against  subse- 
quent creditors;  (2)  That  the  mere  existence  of  debts  at  the  date  of 
the  settlement  will  not  invalidate  it  if  the  settlor  be  solvent — that  is, 
if  he  be  possessed  of  property  sufficient  for  the  payment  of  his  debts 
independent  of  the  property  so  aliened;  (3)  That  a  settlement  which 
might  havo  been  invalidated  in  the  hands  of  the  donee  will  be  good 
afj.unst  the  creditors  of  the  donor  in  the  hands  of  a  purchaser  fi-om  the 
donee  for  valuable  consideration  without  notice. 

Voluntary  obligations  not  aft'ecting  (xirticular  property,  such  as 
bond.i,  though  the  grantor  should  have  been  solvent  at  the' time  of 
making  them,  v.'ill  not,  it  seeius,  entitle  the  grantee  to  come  in  pari 
pastti  with  creditors  for  value,  who  will  always  be  preferred ;  but  the 
canvcllation  or  release  of  a  voluntary  obligiition,  if  untainted  by  fraud, 
may  form  a  valuable  consideration  for  the  convcy.iuce  of  proi>erty  or 
for  a  substituted  engagement. 

By  the  '27  Kliz.  o.  4,  all  conveyances,  j:c.,  of  lands,  tenements,  or 
hereditaments  are  declared  void  when  made  with  intent  to  defraud 
subsequent  purchasei'S  for  money  or  other  good  consideration ;  "  any 
pretence,  colour,  feigned  consideration,  or  expressing  of  any  use  or 
uses,  to  the  contrary  notwithstanding."  There  is  a  saving  of  all  con- 
veyances mode  upon  yood  contidtralion  and  bond  Jtde.  It  also  makes 
void,  as  against  the  same  persons,  all  conveyances  "  with  any  clause, 
provision,  article,  or  condition  of  revocation,  determination,  or  alteration 
at  (tho  grantor's)  will  or  pleasure,"  whether  such  clause  extend  to  the 
whole  interest  conveyed,  or  only  partially  affect  it ;  but  then  follows 
a  proviso  "  that  no  lawful  mortgage  made  bond  fide,  and  -svithout  fraud 
or  covin,  upon  good  consideration,  shall  be  impeached  or  impaired  by 
force  of  this  act."  This  statute  has  been  construed  to  extend  to  all 
voluntary  conveyances,  though  not  in  fact  made  with  intent  to  defraud, 
and  though  the  purchaser  had  notice  of  the  prior  conveyance.  The 
consequence  of  this  is,  though  probably  not  intended  by  the  framers 
of  the  Act,  that  it  is  impossible  to  make  an  irrevocable  free  gift  of 
lands  or  tenements.  / 

The  statute  27  Eliz.  c.  i,  does  not  apply  to  personal  eiitata.  It 
has  been  determined  on  thU  act,  by  analogy  to  the  determination  on 
the  lost-mentioned  act  as  to  creditors,  that  a  purchaser  from  a  volun- 
tary granteo  will  bo  preferred  lo  a  subsequent  purchaser  from  tho 
grantor.  The  g>od  consideration  mentioned  in  this  and  the  preceding 
btatute  must  bo  a  valuable  consideration  (that  is  to  say),  either  a  pro- 
perty or  marriage  consideration,  Tlte  consideration  of  Uood  has  no  appli- 
eutiou  to  either  of  those  statutes,  and  therefore  a  conveyance  made  iu  con- 
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sideration  of  "  natural  love  and  aiTection,"  as  in  the  case  of  apoftnuptial 
settlement  upon  a  wife  and  children,  is  considered,  for  the  purposes  of 
these  statutes,  as  voluntary.  It  has  been  decided,  however,  that  a  hus- 
band, having  made  a  voluntary  settlement  on  his  wife  and  children,  has 
no  equity  to  compel  specific  performance  of  his  contract  with  a  subse- 
quent purchaser;  but  ne  can  sell  the  property  which  he  has  so  settled, 
and  the  purchaser  will  have  a  good  title,  and  can  enforce  performance 
of  the  contract  for  sale,  if  the  husband  should  refuse  to  convey  the 
property. 

By  btat.  21  Jac.  I.,  c.  19,  all  voluntary  settlements  of  traders  were 
invalidated  by  their  bankruptcy,  though  they  might  have  been  solvent 
at  the  time  of  making  them ;  but  the  stat.  6  Goo.  IV.,  o.  16,  s.  78,  and 
12  &  13  Vict.,  0.  108,  s.  126,  placed  the  settlements  of  traders  on  the 
same  footing  with  voluntary  alienations  in  general. 

Property  cannot  be  settled  so  that  the  interest  taken  by  any  person 
under  the  settlement  shall  be  unaffected  by  his  bankruptcy;  but  it 
may  be  given  to  a  man  until  he  shall  become  bankrupt,  provided  there 
J8  a  gift  over  of  the  property  on  that  event.  In  the  some  manner  the 
property  coming  from  the  wife  may  bo  settled  on  the  huslmnd  so  as  to 
be  devested  on  his  bankiuptoy.  But_  when  the  property  is  the  hus- 
band's own,  it  has  been  determined  that,  though  the  olaifus  of  the 
huslMind's  creditors  might  have  been  defeated  by  a  trust  of  the  whole 
for  the  separate  use  of  the  wife,  a  limitation  of  the  property  to  the 
husband  until  his  bankruptcy,  with  a  gift  over  in  thi^  event  to  the 
wife  or  any  other  pei-son,  is  void.  Upon  the  same  principle,  a  bond  or 
other  obligation  given  by  the  husband  upon  his  marriage,  conditional 
for  the  payment  of  a  sum  of  money  to  trustees  for  his  ^vife  and  childien 
in  the  eveut  of  his  bankruptcy,  la  void  as  against  his  creditors  who 
claim  under  tho  fiat  or  adjudication,  if  he  has  received  no  portion 
with  his  wife ;  but  if  he  has  received  a  portion  with  her,  the  obliga- 
tion, being  considered  so  for  as  a  settlement  of  the  wife's  property,  will 
bo  good  .igainst  the  creditors  to  the  extent  of  it. 

3.  As  to  secret  settlements  and  agreements  in  fmud  of  the  marriage 
contract.   - 

Secret  settlements  of  her  property  made  by  the  wife  pending  the 
treaty  for  marriage,  without  the  privity  of  the  hirebaud,  arc  void  as 
against  him,  if  made  in  derogation  of  his  marital  rights ;  and  this,  it 
seems,  is  equally  true,  whether  the  huabaud  knew  of  the  existence  of 
the  property  before  the  marriage  or  not.  The  rule  applies  to  every 
species  of  gratuitous  iucumbianoe  created  by  the  wife  upon  her  XTO- 
perty  under  such  circumstances. 

The  courts  of  equity,  upon  the  general  principles  on  which  they  act 
in  cases  of  fraud,  will  set  aside  all  secret  covenants  or  agreements 
entered  into  contrary  to  the  good  faith  of  the  marriage  treaty,  and  not 
with  the  privity  of  all  the  parties  to  the  settlement,  lielief  iu  such 
oases  will  not  be  refused  even  to  a  person  who  was  a  pjirty  to  the  frau> 
dulent  transactioti  of  which  ho  complains. 

Upon  tho  samo  principle,  if  a  creditor  or  holder  of  ony  security  or 
charge  on  the  estate  of  one  who  is  engaged  iu  a  treaty  of  marriage, 
misrepresent  the  amount  of  his  debt  or  incuml^nco  to  any  of  tho 
parties  to  the  contract,  whether  for  the  purpose  of  promoting  tho 
marriage,  or  for  any  other  jpurpose,  he  will  be  bound  by  such  niis- 
reprosoutation.  Money  which  has  been  lent  to  a  woman  for  tho  pur- 
pose of  being  represented  as  her  o«tj,  cannot,  after  the  maniago,  bo 
claimed  as  a  debt  from  the  husb.'in:L 

•1.  Settlements  of  real  property  usiuilly  consist  of  limitations  of  an 
estate  or  estates  for  life  to  one  or  more  persons,  that  is  (where  tho 
settlement  is  made  on  marriage),  to  one  or  both  p:u'ents  .tnd  tliu  sur- 
vivor of  them,  with  i-cmainders  over  to  their  children.  Tiiis  is  what 
i^  called  a  limitation  in  strict  settlement.  By  this  method  tho  estate 
is  rendered  inalienable  till  the  eldest  son  of  tho  mani-.ge  attains  tho 
age  of  twenty-one,  whcu  he  can  join  with  his  father  in  barring  his  own 
estate  tail  and  all  the  remainders  over,  whereby  a  new  estate  in  fee 
simple  is  acquired,  and  the  property  may  be  settled  sc;aiu.  [Pbimo- 
OESITCUK ;  Kemaisder.]  This  was  formerly  effcctad  by  means  of  a 
common  recovery  [Rlcoveby],  but  it  is  now  etTected  by  a  deed  o-ije- 
cuted  under  the  provisions  of  3  &  4  Wm.  IV.,  c.  74.  By  this  act  fines 
and  recoveries  are  aboll.'ihed,  and  the  objects  of  thejo  old  mode.j  of 
assurance  are  now  obtained  by  a  deed  which  must  be  enrolled  in 
Chancery  within  six  mouths  after  its  execution.  As,  before  this  act, 
a  tenant  iu  tail  exi>cctant  on  a  particular  estate  of  freehold  could  only 
have  barred  his  own  issue  by  a  fine  [Fike],  unless  he  could  obtain  the 
concurrence  of  the  owner  of  the  particular  estate  in  suffering  a 
recovery,  so,  under  the  new  act,  his  power  is  eqtially  lunited,  unless 
be  can  obtain  the  ooncmrence  of  the  owner  of  tho  first  existing  cstato 
imder  tho  settlement  (whether  it  bo  for  life  or  lives,  or  any  greater 
estate,  not  being  an  estate  for  years)  prior  to  the  citato  tall,  who  is 
called  the  protector  of  tho  settlement.  The  act  contains  several  pro- 
visions for  the  pui-pose  of  ascertaining  who  shall  be  protector  in  the 
cases  of  joint  ownership,  coverture,  and  the  existence  of  estates  for 
years  or  in  dower ;  and  it  provides  for  tho  caaea  where  tho  protector 
is  a  luuatio,  or  con^'iotod  of  treason  or  felony.  The  act  also  gives  the 
settlor  power  to  appoint  by  the  deed  a  protector  of  the  settlement,  in 
Ilea  of  the  person  who  would  otherwise  have  been  the  protector.  Tho 
consent  of  the  protector  must  be  given  cither  by  the  deed  of  assurance 
or  by  a  separate  deeil,  which  must  be  enrolled  iii  the  samo  m.uiuer  as 
the  assurance  itself.  Tho  same  act  repeals  (except  as  to  settlements 
made  before  the  23th  of  August,  1S83;  the  statute  of  11  Hon.  \t\., 
'  11 
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a  20,  whereby  women  who  were  seised  of  estates  tail  of  the  gift 
of  their  husbaiida  {tjc  provuione  viri)  were  prohibited  from  alienating 
them. 

The  estates  limited  in  settlements  of  real  property  may  be  either 
legal  or  equitable.     [Uses.] 

When  charges  are  intended  to  be  created  upon  real  estate,  as  for 
jointures  or  portions  for  children,  it  is  usual  to  limit  terms  of  years 
out  of  the  estate  to  trustees  for  securing  payment  of  the  charges  by 
perception  of  the  rents  and  profits,  or  by  sale  or  mortgage  of  the 
estate  for  the  periods  so  limited.  These  terms  are  inserted  at  proper 
places  in  the  settlement,  according  to  their  objects,  among  tUo  other 
fimitations;  and  such  limitations  as  are  subsequent  to  these  terms  of 
years  in  the  order  of  arrangement,  tie  also  made  subject  to  them  in 
point  of  legal  and  equitable  inter^.  It  is  usual  to  provide  that  the 
terms  shall  cease  when  their  objects  are  accomplished  or  become  un- 
necessary or  incapable  of  taking  effect.  " 

Estates  for  lives  and  terms  for  years  are  incapable  of  being  entailed  ; 
but  they,  aa  well  as  personal  property  of  any  kind,  may  be  settled  in 
trust  as  effectually,  and  so  as  to  be  inalienable  for  as  long  a  time  as 
estates  of  inhcrituice.  The  property  in  such  settlements  is  usually 
assigned  to  trustees  in  trust  for  the  husband,  or  for  the  husband  and 
%vifB  for  his  or  their  life  or  lives  and  the  life  of  the  survivor;  and  then 
in  trust  for  the  first,  and  other  sons  severally,  and  the  heirs  of  their 
bodies.  This  limitation  vests  the  absolute  interest  in  the  eldest  son, 
who  will  be  entitled  to  dispose  of  the  property  upon  his  attaining  the 
ogo  of  twenty-one ;  but  in  order  to  provide  for  the  event  of  the  eldest 
eon  dying  under  age  and  without  issue,  in  which  ca.se  his  interest 
would  otherwise  vest  in  his  father,  if  alive,  as  his  heir  or  next  of  kin, 
it  is  usual  to  introduce  a  proviso  that  the  property  shall  not  vest 
absolutely  in  any  son  dying  under  the  age  of  twenty-one  years  and 
without  issue ;  and  it  has  been  determined,  that,  in  construing  settle- 
lucntfi  of  both  real  aud  personal  property,  when  the  real  estates  are 
limited  in  strict  settlement,  and  the  personal  property,  according  to  a 
form  frequently  adopted,  upon  and  for  the  same  trusts,  estates,  and 
purposes  as  the  freeholds,  as  far  as  the  law  will  permit,  a  proviso  of 
the  kind  above-mentioned  is  to  be  uudei-stood. 

There  is  no  restriction  as  to  the  number  of  life  estates  which  may 
be  limited  in  settlements  to  take  effect  in  succession,  provided  the  per- 
sona bo  all  in  existence  at  the  date  of  the  settlement ;  for,  in  point 
of  fact,  this  amounts  to  no  more  than  an  estate  for  the  life  of  the 
survivor. 

Thus  it  appears  that  real  or  personal  property  may  be  settled  so  aa 
to  be  inalienable  for  a  life  or  any  number  of  lives  in  being,  and 
twenty-one  years  after.  To  this  must  be  added  a  period  of  nine 
months,  whifh  is  allowed  for  the  birth  of  a  posthumous  child  in  cases 
where  gestation  exists.  As  the  period  of  twenty-one  years  was  no 
doubt  adopted  oiigiually  with  reference  to  the  term  of  minority, 
■«  hich  must  elapse  before  an  estate  tail  could  be  barred,  it  was  formerly 
thought  that  this  period  could  not  at  all  events  bo  added  to  an 
executory  trust;  but  it  is  now  settled  othenviee.  All  restraints  on 
alienation  beyond  the  above-mentioned  limits  are  void,  aa  tending  to 
what  is  calkd  in  law  a  perpetuity ;  and  all  the  subsequent  limitations, 
if  ccntingent,  are  also  void.  The  same  rules  are  applicable  to  execn- 
tory  devises,  and  springing  and  shifting  uses  [Wills  ;  Uses]  ;  but  not 
to  remainders  limited  to  take  ellect  after  estates  toil,  which  are  not 
subject  to  any  restriction;  because,  as  such  limitations  may  bo 
defeated  at  any  time  by  barring  the  estates  tail,  they  can  have  no  ten- 
dency to  a  perpetuity. 

The  forms  of  settlements  may  be  varied  according  to  the  objects 
and  intentions  of  the  parties,  and  the  construction  of  the  articles 
upon  which  they  are  founded.  The  principle  upon  which  a  Court  of 
Equity  acts  in  executing  marriage  articles,  is  to  look  rather  to  the 
intentions  of  the  parties  as  deducible  from  the  circumstonces,  than 
to  the  literal  meaning  of  the  words  employed  by  them.  Thus,  when 
the  words  used  in  articles  concerning  the  settlement  of  real  estote  are 
such  aa  would  give  the  father  an  estate  tail,  and  thereby  enable  him 
to  defeat  the  settlement,  the  court  will  in  general  direct  limitations  in 
strict  settlement  to  be  executed,  under  which  the  father  will  toke  a 
life  estate  only.  Upon  the  same  principle,  even  though  a  deed  of  settle- 
ment has  actually  been  executed  after  maniage,  if  it  appear  to  be  in 
any  respects  inconsistent  with  the  letter  or  spirit  of  the  ante-nuptial 
articles,  the  court  will  rectify  it. 

Questions  frequently  arise  as  to  what  powers,  covenants,  and  pro- 
visos are  to  be  introduced  into  marriage  settlements  made  in  pursuance 
of  executory  trusts,  whether  created  by  articles,  wills,  or  other  instru- 
ments. The  determination  of  these  depends  entirely  upon  tho  rules 
of  construction  as  applied  to  each  particular  case. 

Of  the-  powers  usually  introduced  into  settlements  of  real  estote, 
the  most  importout  are — powers  of  jointuring  and  raising  por- 
tions ;  powers  of  leasing  aud  management ;  and  powers  of  sale  aud 
exchange. 

Where  the  wife,  upon  whose  marriage  the  settlement  is  made,  does 
not  take  a  life  interest  in  tho  estate  in  the  event  of  surviving  her 
husband,  provision  is  usually  nude  for  her  by  way  of  jointure  in  bar 
of  dower.  [Jointure  ;  Dowkb.]  In  addition  to  this,  powers  are 
frequently  introduced  to  enable  the  husband,  in  case  of  his  surviving 
his  wife,  and  mairying  again,  and  sometimes  also  tho  other  tenants  for 
life  under  the  settlement,  to  make  provision  for  their  widows,  by  way 


I  of  jointure,  whii^i  the  nature  of  'their  estote  would  not  haro  other- 
wise entitled  them  to  do.  Powers  of  jointuring,  and  powers  for 
charging  the  estote  with  portions  for  the  benefit  of  the  younger 
children  of  the  then  existing  or  a  future  marriage,  will  not,  it  seema, 
be  inserted  in  settlements  executed  under  the  direction  of  a  Court  of 
Equity,  without  clear  authority  for  them  in  the  articles ;  for  without 
such  authority  the  court  can  have  no  dato  by  which  to  regulate  the 
quantum  of  interest  to  be  token  by  the  doueeg. 

Powers  of  leasing  for  the  usual  term  of  twenty-one  years  are  essen- 
tial to  the  management  of  an  estote,  aud  \vill  be  considered  a.% 
authorised  by  the  use  of  the  most  general  expressions  in  the  articles  ; 
or  perhaps  introduced  as  a  matter  of  course ;  but  a  power  to  giant 
buUding  leases  will  not,  it  seems,  be  implied  without  express 
authority. 

Powers  of  sale  and  exchange  are  also  considered  aa  usual  powers  in 
a  settlement,  and  will  be  authorised  by  tho  use  of  very  slight  expre.!- 
sions  in  the  articles. 

In  settlements  of  personalty,  where  the  property  is  assigned  to 
trustees,  they  are  empowered  to  invest  and  lay  out  the  funds,  and  abu 
to  vary  the  securities  from  time  to  time.  After  the  declaration  of 
trusto  for  the  husband  and  wife  and  children,  such  settlemento  usually 
contain  powers  of  providing  for  the  maintenance,  advancement,  and 
education  of  the  children  who  are  or  may  become  entitled  to  shares  iu 
the  funds  under  the  preceding  trusto.* 

Settlemento  both  of  real  and  personal  estote  usually  conclude 
with  what  are  called  trustee  clauses,  that  is  to  say,  clauses  which 
enable  tho  trustees  to  give  effectual  receipts;  to  provide  for  the 
appointment,  when  needful,  of  new  trustees;  for  the  indemnity  of 
the  trustees  against  involuntary  losses ;  and  for  the  payment  of  tiicir 
expenses.  ' 

Marriage  settlemento  sometimes  contoin  covenante  to  settle  par- 
ticular lands;  covenants  to  settle,  or  to  purchase  aud  settle  Umda 
of  a  certoiu  value,  or  future  real  estote ;  covcuiuto  to  settle  prteent 
or  future  personalty ;  and  covenanto  by  parento,  on  the  marriage  of  ono 
of  their  children,  to  leave  to  that  child  an  e<iual  or  some  proportionate 
share  with  the  rest. 

The  covenant  to  settle  particular  lands  of  course  binds  heirs,  devi- 
sees, and  all  into  whoso  possession  the  lands  come,  except  a  purcliaBcr, 
for  valuable  consideration  without  notice ;  and,  in  case  of  the  lands 
beiug  Bo  alienated,  satisfaction  may  be  claimed  out  of  the  general  assets 
of  the  covenantor. 

Questions  frequently  arise  upon  covenanto  to  settle,  or  to  purchase 
and  settle  lands  of  a  particular  value,  as  to  what  omounto  to  per- 
formance. On  this  point  the  following  positions  appear  to  be  csto- 
blished:  — 1.  AVhere  the  covenantor  has  no  lands  at  the  time,  any 
purchase  he  may  afterwards  make  will  be  presumed  to  have  been  m-odc 
in  pursuance  of  the  covenant;  2.  It  seems,  though  there  .are  conflicting 
authorities  upon  tho  point,  that  if  the  covenant  be  to  tettU,  and  the 
covenantor,  having  at  tho  time  lands  adequate  to  the  performance  of 
the  covenant,  die  without  making  any  purchase,  the  lands  which  he, 
had  at  tho  time  will  be  bound  to  the  extent  of  the  covenant ;  3.  AVlioro 
the  covenant  is'  to  purehaae  and  settle,  it  seeqjs  that  no  lands  of  which 
the  covenantor  is  8cL<od  at  the  time  will  be  affected,  but  all  after-pur- 
chased Linds  will  be  atibcted  to  the  extent  of  the  covenant. 

Covenanto  to  settle  future  real  cstoto  of  which  tho  husband  shall 
become  seised  during  the  marri.igo,  or  during  his  life,  do  not  afffct 
lands  of  which  the  covenantor  is  then  seised,  but  extend  to  all  after- 
acquired  lands,  even  to  such  as  come  to  the  husband  under  the  pru- 
visions  of  the  deed  of  settlement. 

Covenanto  to  settle  present  or  future  personalty  are  considered  as 
applying  to  capital  only,  not  to  income.  If  real  estote  should  havo 
been  purchased  with  the  personalty  subject  to  such  a  covenant,  tho 
land  is  not  bound  in  tpeeie  by  the  covenant,  but  is  charged  with  the 
money  invested  iu  the  purchase. 

Covenanto  to  leave  one  child  an  equal  or  proportionate  share  with 
the  rest,  attoch  only  upon  that  portion  of  the  settlor's  property  which 
may  remain  at  the  time  of  his  death.  The  parent  may  therefore  malco 
an  absolute  gift  of  any  p.'>rt  of  his  property  in  hi«  lifetime  to  another 
child  without  committing  any  brc-ich  of  his  covuuimt;  but  a  gift 
reserving  any  interest  to  himself  is  a  breach  of  it.  Tho~benefit  of 
such  a  covenant  is  confined  to  children  living  at  the  death  of  the 
parent. 

5.  Marriage  is  not  an  absolute  gift  to  the  husband  of  tho  wife's 
personal  estate,  but  only  entitles  him  to  so  much  of  it  as  he  may  have 
reduced  into  possession,  assigned  or  released  during  his  hfctimo. 
Accordingly,  questions  frequently  arise  upon  settlemento  as  to  the  tiilc 
of  the  husband,  tmder  tliem,  to  the  whole  of  his  wife's  fortune. 
Upon  this  point  the  following  propositions  appear  to  be  cstoblifhcd  : — 
1.  The  antenuptial  settlement  of  property  ra.ade  by  the  husband  ujion 
tho  wife,  in  consideration  of  her  fortune,  entitles  him  only  to  her  tktu, 
and  not  to  the/udo-e  pei'sonol  projjcrty;  2.  That  If  a  part  only  of  her 
fortune  appears  to  have  been  stipulated  fur,  the  residue  of  what  the 
then  has,  or  what  may  aftorwards  accrue  to  her,  will  not  belong  to  tho 
husband;  3.  That  when  it  appears  from  tho  settlement,  either  ex- 
pressly or  by  implication,  that  tho  agreement  was  for  tie  whole  of  tho 

*  Similar  clauses  arc  contained  in  scUlomrnta  of  real  estate,  wheie  there  are 
triuts  fur  raising  porllons. 
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wife's  present  and  future  personal  estate,  the  husband,  or  bis  personal 
representative  (in  ease  of  bis  piwleccasiug  hia  wife),  will  be  entitled 
to  claim  the  whole  under  tlic  coutract. 

When  the  husband  has  not  entitled  himself  by  contract  to  the  chosts 
in  action  of  the  wife,  there  is  no  bar  to  his  getting  possession  of  such 
of  them  as  ai«  recoverable  at  law ;  but  if  he  require  the  Oissiatance  uf  a 
Court  of  Equity  for  the  recovery  of  them,  and  the  wife  does  not  con- 
sent to  his  obtaining  the  whole,  that  court  will  not  lend  its  aid,  except 
upon  the  terms  of  the  husband's  making  a  provision  for  the  wife  artd 
her  children,  by  way  of  settlement,  out  of  the  fund.  Most  frequently 
one  half  of  the  fund  is  directed  to  bo  settled,  but  the  proportion  given 
in  each  case  depends  upon  the  circumstances,  though  it  never  amounts 
to  the  whole.  The  rules  of  the  Court  of  Equity  iu  directing  settlements 
out  of  the  wife's  equitable  diota  in  action  are  the  same,  whether  the 
applicatioil  to  it  is  made  by  the  husband  himself  or  by  his  creditors. 
Settlements  out  of  the  wife's  equitable  chota  in  action,  when  made  by 
the  husband,  are  no  less  valid  against  his  creditors  than  when  made 
under  the  direction  of  the  court ;  and  even  a  settlement  by  him  of  the 
entire  fund,  which  the  court  would  not  have  directed,  has  in  some 
c-tses  been  held  valid  against  his  creditors;  though  tbe  decisions  in 
those  cases  seem  hardly  cousiatent  with  the  law  as  laid  down  under 
the  13  Eliz.,  c.  5.  It  should  be  added,  that  now  by  the  stat.  20  &  21 
Vict,  c.  67,  a  married  woman  is  empowered  to  release,  with  the  concur- 
rence of  her  husband,  her  equity  to  a  settlement  iu  property  to  which 
she  may  beentitled  under  any  deed  dated  subsequently  to  December 
31, 1857;  also  to  dispose  of  reversionary  interests  under  such  settle- 
ments. But  these  enactments  do  not  interfere  with  the  principles 
above  stated.  (Sepabate  Use;  Bright  on  ffuiband  and  Wife.) 

SEVENTH,  in  music,  a  dissonant  interval,  of  which  there  are  three 
kinds, — the  minor  or  ordinary  seventh,  from  o  to  F ;  the  diminished 
seventh,  from  c  sharp  to  B  flat;  and  the  major  or  sharp  seventh,  from 
c  to  v.    Ex. : 


For  the  eko)^  of  the  seventh,  its  inveisions  and  treatment,  see 
Chord. 

SEWERS.  In  its  original  acceptation,  the  word  Sewers  meant 
simply  the  banks,  or  sea-weirs,  erected  for  the  purpose  of  protecting 
the  low  lands  by  the  sides  of  tidal  rivers,  from  the  effects  of  inunda- 
tions or  high  tides ;  but,  by  extension,  the  word  has  been  applied 
firstly  to  all  artifioial  channels  which  discharge  the  surface  drainage 
of  lands  on  a  comparatively  speaking  high  level  into  a  natural  water 
course,  by  outlets  on  its  shores  (whence  the  old  synonymo  for  sewer, 
ihore) ;  and  of  late  years  the  word  has  been  so  exclusively  applied  to 
tbe  subterranean  artificial  water-courses  of  towns  destined  to  relieve 
them  of  both  the  surface  drainage,  and  the  liquid  refuse  of  the  houses, 
88  to  have  caused  the  original  meaning  to  be  entirely  lost  sight  of. 
It  is  however  so  convenient  to  adopt  a  special  nahie  for  town  drains, 
and  the  modem  sense  of  the  word  eewcr  is  so  nniveisally  received,  that 
in  the  succeeding  remarks,  it  will  be  exclusively  so  employed ;  or,  in 
other  words,  whenever  ttKer  is  used,  it  will  be  in  the  sense  "  of  an 
artificial  channel  for  the  removal  of  surface,  subsoil,  or  house  watere." 

The  earliest  recorded  instances  of  tbe  use  of  sewers  is  in  the  pal.ice 
of  Nimroud,  and  in  the  more  celebrated  Cloaca;  of  ancient  Rome ;  but 
none  of  the  drains  of  this  description  executed  by  the  ancients  were 
used  for  the  purposes  to  which  they  are  applied  in  the  more  highly 
civilised  coimtries  of  modern  times.  The  cloaca  maxima  itself  was 
formed  for  the  purpose  of  draining  the  Campus  ifartius,  and  the  low 
swampy  lands  between  the  Seven  Hills,  in  precisely  the  same  manner 
that  the  £gout  de  ceinture  of  Paris  drains  the  valley  of  the  Marais, 
Menilmontant,  and  Montmartre  of  that  city ;  and  though  no  doubt  the 
house  waters  of  the  capital  of  the  ancient  world  found  their  way 
eventually  into  this  huge  drain,  it  is  notoriotis  that  the  Romans  never 
were  acquainted  with  tlie  modes  of  house  sewerage  we  have  lately 
appliecL  One  of  the  first  legislative  enactments  of  modem  times  on 
the  subject  of  sewers  was  an  act,  0  Henry  II L  (about  1225),  which 
was  followed  by  others,  6  Henry  VI. ;  8  Henry  VI. ;  4  Henry  VII. ; 
6  Henry  VIII. ;  and  the  whole  of  the  legislation  then  prevailing  was 
carefully  reviewed  and  condensed,  by  Sir  Thomas  More,  in  the 
eolebi-ated '  Bill  of  Sewers,'  which  became  law  in  25  Henry  VIII.  (or  in 
1-531).  In  France  attention  had  also  been  direjAed  to  the  subject  of 
the  drain.ige  of  the  capital  towards  the  close  of  the  mediieval  period, 
for  iu  1412  the  grand  £gout  de  ceinture  (then  called  the  ruisseau  de 
Menilmontant)  was  built;  and  in  1550,  Phililwrt  de  I'Orme  was 
instructed  to  examine  and  improve  the  drainage  of  Paris.  The  govern- 
ments of  both  England  and  France  continued  from  these  periods 
actively  to  interfere  with  the  regidation  of  these  important  works; 
but,  in  accordance  with  the  respective  idio^yncracies  of  the  two 
nations,  the  courses  adopted  were  essentially  difierent.  In  the  one 
ease,  the  power  was  handed  over  to  local  commissions ;  in  the  other,  it 
was  retained  exclusively  in  the  hands  of  the  central  government ;  the 
con.scquence  being,  as  might  have  been  expected,  that  in  the  farmer 
CTSe  there  was  displayed  much  irregular  energy  and  enterprise,  in  the 
latter  there  was  displayed  a  singuhu'  amount  of  scientific  indifference. 
Without  dwelling  on  this  political  part  of  the  questions  connected 


with  the  execution  of  public  works,  it  is  to  bo  observed  that  ultimately, 
about  the  year  ISS-l,  there  were  no  less  than  eight  separate  com- 
missions entrusted  with  tho  superintendence  of  the  sewerage  and 
drainage  of  London ;  and  so  great  were  tho  evils  then  found  to  result 
from  the  variety  of  practice  tolerated  by  tho  different  boards,  and^from 
their  discordant  jurisdictions,  that  at  last,  after  many  efforts,  the  local 
boards  were  suppressed,  and  in  1848  the  "  Metropolitan  Commissioners 
of  Sewers  "were  appointed,  with  extensive  powers  over  the  whole  of 
tho  Metropolis.  A  few  years  Liter  the  management  of  the  sewerage 
of  tho  Metropolis  was  transferred  to  the  Metropolitan  Board  of 
Works  instituted  by  the  Act  of  18  &  19  Vict.  c.  120  (passed 
14th  August,  1855).  The  sewerage  of  the  provindal  towns  of 
England  is  now  either  left  under  the  control  of  the  local  paving 
and  draining  commissions,  or  of  the  municipal  corporations  acting 
under  special  acts  of  parliament;  or  it  is  carried  on  under  a  species 
of  government  superintendence,  under  tho  powers  of  the  Public 
Health  Act,  11  &  12  Vict,  a  63  (passed  31st  August,  1848),  which  has 
been  limited  by  the  passing  of  some  subsequent  acts,  such  as  the  Act 
of  1854,  and  the  local  government  act  of  1858.  In  France  the 
administration  of  the  laws  regulating  the  jQgouta  remains  under  the 
control  of  the  Department  of  Public  Works,  and  the  Municipalities 
have  practically  no  power  over  the  matter. 

Uutil  a  very  recent  period,  the  subterranean  channels  of  London 
were  exclusively  used  a«  drains  for  the  removal  of  surface,  subsoil,  and 
ordinary  house  waters ;  and  the  discharge  "  of  any  filth  or  soil  into  any 
common,  or  public  drain,  or  sewer"  was  even,  by  the  Act  57  Geo.  III. 
c.  29,  made  punishable  by  a  fine.  Subsequently  to  that  period,  how- 
ever, the  universal  application  of  the  water  closet  system  has  forced 
tbe  various  authorities  connected  with  the  sewers  to  tolerate  iu  the 
first  place,  and  finally  to  regulate,  the  discharge  of  the  excreta  of  the 
inhabitants  of  towns  into  the  sewers.  To  such  an  extent  does  this 
now  take  place,  that  the  modem  use  of  those  subterranean  channels 
has  become  of  infinitely  more  importance  than  the  original  one,  and 
the  word  "  sewerage,"  or  sewage,  has  been  invented  for  me  purpose  of 
expressing  the  waters  employed  for  the  removal  of  house  refuse  of  the 
description  alluded  to.  Unfortunately  the  legislature  has  hitherto 
neglected  to  direct  its  attention  to  the  evil  produced  by  tho  new 
system,  by  thus  discharging,  eventually,  the  whole  of  the  town  refuse 
into  the  natural  water  courses  of  the  countiy ;  and  though  no  doubt 
many  of  the  details  of  the  sewerage  of  our  towns  have  of  late  years 
been  much  improved,  much  still  remains  to  be  done,  not  only  for  the 
purpo.sc  of  seeming  the  purity  of  tho  rivers  and  strciims,  but  also  for 
the  useful  application  of  tho  fertilising  matters  now  so  sadly  wasted. 

One  advtmtage  appears  to  have  resulted  from  the  discussions 
which  have  taken  pLtco  with  respect  to  the  legislative,  administra- 
tive, and  executive  measures  required  to  meet  ^e  case  of  the  metro- 
politan sewerage,  namely,  that  at  lost  many  of  the  exclusive  theories 
propounded  by  the  admirers  of  hydraulic  engineering,  as  it  is  not 
practised  by  eminent  hydraulic  engineers,  have  Deen  set  aside ;  whilst 
all  that  was  good  in  the  technical  modes  of  operation  introduced  by 
this  new  school  has  been  retained.  At  the  present  day  the  principles 
most  generally  admitted  as  being  applicable  iu  designmg  a  complete 
system  of  to\%'n  sewerage  may  be  stalled  to  have  been  elicited  from  thir 
(Uscussious  thus  referred  to,  and  to  be  as  follows,  in  all  normal  cases  at 
least.  It  must,  however,  be  understood  that  they  are  based  upon  the 
supposition  that  the  ton-n  in  question  is  in  a  thriving  condition,  and 
likely  to  double  its  population  in  fifty  years ;  that  its  rehef  is  such  as 
to  afiord  tolerably  favourable  rates  of  inclination  in  the  main  sen-ers ; 
an4  that  there  is  a  good  water  supply  to  every  house.  The  rain-flow 
to  be  provided  for  from  the  paved  and  non-absorboit  parts  of  the  town, 
may  be  taken  at  about  i  inch  in  24  hours  if  proper  storm  overflows 
can  be  obtained ;  that  from  open  gardens,  cultivated  lands,  &c,  may 
vary  according  to  the  nature  of  the  soil,  from  J  inch  to  ^  an  inch 
per  day  Uuder-ground  springs  must  be  allowed  for,  if  they  should 
exist  iu  any  serious  quantities,  as  is  frequently  tho  case  in  towns 
situated  upon  the  outcrop  of  a  geological  stratum,  or  upon  a  bed  of 
permeable  materials  surrounded  by  high  lands  able  to  drain  into 
them.  In  some  cases,  the  latter  condition  may  even  require  that  a 
system  of  intercepting  drains  should  be  formed,  so  as  to  isolate  the 
area  of  the  town  from  the  hydrographical  basin  surrounding  it,  and  to 
confine  the  seiverage  operations  to  that  especial  purpose. 

These  conditions  premised,  before  settling  the  dimensions  of  the  main 
sewers,  it  is  necessary  to  divide  the  town  into  sections  corresponding 
with  the  great  physical  divisions  of  the  district,  and  to  ascertain  for 
each  of  the  latter  :  1,  the  area  to  be  relieved ;  2,  its  actual  and  prospec- 
tive population ;  3,  the  amount  of  tho  house  sewerage  it  would  be 
likely  to  furnish  (this  is  usually  at  the  rate  of  5  or  7  cubic  feet  per 
iudividuol,  and  it  is  found  that  at  least  one-fourth  of  that  quantity  is 
discharged  between  the  hours  of  eleven  and  one,  so  that  it  is  advisable  to 
calculate  the  house  sewerage  at  nearly  1  cubic  foot  per  head  per  hour) ; 
4,  the  ram-fiuw;  5,  the  length  of  the  sewer,  and  the  inclination  it  would 
be  possible  to  give  to  its  invert,  because  the  two  last  named  conditions 
will  affect  the  dimensions  of  .the  cross  section.  As  to  the  house  sewers, 
it  is  useless  to  attempt  to  proportion  their  area  and  fall  to  the  quantity 
of  waters  they  may  discharge,  because  it  has  been  found  practically  that 
the  public  in  general  is  so  careless  in  its  manner  of  treating  those  sewers, 
that  anything  less  than  a  6-iueh  pipo  drain  will  infaltibly  be  choked 
within  a  very  short  time.    So  long-  as  the  pipe  drains  thus  referred  to 
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run  under  the  houses  themselves,  they  should  bo  jointed  in  cement> 
and  under  all  circumstances  they  ^ould  be  without  junctions  at  right 
angles.  The  highest  point  of  the  sewer  should  be  laid,  if  possible,  at 
2  feet  at  least  below  the  lowest- part  of  the  basement  story  it  is  in- 
tended to  drain ;  and  it  would  be  desirable  to  make  the  longitudinal  fall 
about  1  in  65  >;  the  house  sewers  should  be  made  perfectly  impermeable, 
and  if  any  land  Bprings  should  happen  to  occur  in  the  surface  occupied 
by  the  house  they  should  be  canicd  off  by  a  special  system  of  draina 
In  order  to  guard  against  the  flooding  of  basements,  by  any  accidental 
acoumulatiou  of  waters  in  the  main  sewers,  it  is  desirable  that  the 
connection  between  them  and  the  house  sewers  should  be  effected  at  a 
small  height  above  the  upper  line  "of  the  invert  of  -  the  mam  sewers ; 
but  care  must  be  taken  to  prevent  the  formation  of  an^  ctirrent,  or  of 
any  obstruction,  able  to  produce  a  deposit  ne.nr  the  point  of  junction. 
Especial  precautions  must  be  taken  to  trap  all  communications  with 
tho  sewers  which  might  otherwise  admit  the  escape  of  gases  into  the 
house ;  all  rain-water  pipes  should  discharge  their  waters  into  the 
tiX^pcr  ends  of  the  sewers,  if  possible ;  and  under  some  circumstances  the 
rain-water  pipes  may  be  wade  to  serve  as  ventilators  to  the  sewers, 
when  their  joints  are  remarkably  well  made,  and  the  heads  are  fixed 
above  every  opening-  of  the  house.  One  of  the  favourite  theories  of 
the  late  General  Board  of  Health  was  to  the  effect,  that  what  was  then 
called  "  combined  back  drainage"  (or  the  connection  of  a  number  of 
suiall  houfe  sewers  at  the  back  of  the  blocks  of  houses,  with  other 
tmall  sewers  of  an  area  barely  sufficient  to  discharge  the  united 
amounts  of  sewerage),  was  the  cheapest  and  best  method  of  removing 
those  waters ;  but  so  many  serious  inconveniences  have  been  found 
practically  to  attach  to  this  system,  that  at  the  present  day  it  is 
generally  abandoned,  and  tho  house  sewers  are  almost  always  carried 
directly  from  each  house  into  the  main  sewers  in  front  of  them. 

In  the  c-Eecution  of  the  street  sewers  (the  sub-mains,  in  fact,  of  the 
sewerage  of  a  town),  care  must  be  tak^  that  their  dimensions  should 
he  sufficient  to  carry  off  any  occasional  storms ;  that  means  should 
be  provided  for  the  easy  examination  and  repair  of  the  works ;  and 
that  no  obstacle  should  be  presented  of  a  nature  to  pravoke  a  deposit 
of  the  matters  brought  from  the  houses,  or  from  the  streets  themselves. 
The  jimctions  of  the  house  sewers  should  be  made  with  curves  of 
considerable  radius ;  the  surface  waters  from  roads  and  streets  must 
be  received  in  trapped  cesspools,  so  constructed  as  to  intercept  all 
solid  matters,  and  to  collect  the  fine  mud  washed  from  those  surfaces 
in  an  available  form,  because  it  is  often  of  commercial  value  as  a 
manure;  the  ventilation  of  the  sewera  muet  be  effected  in  such 
wise  as  not  to  inconvenience  the  dwellers  in  the  neighbom-ing  houees, 
and  for  this  purpose  it  is  preferable  to  insert  ventilating  holes  in 
the  middle  of  the  roadway,  whilst  the  side  gullies  should  be  cire- 
fuUy  trapped;  and  side  entrances  with  flushing  gates,  or  other 
iiiachinery,  must  be  provided  according  to  the  local  peculiarities 
of  the  sewer.  The  principles  which  regulate  the  size  and  the  materials 
of  street  sewers  are,  firaUy,  that  the  smallest  possible  frjctioual  area 
should  be  presented  to  the  flowing  cuiTent,  and  that  the  water  should 
How  without  being  under  pressure ;  secondly  that  the  actual  channel 
for  the  sewerage  should  be  impermeable,  but  there  are  some  cases  in 
which  it  is  actually  desirable  that  the  sewer  should  give  free  passage 
U>  the  land  waters  at  levels  above  the  line  of  their  own  maximum 
flow.  Now  of  all  forms  of  cross  section,  a  semicircle  is  the  one  which 
presents  the  smallest  frictional  area ;  and  it  may  be  laid  down  aa  a 
law  that,  in  most  oases,  the  impermeable  cylindrical  stone-ware  pipes 
are  the  best  materials  which  can  be  employed  for  street  sewers,  pro- 
Tided  their  dimensions  .ire  not  required  to  exceed  2. feet  in  diameter ; 
beyond  that  diameter,  however,  it  is  difficult  to  obtain  pipes  of  a 
sound  character,  and  they  become  more  expensive  than  brick  culverts 
.of  tlie  same  area.  There  is  another  consideration  which  also  requires 
to  be  Liken  into  account,  in  cases  wherein  the  diameter  of  the  water- 
course exceeds  2  feet,  namely,  that  it  frequently  becomes  necessary  to 
cleanse  them  by  hand  labour.  A  man  can  crawl  through  an  oval 
channel  2  feet  wide  by  2  feet  6  inches  high,  so  that  tffose  dimensions 
may  be  taken  as  the  minima  ones  for  street  sewers  in  districts  where 
it  would  be  difficult  or  objectionable  to  open  the  roadways;  and 
sewers  of  such  forms  ore  far  more  conveniently  made  in  brickwork, 
than  in  stone-ware  pipes.  Briokwork  sewers,  moreover,  present  the 
advantage  of  allowing  lateral  junctions  to  be  made  more  easily  than 
would  be  the  case  with  stone-ware  pipes.  The  sizes  of  street  sewers 
usually  adopted,  when  the  requisite  dimensions  exceed  an  area  equal 
to  that  of  a  semicircle  of  2  feet  in  diameter,  are  (the  transverse  section 
being  now  made  of  an  egg  shape)  either  3  feet  8  inches  deep,  by  2  feet 
wide  at  the  minor  axis ;  4  feet,  by  2  feet  6  inches ;  4  feet  9  inches,  by 
3  feet ;  5  feet  6  inches,  by  8  feet  3  inches.  The  dimensions  of  such 
sewers  as  the  Fleet  sewer  of  course  cannot  be  brought  under  any 
normal  law,  for  it  drains  an  area  of  not  less  than  4400  acres,  half  of 
which  is  covered  by  houses,  and  has  been  known  to  run  with  a  stream 
of  not  less  than  108  feet  superficial  area.  The  best  velocity  of  the 
flow  in  street  sewers  is  about  1 J  to  2  miles  per  hour,  and  the  rote  of 
inclination  of  the  bed  should  as  far  as  possible  be  made  equal  to 
1  in  240 ;  below  th.%t  inclination  it  becomes  necessary  to  flush  the, 
sewers  from  time  to  time,  in  order  to  keep  them  clear.  The  junctions 
of  street  sewers  with  one  another  should  be  made  with  their  centre 
lines  of  invert  on  the  same  level;  the  junctions  of  these  sewers 
with  the  main  sewers  should,  however,  take  place  so  that  the  centre 


line  of  the  latter  should  be  a  few  inches  below  those  of  the  branch 
sewers. 

As  freqvient  allusion  has  been  made  to  the  land  waters  it  is  often 
requisite  to  remove  by  the  means  of  sewers,  it  may  be  as  well  to 
obser\'e  that  unless  drains  should  he  laid  down  for  the  express  purpoao 
of  relieving  the  subsoil  of  those,  waters,  or  unless  there  should  exist 
some  natural  outlet  for  them,  the  main  and  sub-main  sewers  should  be 
made  either  with  inlet  holes  or  of  partially  permeable  materials  above 
the  level  of  the  ordinary  storm  flow  of  the  sewerage..  Sufficient 
attention  is  rarely  paid  to  this  condition  of  the  soil  of  sandy  or  of 
gravelly  districts,  and  it  frequently  happens  that,  in  towns  wherein  a 
good  system  of  house  sewerage  exists,  the  basements  are  flooded  "by  the 
land  waters,  because  the  latter  cannot  find  their  way  into  the  imper- 
meable main  sewers.  When  the  feeding  grounds,  *o  to  speak,  of  the 
springs  are  extensive,  the  best  course  certainly  is  to  isxecute  an  inter- 
cepting drain,  so  as  to  separate  the  inhabited  area  of  the  formation 
from  the  open  soil  of  the  countiy.  An  instance  of  the  evil  thus 
alluded  to  is  to  bo  found  at  Southampton,  and  another  in  the  quartier 
Montmortre  in  Paris;  and  in  both  of  them  the  inundations  of  tite 
basements,  after  long-continued  wet  weather,  are  often  productive  of 
serious  evils.  Perhaps  it  may  be  desirable  to  cite,  as  an  additional 
reason  for  preferring  the  construction  of  a  special  system  of  intercepting 
or  land  drainage  for  the  removal  of  tho  springs,  that  when  they  are 
removed  by  the  agency  of  the  sewers  there  is  a  possibility  that  the 
foul  waters  flowing  in  the  latter  may  permeate  the  hmd  around  them 
at  certain  seasons.  As  a  general  principle  it  would  unquestionably  be 
preferable  to  confine  the  drains  and  fewere  to  theuf  respective  functions ; 
but  in  this,  as  in  all  coses  connected  with  practical  engineering,  local 
considerations  may  often  render  it  prudent  to  modify  absolute  theoretical 
laws.  It  is  worthy,  however,  of  especial  remark  that  the  formations 
which  are  thus  exposed  to  become  charged  with  underground  waters, 
are  characterised  by  the  frequency  and  the  violence  of  the  typhoidal 
fevers  which  prevail  amongst  the  tovra  populations  located  upon  them. 
As  a  limitary  measure,  the  drainage  of  such  lands  is  nearly  as  important 
as  the  sewerage  of  the  houses  ^nd  streets  can  be. 

The  main  drains  of  a  system  of  town  sewerage  are  of  oonrse  to  be 
calculated  as  to  their  dimensions  upon  the  s.ime  principles  as  the  sub- 
mains  ;  that  is  to  say,  they  must  be  proportionate  to  the  area,  the  rain 
flow,  and  the  amount  of  sewerage,  to  be  dealt  with.  The  waters 
coming  mto  the  mains  ore  usually  animated  by  a  velocity  rather  in 
excess  of  the  one  which  would  he  requisite  to  maintain  the  rate  of 
flow  necessary  to  prcsen'e  a  clear  channel  for  the  larger  volume  of 
water  in  the  united  stream ;  ond  from  the  ordinary  laws  of  hydro- 
dynamics it  follows  that  the  inclinations  of  the  main  sewere  may  with- 
out inconvenience  be  made  less  than  those  of  the  (ub-main  sewers.  It 
ia,  howeverj  desirable  to  keep  the  inclinations  of  the  former  at  least 
at  the  rate  of  1  in  500,  though  occasionally  when  great  facilities  for 
examination  and  repair  may  exist,  that  rate  may  be  reduced,  without 
serious  inconvenience,  to  1  in  ICOO.  Great  precautious  are  required 
in  the  construction  of  main  sewers  to  secure  an  efficient  ventilation  ; 
and,  wherever  it  is  possible  so  to  do,  storm  ovei-flows  should  be  pro- 
vided. This  latter  precaution  of  course  can  only  be  adopted  when  the 
discharge  of  tho  contents  of  the  main  sewer  takes  pl.ico  hy  gravitation ; 
if  the  discharge  should  take  place  by  artificial  means,  it  will  bo  found 
necessary  to  construct  the  main  sewers  of  dimensions  able  to  contain 
any  occasional  accumulation  of  storm  waters. 

Hitherto  the  final  discharge  of  sewerage  waters  haa  been  effected  by 
merely  pouring  them  iuto  any  natural  watercourse,  to  the  great  injury 
of  the  latter,  and  to  the  great  disgrace  of  the  authorities  who  pretend 
to  watch  over  the  sanitary  interests  of  tho  country.  It  is  true  that 
some  very  earnest  attempts  have  been  made  to  apply  the  sewerage  to 
the  purposes  of  agriculture,  both  in  a  solid  and  in  a  liquid  form  ;  and 
it  is  equally  true  that  hitherto  those  attempts  have  not  been  successful 
in  a  commercial  point  of  view.  Nevertheless,  the  importance  of  tho 
subject,  as  proved  by  the  gradual  contamination  of  the  Thames,  for 
instance,  is  so  great  that  no  mere  money  considerations  ought  to  be 
allowed  to  stand  in  the  way  of  the  compulsory  application  of  soma 
efficient  measure  for  the  deodorisation  and  purification  of  tawn 
sewerage  before  its  discharge  into  any  superficial  watcr-coxirsc.  The 
experiment  tried  at  Leicester,  of  precipitating  the  solid  mattera  from 
the  sewerage,  has  proved  at  least  that  the  operation  can  be  effected  at 
a  moderate  rate  per  head  of  the  inhabitants  of  a  town  ;  the  cesulta  of 
the  Hugby  and  Watford  experiments,  of  pourmg  tho  sewerage  in  a 
liquid  form  over  agricultural  lands,  although  far  from  successful  up  to 
the  present,  have  not  been  of  a  nature  to  discourage  further  attempts 
to  dispose  of  that  fluid  by  irrigation,  especially  in  agricultural  district*. 
In  the  case  of  Rugby  the  sewerage  is  distributed,  over  a  mixed  area  of 
arable  and  of  pasture  lands,  by  a  system  of  cast-iron  pipes  and  move- 
able hose,  which  has  necessarily  increased  the  first  cost  of  the  distri- 
buting apparatus  and  of  the  subsequent  working ;  if,  instead  of  these 
costly  follies,  the  sewerage  had  simply  been  pumped  up  to  a  high  level, 
and  a  surface  irrigation  by  gravitation  had  been  thence  effected,  the 
results  would  in  all  probabUity  have  been  very  different  from  those 
which  were  actually  obtained. 

Some  idea  of  the  importance  of  the  sewerage  works  lately  executed 
in  England  may  be  formed  from  the  facta  that  there  is  now  hardly  a 
town  wherein  they  do  not  exist  in  a  more  or  less  pei-fect  form ; 
and  that  the  average  cost  has  latterly  been  at  the  rate  of  at  least  U. 
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Jier  head  of  the  population  of  the  towns.  The  average  Bewers-ratea 
of  vell-draiiied  towDBseem  also  to  be  about  2}  per  cent  on  the  rental  of 
the  houaei). 

It  may  be  added  that  in  the  London  sewerage  there  appears  to  be 
preaentaboutl  ton  of  solid  matters  to  every  266  tons  of  water;  but 
in  very  unfavourable  caaea  the  proportions  of  solid  to  liquid  may 
increase  to  1  in  96,  or  even  to  1  in  86  ;  the  proportion  of  1  in  C6  is 
considered  to  be  the  largest  which  is  consistent  with  the  safe  working 
of  pipe  sewem,  in  which  the  fluid  can  move  with  a  velocity  of  3  feet 
per  second. 

(Consult '  Beports  of  Health  of  Towns  CommissioD,'  and  the  various 
Blue  Books  on  the  London  Sewers ;  '  Transactions  of  Civil  Engineers ;' 
'  Annales  des  Fonts  et  Chauss^es,'  &e.) 

SEXAGESIMA,  the  second  Sunday  before  Lent,  or  the  nest  to 
Shrove  Tuesday;  so  named,  as  being,  not  exactly,  but  about  the 
sixtieth  day  before  Easter.  Brady,  in  hia  '  Clavia  Ctdendaria,'  vol.  i., 
p.  175,  says,  "  The  name  of  the  first  Sunday  in  Lent  having  been 
distinguished  by  the  appellation  of  Qnadiagfesima,  and  the  three  weeks 
preceding  having  been  appropriated  to  the  gradual  introduction  of  the 
Lent  fast,  it  was  consisteut  with  propriety  to  call  the  three  Sundays  of 
these  weeks  by  names  significant  of  their  situation ;  and  reckoning  by 
Decades,  the  Sunday  preceding  Quadragesima  received  its  present  title 
of  Qfiinquar.aima,  the  second  Sexagetima,  and  the  third  Septuagedma. 

SEXAOESIMAL,  a  name  given  to  the  system  of  reckoning  in  which 
each  unit  is  the  sixtieth  part  of  the  preceding,  to  which,  in  our  day, 
we  ore  only  accustomed  by  the  method  of  measuring  angles  and  time. 
The  Greeks,  and  Ptolemy  in  particular,  brought  this  method  into  use  in 
astronomical  matters,  and  their  successors  seem  to  have  attempted  to 
make  it  a  general  mode  of  reckoning.  There  exist  treatises  of  arithmetic 
fashioned  on  this  system ;  one,  for  instance  by  Baiilaau.  [Bioa.  Div.] 

In  the  sexagesimal  arithmetic,  17  26'  48"  53'"  9'"  stands  for  17 
units  +  26-sixtieths  of  a  unit,  or  26  minutes  or  lerupula  prima 
[Sciiupie]  +  48-sixtieths  of  a  minute,  or  48  seconds  or  icruptila 
tcainda  +  53-sixtieths  of  a  second,  or  53  thirds  or  tantpula  tenia  + 
9-BixtiethB  of  a  third,  or  9  fourths  or  fcriipitla  quarta. 

Addition  and  subtraction  are  easy  enough  in  this  system ;  multipli- 
cation, division,  and  the  extraction  of  roots  ard  more  complicated.  If 
we  had,  for  example,  to  multiply  7  26'  43"  61'"  by  11  47'  18';  56'", 
each  term  of  one  factor  must  be  multiplied  by  every  term  of  the^ther, 
and  the  denomination  of  each  product  must  be  as  high  as  those  of  both 
factors  put  together.  Thus  when  we  come  to  43"  x  56'",  the  result 
must  be  in  fifths  (2  +  3  =  5);  and  43  x  56  being  2408,  we  have  2408', 
or  401*  8'.  This  process  was  aided  by  a  large  sexagesimal  multiplication 
table,  which  may  be  seen  in  Delambre,  '  Astronomie  Ancienne,'  vol.  ii. 
There  is  also  a  large  sexcentenary  table,  constructed  by  John  Bernoulli 
(III.),  and  published  (or  republished)  by  the  British  Boaid  of  Longi- 
tude. There  is  little  need  to  give  any  further  account  of  sexagesimal 
processes. 

SEXTANS  (the  sextant),  a  ooastellation  which  Hevelius  had  the 
singular  bad  taste  to  placo  on  the  bock  of  the  Hydra  and  at  the  feet  of 
the  Lion.  It  comes  directly  between  the  bright  stars '  a  Lconis 
(liegulus),  and  a  (or  Cor)  Hydra:.  There  are  no  stars  of  conspicuous 
magnitude  in  this  constellation. 

SEXTANT.  The  history  of  the  sextant  was  involved  in  some  doubt 
until  the  late  Professor  Rigaud  undertook  to  investigate  the  subject. 
The  result  will  be  found  in  the  '  Nautical  Magazine,'  vol.  i.,  p.  351,  and 
No.  xxi.    The  following  account  is  a  brief  outline  of  his  inquiry. 

The  early  modem  navigators  u^ed  the  crott-itaff;  this  was  afterwards 
exchanged  for  Davis's  back-ttaff,  called  by  the  French  quartier  anglais, 
Hooke  proposed  an  instrument  for  the  purpose  of  taking  altitudes  at 
sea,  which  is  very  ingenious ;  the  sun  was  seen  reflected  from  a  plane 
glass,  while  the  horizon  was  viewed  directly.*  Hooke  does  not  seem 
to  have  esteemed  his  invention  so  highly  as  it  deserved ;  for  in  a  sub- 
sequent lecture  on  astronomy  and  navigation,  in  1604,  he  makes  no 
mention  of  this,  but  describes  a  quadrant  of  a  different  construction. 
In  1699,  Newton  exhibited  an  instrument  to  the  Royal  Society,  which 
is  described  as  "  the  old  instrument  mended  of  some  faulty ;  and  at 
gome  later  time  he  communicated  to  Dr.  Halley  a  scheme  for  an  instru- 
ment which  was  probably  never  executed,  but  of  which  a  drawing  and 
description  were  found  among  Dr.  Halley's  papers  after  his  death  in 
1742.    ('  PhiL  Trans.,'  vol  xlii.,  p.  155.) 

The  date  of  the  invention  of  Hodley's  quadrant  was  proved,  on 
examination  by  the  Royal  Society,  to  have  been  not  later  than  the 
summer  of  1730.  A  notice  of  it  was  given  at  a  meeting  of  the  society. 
May  13, 1731 ;  and  the  instrument  exhibited  May  27.  The  memoir  is 
published,  vol.  xxxvii.,  p.  147. 

At  the  meeting  of  the  society.  May  20,  Dr.  Halley  expressed  an 
opinion  that  the  principle  of  Hadley's  new  instrument  had  been  dis- 
covered and  jH-oposcd  by  Newton,  and  a  search  was  made  into  the 
minutes  of  the  society  to  ascertain  the  fact  The  only  notice  which 
could  be  found  was  that  already  mentioned,-— namely,  in  1699, — and 
this  was  clearly  an  improvement  of  an  old  instrument,  and  not  the 
proposal  of  one  new  in  principle.    Halley,  at  a  meeting  on  the  16th  of 

*  Tbia  is  described  in  Hooke's  '  Postbomoiu  Works,*  p.  SOS,  and  was  pro. 
bably  presented  to  tbe  Bcyal  Society  in  1666.  In  practice,  besides  some  otber 
objection',  it  Would  lutT*  been  troublesome  to  aseertaln  tbe  iidie*  rrror  in  tbls 
coostraction. 


the  following  December,  expressed  himself  satisfied  that  Hadley's 
Vistrument  was  much  different  from  that  formerly  invented  by  Sir 
Isaac  Newton.  It  seems  not  unlikely  that  Halley's  recollections  were 
of  the  instrument  which  Newton  had  proposed  to  him,  and  the 
description  of  which  was  found  among  his  p.ipers,  but  that  he  had 
forgotten  the  manner  of  the  communication,  and  confounded  the  latter 
instrument  with  that  which  Newton  had  exhibited  to  the  RojtU 
Society.  This  is,  we  think,  a  very  probable  failure  in  the  memory  of 
a  man  of  seventy-si:^  and  what  many  yoxmgcr  persons  experience 
daily.  That  Halley  did  not  immediately  see  the  advantages  of 
Newton's  latter  proposal  may  appear  a  little  strange;  but  Halley's 
forte  clearly  did  not  lie  in  mechanical  construction  or  astronomical 
observation. 

A  little  after  Hadley's  invention, — namely,  about  October  or  Novem- 
ber, 1730, — Thomas  Godfrey  of  Philadelphia,  a  glazier  by  trade, 
proposed  and  had  executed  an  instrument  which  he  called  a  bow,  very 
much  resembling  Hadley's  earlier  construction.  This  wag  described 
in  a  letter  to  Dr.  Halley  from  James  Logan,  Esq.,  dated  25th  Jfoy, 
1732.  Mr.  Logan  had  put  off  writing  more  than  twelve  months  after 
the  instrument  was  placed  in  his  hands,  and  this  neglect  threw  soma 
doubt  on  the  originality  of  the  invention,  which  could  only  be  satis- 
factorily established  by  additional  evidence.  After  examination,  the 
Royal  Society  came  to  the  condnsion  that  Godfrey's  discovery  was  also 
original.  We  think  it  is  clearly  proved  that  Uie  priority  is  due  to 
Hadley,  and  that  there  is  no  pretence  for  doubting  Godfrey's  originality. 
Some  hasty  writers,  adopting  mere  hearsay  for  their  guide,  have 
attempted  to  give  the  subject  a  national  and  patriotic  colour,  which, 
unphilosophical  at  all  times,  is  a  simple  absurdity  when  the  contending 
parties  are,  as  in  this  instance,  of  the  same  race.  We  have  thus  tried 
to  give  a  hasty  summary  of  Professor  Rigaud's  statements  and  con- 
clusions, which  wo  entiri'ly  adopt.  The  perusal  of  the  original 
memoirs  wjll  gratify  the  lover  of  exact  and  discriminating  research. 
Hadley's  second  construction,  which  is  incomparably  superior  to  his 
first  and  to  Godfrey's  bow,  scarcely  differs  from  the  present  sextant. 

The  sextant  is  figured  and  described  in  almost  every  book  of 
navigation,  and  is  so  commonly  to  be  met  with  that  we  shall  be  Very 
brief,  a  is  a  plane  gloss,  called  the  index  gloss,  silvered  behind,  and 
perpendicular  to  the  face  of  the  instrument.  It  is  fixed  on  a  centre 
perpendicular  to  the  instrument,  and  moves  with  the  index  bar  A  B, 
the  end  of  which,  B,  slides  o\'er  the  graduated  arc.  c  is  a  plane  glass, 
the  lower  half  of  which,  next  the  instrument,  is  silvered,  and  the 
upper  half  left  clear.  It  is  called  the  /lon'son-glass,  and  should  be 
parallel  to  the  index-glass  when  tbe  index  poiuts  to  0°  at  the  beginning 
of  the  arc.    D  is  a  telescope  for  viewing  the  objects  observed.    This 


should  tw  of  good  quality  and  with  on  inverting  eye-piece.  In  the 
common  quadrants  there  is  meiely  a  plate  with  a  small  hole  for 
directing  the  sight.  Suppose  a  ray  of  light  to  proceed  from  the  eye,  it 
will  proceed  in  the  direction  of  the  telescope ;  and  if  it  falls  on  the 
upper  or  unsilvered  part  of  the  horizon-glass,  it  will  pass  forward  in  a 
continued  straight  line  until  it  falls  upon  some  exterior  object.  But  if 
tbe  ray  falls  upon  the  silvered  part  of  the  horizon-glo^  it  will  be 
reflected  to  the  index-glass  (the  hurizon-glass  ia  so  placed  as  to  make 
equal  angles  with  lines  from  the  eye  and  index-glass^,  and  again 
reflected  from  the  index-glfiss,  outwards  ^that  is,  from  the  observer), 
until  it  meets  some  external  object.  Now  instead  of  supposing  the 
rays  to  pass  from  the  eye,  suppose  them  to  come  from  external  objects 
to  tlte  eye ;  then  thei%  will  be  two  images  presented  at  the  same  time, 
one  formed  by  the  rays  which  pass  through  the  unsilvered  part  of  the 
horizon-glass,  and  another  farmed  by  the  rays  which  have  been  pre- 
vioiisly  reflected  by  the  two  gla-sses ;  and  it  is  easily  shown  from  the 
elementary  principles  ,of  optics,  th.it  when  two  objects  are  thus  appa< 
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renUy  Been  in  coincidence,  the  angle  which  they  Bubtend  at  the  point' 
of  meeting  is  exactly  doublo  the  angle  which  is  contained  between  the 
planes  of  the  index  and  homou  ghssoR,  if  these  be  supposed  to  be 
prolonged  until  they  meet.  Hsncc,  if  tlie  index  be  at  zero  when  the 
glasses  are  parallel,  and  if  the  arc  bo  divided  into  half-degrees  wUich 
are  numbered  and  subdivided  as  whole  degrees,  the  arc  actually  read 
off,  after  any  such  observation  as  is  here  described,  will  measure  twice 
the  inclination  between  the  glasses  (for  this  inclination  is  evidently  the 
same  as  the  angle  between  the  parallel  position  of  the  index-glass  and 
ita  new  positiou),  and,  in  consequence  of  the  optical  principle  above 
mentioned,  this  will  be  the  true  measure  of  the  angle  between  the 
objects  when  they  are  so  distant  that  the  place  of  the«yeandtbe 
intersection  of  the  rays  may  be  considered  to  be  the  same.  The 
sextant,  therefore,  furnishes  the  means  of  mpasuring  the  angle  between 
any  two  we]l-dcfine<l  objects,  in  whatever  wrection  they  may  be  placed 
(bo  that  the  aiigle  does  not  exceed  140°),  and  without  requiring  more 
steadiness  than  is  ncccssai-y  for  seeing  the  objects  distinctly,  E  and  F 
•re  sets  of  dark  glasses  of  varying  intensity^  which  may  be  turned 
before  either  the  index-  or  horizon-glasa  when  nequired ;  o,  a  tangent- 
screw  for  giving  slow  motion  to  the  index-bar ;  H,  the  reading  micro- 
scope and  reflector.  The  handle  below  is  visible  in  the  drawing,  and 
there  is  a  screw  behind  the  collar  of  the  telescope  for  giving  an  up-and- 
down  motion  to  the  telescope,  which  alters  its  distance  from  the  plane 
of  the  instrument  without  affecting  its  paralleligm  thereto. 

The  adjustments  of  the  sextant  may  be  divided  into  those  which 
more  properly  concern  the  artist  and  those  which  are  to  be  attended  to 
by  the  observer.  It  should  be  distinctly  understood  that  no  other 
instrument  requires  so  much  care  and  skill  in  its  construction  and  use 
as  the  sextant.  There  are  scarcely  half  a  dozen  makers  in  England,  and 
probably  not  double  that  number  in  all  Europe,  who  are  fit  to  turn  out 
a  sextant;  and  though  skilful  sextant  pbser\'er8  are  somewhat  more  plen- 
tiful, they  are  still  exceedingly  rare.  The  fabric  of  the  sextant  should 
be  strong  and  light.  A  blow  which  would  not  seriously  damage  a  thco- 
dolet  or  circle,  where  three  or  more  readings  correct  prelty  nearly 
the  errors  which  arise  from  such  injury,  would  .  entirely  ruin  a 
sextant ;  but  while  giving  strength,  the  maker  must  be  on  hia  guard  to 
avoid  weight.  Troughton  and  Simms's  double-frame  sextants  of  8 
inches  radius  are  a  very  good  model,  those  of  10  inches  are  too  large ; 
single-frame  sextants  may  be  had  of  7,  6,  or  6  inches  radius.  All 
these  sizes  have  or  may  have  tfad  same  telescope,  glasses,  and  shades. 
Those  which  we  have  hitherto  seen  seem  to  admit  of  some  improve- 
ment in  their  scheme.  Mr.  Dollond  casts  his  sextants  in  one  piece  of 
hard  metal,  which  is  an  improvement,  and  very  beautiful  instruments 
they  are.  The  limb  of  the  instrument  should  be  perfectly  plane,  and 
the  axis  on  which  the  index-gloss  turns  exactly  perpendicular  to  it. 
If  a  purchaser  is  suflicicntly  confident  in  his  own  judgment  to  rely  on 
that,  rather  than  on  the  reputation  of  the  maker,  he  should  release  the 
clamp,  observe  whether  the  index-b.ir  moves  easily  and  without  shake 
along  the  whole  arc,  and  also  whether  the  vernier  seems  to  press 
erjually  in  every  position.  The  telescope  should  be  of  the  best  quality, 
with  a  large  aperture  and  of  as  short  a  focal  length  as  these  conditions 
permit.  It  should  show  the  edge  of  the  sun  and  moon  quite  sharp 
and  distinct  with  the  highest  powers  employed.  The  index-glass  is 
generally  the  most  faulty  member  of  a  common  sextant ;  the  faces  are 
,  not  parallel,  and  consequently  when  rays  fall  very  obliquely  upon  it 
(in  which  case  those  reflected  from  the  front  surface  are  nearly  as 
copious  as  those  from  the  silvered  back),  there  arc  two  faint  and  sepa- 
rated images  seen  instead  of  one  bright  one.  The  artist  tries  his  index- 
glaf sea  by  the  following  test :  The  sun  is  viewed  with  a  high  power 
after  very  oblique  reilection  from  the  index-glass,  and  those  glasses 
only  are  retained  in  which  the  image  is  single  and  sharp.  The  rejected 
glasses  find  their  way  to  the  second-rate  makers.  The  horizon-glass, 
which  is  smaller  and  on  which  the  rays  fall  at  a  larger  angle,  does  not, 
if  imperfect,  affect  the  images  so  much,  but  it  too  should  be  examined. 
The  shades  or  dark  glasses,  which  are  eitiier  interposed  between  the 
glasses  or  placed  before  the  horizon-glass,  are  next  to  be  examined. 
The  two  images  of  the  sun  are  brought  into  proper  contact,  after 
applying  the  highest  power  to  the  telescope  and  putting  the  proper 
dark  glass  on  tlie  eye  end.  One  of  the  lightest  shades  is  then  inter- 
posed between  the  index  and  horizon  gL-isses,  and  if  the  contact  is 
slightly  disturbed,  this  show*  the  form  of  the  shade  to  be  prismatic 
The  shade  is  turned  in  its  cell  until  the  eflect  is  perpendicular  to  the 
plane  of  the  sextant.  The  corresponding  shade  before  the  horizon- 
glass  is  now  interposed  and  tried  as  the  former  one,  and  turned  round 
exactly  as  before,  until  its  effect  is  also  perpendicular  to  the  plane  of 
the  instrument  Leaving  this  latter  shade  untouched,  and  substituting 
the  next  dork  shade  in  ploce  of  that  first  employed,  the  process  is  again 
repeated,  with  this  caution,  that  the  error,  if  any,  caused  ly  the  pris- 
matic form  of  the  last  shade,  is  to  be  made  exactly  contrair  to  that  of 
the  first  shade,  as  well  as  perpendicular  to  the  plane  of  lie  sextant. 
In  this  way,  changing  when  necessary  the  dark  gloss  at  the  eye  end"  of 
the  telescope,  all  the  dork  shades  are  carefully  examined  and  sot  right, 
and  it  need  not  be  said  that  those  which  are  very  prismatic  or  which 
affect  the  sharpness  of  the  images,  are  to  be  rejected.  The  index-glass 
is  now  to  be  set  at  right  angles  to  the  plane  of  the  instrument.  This 
is  done  by  looking  very  obliquely  in  the  index-glass,  when  the  edge  of 
the  limb  or  the  divided  arc  seen  by  reflection  will  form  an  uninter- 
rupted continuation  to  tha  seen  directly,  if  the  glass  is  perpendicular; 


otherwise  the  arc  will  apjiear  broken  where  the  direct  and  reflected 
imagegtmcct ;  by  touching  the  screws  sccu  in  the  figure,  this  error  may 
be  correctetl.  Repeating  the  obser^fation  ot  different  porta  of  the  limb, 
will  show  whether  the  axis  has  been  set  at  right  angles  to  the  limb. 
The  horizon-gloss  is  to  be  made  parallel  to  the  index-glass  by  bringing 
the  two  images  of  the  sun  to  coincide,  when,  if  there  is  any  lateral 
overlapping,  it  may  be  remedied  by  turning  a  screw  (shown  in  the 
figure)  which  is  in  the  mounting  of  tie  horizon-glass.  The  index  error, 
aa  it  is  called,  is  of  no  importance  whatever,  tiiough  mat^  observers 
are  afraid  that  when  large  it  vitiates  the  observation.  Tiiis  is  an  idle 
prejudice,  but  one  which  the  maker  is  compelled  to  respect.  Having 
ascertained  the  diameter  of  the  sun  by  measuring  it  forwards  and  back- 
wards, he  sets  the  index  to  the  proper  angle  and  then  files  away  a  little 
of  one  of  the  pins  against  which  the  index-glass  is  pressed,  until  he 
brings  the  images  nearly  into  contact.  Contacts  should  now  be  formed, 
first  by  turning  the  tangent-screw  so  as  to  separate  the  images,  and 
then  by  bringing  them  together.  If  the  readings  do  not  agreo,  the 
centre  moves  too  stiflly  or  the  index-bar  is  too  weak.  Finally,  the 
telescope  is  to  be  set  parallel  with  the  plane  of  the  instrument.  There 
are  two  parallel  wires  in  the  focus  of  the  telescope,  which  are  to  be 
placed  parallel  to  the  instrument,  and  then  as  large  an  angle  as  possible 
is  to  be  taken  between  two  distinct  objects,  making  the  contact  exactly 
in  the  middle  of  the  wires.  The  contact  must  now  be  examined  when 
the  objects  are  first  at  one  side  and  then  at  the  other  of  the  field  of 
view.  If  they  separate  equally  when  at  equal  distances  from  the 
centre,  the  position  of  the  telescope  is  correct;  if  not,  there  are 
adjusting  screws  in  the  collar  which  carries  the  telescope  by  which 
this  error  may  be  corrected.  For  some  of  these  latter  adjustments 
mechanical  means  may  be  and  sometimes  are  applied.  The  instrument 
should  however  comply  with  the  foregoing  tests,  which  any  one  can 
try  who  understands  the  use  of  the  instrument. 

We  will  now  suppose  an  observer  equipped  with  such  a  sextant,  who 
wishes  to  make  the  best  use  of  it.  Before  taking  a  series  of  observa- 
tions, the  index  error  should  be  ascertained.  The  telescope  is  fixed 
and  set  to  focus,  and  the  parallel  wires  placed  parallel  with  the  plane 
of  the  instrument.  If  the  sun  is  visible,  a  dark  glass  for  the  eye-end 
of  the  telescope  is  selected,  which  shows  him  clearly,  but  without 
distressing  the  eye,  and  the  direct  and  reflected  images  are  made 
equally  bright  by  moving  the  adjusting  screw,  which  raises  or  depresses 
the  telescope.  The  contact  is  first  made,  bringing  the  reflected  image 
apparently  below  the  image  seen  directly,  and  the  angle  is  read  off  on 
the  supplemental  or  back  arc :  suppose  this  reading  to  be  33',  which 
consider  positive  or  +.  Then  make  the  contact  again  with  the 
reflected  image  apparently  above  that  seen  directly  (the  reflected 
image  is  that  which  moves  on  moving  the  index),  and  read  off  again  : 
suppose  this  is  32*,  which  call  — .  It  is  evident  that  at  the  middle 
position  the  two  images  coincide,  ond  tlie  index  and  horizon-glass  are 
parallel ;  that  is,  the  reading  on  the  back  arc  ia  SO"  when  the  glasses 
are  paAiUel.  Hence  30  "  must  bo  added  to  every  other  reading  to  give 
the  true  angle.  If  the  algebraical  signs  are  used,  the  rule  is  very 
simple :  Add  the  two  readings  together  and  halve  the  result ;  this  with 
its  proper  sign  is  the  index  correction  to  be  applied  to  all  observations. 
If  the  sun  is  not  visible,  the  moon  may  be  used  in  the  same  way.  If 
neither  is  to  be  seen,  then  bring  the  two  images  of  a  bright  star,  or  the 
sea  horizon,  or  any  distant  well-defined  object  into  contact,  and  the 
reading,  if  on  the  back  arc,  is  to  be  added,  if  on  the  forward  arc,  is  to 
be  subtracted  from  all  other  observations.  The  sun  is  always  to  be 
preferred  when  visible,  and  the  observation  is  to  be  repeated  before  or 
after  correction.  If  the  images  overlap  laterally,  that  is,  if  the 
horizon-glass  is  not  parallel  to  the  index -glass,  this  must  be  previously 
adjusted.  The  next  caution  is  with  respect  to  dark  glasses.  ^V  hen  it 
is  possible  (as  in  observing  altitudes  of  the  sun  at  land  in  a  mercurial 
horizon,  &c.)  to  make  the  observation  with  a  single  dark  glass  on  the 
eye-end  of  the  telescope,  without  using  any  shade,. this  should  always 
be  done,  for  tlie  error  of  this  dark  glass  does  not  affect  the  contact  at 
all,  and  the  distortion  caused  by  it  is  not  magnified,  whereas  any  fault 
in  the  dark  shade  between  the  index  and  horizon  glasses  produces 
oetual  error  in  the  observation,  and  the  distortion  is  magnified  subse- 
quently by  the  telescope.  The  images  are  to  be  brought  to  equal 
brightness  by  the  screw  which  raises  or  depresses  the  collar  carrying 
the  telescope,  and  that  with  considerable  nicety.  In  observing 
distances  of  the  sun  and  moon,  or  altitudes  of  the  sun  at  sea,  dark 
shades  are  necessary.  The  fainter  object  is  to  be  observed  directly,  and 
a  proper  shade  interposed  between  the  index  and  horizon  glasas  to 
reduce  the  two  objects  to  something  like  the  same  brightness.  The 
final  equalisation  is  to  be  effected  by  the  up-and-down  motion  of  the 
telescope.  The  accuracy  of  the  observation  depends  a  good  deal  upon 
the  nicety  with  which  this  equal  toning  of  the  two  images  is  effected : 
with  a  little  experience  this  is  readily  learned.  From  the  construction 
of  the  sextant  the  faint  object  is  easily  viewed  directiy  when  the 
brighter  object  is  either  above  or  on  the  right  hand  of  the  fainter,  but 
not  so  if  Uie  bright  object  is  to  the  left  of  the  fainter,  when  the 
handle  side  of  the  instrument  is  uppermost.  For  these  observations, 
the  instrument  should  have  a  second  handle,  which  may  be  applied 
when  wanted ;  perhaps  when  the  distance  between  the  moon  and  a 
blight  star  or  planet  is  to  be  observed,  there  may  be  no  difiiculty  in 
viewing  the  moon  dlrecUy,  after  placing  a  dark  shade  before  the 
horizon-glass,  though  the  light  which  entera  the  eye  without  passing 
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through  the  telescope  must  deaden  the  retina  considerably.  A 
blackened  card  screen  slipped  over  the  tube  of  the  telescope  would 
probably  be  found  useful  in  this  case,  and  absolutely  necessary  if  the 
sun  were  observed  directly.  This  latter  observation  cannot,  we 
conceive,  be  satisfactorily  made  in  any  case.  When  the  sextant  is 
held  ia  the  hand,  it  should  not  be  grasped  tightly,  as  this  causes 
tremor.  The  handle  should  be  fitted  to  the  observer's  hand.  There 
is  scarcely  ever  liokl  enough  given.  'VVheii  observing  an  altitude  at 
sea,  there  is  a  little  difficulty  in  bringing  down  the  object  to  the 
point  of  the  horizon  immediately  under  it.-  But  as  the  shortest 
distance  is  the  true  distance,  by  running  along  the  horizon  and  keeping 
the  object  in  the  field,  the  direction  in  which  the  object  should  be 
observed  ia  easily  found,  and  the  contact  made  there.  In  observing 
lunar  distances  the  great  art  is  to  turn  the  instrument  round  the  line 
of  sight  exactly  as  if  the  telescope  were  an  axis  of  rotation.  The  index 
is  set  to  the  approximate  distance,  and  the  fainter  otjjoct  viewed 
direoHy;  when  the  plane  of  the  instrument  passes  through  both 
objects,  the  brighter  will  come  into  the  field,  and  the  contact  is  to  be 
made  by  the  tangent-screw,  or  nearly  so.  We  think  it  is  better  in  all 
cases  where  the  angle  between  the  objects  is  increasing  or  decreasing, 
to  make  the  contact  open,  or  close,  and  then  try  to  seize  on  the 
moment  when  the  contact  is  perfect,  or  the  two  moments  when  tlic 
contact  begins  and  when  you  conceive  it  to  end.  The  mean  will 
l)robably  bo  near  the  truth.  All  contacts  must  be  made  scrupulously 
in  the  centre  between  the  two  parallel  wires.  When  the  angle  ia  large, 
inattention  to  this  point  will  cause  considerable  error. 

On  shipboard,  the  observations,  except  those  of  lunar  distance,  are 
necessarily  rude  and  imperfect,  the  sea  horizon  is  generally  ill  defined 
and  badly  seen,  the  dip  is  somewhat  uncertain,  and  as  the  single 
altitude  is  observed,  all  the  error  committed  tells  upon  the  final  angle. 
The  accuracy  of  observation  is  however  equal  to  the  wants  of  naviga- 
tion in  ordinary  circumstances.  (A  dip  sector  might  be  useful  where 
more  than  usual  accuracy  is  required.)  On  land,  where  the  altitudes 
are  taken  from  a  mercurial  horizon,  and  the  sextant  fixed  on  a  stand, 
tlio  ubsorvation  is  capable  of  great  accuracy,  and  dues  not  require  much 
skill  or  delicacy  in  mere  handling.  There  is  one  peculiar  advantage  in 
sextaut  observations,  that  when  the  mercury  is  quiet  enough  to  reflect 
a  well-defined  image,  there  is  no  need  of  any  further  stetuliness  or  of  a 
second  observer,  one  of  which  conditions  is  absolutely  necessary  in 
every  other  instrument  in  common  use  which  is  adjusted  by  a  plumb- 
line  or  level.  We  think  the  capabilities  of  the  sextant  as  a  geugro- 
phicol  instrument  have  not  been  generally  appreciated  by  English 
travellers ;  certain  it  is  that  few  hare  used  it  with  all  the  profit  they 
might  have  done. 

The  mercurial  horizon  is  a  shallow  rectangular  wooden  or  iron 
trough,  into  ylnch  a  small  quantity  of  mercury  is  poured.  If  there  is 
any  wind,  the  trough  must  be  covered  with  a  penthouse,  the  sloping 
sides  of  which  are  glazed  with  platfes  of  glass  ground  very  flat  and  tnie. 
Any  object  seen  in  the  mercury  appears  to  be  just  as  much  below  the 
horizontal  plane  as  it  ia  really  above  it ;  hence  it  the  angle  between 
any  heavenly  body  and  its  reflection  bo  measured,  this  angle  is  just 
twice  the  actual  altitude  of  the  body  at  that  time  above  the  horizon  of 
the  place.  Suppose  the  altitude  of  the  sun  is  to  be  observed  in  oi-der 
to  determine  the  time  :  The  trough  is  placed  with  its  largest  dimen- 
sion towards  the  sim,  and  the  roof  so  that  the  sides  cast  no  shadow, 
the  proper  dork  gloss  is  affixed  to  the  telescope,  the  images  brought  to 
eqiuu  brightness,  the  index  error  ascertained,  and  the  telescope  is  then 
directed  to  the  image  of  the  sim  in  the  mercury.  Holding  the  plane 
of  the  sextant  vertical,  and  moving  the  index  forward  gradually,  the 
image  of  the  sun  reflected  by  the  index-gla£8  will  appear  to  enter  the 
field  from  below.  If  the  sun  be  rising,  the  index  should  be  carried 
forward  until  the  two  images,  having  crossed,  aro  clear  of  each  other, 
and  then  the  index  is  clamped.  The  two  images  will  gradually  close, 
and  the  exact  moment  by  the  chronometer  is  to  be  noted  when  the 
contact  takes  pkce.  If  the  sun  is  rising  with  tolerable  rapidity,  the 
contact  of  the  upper'  limb,  that  is,  the  separation  of  the  two  images, 
should  be  noted,  exactly  as  before,  without  touching  the  clamp.  The 
index  is  then  read  off;  it  may  then  be  put  forwards,  and  the  observa- 
tion repeated.  If  the  inter^'al  between  the  contacts  of  the  lower  and 
upper  limb  is  found  to  be  in  both  cases  nearly  the  same,  the  observer 
may  be  satisfied  that  he  has  committed  no  great  error  in  noting  the 
moments  of  ccnta(!t.  Where  the  greatest  accuracy  is  required,  it  is 
usual  to  set  the  index  to  a  whole  number  of  degrees  for  the  first  pair 
of  observations,  and  to  put  it  forward  1°  30'  or  2°  for  the  second  pair, 
and  so  on  till  the  observer  is  satisfied  or  wearied ;  and  then  in  the 
afternoon  to  set  to  the  highest  reading  for  the  first  pair,  and  so  on 
bachcards  till  you  arrive  at  the  first  reading.  Collecting  the 
corresponding  pairs,  you  have  an  approximate  time  for  apparent  noon, 
which,  alter  being  corrected  by  the  equation  to  equal  altiludcs  for  the 
change  of  the  sun's  declination,  gives  the  time  of  apparent  noon  by  the 
chronometer ;  and  this,  when  corrected  a  second  time  by  the  equation 
of  time  taken  and  interpolated  from  the  '  Nautical  Almanac,'  gives  the 
time  of  mean  noun  by  the  chronometer,  and  consequently  the  error  of 
the  chronometer  on  mean  time  at  the  jiloce.  If  the  altitudes  aF»very 
low,  and  the  barometer  and  thermometer  have  changed  considerably 
between  the  obser>'ations,  a  corresponding  correction  must  be  applied, 
but  in  most  cases  tins  ia  not  requisite.  The  time  may  in  this  way  be 
generally  got  aa  accurately  as  the  chronometer  will  keep  it  during  the 


interval.  When  observations  of  the  sun  are  made  for  the  latitude,  ths 
altitudes  should  be  taken  continuously  for  seveiol  minutes  before  and 
after  appai-ent  noon,  observing  the  upper  and  lower  limb  alternatwly, 
or  at  least  an  equal  number  of  each :  thus  getting  rid  of  the  sun's 
somidiameter,  besides  bringing  more  divisions  into  play.  It  is  not  easy 
to  give  a  definite  nile  for  the  extent  of  these  observations  on  each  side 
noon ;  but  when  the  time  is  known,  and  the  altitude  of  the  sun  not 
gi-oat,  we  have  never  scrupled  to  go  as  far  as  the  Tables  of  Reduction, 
that  ia,  a  good  half  hour  on  each  side  of  the  meridian.'  It  i.i  of  great 
importance  however,  when  the  observations  are  pushed  so  far,  that  the , 
number  of  observations  on  each  side,  and  the  times  at  which  they  are 
taken,  should  nearly  correspond.  If  this  precaution  be  observed,  a 
slight  error  in  the  actual  time  of  noon  does  not  mattar.  Wlien  time  is 
dctemlinc'd  by  absolute  altitudes,  the  root  of  the  mercurial"  horizon 
should  be  reversed  after  half  the  observations,  and  the  same  precaution 
should  be  adopted  when  observations  are  made  for  the  latitude. 
For  equal  altitudes  it  ia  neceasary  to  keep  the  same  position  of  the 
roof  in  both  coses. 

In  the  observations  already  described,  and  for  lunar  distances,  a, 
stand  for  the  sextant  will  indeed  a<ld  greatly  to  the  accuracy  of  the 
observations,  but  is  not  absolutely  necessary  for  a  practised  observer; 
so  far  as  our  o^vn  experienoo  has  gone,  good  observations  of  the  stars 
can  scarcely  be  made  without  a  stand.  By  lying  on  the  ground,  and 
resting  the  edge  of  the  sextant  on  a  book  or  some  convenient  support, 
tho  observation  may  undoubtedly  bo  mode;  but  in  most  situations 
and_  in  many  climates  thLs  would  expose  the  observer  to  more  incon- 
venience and  risk  than  ho  can  prudently  encounter.  With  a  stand, 
and  a  little  experience  in  setting  it  up,  the  observation  of  a  star  is  juat 
as  accurate  as  that  of  the  sun.  The  time  is  noted  when  the  images 
form  a  ligiunj  like  this  **,  inrallel  to  tho  horizon;  and  stars  of  the 
third  magnitude,  or  even  lower,  are  quite  bright  enough  for  the  pur- 
pose. We  hav6  observed  Polaris  very  tolerably  with  a  snuB-box  sex- 
tant when  tho  instrument  roatod  on  a  liook;  tho  telescope,  though  of 
extra  size  for  the  instrument,  was  of  much  smaller  aperture  than  those 
attached  to  ordinary  sextants.  It  ia  rather  steadiness  which  in  required 
for  these  observations  tKiu  light.  Equal  altitudes  of  the  same  star 
give  the  moment  of  its  meridian  pasAige  by  tho  chronometer  without 
computation  ;  and  aa  this  is  the  K.A.  of  the  star,  the  en-or  of  the  chro- 
nometer, if  it  be  sidereal,  is  obtained  at  once ;  if  it'  should  bo  a  solar 
chronometer,  the  computation  is  very  easy,  that  is,  merely  computing 
the  mean  solar  time  ot  the  star's  transit  of  that  day  from  the  R.A.  of 
the  star  and  the  longitude  of  the  place.  The  computation  of  circum- 
mrrldian  altitudes  of  a  star  for  tho  latitude  "is  rendered  more  simple  by 
using  a  sidereal  chrouometer,  for  the  hour  angles  observed  with  the 
solar  chronometer  must  be  reduced  to  sidereal  time  before  taking  out 
the  corrections  to  the  meridian  from  the  Tablea  of  Hcduetion. 

There  are  certain  faults  either  usual  or  inevitable  in  the  sextant, 
which  aie  now  to  be  pointed  out,  and  the  mode  of  eliminating  their  effect 
from  the  final  result.  Fii-st,  the  determination  of  index  correction  ia 
always  somewhat  erroneous,  and  this  error  runs  through  all  the  abso- 
lute observations,  and  affects  the  mean  with  its  whole  amount.  Again, 
if  the  tcle.'icope  be  not  parallel  to  the  plane  of  the  instrument,  or  if 
tho  contact  be  not  made  exactly  midway  between  the  wires,  the  angle 
read  off  is  too  lirge,  and  exceeds  the  true  angle,  and  there  is  no  prin- 
ciple of  compensation ;  this  class  of  errors  has  always  the  s.ame  sigiu 
Finally,  as  sextants  ai-e  now  divided,  there  ia  no  certainty  that  the 
axis  of  the  index  ia  exactly  concentric  with  thfl  divided  aro.  It  ia 
difficult  to  say  within  what  limits  this  error  ia  confined,  but  we  think 
it  amounts  not  unfrequently  to  IC,  15 ",  or  even  20"  in  the  total  arc  • 
This  ia  not,  however,  proiwrtionat  to  the  arc,  though  it  ia  generally 
amaller  in  the  amaller  arcs.  Hence  if  this  effect  of  excentricity  lie  tho 
same  way  as  the  other  errors,  as  it  easily  may,  the  most  careful  ob- 
server will  make  a  considerable  mistake  in  mcisuring  a  large  angle. 
If  we  further  suppose  the  error  of  the  lunar  tables  to  be  in  the  same 
direction  '(the  best  meridian  observations  show  that  tho  moon  is  not  un- 
frequently from  10"  to  15"  out  of  her  tobular  place),  it  will  be  seen  that, 
the  longitude,  determined  as  it  generally  ia  by  distances  between  the 
moon  and  sun,  or  the  moon  ond  a  tingU  star,  may  differ  much  more 
from  the  truth  thjm  lunar  observers  usually  think  possible.t 

Mere  instrumental  error  is  got  rid  of  by  combining  those  observa- 
tions which  they  affect  in  contrary  ways.  Thus  in  equal  altitudes,  the 
fxed  en-ors,  such  as  index  error,  excentricity,  bad  division,  inclination 
of  the  glasses  or  telescope,  have  contrary  effects  on  the  morning  and 
afternoon  sights,  and  therefore  no  effect  on  the  mean,  ilaking  tlie 
contacts  out  of  the  middle  of  the  wires  is  a  casual  error,  and  just  aa 
likely  to  happen  in  the  morning  as  in  the  evening  observations ;  so 
that  03  the  angles  are  the  same  in  both  cases,  errors  of  this  kind  will 
have  pretty  much  the  some  influence  on  the  mean  of  several  pairs. 

*  Mr.  Simnu  is  of  ophilon  that  vith  a  dividing  engine  o(  a  better  construcUon, 
this  error  of  excentricity  niay  be  reduced  to  2"  or  3". 

■f  We  think  no  prudent  seaman  would  rely  apon  lunar  distances  at  sea  to  a 
•mailer  quantity  than  one-third  of  a  degree.  At  land  a  good  observer  should 
seldom  be  out  more  than  an  eighth  of  a  degree ;  and  a  large  man  of  carefU 
cbservations,  corrected  for  the  errors  of  the  lunar  tables,  might  perhaps  come 
within  the  sixteenth  or  twentieth  of  a  degree.  This  seems  to  us  almost  tho 
limit  of  what  is  to  be  expected  from  lunar  distances,  and  it  is  inrerior  in  accu- 
racy to  one  favourable  lunar  trani<it,  with  a  tolerable  telescope,  a  well  ptactl^d 
observer,  and  •  corresponding  observation  at  a  principal  observatory. 
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Hence  the  great  excellence  of  the  method  of  equal  altitudes  for 
determining  the  time,  bo  far  as  instrumental  error  is  coucomed  ;  it  is 
an  additional  advantage  that  an  error  in  the  supposed  latitude  is  also 
without  sensible  influence.  Again,  if  time  is  deduce<l  by  absolute 
altitudes  of  a  star  rising  in  the  east,  the  result  will  be  afiected  one 
way  by  the  errors  above  described ;  if  a  second  star  be  observed 
at  nearly  the  same  altitude  setting  in  the  west,  the  altitude  will  be 
affected  to  the  same  amount ;  and  if  the  stars  have  declinations  which 
do  not  widely  differ,  the  result  deduced  from  the  second  star  will  be 
affected  to  the  same  extent,  but  in  a  contraty  way  from  the  first ;  a 
mean  of  the  two  results  will  be  nejb'ly  free  from  any  error,  except  the 
casual  error  of  observation.  A  latitude  by  the  sun  or  a  star  to  the 
south,  which  is  erroneous  from  the  above-meutioued  causes,  will  be 
balanced  and  corrected  by  a  star  of  nearly  the  same  altitude  to  the 
north ;  or  a  star  to  the  north  may  be  balanced  by  two  to  the  south, 
one  of  higher  and  the  other  of  lower  altitude.  It  is  scarcely  credible 
how  nearly  the  time  or  latitude  may  be  thus  determined.  We  have  a 
series  of  such  latitudes  with  an  8-inch  sextant,  observed  by  Mr.  Lassell 
at  Liverpool,  which  scarcely  differ  more  than  2"  or  8"  from  each 
other,  though  deduced  from  different  groups  of  Greenwich  stars. 
•When  the  longitude  is  to  be  obtained  from  lunar  distances,  a  consider- 
able number  of  observations  should  be  taken  from  ,  the  objects  east 
and  those  west  of  the  moon.  If  a  pair  can  be  selected  ou  different 
sides  of  the  moon,  and  nearly  at  the  same  distance  from  her,  the  result 
will  be  liable  to  the  effect  of  casual  error  only,  and  to  tho  error  of  the 
lunar  tables.  This  latter  error  cannot  be  got  rid  of  at  the  time  of 
observation ;  but  after  the  Greenwich,  Cambridge,  Edinburgh,  Cape 
of  Good  Hope,  and  Oxford  observations  for  the  year  have  been  pub- 
llished,  it  will  generally  be  possible  to  find  tho  error  of  the  moon  at  the 
•time  of  observation  with  considerable  accuracy.  This  must  be  done 
whenever  a  sure  longitude  is  to  be  deduced  from  lunar  distances,  and 
lunar  observations  must  be  taken  in  great  numbers,  so  as  to  destroy 
casual  error,  to  settle  nice  points  in  geography. 

AVhen  a  few  more  fundamental  points  in  longitude  are  fixed,  it  will 
not  be  Becessary  to  use  lunar  distances,  except  in  long  voyages,  or  in 
the  centre  of  large  and  uncivilised  countries.  The  recent  improve- 
ments in  chronometers,  and  the  reduction  in  their  price,  have  greatly 
superseded  this  kind  of  observation  already,  and  will  continue  to  do  so 
more  and  more. 

When  the  arc  of  the  instrument  is  limited  to  90%  which  is  usually 
the  case  in  the  common  wooden  instrument,  it  is  called  a  quadrant 
(and  sometimes  an  octant,  as  being  in  form  an  eighth  of  a  circle),  and 
a  second  horizon-glass  and  sight  are  sometimes  appended  for  the  back 
observation.  A  sight-vane  (a  plate  of  brass  pierced  with  a  small  hole) 
is  placed  below  the  ordinary  horizon-glass,  and  a  second  horizon-glass  is 
fixed  near  this  vane,  so  that  lines  from  the  centre  of  the  index-glass, 
and  fi-om  the  latter  vane,  make  equal  angles  with  its  plane.  The  plane 
of  this  second  horizon-gkss  should  be  at  right  angles  with  tho  iudex- 
glass,  when  tho  index  is  at  zero.  This  adjustment  may  be  verified  by 
making  the  sea-horizon  seen  directly  through  the  second  vane  and 
uusilvered  part  of  tho  second  homon-glass,  coincide  with  the  sea- 
horizon  at  the  back  of  the  observer,  which  is  seen  by  two  reflections  from 
the  index-glass  and  silvered  part  of  the  second  horizon-glass.  The  aiiglc 
between  the  fore  and  back  sea-horizons  is  evidently  equal  to  180°  -|- 
twice  the  dip  of  the  horizon.  Tho  dip  is  known  from  the  observer's 
height  above  the  sea-level.  Suppose  it  to  be  4',  and  that  the  reading 
on  tho  back  arc  is  6';  it  should  be  twice  the  dip,  or  8' :  therefore  the 
7,ero  position  of  the  index  for  the  back  obsojvi>tion  is  at  .'t'  on  the 
forward  arc.  This  may  bo  corrected  by  altering  the  second  horizon- 
glass,  if  there  arc  the  means  of  adjustment ;  that  is,  by  making  the 
front  and  back  sea-horizon  coincide  when  tho  reading  is  8'  on  tho  back 
arc.  By  moving  the  index  forward,  the  reflected  sun,  which  is  behind 
the  observer,  can  bo  brought  to  toucli  the  sea-horizon  in  front ;  and 
the  reading,  when  the  index  error  has  been  corrected,  is  ISO"  —  the 
sun's  distance  from  the  front  horizon.  Now  this  latter  angle  is  evi- 
dently 180°  -H  2  X  dip —sun's  altitude ;  hence  it  is  clear  the  angle  read 
off  is  the  sun's  altitude  above  the  horizon  —  2  x  dip.  Hence  sun's 
altitude  —  dip  (tho  altitude  required)  =  angle  read  off  -i-  dip.  If  the 
index  epor  be  not  adjusted,  the  angle  must  be  con-ected  for  the  index 
error;  in  the  preceding  instance  the  3'  must  be  added  to  the  sun's 
altitude.  The  Jjack  observation,  however,  though  useful  in  certain 
circumstances,  is  not  much  used  at  present,  and  many  quadrants  are 
fitted  up  without  the  second  vane  and  horizon-glass. 

If  a  sextant  bo  used  in  the  manner  we  have  attempted  to  describe, 
the  results  will  be  found  to  be  very  satisfactory.  The  attentive  reader 
will  see  that  the  principle  to  be  seized  upon  is  that  of  always  making 
two  observations  at  nearly  the  same  time,  in  which  the  errors,  except 
the  casual  errors  of  making  the  contacts  and  of  readmg  off,  are  the 
same,  but  tlie  effects  of  which  on  the  final  result  are  different.  It  is 
not  always  convenient  to  afford  the  time  which  these  balanced  observa- 
tions require;  and,  in  fact,  they  are  often  impracticable.  It  will, 
therefore,  bo  well  worth  the  careful  observer's  while  to  detemiine  tho 
constant  errors  of  his  sextant,  at  different  angles,  where  he  has  a  good 
opportunity,  and  to  use  this  knowledge  where  circumstances  do  not 
allow  him  to  make  a  balanced  set. 

Very  small  sextants  are  sometimes  fitted  in  a  box,  and  ai-o  Killed 
tnui-box  sextdnts.  These  admit  of  considerable  accuracy ;  but,  excopt 
to  particuUr  cases,  they  are  not  carefully  adjusted,  &e.    The  priucijilo 


is,  of  course,  the  same  as  in  the  larger  sextants,  and  they  have  a  small 
telescope  and  dark  glasses.  It  is  desirable  that  the  box  should  be  wide 
enough  to  admit  a  iinger  to  wipe  the  glasses,  especially  when  the  snuff- 
box sextant  is  used,  as  it  frequently  is,  for  maritime  surveying.  The 
salt  spray  very  soon  clouds  the  glasses,  and  there  is  no  light  to  spare. 
For  all  sea-going  purposes,  except  taking  lunar  distances,  and  for  mili- 
tary and  maritime  surveying,  the  snuff-box  sextant  will  be  found  very 
convenient  and  sufficiently  accurate.  If  made  with  the  utmost  care, 
and  skilfully  used,  wo  think  it  capable  of  determining  ttie  latitude 
within  1',  and  the  time  to  3«  or  4' ;  but  an  instrument-maker  could 
not  be  expected  to  take  so  much  trouble,  unless  for  a  favourite 
customer  or  for  an  expedition  of  some  importance. 

After  the  invention  of  Borda's  repeating  reflecting  circle,  Troughton, 
who  was  averse  to  the  principle,  produced  a  non-repeating  circle,  which 
he  called  the  British  circle ;  but  it  more  commonly  goes  by  his  name. 
This  may  be  understood  by  conceiving  the  circle,  of  which  the  sextant 
is  a  part,  to  be  completed,  and  that  while  the  telescope  and  gUases  are 
at  the  front  of  the  instrument,  the  diviuons  and  three  equicCstant 
verniers  attached  to  the  index-glass  are  at  the  back.  The  observations 
ought  always  to  be  made  in  pairs,  and  for  this  purpose  there  are  two 
handles,  one  to  the  front  and  another  at  the  back.  Thus,  suppose  it 
were  required  to  take  the  altitude  of  the  sun  ;  this  is  first  observed 
exactly  aa  with  the  sextant,  and  the  three  verniers  read  off,  the  index- 
glass  being  above  the  linfe  which  joins  the  telescope  and  horizon-glass. 
Let  the  instrument  be  conceived  to  .turn  round  this  line  through  180*, 
then  the  index-glass  is  below,  and  with  the  face  downwards.  By 
moving  the  index  backwards  to  zero,  it  will  become  parallel  to  tho 
horizou-glass,  and  continuing  this  motion  until  it  is  at  the  original 
angle,  but  on  the  back  arc,  the  sun  will  be  brought  down  exactly  as  in 
the  former  observation;  when  the  contact  is  to  be  made  with  the 
tangent-screw,  and  the  indices  again  read  off.  By  combining  the 
observations  it  is  clear  the  index  error  is  destroyed,  and  this  is  one 
point  of  superiority  to  the  sextant.  Again,  the  three  readings  wholly 
destroy  any  effect  of  excentricity,  and  very  greatly  diminish  those, 
errors  which  may  arise  from  accidental  injury  to  the  figure  of  the 
circle,  while  the  six  readings  greatly  reduce  the  errors  of  division. 
The  errors  caused  by  defects  in  the  dark  glasses  and  horizon-glass  are 
eliminated,  and  such  as  arise  from  a  defect  in  the  index-glass  are 
diminished,  and  this  too  by  the  principle  of  the  instrument,  using  it 
independently  upon  one  object.  These  advantages  are  undoubtedly 
very  great ;  but  the  additional  weight  of  the  circle  and  trouble  in 
handling  it,  the  trouble  of  reading  three  verniers  for  every  observation, 
the  shortness  Of  the  radius,  and  consequent  necessity  of  limiting  tho 
subdivision  to  20",  seem  to  overbalance  them  in  the  opinion  of  most 
seamen.  We  think  tliat  an  intelligent  observer  will  get  results  of 
nearly  equjil  value  from  the  sextant  or  from  Troughton's  circle,  but 
that  the  sextant  requires  much  care  in  selecting  and  balancing  observa- 
tions, which  the  circle  does  not.  Whenever  time  or  latitude  is  to  be 
deduced  from  obseivations  of  one  object  at  one  time,  as  where  tho 
sun  alone  is  used  ou  geographical  expedi,tions,  or  whore  lunar  distances 
are  taken  from  the  sun  alone,  or  from  one  star)  tho  sextant  cannot 
enter  mto  oomijarison  with  the  circle.  A  very  cxcellonir  Spanish 
observer,  Don  J.  J.  Ferrer,  determined  the  obliquity  of  the  ecliptic 
with  ono  of  Troughton's  circles  more  accurately  than  tho  Greenwich 
quadrant  could  do,  at  a  time  when  that  quadrant  was  still  tho  prin- 
cijKil  doclimition  instrument  in  tho  lloyal  Observatory.  And  if  frequent 
readmg  off  is  not  too  gicat  an  objection,  Troughton's  circle  may  bo 
rocomuicudcd  as  the  safer  and  more  independent  instrument,  and  a* 
dcmau'Uug  IcoS  thought  and  care  from  tho  observer. 

Wo  have  already,  in  the  article  ItErnATiKU  CirclB,  deacrilied  tho 
original  discovery  of  the  principle  by  Tobias  Mayer,  and  his  first  appli- 
cation of  it.  After  Mayor  had  greatly  improved  tho  lunar  tabic*,  he 
proposed  the  following  construction  for  measuring  the  angle  between 
the  moon  and  any  other  object  with  the  greatest  exactness.  ('  Tabula! 
motuum  Solis  et  Lunas,  auctore  Tobias  Mayer,'  London,  1770.)  The 
instrument  is  an  cnfiro  cirele,  on  the  centre  of  which  the  index-bar 
turns,  the  index-glass  being  over  the  centre.  The  telescope  and 
horizon-glasii  are  fixed  on  a  second  bar,  which  also  turns,  but  excen- 
trically,  ou  tho  same  centre.  The  two  bars  can  be  clamped  indepen- 
dently of  eiich  other,  and  each  in  any  position,  and  there  is  an  index  or 
fiducial  line  to  each,  by  which  the  divisions  of  the  circle  may  bo  jead 
off.  Now,  suppose  a  distance  between  the  moon  and  sua  to  bu  required 
(tho  dark  shades,  &c,  may  bo  understood  from  what  has  been  said  on 
the  sextant) :  Firdt,  having  fixed  the  index-bar  at  zero,  bring  the 
horizon-glass  to  be  parallel  to  it  by  observing  the  sun  (as  in  deter- 
mining index  correction)  ;  then  move  forivard  tho  index-bar,  and 
obscrvo  the  distance  between  tho  moou  and  sun'»  nearest  limbs,  as 
with  the  sextant.  If  the  angle  were  now  read  off,  we  should  have  the 
simple  distance  affected  with  the  whole  eiTor  of  graduation,  and  obtiin 
no  advantage  over  tho  sextant.  By  moving  the  horizon-bar,  bring  the 
two  gla«ra  to  bc'  parallel  exactly  as  before,  and  make  tho  measure 
between  tho  limlu  i)f  the  muun  and  sim  also  as  before,  by  moving  the 
indox-l).ir  alone.  Tho  angle,  if  read  off  now,  would  be  twice  the  angl:i 
required,  but  tho  errors  of  division  and  reading  off  would  be  only  those 
which  afreet  the  fir^t  .-vnd  I;v5t  po.^ition  of  tho  index-bar.  In  this  way 
the  angle  may  be  repealed  as  often  as  you  please,  uutU  the  bars  have 
travelled  once,  twice,  or  even  of  toner  round  the  circle;  and  it  is  evident 
thit  th«  en-oi-s  of  division  an^  reading  off  are  those  at  the  first  and 
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laat  position  of  the  index-bar,  aud  tliose  alone,  which  may  be  aa  inope- 
rative on  the  measurement  of  the  angle  aa  the  observer  pleases  or  has 
patience  for.  This  would  seem  a  gitat  advantage ;  but  when  Bird  was 
ordered  to  maXe  a  circle  on  this  model,  the  divisions  were  found  to  bo 
8i>  good  that  repetition  added  little  to  the  accuracy  of  which  a  einglo 
observation  was  capable,  and  tlie  fresh  determination  of  a  position  of 
parallelism  after  evciy  observation  was  foo  much  trouble  to  be  taken 
when  not  absolutely  necesiary.  The  reflecting  circle  of  Mayer  was  not 
adopted  in  England,  but  gi-oat  paina  were  employed  in  constructing 
and  dividing  the  sextant,  in  which  our  artists  were  eminently  suc- 
cessful. 

In  France  it  is  probable  that  the  art  of  instrument-making  was  at 
this  time  less  advanced,  and  therefore  the  merit  of  Mayer's  principle 
■was  more  readily  appreciated.  The  celebrated  Borda,  who  was  a  seaman 
und  navigator,  iirat  had  an  improved  instrument  on  tliis  construction 
made  about  1775,*  and  published  a  full  description  of  its  form  and  use 
ia  1787  ('Description  et  Usage du  Cerele  do  Inflexion,  par  le  ChevaUer 
de  Borda,'  Paris,  1787),  to  which  wo  refer  the  reader  as  a  standard 
and  dasaicid  work.  The  accomp.'uiying  figure  will  explain  Borda's 
instrument,  though  it  is  not  precisely  similar  to  that  which  he 
recommended. 


Fivo-IncU  Di.imetcr. 
Borda'i  Iteflectlng  Circle,  hj  Troughton  and  Eimnu, 

The  inJex-glasa,  with  its  bar,  vernier,  and  tangent  screw,  and  the 
■cxcentric  bar  which  carries  the  telescope,  horizon  glass,  with  its  vernier 
j»nd  tangent  screw,  require  no  explanation.  The  telescope  has  a 
ivirallel-ruler  motion  to  bring  the  images  to  equal  brightness,  which  is, 
we  believe,  Bird's  construction.  Borda  holds  his  telescope  by  two  ears, 
■each  of  which  can  be  raised  or  depressed  separately,  and  he  ha^  a 
graduation  for  each,  so  aa  to  move  tlicni  e<iual  quantities.  DoUond,  in 
his  very  beautiful  repeating  circles,  has  an  up-and-down  piece  aljove 
-the  bar.  The  important  and  essential  conditions  of  the  repeating 
■circle  are,  that  moving  one  index  shall  in  no  way  affect  the  other;  that 
the  clampa  when  fixed  shall  not  be  liable  to  move  from  looseness,  bad 
Jwlauciiig,  or  bad  centering  when  the  position  of  the  circle  is  changed ; 
:and  JtnaUy<  that  the  axis  of  the  index-glass  and  the  collar  on  which  the 
lioriaon-'bar  iums  shall  both  be  so  true,  and  of  such  a  length,  that  the 
motions  of  each  bar  are  parallel  to  the  plane  of  the  divided  circle. 
The  same  precautions  must  be  taken  as  in  the  sextant  in  trying  the 
index  and  horizon  glasses,  in  placing  the  prismatic  edges  of  the  dark 
glasses  up  and  down  alternately,  in  setting  the  glasses  perpendicular  to 
tJio  plane  of  ttie  circle,  aud  the  telescope  ijarallel  to  it :  and  it  ia 
scarcely  neceasary  to  add,  that  the  directions  given  above  for  using 
dark  glaases,  equalising  brightness,  &c.,  apply  to  one  reflecting  instru- 
ment aa  well  aa  another.  The  cells  into  which  the  dark  glasses  are 
inserted,  when  wanted,  are  seen  between  the  two  glasses  and  also  in 
■front  of  the  horizon-ghiss. 

On  looking  at  Borda's  circle  as  it  is  here  represented,  the  opening  of 
'  the  angle  between  the  two  glasses  is  towards,  the  spectator ;  hence  an 
■  obaerver  looking  through  the  telescope  would  see  an  object  du-ectly  in 
the  line  of  the  telescope,  and  some  other  object,  call  it  a,  which  liea 
'towards  the  spectator,  by  reflexion.  Now  suppose  the  index-bar  to 
be  moved  through  the  position  of  parallelism  and  until  the  glosses 
make  the  same  angle  as  before,  but  with  the  opening  from  the 
:Bpectator,  it  is  clear,  first,  that  the  angle  read  off  Iwtween  the  first  and 
second  positions  will  be  twice  the  original  angle ;  and  secondly,  that 
the  observer,  still  looking  at  the  same  object  aa  before  seen  directly, 
■will  see  bj"  reflexion  an  object  on  his  right  hand  (call  it  ^),  which 
makes  the  same  angle  with  the  axis  of  the  telescope  as  A  did,  but  on 
the  other  side.  Now  if  we  suppose  the  whole  instrument  to  turn 
Jhalf  round  upon  the  telescope  as  an  axis,  it  is  evident  that  A  will  be 
aeen  exactly  as  at  first,  while  the  index-bar  has  been  moved  forwards 
twice  the  angle  between  a  and  the  axis  of  the  telescope  produced. 
"This  is  exactly  the  complete  observation  with  Troughton's  circle,  and 
thus  while  we  have  got  double  the  angle  by  two  observations,  we  have 
:got  rid  of  index  error,  and  have  only  two  readings  to  which  error  of 

*  Borda's  alterations  ■were  apparently  very  simple  :  he  drew  the  teleicope 
Iback  until  its  ohject-glMfl  fell  short  of  the  Index-glass,  while  Mayer's  projected 
Ibeyond  it,  and  he  carried  the  horizon-gla.is  forward  almost  to  the  edge  of  tho 
■•urcle,  whioh  Mayer  planted  cIoM  before  bis  tclercopc.  Yet  t&e>e  slight  modl- 
(Dcations  completely  changed  the  instrument. 
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•division  and  reading  off  can  apply.*  Now  suppose  the  instrument  to 
be  returned  to  Its  original  pouition,  and,  leaving  the  index-bar  securely 
clamped,  move  the  horizon-bar,  which  carries  the  telescope  and  borizoD- 
glaas,  through  the  s.irae  angle  and  in  the  same  direction  aa  the  index- 
bar  has  travelled.  If  the  original  object  bo  again  viewed  through  the 
telescope,  and  the  contact  between  that  and  A  iwrfectod  by  the  tangent 
screw  of  the  horizon-bar,  it  is  clear  that  everything  is  exactly  aa  at 
starting,  except  that  the  index  and  horizon-b-ir  have  each  moved  over 
the  divided  circle  exactly  twice  the  angle  to  be  measured.  Let  the 
operation  which  has  been  described  be  repeated,  and  everything  will  bo 
OS  at  starting,  except  that  the  indices  will  have  moved  over  four  times 
the  angle,  and  it  is  evident  that  tliere  is  no  limit  to  the  number  of 
repetitions  except  the  will  of  the  observer.  So  thatj  theoretically  at 
least,  the  influence  of  bod  division,  bad  centering,  and  bad  reading  off 
upon  the  final  angle  may  bo  reduced  below  any  sensible  quantity. 
There  is  another  very  considerable  advantage,  namely,  that  Uiere  are 
only  two  readings  off  of  each  vernier  t  for  any  number  of  repetitiona. 

On  looking  at  the  figure  again  it  ^vill  be  seen  that  the  rays  of  light 
which  fall  on  the  index-glass  pass  beticccn  the  telescope  and  the  horizon- 
glass,  and  there  is  a  jKu-ticular  angle  at  which  they  pass  through  the 
horizon-gla;»i  before  falling  on  the  index-glass.  This  occasions  aomo 
inconvenience,  as  the  reflected  image  iu  that  case  is  scarcely  ever  quite 
perfect,  aud  if  the  sun  bo  the  reflected  object,  the  interposed  dark  glaaa 
increases  the  imperfection.  When  Borda's  circle  is  used  iu  the  hand 
for  observing  altitudes,  the  instrument  is  to  bo  hold  alternately  in  the 
left  aud  right  baud  for  the  crossed  observations,  but  in  taking  lunar 
distances  there  is  the  same  difficulty  as  in  tlie  sextant  when  the  face 
is  downwards.  A  handle  with  curved  tube  may  however  be  applied 
pretty  much  aa  iu  Troughton's  circle,  and  if  it  is  fixed  into  a  collar 
which  turns  on  the  centre,  it  may  be  kept  out  of  the  way  of  the 
telescope,  &c.  There  is  a  part  of  this  circle  which,  though  not  actually 
necessary,  will  bo  found  of  great  convenience,  the  gi-aduated  semicircular 
arc  which  is  attached  to  the  horizon-bar.  The  index-bar,  either  by  its 
edge  or  by  a  fiducial  luie,  points  out  the  reading  on  the  semicircle,  and 
shows  0  on  each  side  when  the  glasses  are  parallel.  By  the  help  of 
this  it  is  easy  to  sot  roughly  to  any  angle  on  one  side  or  the  other,  and 
thus  save  the  trouble  which  nice  setting  would  require,  or  seeking  for 
au  object,  which  is  still  more  troublesome.  In  some  circles  two  small 
pieces  which  slide  easily  can  be  fixed  on  this  semicircle,  aud  the  pro[)er 
opening  ia  given  by  the  touch  alone,  that  is,  when  the  iudcx-bai-  juat 
feels  the  stop.  But  there  is  always  a  risk  of  forcing  a  clamp  which  is 
supposed  to  be  fixed,  by  the  slightest  touch,  and  therefore  we  prefer 
setting  by  a  coarse-reading.  Aa  the  chronometer  must  be  noted  and 
read  off  at  every  observation,  there  will  generally  be  light  enough  for 
this  purpose.  Borda's  original  circles  were  much  too  large,  and  very 
weak  and  ugly.  Six  inches  diameter  seems  to  us  quite  sufficient  for 
an  instrument  of  this  construction,  which  ia  intended  to  be  used 
accoi-diug  to  its  principle  The  telescope  and  glasses  are  nearly  the 
same  for  all  sizci,  and  the  repetition  reduces  the  errors  of  division  and 
reailing  off  so  rapidly  that  we  should  prefer  rather  a  coarse  division, 
which  is  easily  seen,  to  a  fine  one.  A  boldly  cut  division  to  30"  would 
probably  be  best  for  general  purposes ;  the  circle  should  be  aa  light  as 
is  consistent  with  strength,  but  the  main  points  to  be  looked  to  are 
the  independence  of  the  index  and  horizon-bars,  the  truth  and  per- 
pendicularity of  the  centerings,  aud  the  firmness  of  the  clamps. 
Whether  the  want  of  balance  iu  both  bars,  and  especially  tho  horizon- 
bar,  is  wholly  innoxious,  is  a  point  of  some  doubt,  otherwise  there 
would  seem  to  be  no  theoretical  objection  to  a  well-made  repeating 
circle.  Uithei-to  this  instrument  has  not  been  much  used  in  England. 
By  some  it  may  have  been  thought  more  troublesome  than  the 
sextant ;  it  has  generally  been  made  too  Urge  and  cumbersome,  and 
perhaps  prejudice  may  be  added  as  one  of  the  causes  why  it  has  not 
been  properly  valued.  At  the  same  time,  though  warm  partisans  of 
the  repeating  principle,  we  conceive  that  the  results  with  a  repeating 
circle  will  not  be  superior  to  those  which  may  be  attained  by  the  sextant 
or  by  Troughton's  circle  when  in  the  best  hands ;  but  it  is  more  inde- 
pendent, requires  less  thought  aud  care  and  skill  thau  the  sextant,  and 
ia  neither  so  troublesome  nor  so  cumbrous  as  Troughton's  circle. 

An  alteration  was  proposed  in  Troughton's  construction  by  Mr. 
Hasslar,  director  of  the  survey  of  the  coast  of  the  Uuited  States.  The 
circle  turns  freely  round  the  centre,  and  is  clamped  at  pleasure  either 

*  Sojhe  oburTcrB  use  tho  repeating  olrcio  as  a  sextant.  They  change  ths 
readings  from  time  to  time  by  altering  the  position  of  the  horizon-bar  and 
determining  the  zero  position  uf  tlie  index-bar.  This  mode  of  observing  will 
undoubtedly  tend  lo  destroy  errors  of  division  and  exccntrlciiy,  but  it  is  a  com- 
plete sacrlftce  of  the  heat  qualities  of  a  repeating  circle.  At  any  rate  index  • 
error  should  be  destroyed  in  the  way  wc  havo  pointed  out,  which  would  be  somo 
compensation  for  the  reduced  radius  of  the  divided  arc.  Borda  calls  the  pair 
ohaervations  croisSes,  or  croued  obscrrationi, 

t  The  index-vernier  Is  usually  read  off  and  the  horizon  vernier  neglected. 
Lieutenant  'Raper  has  pointed  out  the  following  use  of  the  second  vernier. 
Place  the  glasses  parallel  and  read  off  both  verniers ;  then  if  you  wish  to 
measure  two  angles  rapidly,  observe  one  by  moving  the  index-bar,  and  the 
other  by  moving  the  horizon-bar.  In  observing  altitudes  of  two  stars  in 
uncertain  neather  and  in  maritime  surTcjing,  this  recommendation  may  be  of 
great  service.  Let  the  greater  angle  be  first  measured  by  moving  the  Index- 
bar,  then  the  angle  moved  over  by  tho  Index-bar  it  the  greater  angle,  and  the 
difference  betvrcen  this  angle  and  that  moved  over  by  ihe  horizon-bar  is  tho 
less  angle. 
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to  ihe  frame  which  supports  the  horizon-glass  anil  telescope,  or  to  the 
index-bar  which  carries  the  iudex-gl.ias.  The  arrangement  is  exceedingly 
iugenious,  but  we  suspect  that  tlio  'clamping  and  unclampiug  must 
'aSect  each  other,  notwithstaudiug  the  beauty  of  the  workmauahip. 
They  are  also  miide  much  too  heavy  for  the  liand,.  and,  considering 
the  principle,  unnecessarily  so.  Mr.  Hosslar  employed  them,  wo 
believe,  in  ms  gurvcy,  but  wo  have  net  heard  of  their  use  elsewhere. 
The  idea  of  a  moveable  or  flying  circle  was  probably  taken  from  l)o 
Irlendoza  Itios,  who  proposed  a  ilying  vernier,  as  well  as  circle.  ('Phil. 
Trans.'  1801,  p.  862.)  The  complication  of  this  construction,  and  the 
pra<:tical  objections  \o  it,  wcro,  we  presnme,  fatal  to  its  adoption ;  for 
-we  are  not  awaie  that  it  has  ever  been  successfully  use<l.  In  observing 
altitudes  at  sea,  it  is  presumed  that  the  horizon  is  always  visible,  which 
in  hazy  weather,  or  in  dark  nights,  is  freijuently  not  the  cose.  There 
have  been  several  proposals  for  overcoming  tho  difficulty  by  adapting  a 
plumb-line  or  level  to  the  sextint  when  required. 

Several  modifications,  additions,  and  supposed  improvements  have 
been  made  in  this  class  of  instruments,  but  none  uf  sufficient  import- 
ance to  reqniro  notice  here.  The  sextant  and  circle,  such  as  we  have 
described  them,  are  sufficient  for  the  cases  wldch  practically  occur ; 
ond  without  disputing  the  ingenuity  and  even  utility  of  cert;un 
modifications  in  peculiar  and  exceptional  cases,  wd  believe  tliat  there 
is  little  to  be  gained  by  such  altcmtions  as  have  been  hithei-to 
proposed. 

For  reducing  observations  made  with  roOecting  instruments,  we  must 
refer  to  tlie  usual  works  on  nautical  astronomy.  The  tables  of  Thomp- 
son, or  BidcUo,  or  Imnan,  or  Ilapcr,  will  afford  sufficient  information. 
Bonla's  memoir,  already  mentioned,  should  be  circfully  studied  by 
every  one  who  proposes  to  uso  a  repeating  circle ;  and  Troughton's 
article  Cihcle,  in  Brewster's  '  Edinburgh  Encyclop,i:dia,'  will  be  found 
of  great  value,  especially  as  a  guide  to  the  circle  known  by  his  name. 
We  have  ventured  very  frequently  to  modify  their  opinions  and 
directions,  and  the  intelligent  reader  may  decide  for  himself. 

SEXTON,  an  officer  of  the  church,  whose  name  is  supixised  to  be  a 
contraction  of  tacrittan,  the  name  of  the  person  who  in  ancient  times 
had  the  care  of  the  sacred  Vessels  and  other  things  used  in  religious 
services.  The  greater  simplicity  of  Protestant  ceremonies  has  rendered 
this  duty  one  of  small  impoitauce,  and  it  is  now  usually  performed  by 
the  parish  clerk ;  so  that  Aha  sexton  has  sunk  into  an  officer  whose 
chief  bttsin'^  it  is  to  see  to  the  preparation  of  graves  and  to  assist  in 
depositing  the  corpses.  To  him  also  Ijelongs  the  oai-e  of  sweeping  the 
church,  and  other  similar  menial  offices. 

SEYCHELLE  COCOA-MIT  is  o-  fruit  of  one  of  the  palms 
(Lodoieea  SecJicllarum),  rc3j>ecting  which  fabtdous  accounts  were 
formerly  related.  Many  marvellous  medical  virtues  were  aswribcd  to 
these  wits  by  the  physicians  of  tho  age,  both  Asiatic  and  European, 
and  they  were  consequently  sold  at  a  high  price.  At  present  they 
fohn  only  objects  of  curiosity,  and  are  well-known  under  the  name 
of  double  cocoa-nuts.  To  tho  inhabitants  of  the  Seychello  Islands  the 
tree  is  useful  for  its  timber,  wliich  is  hard  externally,  and  employed 
in  building  their  Imta  and  for  posts ;  tho  haves  and  their  footstalks  arc 
used  for  tho  roof,  walls,  and  jiartitions,  and  for  many  other  domestic 
purposes.  The  nuts  weigh  from  20  to  25  pounds  each,  and,  when 
fresh,  contain  a  white,  transparent,  and  jelly-like  substance,  which  is 
edible.  The  shells  are  employed  in  making  vessel/  and  dishes  of 
vaiiovia  kinds,  and  tho  entire  nuts  form  articles  of  commerce,  as 
they  are  esteemed  in  other  countries  both  for  their  fabled  virtues  and 
as  curiosities. 

SHADOWS.  PROJECTION  OF.    [PEnsMcrrvE.] 

SHAGKEEN.    [Leather  MANCrFACTURE.] 

SHAKE,  in  music,  the  alternate  and  rapid  iteration  of  two  sounds 
•which  are  not  less  than  a  semitone,  or  more  than  a  whole  tone,  apart. 
This  grace — for  as  such  it  is  considered— ^is  generally  introduced  at  a 
pause,  and  should  commence  rather  slowly,  and  incn;ase  in  rapidity  as 
it  proceeds,  always  concluding  with  a  turn.    Ex. : — 


■^St- 


The  »ign  of  the  shake  is  a  (  and  an  r  conjoined,  the  two  first  letters 
of  the  Italian  trillo,  or  tho_  French  trilU,  both  signifying  tho  same  as 
the  English  term. 

SHAKERS,  a  religious  sect  which  arose  in  Lancashire  about  the 
year  1747.  As  the  individuals  of  whom  it  at  first  consisted  had  pre- 
viously been  (juakefs,  they  were  sometimes  called  Shaking  Quakers, 
but  more  commonly  Shakers,  from  the  violent  shaking  of  their  bodies 
in  their  religious  exercises.  In  1758  they  were  joined  by  Ann  Leo,  a 
native  of  Manchester,  whose  reputation  gradually  increased,  together 
with  the  numbers  of  the  fcct,  till,  in  1770,  she  laid  claim  to  divine 
inspiration,  and  called  herself  Ann  the  Word.'  In  1774,  in  conse- 
quence of  the  persecution  to  which  they  were  subjected,  she  and  some 
of  her  followers  set  sail  from  Liveri>ool  for  New  York,  where  they 
arrived  in  safety.  Ann  Lee  fixed  her  residence  at  Watervliet,  on  the 
Hudson,  not  far  from  Albany,  and  died  at  Watoi-vliet  in  1784.    Their 


communities  are  called  families.  Tho  property  of  each  'family'  is 
.  held  in  common;  and  as  the  members,  who  are  both  males  and 
I  females,  are  all  single  persons,  celibacy  being  strictly  enjoined,  the 
numbers  can  only  bo  kept  up  by  converts.  They  are  generally  dis- 
tinguished for  good  conduct  in  tho  common  busincs.'j  of  life.  They 
agree  with  the  Quakers  in  their  abhorrence  of  wur,  their  objection  to 
take  oaths,  and  in  the  belief  of  the  direct  influence  of  the  Holy  Spirit. 
Instead  of  tho  original  violent  shaking,  they  now  move  round  their 
hall  of  worship  in  a  regular  and  uniform  dance  to  the  singing  of  a 
hymn,  clapping  their  hands  in  unison.  There  are  some  of  the  sect  yet 
in  Great  Britain.  No  statement  of  the  numbers  of  Shakers  i  ^ven 
in  the  last  census  reports  of  either  Great  Britain  or  the  United  States ; 
but  sevei-ol  years  ago  there  were  said  to  be  GOOD  Shakers  in  tbe 
United  States,  comprised  in  fifteen  '  families,' 
SHAMOY.    [Leather  Maxufactuk!:.] 

SHARP,  a  cliaracter  in  music  (t),  used  to  raise,  by  the  degree  of  a 
semitone,  any  note  in  tho  natural  ec;de.  Before  the  character  of  the 
natural  was  introduced,  tho  sharp  was  also  employed  to  contradict 
the  fiat.  When  sharps  ai-e  placed  at  the  clef,  they  are  always  taken, 
accoi'dingto  the  number  reqidred,  in  tho  following  order  : — 


Ii>.  aid.  SnI.  4ni.  Ml.  r:h. 


The  DorsLE  suarf,  the 'character  for  which  is  a  cross  (  x  ),  is  used 
in  chromatic  music,  and  raises  a  note  two  semitones  above  its  natural 
st-ite.    Thus  c  double  sharp 


3E 


is,  practically — though  not  strictly  so  in  theory — D  natural.    [Flat.] 

SHAWL  MANUFACTURE.  The  Hindoos  have  been  the  instructftrs 
of  our  manufacturers  in  the  production  of  shawk.  There  are  two 
modes  of  working  the  pattern  in  an  Indian  sliawl ;  the  one  by  em- 
broidering it  upon  the  material,  and  the  other  by  working  it  into  the 
web  during  the  process  of  weaving.  The  first  mode  is  a  sort  of  needle- 
work, and  forms  the  less  valuable  kind  of  Indi  tn  shawl.  In  the  pro- 
duction of  tho  more  costly  kind,  a  number  ol'  iilccwers  made  of  ivory 
or  wood,  about  tho  size  of  a  cemmon  packing-needle,  are  U50il ;  they 
are  sharpencil  at  both  ends,  and  covered  with  different  coloured  wools. 
With  these  simple  aids,  the  pattern  is  worked  stitch  bj-  stitch  into  the 
web.  The  backs  of  these  shawls  show  the  effect  of  this  minute  and 
laborious  handicraft,  and  present  a  total'y  diferont  apporance  from 
the  European  shawls,  the  patterns  of  which  are  woven  entirely  on  tho 
loom.  These  Indian  shawls  are  mostly  made  from  the  iimer  hair  of  a 
goat  reared  on  tho  dry  cold  table-land  of  Tibet,  obtained  after  the 
long  Bh.aggy  outer  hair  has  been  removed.  No  hair  obtained  fr.">ni 
goats  reared  elsewhere  has  ever  equalled  this.  Eich  goat  yields  about 
2  lbs.  i)er  year.  The  best  hair  sells  for  1  nipeo  per  [wund  in  Tibet. 
Tho  wool  is  worked  up  into  shawls  in  Cashmere,  Lahore,  and  Dellii ; 
especially  the  first  named.  Sometimes  a  sum  equal  to  3001.  English 
will  bo  given  for  a  real  Cashmere  shawl. 

Paisley  excels  all  other  towns  in  the  United  Kingdom  in  tho  manu- 
facture of  shawls,  in  quantity  and  (with  one  exception) in  quality.  Tho 
common  kinds  are  woven  in  the  power  loom ;  while  tho  finer  kinds 
require  the  more  detailed  aid  of  the  hand  loom  weaver.  In  the  common 
shawls  cotton  is  mixed  with  the  wool ;  biit  for  the  finer  articles  the 
best  wool  of  Germany,  of  Australia,  and  even  of  Cashmere,is  employed. 
Some  of  the  finest  of  these  slmwls  arc  equal  to  anything  pi-oduced  in 
any  other  country.  The  Paisley  weavers  are  mainly  dependent  on 
French  patterns,  which  they  modify  in  details ;  but  the  School  of 
Design  in  that  town  is  ^dually  training  up  a  corps  of  designers  whose 
taste  may  iullucnce  in  an  important  degree  the  shawl  manufacture. 

The  priiillnj  of  sliav.ls  has  not  been  much  attended  to  until  within  tlio 
last  few  years ;  but  now  this  art  is  carried  to  a  very  high  pitch  of  excel- 
lence. At  first  it  was  adopted  only  for  the  commoner  kimis  of  Scotch 
sh.awls.  Red  woollen  shawls,  printed  in  black  designs  for  borders  and 
centres,  were'^at  one  time  much  in  vogue.  Then  came  hbitations  of 
them  in  cotton  dyed  Turkey  red.  Then  chintz  styles,  upon  white  and 
light-coloured  grounds.  Next  came  in  a  fashion  of  printing  the  warp 
thrcida  before  the  weaving.  At  length  tho  manufacturers  succeeded 
in  producing  blocks  which  would  imitate  the  elaborate  Cashmere 
pattern ;  this  gave  a  great  impetus  to  the  printed  shawl  trade.  Many 
establishments  in  Scotland  now  attend  to  this  branch  of  manufacture, 
and  strive  to  obtain  new  and  good  designs.  The  principal  shawl- 
igrinting  establishment  in  England  is  at  Crayford  in  Kent,  where  as 
many  as  a  hundred  blocks,  and  sixteen  himdrcd  printings,  or  applica- 
tious  of  the  several  blocks,  have,  in  some  instances,  been  necessary  for 
the  production  of  a  single  pattern.  What  an  amount  of  labour  is  here 
involved,  may  be  seen  by  referring  to  Calico  Printiso. 

SHEATHING.  Owing  to  the  great  expense  of  copper  ihoathing, 
which  has  the  effect  of  limiting  its  uso  in  mercantile  shipping,  many 
attempts  have  been  made  to  substitute  for  it  cither  other  melala,  or 
alloys  in  which  it  is  mixed  with  cheaper  metals,  or  with  such  as  might 
increase  its  durability.  Mr.  Robert  Mushet  directs  that  100  lbs.  of 
copper  should  be  .lUoyed  either  with  2  oz.  of  sine,  4  oz.  of  antinionr, 
8  oz.  of  arsenic,  or  2  oz.  of  grain-tin ;  or  instead  of  using  one  of  these 
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Beparateljjthat'tho  whole  be  used  together  in  the  propovtion  of  half  an 
ounce  each  of  the  zioo'  and  tin,  1  oz.  of  the  antimony,  and  2  oz.  of 
UiQ  arsenic,  to  100  lbs.  of  copper.  By  these  mixtures,  Mr.  Mushet 
ttatcs  that  the  copper  is  rendered  much  more  coheaivo  and  fibrous  in 
its  texture,  and  that  the  corrosive  effect  of  the  eea-water  is  in  a  great 
measure  prevented.  The.  metallic  sheathing  patented  by  Mr.  Pope, 
consists  either  of  tin  and  zinc,  or  of  tin,  lead,  and  zinc.  If  the 'former 
mixturu  bo  used,  the  zinc  is  first  melted,  an  equal  quantity  of  tin  is 
added  to  it,  luid  tlie  alloy,  after  being  stiiTed  while  fluid,  is  cast  into 
cakes  about  three-quarters  of  an  inch  thick,  which  are  hammered  or 
rolled  out  to  the  required  degree  of  tenuity.  In  uniting  tin,  lead, 
and  zinc,  the  lead  is  lii-st  melted,  double  its  quantity  of  tin  is  then 
added,  and  the  alloy  is  cast  into  small  lumps.  A  quantity  of  zinc 
equal  to  the  tin  and  lead  united  is  then  separately  melted,  and  the 
alloy  of  tin  and  lead  is  added  to  it;  the  whole,  when  thoroughly' 
incorporated,  being  cast  into  cakes  as  before,  for  subsequent  rolling  out 
into  sheets.  ^ 

Iron, protected  by  the  galvanic  action  of  zinc,  hasalso  been  used  for 
sheathing.  Mr.  Pattlsbn  proposed  to  use  shceta  of  iron  similar  in  size 
to  the  sheets  of  copper  sheathing,  each  having  at  its  lower  extremity  a 
sheet  of  zinc  from  one-eighth  to  one  fourth  of  an  inch  thiak,  attached 
in  such  a  way  that  in  sheathing  the  vessel  from  the  upper  part  down- 
wards,  each  succeeding  sheet  of  iron  shall  be  in  contact  with,  and 
overlap,  the  zjnc  plate  of  the  sheet  immediately  above  it.  Washers  or 
perforated  discs  of  zinc  are  also  applied  under  the  heads  of  the  spikes 
or  bolts  used  in  fastoDing  the  sheathing ;  and  the  heads  of  the  nails 
employed  are  made  hoUow,  and  filled  with  melted  zinc. 

Sheathing  of  brown  paper  coated  with  tar,  and  of  various  other  non- 
metallio  substances,  has  also  been  us:'d.  Perhaps  the  most  important 
of  thcso  is  a  kind  of  felt,  into  the  composition  of  which  a  considerable 
<Xuantity  of  cow-hair  enters.  As  this  material  itself  felts  very 
imperfectly,  the  sheets'  are  passed,  in  the  process  of  manufacture, 
through  a  boiler  of  pitch  or  t»r,  which  increases  the  cohesion  of  the 
fabric.  This  material,  which  is  sometimes  tised  in  conjunction  with 
coi>pcr  sheathing,  being  laid  on  immediately  beneath  •  it,  has  the 
important  qualities  of  being  a  perfect  protection  against  the  worm,  an.l 
of  being  at  once  impermeable  to  water,  and  so  extensible  as  nut  to  bo 
easily  broken  by  the.  working  which  takes  place  among  the  timbers  of 
a  crazy  ship.  A  sheathing  composed  of  a  coarse  fabric  of  fibrous 
inateml,  satnrated  with  a  solution  of  caoutchouc,  together  with 
pitch  and  tar,  has  been  resonimendcd  as  a  cheap  and  eflcctual  substi- 
tute for  felt. 

Copper  sheathing  is  usu.illy  apjlicd  in  sheets  about  four  feet  long 
and  fourteen  inches  wide,  the  thickness  being  such  that  a  square  foot 
weighs  from  sixteen  to  ttirty-two  ounces, — most  commonly  from 
twenty  to  twenty-eight  ounces ;  and  the  mode  of  application  docs  not 
vary  materially  whether  the  copper  bo  laid  >ipon  the  bare  planking  or 
upon  an  interposed  layer  of  tarred  paper,  felt,  or  thin  boai-ding.  The 
Bhccta  are  pierced  with  holes,  not  only  round  the  cdge%  but  also  at 
intervals  of  three  or  four  inches  over  the  whole  surface ;  they  are  laid 
BO  as  to  overlap  each  other  about  an  inch,  and  are  secured  to  the  ship 
with  flat-headed  copper-nails.  Great  regularity  is  oljserved  in  the 
arrangement  of  the  sheets,  so  that  a  certain  symmetrj-  of  appearance, 
OS  well  as  durability,  is  attained.  After  two  voj-ages  to  the  Eost 
Indies,  or  aa  equivalent  amount  of  voyaging  elsewhere,  the  coppering 
requires  to  be  renewed ;  and  the  old  copper  is  found  to  have  lost 
three  or  four  ounces  of  its  weight  in  the  square  foot,  by  the  action 
of  sea- water,  friction,  and  other  causes. 

All  the  copper  sheathing  for  the  Royal  Navy — that  is,  for  the  ships 
built  at  the  royal  dockyards — is  made  at  an  establishment  called  the 
metal  mills,  in  Chatham  Dockyard. 

SHEERS,  or  SHEARS,  a  contrivance  used  for  hoisting  the  masts  of 
a  ship  into  or  out  of  their  place,  and  occasionally  for  loading,  and 
unloading  heavy  goods.  The  sheers  used  in  masting  vessels  consist  of 
two  large  poles,  the  lower  ends  of  which  rest  upon  thick  planks  laid 
along  the  sides  of  the  deck ;  while  their  upper  ends  ore  lashed 
together  so  as  tp  cross  each  other  exactly  over  the  hole  in  the  deck 
through  which  the  mast  is  to  be  dropped ;  they  being  sustained  in 
this  position  by  ropes  radiating  from  the  top  to  various  parts  of  the 
vessel.  To  this  apparatus  id  attached  the  tackle  necessary  for  lifting 
the  masts  out  of  the  water,  when  they  have  been  floated  to  the  side 
of  the  ship,  and  lowering  them  gently  into  their  places.  This  is  the 
apparatus  commonly  employed  in  masting  merchant-ships ;  but  the 
like  operation  is  sometimes  performed  by  means  of  a  sheer-hulk  and 
sometimes  by  a  mrislin^j-lioiuie.  The  thcer-kalh  is  an  old  man-of-war 
cut  down  to  the  lower  deck,  having  a  mast  fixed  in  the  hulk,  and  four 
stout  spars  or  sheers  which  project  obliquely  from  its  side.  The  tops 
of  thcic  sheers  reach  to  such  a  height  and  project  to  such  a  distance 
from  the  tide  of  the  hulk,  that  the  vessel  to  be  masted  can  come 
beneath  tliem  to  be  fitted  with  her  lower  niasts.  A  mattitig-kottie  is  a 
lofty  building  erected  for  the  purpose  of  performing  the  operation 
more  conve'niontly,  by  the  aid  of  mechanism  overhanging  the  water  to 
n  couiidcnible  distance,  beneath  which  ships  may  be  floated. 

SUEET-METAL.  [Copper;  Irom;  Leas;  Tnmi»o  AMD  Tra 
Plate.] 

SIIEIvEL  ( vpt|7),  the  principal  weight  and  coin  of  the  Hebrews. 
The  subject  of  Hebrew  weights  and  money  ia  involved  Sn  great 


obscurity.  The  almost  uniform  testimony  of  ancient  authors  is  that  the 
shekel  was  equal  to  the 'Attic  tetradrachm,  or  to  the  stater,  or  half  the 
Roman  ounce,  that  is  to  4  denarii,  which  were  reckoned  at  the  period 
equal  to  four  Attic  draohmss.  The  Septuagint  indted  commonly 
renders  the  shekel  by  the  didrachm  current  at  Alexandria,  which  was 
double  of  the  Attic.  Hesychius,  in  one  passage,  makes  it  equal  to 
four,  and  in  others  to  two  Attic  drachmes ;  and  Suidas  makes  it  five 
drachma;.  But  the  testimony  of  Hesychius  and  Suidas  is  of  no  value 
against  tliat  of  St.  Matthew,  Josophus,  Philo,  and  the  other  contempo- 
rary authorities.  The  average  weight  of  the  shekels  of  Simon  Macca- 
btous  is  about  218  English  grains,  or  half  the  English  avoirdupois 
ounce,  and  only  two  grains  more  than  the  Roman  ounce,  or  the 
weight  assigned  to  the  shekel  by  ancient  writers.  But  the  full  weight 
of  the  Attic  tetradrachm,  to  which  the  shekel  is  said  to  have  been 
equal,  was  not  the  full  one  of  26C  grains  of  the  time  of  Pericles  or 
Xenophon,  but  the  reduced  one  under  the  Roman  emperors,  which  was 
always  considered' as  equivalent  to  the  four  dcoarii. 

Witli  respect  to  the  Bhekcl°bf  the  time  before  the  Captivity,  we  have 
no  certain  information.  The  Itabbins  say  that  after  tlio  Captivity  all 
weights  were  increased  by  one-fifth;  but  there  are  many  circumstances 
whict  prove  this  tnvdition  to  be  of  no  value.  In  the  absence  of  trust- 
worthy information  to  the  contrary,  it  is  most  probable  that  the 
ancient  and  the  modem  shekel  were  of  the  same  weight,  namely, 
about  218  grains. 

The  shekel  formed  the  foundation  of  the  Hebrew  weights,  of  which 

there  were  three  principal  denominations.:  the  shekel  ( VpS')  meaning 
iva'ffht ;  the  maneh  (n3!2),nuinAiT,tIiat  is,  a  certain  number  of  shekels 
or  weights ;  and  the  kikkar  033),  a  round  number,  or  tuni  total,  that 
is,  a  certain  collection  of  manehs,  tranulatcd  by  the  word  "  talent "  in 
the  Septuagiut,  Vulgate,  and  modern  versions.  The  shekel,  maneh, 
and  kikkar  corresponding  respectively  to  the  stiiter,  miua,  and  talent. 

The  kikkar  was  equal  to  3U00  shekels.  (Exod.  xxxviii.  26.)  There 
is  a  difiiculty  about  the  maneh,  since  from  1  ICings  x.  16,  compared 
with  2  Chron.  iz.  10,  it  would  seem  to  have  contained  100  shekels, 
while  in  Ezckiel  xlv.  12,  it  is  ordered  to  contain  60  shekels.  There 
are  great  dilBculties  in  adopting  the  former  value,  and  on  the  other 
hand  the  meaning  of  the  passage  in  Ezekicl  is  very  doubtful.  If  the 
Iatter~ value  be  adopted,  the  kikkar  would  contain  60  manehs.  The 
shekel  was  subdivided  into  the  beka  (l^pS,  half),  or  half-shekel,  or 
didrachm,  the  taba  (S31,  quarter),  or  quarter-sliekcl,  or  drachm  (the 
zuz  or  zuza  of  the  Talmudists),  and  the  gerah  (ma.  a  kind  of  bain), 
or  the  twentieth  of  the  shekel,  or  obolos,  ITie  following  table  there- 
fore rcpi-esents  the  Hebrew  weights ; — 
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Arerdupoia  Weight. 

Name 

Shekels. 

lbs.  oz. 
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300« 

S3     13 

There  appear  however  to  have  been  at  least  two  standards  of  the 
shekel,  the  eltekd  of  the  tanctuar;/  and  the  royal  or  profaru  ihekol. 
(Exod.  XXX.  13 ;  2  Sam.  xiv.  26.)  The  former  was  used  in  calculating 
the  offerings  to  the  Temple,  and  all  other  sums  connected  with  the 
sacred  law ;  the  latter,  for  the  tribute  and  civil  payments.  The  tradi- 
tion of  the  Rabbins  is  that  the  shekel  of  the  sanctuary  was  double  the 
profane  shekeL  By  comparing  the  passages  in  Kings  and  Ezekiel 
quoted  above,  understanding  the  former  of  the  prof^e  shekel,  and 
the  latter  of  the  shekel  of  the  sanctuary,  the  process  gives  100  :  60  or 
6  :  8  for  the  ratio  of  the  shekel  of  the  sanctuary  to  the  profane 
shekel. 

The  currency  of  the  Jew»from  the  earliest  ages  was  silver,  and  this 
word  expressed  «aoney.  It  is,  however,  nowhere  mentioned  as  ooined, 
but  always  as  weighed  out,  till  after  the  Captivity  (Josh.  vii.  21; 
1  Kings  XX.  89 ;  Ezek.  xlv.  15 ;  Zechoi-iah  xi.  12),  although  some 
stamps  appear  to  have  been  impressed  on  the  ingots  (Qen.  xxiii.  16), 
or  they  were  made  up  in  the  shape  of  rings,  or  nezem  (Job  slit  11, 
Septuagiut).  Gold  money  is  first  mentioned  in  David's, time  (1  Chron. 
xxi.  2j ;  Isaiah  xlvi.  6)  under  the  name  of  PSIIM,  adarkm,  or 
pDDTT,  darkcmon,  supposed  to  be  gold  darios,  or  draohms,  neither 
of  which  however  were  iu  existence  at  the  period,  although  both  were 
probably  current  when  the  Chronicles  were  written  or  revised.  The 
earliest  Hebrew  coins  are  the  silver  shekels  of  Simon  Maccabaeus,  to 
whom  the  right  of  striking  money  had  been  conceded  by  Demetriiis  II, 
or  Antiochus  VII.  (1  Maccab.  xv.  6).  These  have  oh  one  side  the 
supposed  pot  of  manna,  or,  rather,  gold  and  gemmed  sacred  vessel  given 
by  Simeon  (1  Maccab.  xiv.  15),  with  the  legend  7S^Q7^  /p2^,  thehd 
Jthrael,  "  the. shekel  of  Israel,"  and  the  initial  letters  of  the  year;  and, 
on  tho  other,  the  supposed  Aoi-ou's  rod  which  budded,  or,  rather, 
the  lilly  of  the  valley  of  Israel  (Isaiah  "xxxv.  1),  and  the  legend 
^lD^^p^  D^Vtt>'>"l\  JenuaUm  haqodetha,  "Jerusalem  the  holy." 
The  half  shekels  have  the  same  types  and  legends,  with  khatzl,  half, 
added  to  the  word  shekel    The  inscriptions  ore  in  the  Samaritan, 
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and  not  in  the  square  or  Chaldee  form,  as  it  ia  called,  of  the  Hebrew. 
No  shekels  of  this  dynasty  are  known  later  than  the  fourth  year, 
after  which  the  right  of  coining  silver  was  suppressed,  the  Idumean  line 
only  isBuing  smaU  pieces  of  copper;  but  there  are  later  shekels  of 
Barkozib  or  Barchochebas,  who  revolted  under  Hadrian,  of  broader  and 
flatter  shape,  having  on  one  side  the  wbeataheaf ,  -  or,  rather,  lulav, 
composed    of   palm,   olive,  and    myrtle  branches,  with  the  legend 

DbDI'n^  Jerusalem,  and  on  the  reverse  the  beautiful  gate  of  the 
temple,  with  four  Doric  columns  and  a  star,  allusive  to  the  star  of 

Jacob,  with  the  legend  hiVW  nVwab  nHH  nW,  tliaiat  akkat 
Uyvlat  Ishrael,  "  the  year'one  of  the  redemption  of  Israel,"  in  a  later 
form  of  Samaritan :  these  weigh  213'4  grains.  The  same  Barkozib 
also  recoined  Roman  denarii,  for  rabat,  or  quarter  shekels,  with  a 
bunch  of  grapes  on  one  side  and  the  legend  p27Qt£7,  Simeon,  and  ou 

the  other  two  trumpets  crossed,  or  a  lyre  vriHx  D7tDn^  /Tnriv 
lekJuzmt  Ithrael,  "  the  liberty  of  Israel." 

It  is  as  well  to  mention  here  that  ail  pretended  shekels  or  half 
shekels,  with  inscriptions  in  the  square  characters,  are  modern  forgeries 
of  the  last  two  centuries,  made  by  Dutch  and  German  Jews  for  the 
purpose  of  deceiving  the  imwary  collectors  of  ancient  coins.  According 
to  the  Rabbi  Raschi  the  shekel  was  the  same  as  th6  Tynan  of  24  obols 
or  main,  but  St.  Jerome  (in  Mica,  proph.  v.  14)  makes  the  shekel  equal 
to  20  obols,  or  4  rabas  of  6  obols  each  ;  20  gerctht,  the  supposed  largest 
bronze  coins  of  the  Hebrew  series,  went  to  the  shekel;  and  the  geroh 
itself  was  subdivided  into  the  kliatn  or  half,  and  raJba  or  fourth,  both 
of  which  expressions  are  found  on  the  copper  coins.  There  is  a  sup- 
posed third  of  a  shekel,  but  it  appears  a  nominal  sum  paid  for  the 
capitation  tax,  Nehem.  z.  82,  after  the  captivity.  There  is  some  diffi- 
culty in  deciding  upon  what  standard  the  shekel  was  adopted;  the 
ancient  Egyptian  kati  or  tati,  of  140  grs.,  by  no  means  corresponds, 
and  the  Fhceuician  seems  too  heavy,  although  the  weight  is  said 
to  correspond  with  the  tetradrachms  of  Antiochus  VII.  struck  in 
Phoenicia. 

It'  we  assume  that  the  standard  was  about  the  same  as  that  of  the 
Roman  money,  namely,  ^th  of  the  weight  alloy,  the  shekel  of  half  an 
avoirdupois  ounce  would  be  equivalent  to  210-983  grains  of  pure  silver, 
or  -jjj-  of  a  shilling,  that  is;  to  2».  Id.  1-49  farthings.  According 
to  this  calcuhtion,  the  following  table  represents  the  value  of  the 
Hebrew  money : — 

£    i.  d.  forthingt. 

Gcrah    .        ,  •  =    -is    shekel  =       0    0    1  2-27 

Kcba          .         .  .  =      i          ,,       =       007  8-30 

Bcka     .        .  .  =      J         ,,       =       018  i-n  , 

bhckcl       .        .  ,  =       .                 =027  1'49 

Munch  ',        .  ,  =       60  Ehckcla  =       7  16  10  -8 

Kikkar  or  Tolcnt  .  =  aOOO  shekels  =  30G     i  10 

(Husscy,  On  Ancient  Wiii/hU  and  Money;  Winer,  BibU»che»  Seal- 
wOrterbHch,  art.  'Sekcl;'    Calmefs  Dictionary;  Jahn,  Archaol.  Bill.; 
JcunmssBjnnthAntiquilia;  Cavedoni,  NumUmala  Jiiblica,  8vo.,  Mo- 
<len:i,  1850  ;  De  Saulcy,  Jteckeivket  sur  la  Nttmitmatiqiie  Judaioue,  ito 
Paris,  1854.)  j    <       » 

SHKLL,  a  hollow  globe  of  iron,  containing  gunpowder,  which  is 
introduced  at  an  orifice  formed  in  the  baU.  In  this  origce  is  driven 
or  screwed  the  fuse  or  tube  containing, the  composition  by  which  the 
powder  in  the  shell  is  imiited[Fuzis];  and  the  shell,  after  being  dis- 
charged from  a  gun,  howitzer,  or  mortar,  is  couseiuently  made  to 
burst  in  pieces  when  it  falls  upon  or  near  the  object  to  be  destroyed. 
The  diametera  of  shells  for  guns  vary  from  S|  inches  to  10  inches,  and 
the  weight  of  a  10-inch  shell  is  70  lbs.  The  diameters  of  shells  for 
mortars  and  howitzers  vary  from  4J  to  13  inches,  and  the  weight  of  a 
13-mch  sheU  ia  200  lbs.  The  diameters  for  carronades,  which  are  now 
never  used,  vaned  from  8J  inches  to  8  inches.  [Bomb  ;  Case-shot  • 
Shbapnel-shell.]  The  shells  for  EiFtBD  obdnakoe  are  described 
under  that  head. 

SHELL-LAC.    [Lac] 

SHELLS,  Economical  uset  of.  Shells  are  applied  to  several  useful 
purposes,  and  to  still  more  of  an  ornamental  character.  Some  of  them 
furnish  dyes  and  pigments.  The  purpura  contain  an  mtense  purple 
dye,  in  a  few  drops  of  liquid  enclosed  within  a  vein  or  sac  in  the  fish. 
The  murex  yields  various  shades  of  pui-ple  and  crimson.  The  eutlle- 
Juh  supplies  the  well-known  sepia,  of  intense  blackness.  The  beautiful 
substance  called  mother-of-pearl  is  described  under  Peatil  Fisheby. 
The  large  proportion  of  lime  in  many  sheila  renders  them  useful  in 
making  cement,  and  also  as  a  fertiliser  in  agiioulture.  Shell-sand,  pro- 
duwxl  by  the  natural  crumbling  of  shells  on  the  sea-shore,  gives 
moderate  feHihty  to  many  spots  othenviso  barren.  Ground  cockleand 
mussel  shells  are  sometimes  used  as  a  covering  for  gravel  walks.  Cowru 
shells,  mexhaustibly  abundant  on  the  shores  of  Aaia  and  Africa,  aie 
S^  ,  "  ^°^i?  ^°^  ^^°  purposes  of  money,  at  sm  average  value  of  about 
200  for  an  Enghsh  penny.  The  same  cowries  may  be  converted  into  a 
glaze  for  earthenwaie,  and  au  enamel  for  clock-faces.  A  calcareous 
spongy  plate  found  in  the  cuttle-fish  is  used  by  workmen  as  a  substitute 
for  emery-paper  or  sand-paper.  The  conch  shell  is  in  some  countries 
Used  as  a  horn  or  trumpet;  as  in  the  West  Indies,  where  on  some 
plantations  the  negroes  are  summoned  to  work  bjr «  "  conch-blow."  The 


paliotis  has  on  iridescent  surface  which  fits  it  for  use  as  a  substitute 
for  motber-of-peai'l  in  inlaid  work.  The  ?ulmet  shell  supplies  pieces 
large  enough  for  umbrella-handles;  and  thinner  portions  as  omamenta 
for  workboxes  and  other  trinkets.  Smoked  films  from  oyster-sheDs 
are  used  for  large  coat-buttons.  The  clam  shells,  often  of  very  large 
size,  are  used  in  Roman  Catholic  countries  as  receptacles  for  holy-water ; 
while  some,  perfectly  white,  are  cut  up  for  arm-rings  and  other  orna- 
ments. The  fibres  with  which  many  kinds  of  shell-fish  attach  them- 
selves to  rocks,  such  as  those  of  the  jiinna,  are  fine  and  strong  enough 
to  be  woi-ked  up  in  the  maimer  of  sillb  The  dianh  shells  of  India  are 
cut  up  into  bangles,  armlets,  bracelets,  anklets,  finger-rings,  toe-rin^, 
&c.,  sometimes  carved  and  gilt,  or  otherwise  decorated.  The  fishery  of 
chaiik  shells,  off  Ceylon,  is  a  very  valuable  one ;  seeing  that  some  of 
the  choice  specimens  are  valued  at  their  weight  in  gold.  [Cetloh,  in 
Gf.00.  Drv.]    Shell  cameos  are  noticed  under  Caueo-. 

Considered  as  a.working  material,  all  shell  is  placed  in  one  or  other 
of  two  categories,  porcdanout  or  nacreout.  The  porcelanous  shells 
contain  much  lime  and  little  animal  matter;  they  are  brittle,  translu- 
cent, smooth,  and  not  easily  cut,  and  much  resemble  the  enamel  of 
teeth.  They  c.in  only  be  worked  on  the  lapidary  method,  with  small 
grinding  wheels.  The  nacreous  shells,  partaking  of  the  nature  of 
mother-of-pearl,  contain  less  lime  and  more  animal  matter ;  they  ar« 
tougher,  softer,  and  Iridescent ;  they  may  be  easily  sawn,  scraped,  and 
filed ;  and  can  then  be  polished  with  sand  or  pumice  and  water. 
[Lawdabt  Work.] 

SHERBET,  as  made  in  Persia,  Turkey,  and  other  eastern  coimtries, 
ia  a  beverage  composed  chiefly  of  water,  lemon-juice,  and  sugar,  with 
the  addition  of  other  ingredients  to  render  it  more  pleasant  to  the  taste ; 
such  as  the  pulp  of  fruits,  perfumed  cakes,  amber,  rose-water,  &c 

SHERIF,  an  Arabic  word  which  means  "  noble,  illustrious,"  and  a 
title  given  throughout  Arabia,  Egypt,  and  Borbary,  to  those  who  are 
descended  from  the  Mohammedan  prophet.  In  Turkey  they  ore  called 
amirs,  that  is,  princes,  and  enjoy  great  privileges,  such  as  not  being 
subject  to  the  payment  of  taxes ;  not  being  obliged  to  appear  before  a 
judge,  unless  he  be  one  of  £heir  class;  wearing  a  green  turban  and 
slippers ;  occupying  a  superior  plaoe  in  ^he  mosque,  &c.  As  men  and 
women  of  this  caste  often  contract  marriage  with  persons  who  are  not 
members  of  the  same,  and  the  title  of  sherif  is  inherited  from  either 
of  the  parents,  the  number  of  persons  who  enjoy  this  distinction  has 
become  very  considerable  in  Turkey,  Syria,  and  Egypt,  where  they 
may  be  found  employed  in  the  lowest  offices.  It  is  one  of  the  privi- 
leges of  Mecca  to  be  governed  by  a  shorif  of  the  posterity  of  Hasan, 
sou  of  Ali  Ibu  Abl  Talib,  which  family  enjoys  the  sole  right  to  the 
throne.  His  dominions  comprehend,  besides  the  capital,  Mecca, 
Medina,  Jambo,  Tayif,  Sadie,  Ghunfude,  Hali,  and  thirteen  other 
smaller  districts,  all  situated  in  the  Hejdz.  His  priucipal  revenue 
consists  of  a  tax  imposed  upon  every  pilgrim,  and  tne  presents  made 
by  Mohammedan  princes. 

SHERIFF,  the  Shire-Reve  { scyr-gerefa),  from  the  Saxon  word 
rca/an, "  to  levy,  to  seize,"  whence  also  greve.  The  German  word  is 
graf.  The  gerefa  seems  to  have  been  a  fiscal  officer.  In  the  Saxon 
period  he  represented  the  lord  of  a  district,  whether  township  or 
hundred,  at  the  folkmote  of  the  county ;  and  within  his  district  he 
levied  the  lord's  dues,  and  performed  some  of  his  judicial  functions. 
(Palgrave, '  Rise  and  Progr.,'  i.  82.)  He  was  usually  not  appointed  by 
the  lord,  but  elected  by  the  frceholdei-s  of  the  district;  and  (accom- 
panied by  four  of  them)  was  required  to  be  present  on  its  behalf,  as 
well  as  on  the  lord's,  at  the  folkmote  or  county  court.  In  like  maimer 
the  Saxon  prince  or  king  employed  in  the  shires  or  larger  districts  his 
gerefa  or  reve,  who  levied  his  dues,  fines,  and  amerciaments ;  to  whom 
his  writs  were  addressed ;  who  exercised  on  his  behalf  regal  rights  in 
the  shire,  for  the  pressrvatiou  of  the  peace  and  the  punishment  of 
offenders ;  presided  over  the  courts-leet  or  views  of  frankpledge,  and 
(at  least  in  the  absence  of  the  earl  in  ancient  times,  and  since  tb« 
Conquest  instead  of  .the  carl)  presided  over  the  hundred  and  county 
courts.  It  is  difficult  to  determine  how  far  the  functions  of  the 
sheriff  were  concurrent  with  and  how  far  derived  from  Ihe  ealderman 
or  earl  of  Saxon  and  Danish  times ;  and  the  confusion  between  these 
offices  has  been  increased  by  the  translation,  in  our  ancient  laws,  of 
the  word  sheriff  in  the  Latin  into  vice  coma,  and  in  Norman  French 
into  vttcoRte  or  viscount  (deputy  of  the  earl) ;  whereas  certainly  many 
of  the  sherifTs  powers  even  in  Sazou  times  were  derived  from  the 
freeholders,  or  from  the  crown  alone,  and  the  word  grat  (gerefa)  in 
German  was  equivalent  to  our  earL  That  before  and  for  a  century 
after  the  Conquest  the  sheriff  had  powers  independent  of  the  earl, 
is  obvious  from  the  fact,  that  in  the  circuit  (toum)  which  he  made 
periodically  (Spelmau's  Gl, '  Vice  Comes')  of  his  shire  for  the  adminis- 
tration of  justice  (as  the  Saxon  king  made  a  circuit  of  his  realm),  he 
was  accompanied  not  only  by  the  freeholderk,  but  by  the  bishop,  the 
earl,  and  barons,  until  these  noblemen  ware  exempted  from  the  duty 
by  statute  S2  Henry  III.,  c.  10,  A.D.  1267. 

Sometimes  the  shrievidty,  by  grant  of  the  crown,  was  hereditary;  it 
was  also  often  held  for  life,  or  for  many  years,  and  there  were  some- 
times more  sheriffs  than  one  in  a  county,  the  persons  chosen  for  the 
office  being,  according  to  Spelman,  "  totius  regni  proceres  :"  but  the 
sheriff  was  usually  chosen  by  the  freeholders  of  the  shire.  The 
statute  28  Edward  I.,  c.  8,  which  says  that  "  the  king  hath  panted 
unto  his  psople  that  they  shall  hava  elogtioh  of  their  shanlf  ill  ty<tf 
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shire  (where  the  sheriff  is  not  fixed  in  fee)  if  they  list,"  is  rather 
declaratory  of  the  people's  right  than  a  grant  of  a  new  privilege. 
By  the  14  Edw»rd  III.,  o.  7,  it  is  enacted  tliat  no  sheriff  tarry  in 
hia  bailiwick  more  than  a  year,  and  then  another,  who  hath  land 
suflBcient  in  his  bailiwick,'  shall  be  ordained  on  the  morrow  of 
AH  Souls,  8rd  November,  by  the  chancellor,  treasurer,  and  chief 
baron  of  Uie  exchequer,  taking  to  them  the  chief  justices  of  either 
bench  if  they  be  present.  -  This  waa  the  law  also,  till  quite  recently, 
regarding  tmder-sheriffii ;  but  it  has  now  been  altered. 
.  At  present  the  crown  in  most  cases  appoints  the  sheriffs,  and  also 
fills  up  any  vacancy  which  is  occasioned  by  the  death  of  a  sheriff 
darini;  his  year  of  office.  To  some  corporations  of  cities  which  ore 
oovmties  of  themselves  charters  have  given  the  power  to  elect  their 
ow^  sherifb;  the  city  of  London  has  the  right  to  elect  the  sheriff 
of  Middlesex.  In  tiie  county  of  Durham  the  bishop  was  sheriff  until 
he  was  deprived  of  palatine  powers. in  1836;  and  in  Westmoreland 
tiie  office  was  hereditary  in  the  family  of  the  earl  of  Thanet  as  heir- 
general  of  the  Viponts,  to  whom  the  shrievalty  was  granted  by  king 
John,  until  the  deadi  of  the  last  earl,  when  it  lapsed  to  and  was  sub- 
sequently by  statute  vested  in  the  Crown.  The  annuol  appointment 
of  sheriffs  is  now,  in  most  counties,  made  thus :  — On  the  morrow  of 
St.  Martin  (12th  November),  the  lord  chancellor,  first  lord  of  the 
treasury,  and  chancellor  of  the  exchequer,  together  with  all  the 
judges  of  the  three  courts  of  common  law,  meet  in  the  exchequer 
chamber,  the  chancellor  of  the  exchequer  presiding.  The  judges 
then  report  the  names  of  three  fit  persons  in  each  coimty,  and  of 
these  the  first  on  the  list  is  chosen,  unless  he  assigns  good  reasons 
for  exemption.  The  list  thus  made  is  again  considered  at  a  meeting 
of  the  Cabinet  held  on  the  morrow  of  the  Purification  (3rd  Februaiy), 
at  the  president  of  the  council's,  and  attended  by  the  clerks  of  the 
council,  when  the  excuses  of  the  parties  nominated  are  again 
examined,  and  the  names  are  finally  detsrminod  on  for  the  approval  of 
the  queen,  who,  at  a  meeting  of  the  privy  council,  pierces  the  parch- 
ment with  a  punch  opposite  the  name  of  the  person  selected  for 
each  county ;  and  hence  has  arisen  the  expression  of  '.'  pricking  the 
aheriffa"  The  judges  of  assize  annually  add  the  requisite  number  of 
names  to  their  lists  by  inserting  those  of  persons  recommended  by  the 
sheriff  going  out  of  otfice. 

The  sheriff  derives  his  authority  from  two  p.itents,  one  of  which 
commits  to  him  the  custody  of  the  county,  and  the  other  commands 
the  inhabitants  to  aid  him.  Ho  takes  an  oath  of  office,  the  greater 
part  of  which  relates  to  his  collection  of  the  crown  revenue,  and  he 
gives  security  to  the  crown  that  he  will  duly  account.  He  then 
appoints  an  tmder-sheriff,  by  whom  in  fact  the  duties  of  the  office 
are  performed.  These  duties  are  various  and  important.  Lord 
Coke  quaintly  says  that  the  sheriff  has  a  triple  custody — let,  of  the 
Ufe  ofjuttke,  because  to  him  are  addressed  the  writs  commencing  all 
actions  (all  of  which  are  now  abolished),  and  he  returns  the  juries  for 
the  trial  of  men's  lives,  liberties,  lands,  and  goods ;  2ndly,  of  the  Ufe 
of  the  Ian,  because  he  executes  judgments  of  the  courts ;  and  3rdly, 
of  the  Ufe  of  the  repabUc,  because  he  is  in  his  county  the  principal  con- 
servator of  the  peace.  By  Magna  Charta  he  is  prohibited  from  hold- 
ing pleas  of  the  crown.  He  presides  at  all  elections  of  members  of 
parliament  and  coroners,  and  hence  he  cannot  diuring  the  year  of  his 
office  be  elected  a  knight  of  the  shire.  He  apprehends  all  wrong  doers, 
and  for  that  purpose,  in  criminal  cases,  he  is  entitled  to  break  open 
outer  doors  to  seize  the  offender ;  he  defends  the  county  against  riot 
and  rebellion  or  invasion  [Lord  Lieutenamt],  and  to  this  end  may 
require  the  assistance  of  all  persons  in  it  who  are  more  than  fifteen 
years  of  age,  and  who,  when  thus  assembled  under  the  sheriff's  com- 
mand, are  cidled  the  paste  comitatHs.  [Posse  Couitatus.]  To  refuse 
to  the  sheriff  the  aid  which  he  requires  is  an  offence  punishable  by 
fine  and  imprisonment  The  sheriff  takes  precedence  of  all  persons 
in  the  county.  He  seizes  all  lands  which  have  fallen  to  the  crown, 
and  levies  tXl  fines  and  forfeitures;  but  he  is  not  permitted  to  act 
as  a  justice  of  the  peace.  He  execates  many  of  the  writs  that  issue 
from  the  superior  courts,  and  all  writs  of  execution;  he  is  likewise 
responsible  for  the  execution  of  criminalB.  He  receives  and  entertains 
tDe  judges  of  assize,  on  whom  he  is  constantly  in  attendance  whilst 
thej  remain  in  his  shire. 

To  assist  him  in  the  performance  of  his  duties,  the  sheriff  employs 
an  under-sheriff  and  also  a  bailiff  and  julers,  from  whom  he  takes 
security  for  their  good  conduct  He  is  prohibited  by  very  ancient 
statutes  from  selling  his  office  or  the  profits  of  any  part  of  it 

The  liability  of  the  sheriff  for  breach  or  ni^lect  of  his  duties  is  a 
frequent  sort  of  litigation.  Few  assizes  occur  without  actions  being 
Imught  against  him  for  illegal  arrests  or  levies,  or  for  wrongfully 
'  abstuning  from  executing  the  process  addressed  to  him.  Thus  the 
dedsions  affecting  him  are  numerous  and  complicated,  and  there  arc 
many  treatises  concerning  the  office. 

SHERIFF  (SCOTLAND).  In  Scotland  the  duties  of  the  sheriff 
are  not,  as  in  England,  almost  entirely  executive.  He  exercises  an 
extensive  judicial  authority,  and  a  large  portion  of  the  general  litiga- 
tion of  the  country  proceeds  before  this  class  of  local  judges.  In  earlier 
times  his  authority  appearrto  have  been  merely  of  an  executive  cha- 
racter, and,  appointed  by  the  crown,  ho  was  the  jisrsou  to  whom  the 
royal  writs,  issuing  from  the  supreme  courts,  were  usually  directed. 
Ue  was  the  snlinary  eouserratot  •!  the  pMc*  within  the  local  limits  of 


his  authority.    He  was  an  important  fiscal  officer,  having  in  the  geneni 

case  the  duty  of  levying  the  feudal  casualties,  forfeitures,  and  otiier 
items  of  revenue ;  and  by  statute  he  was  vested  with  the  power  of 
mustering  the  military  force  of  the  country  to  the  weapon-showing; 
In  very  early  times,  his  tenure  of  office  appears  to  have  been  limited 
by  the  grant ;  at  a  period  comparatively  later,  the  office  became,  in  the 
general  case,  hereditary.  The  act  for  abolishing  heritable  jurisdictions 
in  Scotland  (20  Qeo.  II.,  c  43),  was  passed  for  the  purpose  of  abolish- 
ing all  those  remnants  of  tho  feudal  courts  of  Scotland  which  wers 
hereditary,  or  in  any  other  shape  of  the  nature  of  property ;  of  bring- 
ing all  judicial  offices  within  the  appointment  of  the  crown,  and  their 
holders  under  responsibility  to  the  public.  By  the  same  statute,  the 
sheriff  is  authorised  to  appoint  one  or  more  substitutes ;  and  at  the 
present  day  there  is  a  substitute  in  every  county,  and  in  the  larger 
counties  there  are  two  or  more.  Both  the  sheriff  and  his  substitute 
are  lawyers,  but  the  latter  U  tho  local  resident  judge,  the  former 
generally  frequenting  the  courts  in  Edinburgh,  where  he  hears  appeals 
from  hia  substitute,  and  making  occasional  visits  to  his  county.  By 
the  Jvtrisdiclion  Act  it  was  provided  that  each  sheriff  should  reside 
in  his  county  during  four  mouths  in  each  year;  this  provision  fell 
into  desuetude,  until  by  the  1  &  2  Vict  c.  119,  it  was  enacted  that 
each  sheriff  should  remain  in  attendance  on  the  court  of  session,  but 
should  hold  eight  courts  in  his  county  during  the  year.  The  sheriA  of 
Edinburgh  and  Lanark  are  exempted  from  attendance  on  the  court  of 
session,  in  the  understmding  that  the  business  of  their  respective 
courts  is  sufficient  fully  to  occupy  their  time. 

In  civil  questions  an  appeal  lies  from  the  sheriff-substitute  to  the 
sheriff,  but  wherever  the  former  is  a  sound  lawyer  and  an  indus- 
trious man,  the  privilege  is  seldom  used.  From  the  state  in  which  the 
profession  of  the  bar  of  Scotland  has  been  for  many  years  past,  several 
of  ita  members  have  been  induced  to  accept  the  office  of  sheriff- 
substitute  an  vacancies  have  occurred.  Formerly  the  office  fell  to 
country  practitioners,  who,  not. quite  contented  with  the 'emoluments, 
eked  them  out  by  private  practice ;  a  state  of  matters  seriously  detri- 
mental to  the  equal  administration  of  justice.  In  some  instances,  even 
retired  officers  in  the  army  or  unprofessional  country  gentlemen  were 
the  bast  qualified  persons  who  would  undertake  the  office.  No  sheriff- 
substitute  can  now  act  as  a  law-agent,  conveyancer,  or  banker ;  he  is 
not  removable,  except  with  the  consent  of  the  lord  president  and  lord 
justice  clerk  of  tke  court  of  session,  and  must  not  be  absent  from  his 
county  mure  than  six  weeks  in  one  year,  or  more  than  two  weeks  at  a 
time,  unless  he  obtain  the  consent  of  the  sheriff,  who  must  then  act 
personally  or  appoint  another  substitute.  In  one  or  two  instances,  as 
in  that  of  Kirkcudbright,  the  person  who  exercises  the  function  of 
sheriff  is  called  the  Stewart.  This  designation  owes  its  origin  to 
certain  peculiarities  of  territorial  tenure  which  cannot  be  briefly  ex- 
plained and  are  subject  to  doubt  and  dispute.  After  the  Reformation, 
the  sheriffs  were  generally  appointed  commissaries  6t  the  local  com- 
missariat districts  which  most  nearly  confonned  with  their  respective 
jurisdictions,  and  in  1823  (4  Geo.  IV.  c.  97)  the  commissariat  functiohs 
wore  appointed  to  be  merged  in  those  of  the  sheriff. 

The  jurisdiction  of  the  sheriff  in  civil  matters  does  not  extend  to' 
questions  regarding  heritable  or  real  property.  He  cannot  judge  in 
actions  which  are  declaratory  of  rights,  or  which  are  of  a  rescissory 
nature— for  the  purpose  of  nullifying  deeds  or  legal  proceedings.  lu 
other  respects  his  jurisdiction  extends  to  all  actions  on  debt  or  obliga- 
tion, witliout  any  limit  as  to  the  importance  of  the  interests  involved. 
He  has  also  the  same  bankruptcy  jurisdiction  as  the  Court  of  Session. 
He  docs  not  act  by  a  jury,  though  it  appears  that  such  an  institution 
was  formerly  connected  with  the  civil  jurisdiction  of  the  sheriffi  He  has 
authority  by  special  statute  summai-ily  to  decide  small  debt  cases,  that 
is,  cases  where  the  pecuniary  value  of  the  matter  at  issue  does  not  exceed 
122.  By  railway  statutes  and  other  acts  of  l(x;al  administration  special 
functions  arc  frequently  conferred  on  him,  and  in  the  clauses  for  taking 
lands  he  is  usually  appointed  to  act  as  presiding  judge  when  a  jury  is 
appointed  to  be  empannelled.  Tl]e  decisions  of  the  sheriff,  when  no 
proceedings  have  been  taken  to  enforce  them,  may  be  carried  into  the 
Court  of  Session  by  advocation. 

The  authority  of  the  sheriff  in  matters  criminal  is  practically  to  a 
great  extent  measured  by  the  proceedings  of  the  crown  lawyers  in 
leaving  prosecutions  to  proceed  before  his  court,  or  removing  tnem  to 
the  Court  of  Justiciary.  It  is  not  very  clearly  to  be  traced  how  far, 
in  old  practice,  the  sheriff's  jurisdiction  traa  inferior  to  that  of  the 
Cburt  of  Justiciary :  he  had  undoubtedly  the  power  of  punishing  with 
death,  though  it  has  been  long  disused.  The  power  of  transporting, 
which  is  of  comparativsly  late  introduction,  he  never  possessed,  not 
haviug  any  criminal  authority  beyond  his  county.  By  degrees  it  oame 
to  bo  cousidored  that  the  jurisdiction  in  the  four  pleas  of  the  crown— 
murder,  rape,  robbery  and  wilful  fire-iuising — was  exclusively  in  the 
higher  court  Important  criminal  cases  in  the  sheriff  court  are  tried 
by  jury.  In  more  trifling  matters  the  sheriff  performs  tho  functions  of 
a  police  magistrate.  In  these  cases  tho  punishment  must  not  exceed  a 
fine  of  lOi.  or  sixty  days'  imprisonment  (D  QeO.  IV.  o.  29). 

SHEW-BKEAD  (D'<3§  DH^).  lechem-ramm,  "bread  of  faces." of, 

as  it  has  been  rendered,  "  presence  broad,"  waa  the  name  given  to  tb) 
twelve  unlcaveued  loaves  6i  bread,  one  for  each  of  the  tribes  of  Israel, 
whieh  were  eonatautly  dis|>iiiyed  eu  a  golden  table  in  the  half  plsM  el 
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the  Tabemade  and  Temple.  They  were  made  of  the  finest  wheat 
flour,  and  laid  on  the  table  in  two  simiLar  piles,  with  frankincense  and 
aalt  put  over  them.  Every  Sabbath  they  were  renewed,  and  the  old 
loaves  were  eateh  by  the  priesta  in  the  holy  place. '  The  frankincense 
which  was  placed  upon  the  shew-bread  constituted  it  one  of  the 
"  oSiBringB  made  by  fire  to  the  Lord."  The  golden  table  on  whioh 
they  were  pkced  was  raJled  the  table  of  shew-breM).  Wine  wna  also 
placed  upon  it,  and  it  was  ftimished  with  gold  dishes,  bowls,  and 
spoons.  None  but  the  priests  were  permitted  to  eat  of  this  bretd ;  yet 
David,  when  in  great  need,  ate  of  it,  and  incurred  no  blame. 

SHIELD  was  a  part  of  the  ancient  armour  designed  to  ward  off  the 
stroke  of  the  sword  and  all  kinds  of  missiles.  Shields  were  borne  on 
the  left  arm,  and  were  of  different  forms  and  sizes,  and  they  were 
accordingly  designated  by  different  names.  The  large  circular  or  oval 
shield,  the  invention  of  which  was  ascribed  to  Proctus  and  Acrisius  of 
Argos,  was  called  in  Latin  cli/pcm,  and  in  Greek  anph  or  mco>  iianU  or 
viiKot),  A  smaller  kind  of  round  shield  was  called  parma;  and  a 
smaller  kind  of  oval  shield  was  called  pdla.  <SVi((»»i  was  properly 
speaking,  a  square  or  oblong  shield.  The  ancient  writers,  however,  do 
not  always  accurately  dibtiuguish  these  different  shicldH,  but  apply  the 
name  which  propcriy  denotes  a  particular  kind  of  shield  to  nhiclds  in 
general.  The  shields  in  the  earliest  times  were  made  of  osiers  twisted 
together  (yif^),  or  of  wood,  and  this  framework  was  covered  with  the 
■kins  of  oxen,  of  which  there  were  mostly  several  layers,  one  over 
the  other,  whence  Homer  frequently  calls  the  shield  "seven-hided" 
(iirTaP6tios).  Xenophon  ('Anab.,'  i.  8)  describes  the  Egyptians,  even 
of  his  time,  as  using  wooden  shields.  The  whole  rim  was  surrounded 
with  a  metal  edge.  In  the  centre  of  the  outer  or  convex  side  there 
was  a  projection  called  tiiff  tmphatoa  {ift^idXos),  or  umbo,  in  which  some- 
times a  spike  was  placed,  which  Ber\-ed  as  a  weapon  of  attack  against  an 
enemy  who  approached  too  ne.ir.  The  object  of  the  umbo,  however, 
was  to  make  the  missiles  glance  off  from  the  shield.  In  the  inner  or 
concave  side  there  was  a  band  of  metal  or  leather,  which  went  from 
rim  to  rim  as  a  diameter,  and  under  which  the' arm  of  the  soldier  was 
placed,  so  that  the  shield  hung  on  th^  arm.  Around  the  inner  edge 
there  was  a  number  of  small  thongs,  by  means  of  which  the  shield  was 
managed  with  the  hand.  The  shields  of  distinguished  persons,  even  as 
early  as  the  time  of  Homer,  were  covered  with  metal  plates,  and  fre- 
quently adorned  with  embossed  figiir^.  These  figures  were  often  of 
exquisite  workmanship,  as  may  be  inferred  from  the  descriptions  of 
the  magnificent  shields  of  Achilles  and  Hercules  in  Homer  and  Hesiod. 
The  shields  of  horsemen  were  generally  smaller  than  those  of  the  foot 
eoldiers.  The  use  of  shields  continued  from  ancient  times  throughout 
the  middle  ages,  until  they  wore  made  useless  by  the  introduction  of 
firearms. 

The  shields  of  individuals,  as  well  as  Of  whole  divisions  of  an  army, 
had  sometimes  particular  devices  relating  to  memorable  events  in  their 
history,  and  these  are  generally  supposed  to  bo  the  first  traces  of  the 
armorial  bearings  of  more  modem  times.  The  numerous  specimens  of 
shields  show  that  the  knights  of  the  middlo  ages  were  no  less  fond  of 
sfloming  them  with  embossed  figures,  precious  stones,  tto.,  than  the 
ancients.    [Anuonn.] 

SHIFTING  USES.    [Uses.] 

SHIITES  is  the  name  of  a  sect  among  the  Mohammedans.  The 
word  comes  from  Aiah,  "a  faction,  party,  or  set  of  men  who  separate 
themselves  from  the  rest  of  the  community,"  and  who  entertain 
religions  opinions  oontnuy  to  tiiose  of  the  Sunnitet,  or  people  who 
belong  to  any  of  the  four  orthodox  sects  of  Mohamme<]anism.  The 
name  of  Shiitet  is  principally  used  to  dt^ignate  the  sectaries  or  ad- 
herents ofAli  Ihn  Abi  Tdlib,  who  maintain  him  to  be  the  lawful 
Ichalif  and  imiim,  and  that  supreme  authority,  both  in  spiritual  and 
temporal  matters,  belongs  to  his  descendants. 

The  Shiites  are  divided  into  numerous  sects,  of  whioh  the  principal 
are :  the  Imdmiant,  or  those  who  believe  that  the  oflSee  of  imttm,  or 
head  of  the  church,  is  not  dependent  on  the  will  of  the  people,  and 
that  religion  consiBts  solely  in  knowing  who  is  the  true  imilm ;  the 
Zeydiam,  so  called  from  the  name  of  their  founder,  Zcyd^  son  of  All, 
Bumamed  Zeynu-1-abadin  (the  ornament  of  tho  servants  of  God)  ;  tho 
KhattaUam,  or  disciples  of  Ab6-l-Khattiib,  who  maintiiu  that  paradise 
is  no  other  thing  than  the  pleasures  of  this  world,  which  God  grants  to 
those  with  whom  he  is  pleased :  hence  tlieir  indulgence  in  wine,  music, 
and  other  things  forbidden  by  the  prophet.  The  Persians  are  Shiites, 
and  the  Turks  Sunnites  :  hence  the  cause  of  tho  schism  still  subsisting 
between  them,  which  has  been  maintained  on  both  sides  with  ardent 
£cal  and  impbicable  hatred.  The  chief  points  wherein  they  differ  may 
be  reduced  to  three :— 1.  The  Shiites  reject  Ab<i  Bekr,  Omar,  and 
Othmrfn,  the  first  three  khalifs,  as  usurpers  and  intrudei-s ;  whereas  the 
Sunnites  respect  them  as  rightful  imdms.  2.  The  Shiites  prefer  Ali 
to  Mohammed,  or  at  least  look  upon  him  as  his  equal  in  every  respect ; 
whilst  the  Sunnites  admit  neither  AU  nor  even  any  of  the  prophets  to 
be  equal  to  Mohammed.  8.  The  Sunnites  receive  the  Himna,  or  body 
of  traditions  concerning  the  prophet,  as  of  canonicid  authority ;  tlie 
Shiites  reject  it  aa  apocryphal  and  unworthy  of  credit. 

SHIP.  The  ships  of  war  employed  at  first  by  the  maritime  nations 
of  modem  Europe  were  galleys,  moved  either  by  wind  or  oars,  and 
were  dmilar,  probably,  to  those  of  the  Greeks  and  Romans.  In  the 
beginning  of  the  15th  century,  vessels  of  a  like  kind,  but  of  greater 
dimensions,  constituted  portions  of  the  navies  of  France  and  Spain ; 


they  were  called  Carraqnes,  and  it  is  said  by  a  French  author  of  that 
age  that  tho  English  ships  scarcely  dared  to  approach  them.  The  term 
Oaleasse  tvaa  aftervards  applied  to  a  kind  of  war-galley  which  was  of 
greater  length  iu  proportion  to  its  breadth  than  those  geherally  con- 
structed ;  its  rowei-s  were  covered  by  a  narrow  deck  running  along  each 
side  of  the  vessel,  and  on  this  small  cannon  were  mounted.  Such  were 
the  vessels  used  by  the  Venetians  at  th«  battle  of  Leponto. 

Before  tlif  reign  of  Henry  VII.  the  naval  force  of  this  couotij  con- 
sisted only  of  the  vessels  furnished  at  short  notices  by  the  Cmque- 
ports,  besides  such  as  were  hired  froiii  English  or  foreign  marehaiitj ; 
and,  according  to  Du  Bollay,  some  of  tlie  ships  were  a  sort  of  loug 
galleys  called  Kamberges,  in  the  management  of  which  the  Engli'^lL 
mariners  are  said  to  have  been  very  expert.  Henry  Vil.  caused  to  be 
conktructod  the  Great  Harry,  the  first  ship  which  can  be  ranked  a3 
one  belonging  to  the  royal  navy  of  England ;  and  his  successor,  in 
1516,  in  emulation  of  I'l-ancia  I.,  who  h:ul  built  a  ship  called  the 
Caraoon,  carrying  100  guns,  caused  one  of  oqualliurdon  (about  1000 
tons),  and  carrying  122  guns,  to  bo  constructed.  This  was  called  the 
Henry  Grace  dc  Dicu.  It  apiier.ru  to  have  been  built  rather  for  mag- 
niliccuco  than  use ;  not  more  than  18  of  tho  guns  were  Q-pouuders 
or  upwards ;  and  its  construction  must  have  been  very  defective,  fur 
it  is  said  to  have  steered  badly  and  to  have  rolled  incessantly.  After 
having  made  one  voyage,  it  was  disarmed  at  Bristol  and  suffered  to 
decay.  Tho  French  ship  was  equally  unfortunate,  having  been  acci- 
dentally destroyed  by  fire  at  Hivra.  Heni-y  VIII.  exerted  himself, 
however,  to  place  the  maritime  force  of  the  nation  in  a  train  for  being 
improved,  for  which  purpo.'se  he  organised  the  Admiralty  ajid  Jfavy 
Boards,  and  formed  dockyards  at  Ueptford,  Woolwich,  and  Poita- 
mouth.    [Navt,  British.  1 

During  the  reigns  of  Edward  VI.  and  Elizabeth  the  royal  navy 
became  very  powerful,  and  at  the  death  of  the  queen  it  consisted  of 
42  shiiis  of  war.  In  the  time  of  James  I.  was  built  (IGlOi  a  ship 
called  the  Prince,  carrying  61  guns,  and  of  1400  tons  burden,  being  the 
largest  which  had  been  till  then  constructed.  And  boforo  tho  dvil  war 
broke  out,  Charles  I.  caused  to  bo  built  one  called  the  Sovereign  of  the 
Seas,  which  carried  above  106  guns,  small  and  great ;  her  length  was 
128  feet,  and  her  breadth  48  feet. 

The  ships  of  that  ago,  foreign  as  well  as  English,  were  constmcted 
with  hulls  extravagantly  high,  while  the  lower  guns  were  frequently 
not  more  than  three  feet  above  the  water ;  they  were  consequently 
very  liable  to  ship  seas  at  the  lower  ports  during  an  action,  when  tho 
waves  ran  high,  or  the  ship  heeled  considerably.  But  the  rivahry 
between  England  and  the  United  Provinces  in  the  17th  century,  and 
the  desire  which  Louis  XIV.  entertained  to  raise  the  navy  of  France  to 
an  equality  with  those  of  his  neighbours,  led  to  the  constructiun  of 
ships  capable  of  carrying  artillery  of  much  greater  oaUbre  than  had 
before  been  used  at  sea.  The  French  king  actually  caused  to  be  built 
at  Toulon  a  ship  called  tho  Hoyal  Louis,  which  carried  12-,  24-,  and 
48-pottndcrs  on  its  upper,  middle,  and  lower  decks  respectively.  In  the 
same age,and  during  tho  18th  century, naval  architecture  was  aealously 
studied  in  France ;  ond  the  English  instructors  were  "so  sensible  of 
their  inferiority,  that  in  most  of  the  ships  built  in  England  at  that 
time  the  proportions  were  copied  from  those  of  ships  which  had  been 
tiken  in  action  from  the  rival  nation.  Thus  the  Leviath.-ui  was  built 
at  Chatham  nearly  in  conformity  to  the  Courageux,  a  Frencli  74-gun 
ship ;  and  sever.al  others  according  to  the  construction  of  the  Invin- 
cible, which  had  been  taken  by  Lord  Anson  during  the  Seven  Years' 
War. 

During  the  17th  century  the  custom  contmued  of  giving  to  the 
sterns  a  great  elevation  above  the  surface  of  the  water,  and  of  loading 
that  part/  as  well  as  the  bows,  with  ornaments.  The  sterns  of  ships  of 
war  were,  till  about  forty-five  years  sinoe,  made,  at  tiieir  junctions 
with  the  sides,  of  an  angular  form,  or,  as  they  were  called,  square ;  and 
before  1729  they  had  projecting  galleries  or  balconies  extending  across 
them,  and  to  some  distance  along  each  after-quarter  of  the  ship.  The 
giUleries  were  afterwards  much  diminished  in  breadth ;  but  it  was  not 
till  17i)6  that,  by  the  influence  of  Lord  Spencer,  who  was  then  the  fii-st 
lord  of  the  Admir.-dt^,  these,  aa  well  as  the  great  projecting  heads, 
were  entirely  omitted  in  the  constniction  of  ships.  In  1810  Sir  Robert 
Scppings  proposed  to  make  the  stems  curvilinear  like  the  bows,  but 
more  flat ;  and  by  the  adoption  of  his  plan  there  was  gained  consider- 
able strength,  such  a  form  enabling  the  ship  to  resist  with  gre,it  effect 
the  force  of  a  sea  in  striking  the  stem,  and  that  of  shot  when  fired 
against  it.  With  respect  also  to  tho  means  of  defence  at  the  stem  and 
quarters  of  a  ship,  it  may  be  ob8erve<l  that  the  curvihnear  stem  has 
gicitly  the  advantage  over  those  of  an  angular  construction,  there 
being  in  tho  angular  an  interval  opposite  each  quarter  of  the  ship 
towards  which  none  of  the  after-guns  con  be  brought  to  liear,  while 
such  interval  docs  not  exist  in  the  curvilinear.  In  a  ship  with  a  curvi- 
liuc.tr  stern,  the  ports  may  he  disposed  so  as  to  allow  guns  to  firoinany 
direction  diverging  from  a  centre  within  the  ship ;  and  at  the  same 
time  the  after  broiadside  'guns  may  bo  trained  so  as  to  fire  obliquely 
towards  tho  fore  or  after  part  of  the  ship.  Thus  there  will  be  afforded 
several  intervals  opposite  the  s(em  and  quarters,  within  which  the 
lines  of  fire  may  cross  each  other ;  and  consequently  tho  defence  will 
be  as  powerful  about  the  stei-n  as  at  any  other  pai  t  of  tlie  ship.  It 
may  be  added  that  when  the  guns  in  a  square  stem  are  trained  at 
their  greatest  degree  of  obliquity  to  the  sides  of  the  ships,  their 
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muzzles  will  be  considerably  within  the  timbers;  and  consequently, 
in  firing,  some  danger  may  exist  of  blowing  away  part  of  tho  stem  or 
quarter.  The  curvilinear  form  ia  now,  with  slight  modifications, 
generally  adopted  for  ships  of  war ;  and  the  only  objection  hitherto 
m.ide  to  it  is  that  tho  interior  accommodations  arc  thereby  rather 
diminished. 

In  1 791  there  was  formed,  in  London,  a  Society  for  tho  Improvement 
of  Naval  Architecture ;  and  its  first  steps  consisted  in  oflbring  prizes 
for  tho  best  papei-s  which  should  be  written  on  the  subject  of  the 
resistance  of  Quids,  on  designs  for  vessels,  on  tho  proportions  of  masts, 
to.  The  association  threw  much  light  on  tho  art  of  constructing 
ships ;  and  both  the  theory  and  practice  of  that  art  have  been  advanced 
by  means  of  tho  school  which  was  attached  to  the  Naval  Collego  at 
Portsmouth,  under  tho  superintendence  of  Dr.  Inman.  During  the 
year  1860,  however,  an  Institute  of  Naval  Architects,  under  the  pre- 
sidency of  Sir  John  Fa^ington,  was  originated  in  London,  and  bids 
fail;  to  bring  together  the  ablest  members  of  the  profcEsion  in  England, 
as  also  men  eminent  in  mechanical  science.  The  lato  principal  of  tho 
School  of  Naval  Architecture,  tho  Rev.  Dr.  WooUey,  has  already  given 
a  useful  pajier  on  mathematical  thecSy,  while-men  like  Maudslay,  h'cott 
Ilussell,  Urautham,  Fairbaim,  &c.  have  contributdd  valuable  assistance. 
('  Transactions  of  the  Institute  of  Naval  Architects  for  1300.') 

In  the  present  article  it  is  intended  to  give  some  account  of  tho 
mathematical  principles  of  naval  architecture ;  tho  mechanical  con- 
struction of  ships  being  reserved  for  the  articles  SuiP-BUiLDisa  and 
Steam  Vksskl. 

The  body  of  a  ship  about  its  middle  has  ncirly  the  form  of  a  portion 
of  a  hollow  cylinder,  with  its  axis  horizontal,  and  its  -convex  surface 
downwards.  Above  the  surface  of  the  water  on  which  it  floats  tho 
sides  are  curve<l,  so  as  at  the  head  to  have,  in  a  horiznnUl  direction, 
the  form  of  a  Gothic  ai-ch  more  or  less  acute.  The  breadth  diminishas 
gradually  towards  the  stern,  which  above  w.iter  is  either  a  plane  surface 
nearly  perpendicalar  to  the  ship's  length,  or,  agrce.ibly  to  the  con- 
struction introduced  by  Sir  Kobcrt  Scppings,  curved  so  as  to  have,  in 
a  horizontal  section,  nearly  tho  form  of  a  semi-ellipso.  Below  the 
surface  of  tho  water  the  body  of  the  ship  is  curved  in  a  horizontal 
direction  towards  the  head  .ind  stern,  so  as  to  terminate  at  those  places 
in  angles  which  diminish  from  that  surface  downwards ;  and  thus  a 
vertic-U  scctioni  taken  perpendicularly  to  the  length  of  the  ship,  at 
some  distance  from  tho  middle  towards  either  extremity,  prestnts  on  , 
each  side  the  form  of  a  curvo  of  contrary  flexure. 

Exjierimenta  h.ive  shown,  th.it  v,hen  the  quantity  of  Siiil  is  the  ramc, 
the  velocity  of  a  ship  is  increased  by  incrcising  the  ratio  between  its 
length  and  breadth,  and  both  English  and  French  constructors  have 
gone  on  for  many  years  augmenting  that  ratio ;  but  this  increase  has 
its  limit.  Tho  advantage  of  diminished  breadth  is  accomp.anicd  by  a 
diminution  of  stability,  and  a  deficiency  in  this  respect  may  produce, 
serious  evils.  It  may  prevent  the  use  of  the  lower  gims  on  the  lee- 
side  from  the  fear  that  tho  ports  may  be  under  water,  and  the  use  of 
the  giras  on  the  weather-side  from  inability  to  give  them  suCRcient 
depression;  and  by  causing  the  keel  to  take  an  oblique  position  in  the 
direction  of  its  depth,  tlie  lateral  resistanco  of  the  water  being 
diminished,  tho  lee-way  of  the  ship  is  incrc.tsed.  Tho  power  of  tho 
rudder  and  sails  to  produce  rotation  about  a  vertical  axis  is  greater  in 
a  long  than  in  a  short  ship,  because  tho  rudder  and  sails  arc  at  greater 
distances  from  that  axis,  and  because  the  impulse  of  tho  water  on  tho 
rudder  is  more  tlirect :  yet  the  resistance  which  the  water  opposes  to 
that  rotation  increases  in  a  still  higher  ratio ;  and  thus  the  difficulty  of 
working  to  windward  is  increased  with  the  length  of  the  ship.  Lastly, 
tho  quantity  of  artillery  in  a  ship  will  indirectly  affect  tho  relation 
between  tho  length  and  breadth ;  for  an  inci-ease  of  weight  abov6 
water  produces  a  diminution  of  stability  by  causing  the  centre  of 
gravity  of  tho  ship  to  bo  more  elevated,  and  this  evil  must  be  counter- 
acted by  increasing  the  breadth.  In  several  English  ships  of  war 
carrying  from  46  to  120  guns,  it  has  been  found  by  admeasurement 

that  the  ratio   of  the  breadth  to  the   length  varied  from  — —  to 
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and  that  it  had  no  dependence  either  upon  the  number  of  guns 
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or  upoB  the  tonnage  of  the  ship.  The  greatest  length  which  may  be 
given  to  ships  of  war  is  a  point  still  undetermined ;  and  the  length 
seems  to  have  hitherto  gone  on  increasing  in  the  navies  of  all  nations. 
In  1780  was  built  the  Victory,  of  100  guns ;  this  was  then  the  greatest 
three-<lecker  in  the  British  service,  and  its  length  was  186  feet.  In 
1793  the  Ville  de  Paris,  of  110  guns,  and  190  feet  long,  was  built  at 
Chatliam;  and  in  1800  was  built  the  Caledonia,  of  120  guns,  whoso 
length  was  205  feet,  while  the  Hood  of  91  gims  and  3232  tons, 
launched,  at  ClLttham,  in  1859,  is  233  feet  long,  and  the  Cilatca  frigate, 
launched  in  1859,  having  26  guns,  and  being  of  the  burden  of  3202 
tons,  has  a  length  of  230  feet. 

In  the  Vernon,  and  other  ships  which  wore  built  according  to  the  de- 
signs of  the  late  Sir  William  Symonds,  the  form  of  a  transverse  section 
passing  vertically  through  the  hull  differs  from  that  which  had  been 
before  given  to  ships,  in  exhibiting  an  increase  of  brcidth  above  the 
plane  of  floatation  (a  horizontal  plane  p.xssing  through  the  ship  when 
she  floats  upright,  and  coinciding  with  the  surface  of  the  water).  This 
construction  produces^  without  any  diminution  of  velocity,  an  increase 


of  stability  not  only  when  the  ship  is  aflait,  but  also  when,  on  lying 
aground,  she  Is  subject  to  the  force  of  waves  agamst  her  side.  It  may 
however  be  said  to  be  attended  by  the  disadvantages  of  too  great 
stability ;  that  U,  it  may  cause  the  ship  to  he  considerably  strained, 
and  the  mnsts  to  be  carried  away  by  a  sudden  impulse  of  the  wind. 

Tho  lateral  action  of  tho  wind  against  tho  sails,  and  of  the  waves  of 
the  eea,  against  the  hull  of  a  ship,  are  the  causes  that  tho  plane  passing 
through  its  m-ists  is  niiule  to  declmo  from  the  vertical  position  which 
it  Ims  when  the  ship  is  at  rest;  and  the  ship  is  then  prevented  from 
being  overturned  only  by  tho  reaction  of  the  water  against  the  bottom 
and  sides.  The  momentum  of  this  reaction  is  that  which  is  called  the 
stability  of  tho  ship.  Tho  axis  of  tho  rotation  htia  been  pUced  by 
difiercut  writers  in  different  situations,  but  both  Bouguer  and  Euler 
have  proved  that,  if  the  ship  has  not  at  the  same  time  a  pitching 
motion,  it  should  be  considered  as  a  horizontal  line  passing  through  the 
centre  of  gravity  of  the  ship.  In  order  to  find  approximatively  the 
dependence  of  a  ship's  stability  on  it*  length  and  breadth,  let  it  be 
supposed  that  the  ship  is  a  homogeneous  solid  in  the  form  of  a  prism 
or  segment  of  a  cyhnder  havmg  its  axis  in  a  horizontal  position ;  ond,- 
the  vessel  being  supposed  to  float  upright,  let  ABO  (,fig.  1)  be  » 
transverse  section  through  the  immersed  part  in  a  vertical  plane 


passing  through  o  and  ft,  which  are  respectively  the  centres  of  gravity 
of  the  whole  solid  and  of  that  part  (a  d)  coinciding  with  the  surface  of 
the  water  :  let  also  a'  b'  c'  be  tlie  position  of  the  same  section  when  the 
vessel  is  inclined.  Now,  while  the  weight  of  the  ship  remains  the 
came,  the  volume  of  the  immersed  part  is  the  same  whether  the  ship 
bo  upright  or  inclined,  and  the  volume  raised  above  the  water  by  the 
inclin.ition  on  one  side  is  equal  to  the  volume  depressed  below  it  on  the 
other ;  therefore  the  area  u  c'  u  may  be  considered  as  equal  to  a  c  B, 
and  a'  o  M  to  b'  D  K.  Next  let  p  and  q  be  the  centres  of  gravity  of  the 
trilateral  spaces  Inst  mentione<l;  then,  by  mechanics,  the  centre  of 
gravity  of  MDB'Cwill  beat  some  point,  as  r  in  pg  produced,  the 
displacement  of  </  by  the  inclination  being  supposed  to  bo  very  small ; 
ami  the  centre  of  gravity  of  u  c'  N  (the  section  immersed  when  the 
soUd  ia  inclined)  will  be  at  some  point  uiaqr:  also — 

a'b'o'  :  a'dh  :  :  pr  :  gr,  and 

iidn  (=A'n'o')  :  b'dn  (  =  a'dm)  :  -.gr  •.m. 

Therefore,  p  r  and  q  r  ore  cut  proportionally  in  g  and  n ;  and  gs  i» 
parallel  top  J.   Consequently — 

pr  :  gr  :  :  pq  :  ga, 

OT  ABC  :  i.'BU  :  :pq  :  gn; 

and  if  the  inclinalion  of  the  ship  is  very  small,  gB  may  be  considered 
as  parallel  to  ab.  Draw  (he  vertical  fine  BS,  and  aK  parallel  to  ab; 
then  jf  11  =  OK. 

The  area  abc  may  represent  the  volume  (v)  of  tho  displacement,  or 
of  the  immersed  part  of  the  ship;  and  the. area  a'dm,  the  voluma 
raised  above  or  depressed  below  ad  in  consequence  of  the  inclination. 
This  trilinear  gp.%ce  being  supposed  to  be  very  small,  it  may  be  con- 
sidered as  a  tiianglo  right-angled  at  M  :  and  if  the  length  and  half- 
breadth  of  the  solid  be  represented  by  I  and  6  respectively^  we  hiive 
4a'u.{.6  for  the  representation  of  the  elevated  or  depressed  volume. 
But  a'm  varies  with  b ;  therefore,  such  volume  varies  with  l.lr.  Again, 
by  mechanics,  the  distance  of  tbe  centre  of  gravity  of  each  of  those 
volumes  from  a  horizontal  line  passing  through  D,  in  a  direction  paral- 

2  '  4 
lei  to  tho  axis  of  the  solid,  is  equal  to  -  6 ;  therefore,  the  line  pq  =  -b, 

3  3 
or  pq  varies  with  6.    Then  substituting,  in  the  last  proportion  above, 
V  for  ABC,  /.6'  for^A'DM,  and  b  toipq;  also  putting  o K  for  </ n,  wo  find 

that  OK  varies  with  -I—  ;  or  v.OK  <x  l.b'.    Now  the  force  of  tho  water 

V 
to  prevent  the  ship  frota  being  overturned  taking  pUce,  by  hydrostsj 
tics,  in  the  verticil  lino  n 3  passing  through  n,  and  being  represented 
by  V  ;  also  the  ship  being  supposed  to  turn  about  a  longitudmal  axis 
passing  through  o,  we  hay  v.qk  for  the  moms^*"™  "^  the  ships 
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atability ;  but  the  triangle  gks  is  similar  to  a'hd,  all  the  sides  of  one 
being  perpendicular  to  those  of  the  other :  therefore 

A'lt :  DM  :  :  GK  :  os. 

Again,  a'k  varies  with  du;  therefore,  ok  varies  with  os  and  v.os 
or  Ai'  :  tfaat'is  v.os  expresses  also  the  momentum  of  the  ship's  stabi- 
lity. The  point  s  U  called  the  meta-centre,  and  it  indicates  the  moat 
oluvated  position  which  the  centre  of  gravity  Q  can  have  consistently 
with  the  stability ;  for  when  a  coincides  with  8,  it  is  evident  that  the 
above  expression  vanishes. 

Since  the  depth  of  the  ship  does  not  enter  into  the  expression  l.h\ 
it  may  be  inferred  that  when  ships  have  equal  lengths  and  breadths, 
they  will  have  equal  stabilities,  whatever  be  their  depths.  Again,  when 
they  have  equal  breadths,  their  stabilities  will  vary  with  their  lengths ; 
and  when  they  have  equal  lengths,  the  stabilities  vary  with  the  cubes 
of  their  breadths.  It  follows  also  that,  in  general,  tiie  stability  of  a 
ship  is  directly  proportional  to  its  length  and^to  the  cube  of  its  breadth, 
whatever  be  its  depth. 

In  the  nest  place,  in  order  to  find  approximatively  the  relations  be- 
tween the  velocity  of  a  ship  and  its  dimensions,  let  the  ship  be 
represented  by  an  isosceles  triangular  prism  having  the  greatest  rect- 
angular surface  uppermost  and  parallel  to  the  surface  of  the  water,  and 
the  triangular  ends  jwrpeudicular  to  that  surface,  so  that  the  fore  and 
after  parts  are  reotaugular  ijjaiies  inclined  to  the  same  surface ;  then 
for  the  present  purpose  we  may  assume  that  the  resisUnce  cxjierienced 
in  moving  through  the  water  is  expressed  by  r."  a  sin'  i.  [Hydrody- 
namics], where  r  is  the  velocity  of  the  vessel,  A  the  superficies  of  the 
inclined  front,  and  I  its  inclination  to  the  surface  of  the  water.  But 
the  resistance  of  the  water  is  directly  proportional  to  the  moving 
poraer,  that  is,  to  the  pressure  of  the  wind  on  the  sails,  and  this  last 
varies  with  tno  area  of  the  sails,  which  may  be  represented  by  a : 


therefore,  r'  oc 


Again,  the  momentum  of  the  ship's  sta- 


bility is  directly  proportionsil  to  the  momentum  of  the  wind  on  the 
sails,  and  the  latter  is  expressed  by  the  product  of  the  area  of  the  saiU 
into  the  height  of  the  centre  of  pressure  (centre  of  gravity  of  the  siils) 
above  the  axis  of  rotation :  now  this  height  varies  with  the  height  of 
the  sails ;  that  is,  with  the  square  root  of  their  area,  the  sails  in  difTer- 
ent  ships  being  supjiosed  to  be  similar  plane  figures.    Therefore,  the 

momentum  of  st-ibility  varies  with  a',  or  a  k  (moment,  of  stability)'. 
Let  I  be  the  half  length  of  the  vessel,  b  its  breadtli,  and  d  its  depth ; 
then  the  momentum  of  stiibility  as  above  may  be  representeil  by  l.b^, 


A  will  be  equal  to  b{l^  +  d'y  and  sui»  i  to 
l}b{l"-+d'') 


d' 


rf» 


{l'  +  d-)i 
and  this  being  simplified,  neglecting  P, 


considered  as  small  when  compared  witli  P,  we  have  i 


Hence,  »'  « 
which  may  be 

This  expression  indicates  that  the  velocity  will  be  increased  by 
diminishing  d,  which  may  represent  the  ship's  draught,  or  the  depth 
to  which  a>e  is  immersed.  It  is  evident  also  that  the  like  effect  will 
take  place  it  the  length  or  the  breadth,  or  both,  are  incre.ised  (the 
breadth  of  the  sail  being  supposed  to  increase  with  that  of  the  ship) ; 
and  since,  in  this  case,  the  stability  will  at  the  same  time  bo  increased, 
this  will  permit  the  ship  to  carry  a  greater  quantity  of  sail ;  but  the 
number  of  the  crew  being  supposed  to  vary  with  the  area  of  the  sail, 
an  increase  of  the  latter  is  in  general  attended  with  a  corresponding 
increase  of  expense.  The  fiictors  in  the  viilue  of  v  being  different 
powers  of  b,  I,  and  d,  it  thence  follows  that  ships  having  the  same  pro- 
portions possess  imequal  sailing  properties;  it  may  be  perceived 
indeed  that  a  small  ship  built  according  to  the  propoi-tlons  of  a  large 
one  which  is  known  to  sail  well  will  not  posscsfl  the  like  good  quality. 
■On  the  other  hand  it  may  be  inferred  that  a  vessel  h.iving  the  same 
proportions  as  a  good  one  of  smaller  dimensions  will  be  superior  to  the 
latter.  _  If  two  ships  carry  sails  proportion^U  to  their  stabilities,  and  if 
the  h^ht  of  the  lower  tier  of  guns  above  water  bo  the  same  in  both 
when  the  ships  float  upright ;  then,  the  inclinations  of  the  planes  of 
their  masts  being  also  supposed  to  be  equal,  the  lower  guns  of  the 
smaller  ship  will  be  farther  from  the  water  than  those  of  the  larger 
ship,  and,^in  action,  the  latter  might  be  in  danger  when  the  other 
would  be  safe.  Consequently,  if  the  greatest  possible  quantity  of  sail 
be  given  to  the  smaller  ship,  a  smaller  quantity  rdatively  to  its 
stabiUty  ought  to  be  given  to  the  larger. 

The  discovery  of  the  elements  on  which  depend  the  stability  and 
the  sailing  properties  of  ships  will  probably  be  made  rather  by  study- 
ing the  proportions  of  such  as  from  experience  have  been  found  to 
possess  the  desired  qualities,  than  by  purely  scientific  researches ;  and 
as  a  step  preparatory  to  tUs  study  it  wUl  be  necessary  to  be  acquainted 
with  the  methods  by  which,  in  a  body  like  a  ship,  which  cannot  be 
considered  as  corresponding  to  any  geometrical  solid,  the  areas  of 
sections,  the  volume  of  the  whole  or  of  the  part  immersed  in  the 
water,  the  position  of  the  centre  of  gravity  of  the  hull  or  the  sails,  &o., 
are  fovmd. 

The  method  of  equidistant  ordinates  is  generally  used  for  these 
purposes;  and  in  finding  the  area  of  a  section,  some  line  in  it  being 
taken  as  an  axis,  an  uneven  number  of  lines  as  ordinates  are  drawn  or 


supposed  to  be  drawn  at  equal  distances  from  one  another  perpen- 
dicularly to  that  line  till  they  meet  the  surface  of  the  ship.  The 
lengths  of  these  ordinjites  being  known  by  actual  admeasurement,  or 
by  the  scale  of  the  drawing,  and  also  the  distance  between  them ;  and 
the  curve  line  in  which  the  plane  of  the  section  meets  the  surfwse  of 
the  ship  being  considered,  between  every  three  consecutive  ordinate^, 
as  an  arc  of  the  common  parabola ;  by  SterUng's  rules,  the  area  will  be 
found  as  follows :  Jet  the  figure  represent  the  half  plan,  divide  it  into 
any  number  of  equal  parts,  say  eight. 


Fig.  2. 


Then  area  = 'J(A+4p  +  2a)=—(*-l- ;2p +  Qj  in  which 

A  =  sum  of  first  and  last  ordinate, 

p  =  sum  of  even  ordinates, 

Q  =  sum  of  remaining  ordinates, 

r  =  common  distance  between  the  ordinates ; 

or,  according  to  his  second  rule,  the  ordinates  may  be  drawn  so  that 
the  equal  intervals  are  made  some  multiple  of  the  number  3,  in  which 
case^e 

Area  =  ?r(A -i- 2p-h8q)  =  —(- -^  P -H 14  <j)  where 

A  =  sum  of  first  and  lost  ordinates, 

p  =  sum  of  4th,  7th,  10th,  &c,  ordjnates, 

Q  =  sum  of  remaining  ordinates, 
'  >•  =  common  distance. 

Either  rule  may  be  used,  for  whether  the  curve  be  considered  as  a 
common  parabola,  or  as  a  cubic  parabola,  will  scarcely  ofTect  the 
practical  resnlt. 

By  cither  of  these  niles  the  area  of  a  vertical  section  through  the 
middle  of  the  ship's  breadth  in  a  longitudinal  direction,  or  through 
any  part  of  the  ship's  length  in  a  transverse  direction,  and  also  the  area 
of  a  horizontal  section  coincident  with  or  parallel  to  th^  surface  of  the 
water,  may  be  found.  The  same 'form ulte  may  be  applied  to  determine 
the  volume  of  the  whole  hull,  or  of  the  displacement ;  for  this  purpose 
vertical  sections  may  be  supposed  to  pass  through  the  equidistant 
oi'dioates  drawn  perpendicularly  to  the  longitudinal  axis  of  the  ship, 
and  their  areas  to  be  computed  as  above.  The  formulio  may  also  bo 
employed  to  determine  the  momentum  of  any  part  of  the  ship  with 
rojpeot  to  some  line  .ibout  which  it  may  be  made  to  turn,  or  with 
rcs)>ect  to  a  plane  ])assing  through  such  line. 

In  order  to  find  the  centre  of  gravity  of  the  displacement,  that  is,  of 
the  immertied  part  of  the  ship  (considered  as  a  homogeneous  solid) 
when  the  ship  Uoats  upright ;  imagine  that  immersed  part  to  be  divided 
by  equidistant  vertical  planes  perpendicular  to  the  ship's  length,  and 
also  by  equidistant  horizontal  planes  ;  then  the  area  of  each  horizontal 
section  between  eveiy  two  vertical  planes  being  multiplied  by  the 
vertical  distance  of  that  horizontal  section  below  the  surface  of  tba 
water,  and  all  the  products  being  added  together  by  either  of  the  above 
formulae,  the  sum  will  be  the  momentum  of  the  immersed  part  with 
respect  to  the  horizontal  jJane  at  the  surface  of  the  wiiter.  This 
momentum  being  divided  by  the  volume  of  the  immersed  part  com- 
puted as  above,  gives  by  mechanics  the  distance  of  the  centre  of  gravity 
below  the  surface  of  the  water.  In  a  similar  manner  may  be  found 
the  position  of  the  centre  of  gravity  with  respect  to  a  vertical  plane 
passing  perpendicularly  to  the  length  of  the  ship,  suppose  at  one  of  its 
extremities ;  and  thus  its  position  may  be  completely  determined. 
From  the  symmetry  of  the  ship's  figure  on  each  side  of  a  plane  passing; 
through  its  masts  and  keel,  the  centre  of  gravity  of  the  whole  ship  will 
always  be  in  that  plane ;  and  that  of  the  immersed  parS  wilt  be  in  the 
game  plane  when  the  ship  floats  upright. 

The  position  of  a  vertical  line  passing  through  the  centre  of  gravity 
of  the  whole  ship  may  be  found  by  determining  that  of  a  vertical  line 
passing  through  the  centre  of  gravity  of  the  displacement ;  for,  by 
hydrostatics,  when  the  ship  floats  with  its  masts  upright,  these  lines 
are  coincident.  But  the  determination  of  the  place  of  the  <i6ntre  of 
gravity  in  this  line  is  a  problem  of  considerable  difficulty  on  account  of 
the  complexity  of  the  subject,  arising  from  the  form  of  the  hull,  the 
positions  of  the  masts,  rigging,  guns,  lading,  &c. :  and  it  can  only  be 
found  mathematically  by  ascertaining  the  place  of  the  centre  of  gravity 
and  the  weight  of  every  separate  object  constituting  the  mass  of  tho 
ship  and  its  lading.  The  momenta  of  all  these  objects  being  computed 
with  respect  to  any  one  plane,  as  that  of  floatation  (the  horizontal 
plane  at  the  level  of  the  water),  the  difl'erence  between  the  sums  of  the 
momenta  of  the  objects  above  and  below  that  plane  is,  by  the  nattire 
of  the  centre  of  gravity,  equal  to  the  product  of  tho  weight  of  the 
whole  ship  into  the  distance  of  the  required  centre  of  grevity  from  the 
same  plane.    Hence  the  situation  of  this  point  might  be  found. 

The  most  simple  mechanical  method  of  finding  tho  centre  of  gravity 
of  a  ship  is  prolably  that  which  was  proposed  by  Mr.  Major  in  the 
'  Annals  of  Philosophy,'  June,  182C.    It  consists  in  making  the  ship 
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when  aSoat  heel  (the  plaue  of  its  nuiBts  to  inclme)  through  equal 
anglea  by  means  o{  weights  applied  succeemTely  to  a  mast,  and  made 
to  act  horizontally  at  different  distances  above  the  deck ;  these  weights 
being  reduced  to  directions  perpendicular  to  the  inclining  mast  (b^ 
multiplying  them  into  the  cosine  of  the  inclination),  and  then  multi- 
plied into  their  respective  distances  from  the  unknown  centre  of 
giavity  of  the  ship,  will  give  two  products  which  are  equal  to  one 
another ;  each  of  them  being  equal  to  the  momentum  of  the  resistance 
by  wUoh  the  water  tends  to  prevent  heeling ;  henoe  by  algebra  the 
distaooe  of  the  centra  of  gravity  from  either  of  the  points  at  which 
the  weights  are  applied  may  be  found. 

In  the  expression  for  the  momentum  arising  from  the  pressm«  of 
the  wind  against  the  sails,  it  is  usual  to  consider  the  whole  foroe  of  the 
wind  as  acting  at  the  cenfare  of  gravity  of  the  sails ;  and  this  point  may 
be  found  by  multiplying  separately  the  area  of  each  sail  into  the 
distance  of  its  oentro  of  gravity  above  a  horizontal  axis  passing  through 
the  centre  of  gravity  of  tiie  ship.  The  quotient  arising  from  the  sum 
of  these  momenta  divided  by  the  sum  of  the  areas  of  all  the  sails  will 
give  the  distance  of  the  required  centre  of  gravity  above  that  axis ; 
and  similarly  the  position  of  the  centre  of  gravity  of  the  sails  with 
respect  to  any  vertical  line  as  an  axis  may  be  obtained. 

To  find  the  centre  of  gravity  of  the  displacement,  or  of  the  immetsed 
part  of  the  ship  supposed  to  be  homogeneous,  when  the  plane  of  a 
ship's  masts  is  made  to  incline  by  the  lateral  action  of  the  wind,  the 
axis  of  rotation  being  supposed  to  be  a  horizontal  line  passing  through 
the  centre  of  gravity  of  the  whole  ship,  then  must  be  fint  obtained  by 
trial  the  position  of  a  horizontal  line  m  which  the  plane  of  the  surface 
of  the  water  will  cut  the  body  of  the  ship  when  in  the  upright  and 
inclined  positions  respectively,  so  that  the  volume  of  the  part  raised 
above  the  water  in  consequence  of  the  inclination  may  be  equal  to  that 
of  the  part  depressed.  Let  a  line  passing  throa(^  D,  fig.  1,  perpendicu- 
larly to  the  paper,  be  that  horizontal  line;  then  the  svim  of  the 
momenta  of  the  elevated  and  depressed  volumes  may  be  found  by  com- 
puting the  areas  of  the  trilineal  figures  Vdk,  b'dit,  in  all  the  vertical 
sections  taken  at  equal  distances  from  one  another  in  the  direction  of 
the  ship's  length,  multiplying  them  separately  by  the  distances  of  their 
centres  of  gravity  from  a  vertical  plane  passing  through  the  same 
horizontal  line,  and  then  adding  all  the  products  together  by  one  of 
the  formulse  above  given.    In  the '  Quarterly  Journal  of  Science,'  April, 

1880,  the  area  of  either  triangle,  aa  a.'D k,  is  expressed  by  "^^^  V 

sin  i  6,  where  7=dm,  7"=da',  y^a  line  drawn  from  D  to  a'm, 
bisecting  the  angle  a'  D  u,  or  0  (the  angle  of  heeling).  Also  the  momentum 
of  the  same  triuigle  wiUi  rei^>ect  to  the  point  D  is  expressed  approxi- 
matively ,  and  supposing  the  angle  of  heeling  to  be  7°  (the  greatest  at 
which  a  ship  of  war  can  use  her  windward  guns),  by  .02037y'(7+7^, 

In  order  to  find  an  expression  for  the  stability  of  a  ship,  let  o  be  its 
centre  of  gravity,  and  when  the  ship  floats  upright  let  g  be  the  centre 
of  gravity  of  the  immersed  part  supposed  to  be  homogeneous.  Now 
when  the  plane  of  the  masts  is  indin^,  g  will  btf  situated  at  r,  and  in 
that  case  let  H  be  the  plaoe  of  the  centre  4>f  gravity  last  mentioned; 
then  by  mechanics,  r  h  will  be  equal  to  the  quotient  arising  from  the 
division  of  the  sum  of  the  momenta  of  the  elevated  and  depressed 
volumes  by  the  volume  of  the  immersed  part  of  the  ship.  But  if  0  be 
the  angle  of  inclination,  we  shall  have  rg=ar  an  8;  therefore  jrB  or 
o  K  may  be  found.  This  being  multiplied  by  the  weight  of  the  ship 
and  its  burden  ( =  the  iwoe  of  the  reaction  of  the  water  in  the 
direction  a  s),  gives  the  expression  for  the  stability. 

The  plane  of  a  ship's  masts  is  made  to  decline  from  a  vertical  posi- 
tion not  only  by  the  action  of  the  wind  against  the  sails  when  the 
direction  of  the  wind  does  not  coincide  with  that  plane,  but  also  by  a 
wave  striking  the  ship  in  a  direction  oblique  to  the  horizon  and  to  the 
plane  of  the  masts;  and  in  both  cases  the  variations  in  the  foree  by 
which  the  inclination  is  produced  and  the  rs-aotion  by  which  the  water 
tends  to  bring  back  the  plane  of  the  masts  to  a  vertical  position  cause 
the  ship  to  roll  about  some  longitudinal  axis,  which  is  supposed  to  pass 
horizontally  through  the  centre  of  gravity  of  the  whole  ship.  Now,  if 
a  horizontal  plane  coincident  with  tiie  plane  of  floatation  pass  through 
AB  when  the  ship  floats  upright,  and  o,  the  centre  of  gravity  of  the 
ship,  be  below  that  plane,  as  in  fig.  1;  in  order  to  preserve  the 
equajity  of  the  immersed  volume  when  the  ship  is  inclined,  the  plane 
which  passed  through  ab  must  take  such  a  ]^tion  as  a'b'.  This 
will  cause  a  to  ascend ;  that  is,  the  ship  wiU  rise  on  the  water.  On 
the  other  hand,  if  a  had  been  above  a  b  when  the  ship  was  upright, 
the  latter  would  descend  on  the  water  when  it  is  made  to  take  an 
inclined  position.  Such  rising  or  descending  is  a  cause  of  the  ship 
beiug  shook  or  strained  in  rolling ;  and  this  evil  can  be  avoided  only 
by  having  the  centre  of  gravity,  o,  coincident  with  the  plane  of  floata- 
tion. It  is  necessary  to  observe  on  the  other  hand,  that  by  keeping 
that  centre  hi^er,  or  bringing  it  nearer  to  the  meta-oenbe  s,  the 
stability  of  the  ship,  which  varies  directly  with  the  distance  o  s  or  o  K, 
is  proportionally  diminished.  The  pitching  of  a  ship,  that  is,  the 
alternate  elevation  or  dei>reesion  of  either  extremity  of  the  ship  as  the 
latter  passes  over  a  wave,  is  attended  by  a  oorTe^)onding  rimog  or 
descending  of  the  whole  ship;  and  the  strain  thus  produced  will  evi- 
dently be  so  much  the  less  as  the  centre  of  gravity  is  nearer  the  level 
of  the  {dane  of  floatation  and  the  middle  ot  the  diip'*  length.     It 
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should  bo  stated  hera  that,  since  a  ship  in  tacking  is  Eupposed  to  turn 
horisontally  about  a  vertical  axis  passing  through  its  centre  of  gravity, 
the  resistance  then  experienced,  which  is  proportional  to  the  square  of 
the  distances  of  its  extremities  from  that  axis,  will  be  a  Tninimnti^ 
when  the  centre  of  gravity  is  in  the  middle  of  the  ship's  length ;  but, 
on  the  other  band,  the  power  of  the  rudder  depending  on  its  distance 
from  the  same  axis  of  rotation,  that  power  would  be  increased  by 
having  the  centra  of  gravity  at  some  distance  before  the  middle 
point. 

When  a  vessel  which  is  partly  immersed  in  a  fluid  moves  through 
that  fluid,  it  always  experiences  a  resistance  in  a  direction  contrary  to 
that  of  its  motion,  in  consequence  of  the  inertia  of  the  water;  but  it 
experiences  also  a  resistance  on  account  of  the  particles  of  water  which 
are  immediately  struck  by  the  vessel,  and  those  immediatialy  beyond 
them  to  a  certain  distance,  being  for  a  time  oompiessed  on  all  sides  by 
the  vessel  and  the  surrounding  fluid,  and  thus  compelled  to  rise  above 
the  general  level  The  elevatod  fluid  will  be  highest  before  the  middle 
point  at  the  bows  of  the  vessel ;  and  the  hydrwtatical  pressure  arising 
from  the  elevation,  combined  with  the  reaction  of  the  neighbouring  fluid, 
will  cause  the  particles  to  flow  off  latenJly  in  the  direction  M  soma 
cure-line  whose  convexity  is  towards  the  vessel,  after  which  they  will 
mix  with  the  fluid  on  each  side.    Now  let  ad  b,  jf^.  8,  be  a  horizontil 


section  through  the  ship  at  the  general  level  of  the  water,  and  let  oed 
be  the  space  occupied  by  the  oonfined  water  in  front  of  the  ship ;  then 
if  an  artificial  prow  of  that  acute  form  were  given  to  the  ship,  the 
particles  of  water  contiguous  to  the  sides  of  such  prow' would  create 
very  littie  resistance  in  addition  to  that  which  arises  from  the  inertia 
of  the  water,  while  the  latter  resistance  will  evidenUy  be  so  much  the 
greater  as  the  bows  are  more  obtuse.  Beyond  D  and  E  the  particles 
flowing  along  the  side  exert  forces  arising  from  friction,  adhesion,  and 
the  lateral  pressure  of  the  neighbouring  water ;  and  at  certain  points, 
as  r  and  a,  they  pass  off  in  the  directions  of  tangents  at  those  point& 
The  force  of  friction  and  adhesion  is  very  considerable,  particularly  if 
the  Burfoce  is  rough  and  unequal;  and  if  the  vessel  is  moving  with  or 
against  a  current,  the  pressure  against  ite  sides  is  equal  to  that  which 
would  be  experienced  if  the  water  were  at  rest,  diminished  or  inoreosed 
on  any  given  area  by  the  weight  of  a  column  of  the  fluid  whose  base  is 
that  area,  and  whose  height  is  that  which  is  due  to  the  velocity  of  the 
water.  It  has  been  found  moreover  by  experiment,  that  if  both  vessel 
and  fluid  are  in  motion,  with  equal  velocities  in  the  same  direction, 
the  buoyancy  of  the  vessel  is  the  same  as  if  both  were  at  rest ;  but 
when  the  velocity  of  the  vessel  is  lass  or  greater  than  that  of  the  fluid 
in  the  same  direction,  the  vessel  either  sinks  or  rises  in  the  fluid  by  * 
quantity  equal  to  the  height  due  to  the  difference  of  the  velocities, 
and  this  circumstance  must  in  some  measure  modify  the  resistance  of 
the  water  against  the  vessel 

Besides  the  resistance  arising  from  the  Miction  of  the  water  along 
the  sides  of  the  vessel,  there  must  be  noticed  the  diminution  of  pres- 
sure against  the  after  part,  in  consequence  of  the  water  displaced  by 
the  motion  not  falling  in  behind  with  sufficient  velocity  to  bring  the 
surface  there  to  the  same  level  as  in  front.  The  particles  of  water 
diverging  from  the  sides  of  the  vessel  in  oblique  directions,  as  f  a,  are 
by  the  lateral  resistance  of  tlie  neighbouring  fluid  deflected  so  as  to 
describe  curve-lines  which  finally  unite  behind  the  stem  in  some  point, 
as  L.  But  the  force  exerted  to  deflect  the  particles  from  the  direction 
r  H  causes  a  diminution  of  the  pressure  which  the  water  would  have 
otherwise  exerted  against  the  after  part  of  the  vessel ;  and  consequently 
it  is  to  be  considered  as  an  additional  power  opposing  the  forward 
movement  of  the  vessel.  The  foroe  of  deflection,  and  consequentiy 
the  retardation,  will  evidently  be  less  in  proportion  as  the  tangent  f  a 
is  nearer  to  the  side  of  the  vessel,  or  as  the  point  v  is  more  distant 
from  the  stem ;  and  this  drcumstance  indicates  the  advantage  which 
ships  of  oonsidenble  length  have  over  others.  It  is  easy  to  understand 
however  from  the  breaking  and  foaming  of  the  water  at  the  head  and 
stem  of  a  vessel  when  moving  with  consideiable  velocity,  that  tiie 
effects  of  the  resistanoes  will  be  greatiy  modified  by  the  coUisions  of 
the  particles  of  water  with  each  otiier,  and  with  the  surface  of  the 
vessel,  in  consequence  of  the  shocks  produced  by  its  motion,  and  by 
the  effort  of  tiie  water  to  return  to  a  state  of  equilibrium. 

In  order  to  obtain  an  expression  for  the  resistance  of  the  water 
against  a  ship,  the  part  of  the  immersed  surface  which  is  before  the 
greatest  transverse  vertical  section  is  supposed  to  be  divided  by  a 
number  of  such  transverse  sections  at  equal  distances  from  one  another, 
measured  perpendicularly  between  them,  and  by  a  number  of  sections 
parallel  to  the  plane  of  floataticD  at  equal  distances  from  one  snother 
vertically.  Thus  the  surfaoe  of  the  immersed  part  in  front  of  the 
greatest  transverse  section  is  divided  into  trapezoidal  figures ;  and  a 
like  division  of  the  immetaed  part  of  the  ships  sor&oe  abaft  of  the 
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greatest  ttaosTene  section  ii  made.  Each  trapeEoid,  in  ao  arthogonal 
projection  ot  the  fore  and  after  part  of  the  ship  made  on  a  plans 
parallel  to  the  ^reateat  tnosverge  section,  is  then  divided  into  Wo 
triangles  hf  a  diagonal  line,  and  the  area  of  each  projeoted  triangle 
(found  by  admeasurement  at  its  aides  on  the  loale  of  the  drawing)  is 
multiplied  into  the  resolved  force  of  the  water  upon  it ;  that  resolved 
force  Doing  expressed  by  the  absolute  force  multiplied  into  the  square 
of  the  Bine  of  the  inclination  of  the  triangle  on  the  ship's  surfaoe  to 
the  direction  of  the  motion.  The  sum  of  the  products  is  taken  for 
the  whole  resiatancs  of  the  water  against  the  ship.  In  oomparing  the 
resistance  against  one  ship  with  the  resiatanoe  against  another.  It  is 
evident  that  the  absolute  f ofce  of  the  water  on  eacdi  may  be  represented 
by  uni^. 

Exjpeiiments  sufBciently  prove  that  the  reeistaaos  experienced  by  • 
body  m  moving  through  a  fluid  is  less  when  the  greatest  breadth  of 
the  body  is  at  some  distance  before  the  middle  of  its  length,  than  when 
it  ia  ^precisely  at  that  place,  but  the  most  advantageous  situation  of. 
what  is  called  the  miMip  wetton  (the  greatest  vertioal  seetion  taken 
'perpendicularly  to  the  length  of  the  ahip)  is  far  from  having  been  as 
yet  determined.  In  order  to  find  its  dependence  upon  ti^e  direct 
resistance  of  the  water,  M.  Chapman  proceeds  in  the  following  manner : 
JHe  considers  the  ship  to  be  represented  by  a  solid  in  the  form  of 
|two  isosceles  wedges  joined  together  at  their  heads  and  to  move  in 
the  water  with  the  planes  which  are  perpendicular  to  their  edges 
IparaUel  to  its  surface.  Xow  it  ia  evident  that  when  the  solid  is  at 
rest  in  still  vrater,  the  opposite  pressures  of  the  water  against  the 
faces  in  front,  and  against  those  which  are  behind  the  plane  of  junc- 
tion, or  of  the  greatest  transverse  section,  will  be  equal  to  one  another 
in  directions  parallel  to  the  length  of  the  solid.  Also  that,  when  in 
motion,  the  front  faces  will  experience  directly  that  resistance  of 
the  water  which  is  due  to  the  velocity  of  the  solid,  and  that  the 
after  &ce8,  by  receding  from  the  water  in  consequence  of  the  advance 
of  the  body,  will  lose  a  portion  of  the  pressure  which  they  would 
have  experienced  had  the  body  been  at  rost,  and  which  would  thus 
have  indirectly  contributed  to  force  tiie  body  forwaid.  It  must 
moreover  be  observed  that  the  water  ia  driven  forward  in  front  of 
the  vessel  with  a  vdoeity  which  may  ba  represented  by  V ;  and  that 
as  the  water  in  front  becomes  lugher  than  that  which  ia  behind 
the  greatest  transverse  seetion,  it  will  flow  towards  the  stem  with  a 
velocity  which  may  be  represented  by  i/'.  Hence  if  a  be  the  sum  of 
the  areas  of  the  two  oblique  surfaees  in  ftoai  of  that  greatest  section, 
and  B  that  of  the  surfaces  abaft  of  the  same  aectian ;  also  if  •  and  0 
be  the  inclinations  of  those  surfaces  reapeetively  to  the  line  of  motion, 
and  V  be  the  velocity  of  the  body,  we  shall  have,  supposing  the  resist- 
ance to  vary  with  the  square  of  the  velocity  and  the  eube  of  the  sine 
of  Uie  ineUnation, 

A  (ti-e')«Bin.»8  +  |!  (i»  +  e")«8ifl.'«' 

for  the  ▼slue  of  the  whole  resistance ;  pr,  for  A  sin,  t  and  fl  sin.  9" 
putting  their  equal  o  (the  area  of  the  transverse  section)  the  ezpreedan 
tor  the  reelstanee  becomes 

0  {  (»-»0'«ii>.'«+(»+O«d».V}, 

This  formula  indioatea  that  such  a  bq^  will  alwm  meet  wHh  \vm 
resistonce  when  o  ia  in  front,  than  when  it  ia  abaft  of  the  middle  point 
in  the  length ;  that  is,  wl^n  6  is  sreater  than  tf :  it  indicates  ijso  that 
the  place  of  the  greatest  breadth  when  the  resistance  is  a  miqimwQ 
depends  on  the  viJues  of  v—v'  and  of  f  +  v",  and  that  the  greater  »' 
and  »"  are  with  reepeot  to  v,  the  farther  should  the  greatest  breadth 
be  in  front  of  the  middle  point. 

Imagining  a  horizontal  section  through  a  ship  at  the  surface  af  Xhe 
water  to  present  the  form  of  four  portions  of  parabolas,  the  two  jn 
front  of  the  greatest  transverse  section  being  similar  and  equal  en 
opposite  aides  of  the  longitudinal  axja;  and  likewise  the  two  portions 
abaft  of  that  section  being  similar  apd  equal  to  oneanother.butdifferent 
from  the  two  former  portions,  Oiapman  finds,  as  approiimations  to  the 
j)Uce  of  that  greatest  section,  that  its  distance  in  front  of  the  middle 
of  the  ship's  length  may  be  four,  aiz,  w  eight  times  the  tkoriaonid 
distance  of  the  centre  of  pivity  of  the  whole  ahip  from  that  middle 
point.  And  his  observation  is  that  tha  first  distance  might  lerw  for 
sharp  vessels,  as  frigates,  and  the  last  for  meKhaAt  ships,  whidk  are 
much  broader  than  the  others  in  poportioQ  to  tiie^  lengths.  Colonel 
Peaufoy's  experiments  with  solids  of  wrioue  forms  indieate  that,  in 
general,  the  distance  of  the  midship  seetion  in  front  (4  the  middle 
pomt  in  the  length  should  be  one-tenth  at  tiie  leitgtb. 

It  must  be  understood  Uiat  the  assumptions  on  which  the  formiibe 
expressing  the  relations  between  the  principal  di'WHMioiis  of  abip%  and 
between  the  dimensions  and  velocity,  have  been  invesUgated,  are  far 
from  ».emg  conformable  to  the  ciroumstanosa  of  a  ship  whan  moving 
through  the  water,  and  the  same  may  be  said  (rf  the  above  proeea  for 
findmg  the  place  of  the  greatest  transverse  section ;  consequently,  the 
fomulic  afford  hut  remote  ^proximations  to  the  rules  which  should 
guide  the  naval  architect  in  the  formation  of  a  design.  A  te  more 
perfect  knowledge  thap  we  have  at  present  of  the  aotimci  the  wind  on 
*  V  V  '•  "*  ^°  resistance  of  the  water,  and  of  tko  oonditiaiis  af 
stobUity  m  a  a^p,  will  be  necessary  before  the  nsuUs  of  snalyoa  will 
be  capable  of  being  applied  directly  to  the  detaita  ot  oonstwetian. 


Having  thus  Botioed  the  general   mathenuUios  involved   in  the 

Sueatioa  of  producing  the  beat  form  of  floating  body  for  piopulaiou 
long  the  Bui&os  of  a  fluid,  and  as  adapted  to  the  cooveyanoe  tbereis 
of  heavy  weights  from  place  to  plaoej  the  forms  under  which  such 
bodies  are  usually  constructed,  either  for  purposes  c^  war  or  commerce, 
demand  our  notice.  The  eondderation  of  the  mode  of  eoastructioii 
forma  no  part  <^  tha  requisites  of  this  artids;  we  refer,  therefore, 
to  the  general  qiiastion  of  mtvil  architecture,  aa  illustrated  under  the 
words  BBiFBunJiiNa  and  Btbak-Yissbii. 

The  most  essential  conditions  ia  the  oonstruotion  of  a  ship  are^,  that 
it  be  capable  of  carrying  its  stores  and  its  artillery  or  lading ;  that  it  be 
moved  by  wind  Of  steam  with  great  velocity,  and  that  it  r«ulily  obey 
the  motion  of  the  rudder ;  Uiat  it  have  the  necessary  stability,  so  aa 
pot  to  be  overturned  when  acted  upon  by  the  wind  or  waves;  and, 
finally,  that  ita  rolling  or  pitdiing  be  attended  with  as  little  strain  as 
possible  on  the  timben.  These  conditions  are  in  some  feepeeta  oath 
tiaiy  to  auik  other;  and  the  degree  of  attainment  for  each  will 
depend  is  part  on  the  purpose,  whether  oi  war  or  commerce,  f(s 
which  the  ship  is  boiltk  The  skill  of  the  architect  lies  therefore  in 
adopting  such  a  oonatmction  as  shall  allow  the  quality  most  required 
to  bo  obtained  ia  the  hi^eak  degree,  without  being  attended  by  Um 
peat  a  taoHflce  of  the  others.  The  form  indicated  above  baa  by 
experience  been  found  to  aSiord  the  means  of  uniting  tite  different 
oondltionB,  as  far  as  they  are  oonsiatent  with  each  oUier  i  but  that 
form  is  capable  of  being  varied  within  very  distant  limits.  The 
subject  of  the  reaistanoe  of  fluids  agahiat  bodies  immersed  in  them  la 
also  so  imperfeetly  known,  that  the  most  proper  proportions  whiidi 
the  several  dimensions  should  have  to  each  ether,  ia  inder  that  such 
raslstanee  may  be  as  little  as  possible,  are  yet  to  be  detenuined ;  and 
in  the  present  state  of  science,  those  proportions  can  only  be  obtained 
from  the  dimensiona  of  diips  of  d^erent  claeaea  jiidek  have  been 
observed  to  possess  the  best  sailing  properties. 

In  merohuit  ships  an  ample  capacity  is  frequmtly  ot  more  import- 
ance than  a  great  velocity  in  sailing ;  and  in  this  ease  tha  relations 
between  the  length,  breadth,  and  depth  depend  less  upon  hydrodyna- 
mical  principles  than  the  eomspcnding  rations  in  shqps  of  war. 
'With  respect  to  l^e  latter,  it  ia  observed  by  Mr.  Morgan,  in  his  papers 
on  naval  architecture,  that  the  number  and  weight  of  the  guns  oon- 
ftitute  the  basis  of  the  design)  for  from  these  the  weij^t  of  tha 
whole  ship,  or  the  volume  of  the  water  which  it  will  displace,  may  be 
estimated.  The  distance  between  the  guns  on  the  decks  must  be  such 
as  by  experience  has  been  found  sufficient  for  working  them ;  and 
hence  the  number  of  decks  being  given,  the  least  length  which  the 
ship  should  have  becomes  known.  The  breadth  also  must  in  part  be 
determined  by  the  artillery ;  for  on  atdk  side  at  tha  ship,  brtvreen  the 
hatchefi  or  lad^^ways  and  the  rear  of  the  gun-carriages  ^^ter  tba 
recoil,  there  must  be  room  tor  a  free  passage ;  but  this  dement  must 
also  be  great  aneugh  to  afford  the  necessary  stability,  that  the 
teHdwcv  of  a  lateral  wind  to  turn  tiie  ship  about  a  longitadinal  axis 
may  be  reaistsd.  The  draught  of  water  (die  de]>th  to  which  the  ship 
is  immersed)  majr  cM^d  on  the  dqith  of  water  ia  tha  harbcan  and 
roadsteads ;  but  it  should  aIso  be  determined  from  experience,  ao  that 
the  ship  qi%y  be  prevented  as  mneh  as  posaihle  £rom  making  leeway ; 
and  the  height  of  the  ship  diove  water  must  be  sudi  that.  While  tba 
upper  tiers  of  guns  are  kept  as  low  as  possible,  tbe  height  of  the 
lowest  tier  above  the  water,  when  the  ahip  floats  uprij^t,  may  be  not 
lea)  than  six  feei^  ia  order  that  the  lower  guns  may  be  worked  when 
the  ship  has  considerable  inclination.  Finidly,  the  form  of  the  body 
must  be  that  which  is  most  fevouiaUe  for  velocity,  by  causing  the 
least  poaaihle  resistaBce  of  the  water  at  the  bows  and  along  the  aides ; 
which  allows  the  greatest  lateral  reaistanoe ;  and  which  will  permit  the 
rudder  to  act  with  most  effect  in  causing  the  ahip  to  be  turned  about 
a  vertical  axi&  And  if,  when  in  the  design  for  a  ship  all  these  con- 
ditions are  fulfilled,  the  displacement  (weight  of  the  volume  of  water 
which  would  fill  tha  qtaos  oeeuiaed  by  the  ship  below  the  geoeral 
surface  of  the  water  in  which  she  floats)  is  eqoal  to  tha  whole 
weight  of  the  ahip,  the  several  dimensions  may  ba  conaidMred  aa  nearly 
correct. 

With  regard  to  ships  ot  war,  a  refemaoe  to  onr  verd  Nayt  will 
show  Utat  so  great  are  the  changes  resulting  from  the  adc^tion  of  the 
screw  aa  a  means  of  auxiliaiy  propulsion,  Uiat,  tc^ther  with  a  total 
revolution  commeDoed  in  toe  system  of  armament,  the  diseuasicm 
herein  of  emhiyo  theories  would  be  incompatible  with  our  plan. 
Under  the  woids  Qun-soult,  Clitphb,  ko.,  tha  subject  haa  been 
already  touched  upon,  but  a  few  general  remarks  will  be  added  under 
the  heading  STiAH-ViaaaL. 

Ships  intended  for  the  msrehsBt  servioa  may  be  divided  into  three 
dassea,  aa  either  "  passenger  carrying,"  "  cargo  vessels,"  oi-  **  pasaengtr 
and  cargo  vessels."  Among  the  iirst  may  Be  louad  perhaps  some  of 
themcet  beautiful  models  of  steameis  whieh  the  art  of  man,  at  tha 
period,  can  prcdiue.  It  is  necessary,  however,  to  caaoede  that  notiaBS 
of  beauty  in  a  ship  vary  aa  our  notions  of  their  adaptation  to  oertaia 
purposes ;  for  if  we  take  qieed  alone  as  onr  stan^ud  ot  rafirenaa^ 
aliiiiBflHs  of  ttarm  sad  bg^tnass  ct  rig  wpeal  to  tha  judt^nent,  while 
the  nautical  eonnoisssur  win,  like  the  }o<^ey  amoag  hona%  detest 
at  onea  ameag  ahii^g  the  distinctive  quahfloationa  which  staasp  tha 
racer,  the  ehsKer,  or,  ao  to  speak,  the  hone  of  burden. 

Uofortuaate]^,  hawevar,  this  i^>ptKrtiii  ladUty  ot  rough  appresiatian 


Digitized  by 


Google 


nr 


SHIP. 


SHIPBUILDINQ. 


SIS 


forms  one  of  tiie  dnwbaoki  to  -which  DATal  Skrchitecture  is  liable.  It 
is  nOTerthelen  capable  of  demonstration,  that  as  in  the  horse  an 
expectation  of  speed  or  otherwise  is  inferred  by  closer  inspection,  say 
of  the  length  and  freedom  of  the  femvir,  so  may  the  nautical  eye 
scrutinise  profitably  various  of  the  undermentioned  qualifications  of 
the  ship.  That  a  ship  whose  hull  has  been  constructed  according  to 
the  best  rules  of  art  ooea  not  always  fulfil  the  conditions  required,  may 
depend  on  several  causes.  If  the  burden  ia  placed  too  low,  the  rolling 
will  be  heavy,  and  the  masts  may  be  endangered ;  on  the  other  hand, 
if  the  burden  is  too  high,  there  may  not  be  sufficient  stability.  With 
all  the  researches  which  have  so  lately  been  renewed,  there  seem  to 
remain  a  few  well  recognised  and  established  laws  as  to  form  which 
caimot  be  dispensed  with  in  the  construction  of  a  perfect  ship.  It  is 
by  means  of  these  that  the  unscientific  builders  of  the  country  some- 
times produce  wonderful^  good  models.  The  following  are  the  prin- 
cipal, namely : — 
The  bow  should  be  Buffidently  shaip  to  cleave  ibe  water  with  the  least 

possible  resistance : 
Of  sufficient  fulness  above  load-wateif  Uns  to  prevent  too  great 

pltmging  in  bad  weather : 
Suifficiently  free  from  unnecessary  top- weight  also  to  ease  a  ship  in 

a  seaway: 
A  bow  in  which  the  floor  extends  as  far  as  poadble  into  the  forefoot, 

but  blends  easily  into  the  general  lines  of  the  hull;  serving  as 

another  check  on  inconvenient  vertical  motion. 
The  hull  should  have  bearings  or  powers  of  floatation,  so  distributed 

as  to  sustain  the  internal  weight  without  strain  upon  any  particular 

part  of  the  general  frame  of  tne  vessel : 
Should  be  so  capacious  as  to  admit  of  amplti  stowage,  while  Its  di» 

placement  at  any  depth  presents  h  water-line  free  from  too  great 

curvature. 
The  floor  should  have  sudi  an  arrangemetit  of  draft  lines  as  to  admit 

of  both  speed  and  stability,  according  to  the  work  to  be  done  by 

the  vessel ;  for  speed  is  weU  known  to  be  influenced  greatly  by  the 

fuLness  or  otherwise  of  the  midship  section  at  the  oUge,  inaemucb 

as  Abe  shape  of  this  part  contributes  largely  towards  the  delivery 

or  jretardation  of  displaced  water  as  it  passes  into  the  fun  of  the 

ship  past  the  stern-post :   great  proportionate  length  in  a  ship 

permits  a  fuller  bilge  line. 
The  stem  should  have  the  submeiged  part  (called  the  run)  as  nearly 

wedge-shaped  as  possible  in  ita  water-lines,  as  viewed  from  above ! 

the  smaller  the  angle  of  the  wedge  the  dtaner  the  run  is  said  to  be : 
The  lines  of  the  run  to  spring  from  or  blend  with  the  lines  of  the 

hull  without  sudden  change  in  the  curve : 
While  BO  clean  as  to  cause  no  dead  water,  yet  to  have  the  bearings 

above  the  light-water  line  so  judiciously  adjusted  in  the  vertical 

sections  as,  from  the  capacity  and  gradual  displacement  of  water 

at  such  times,  to  furnish  an  easy  ohedc  to  the  violent  motion  of 

rolling  or  pitching : 
So  well  Arranged  in  its  upperworks  as  to  prevent  unnecessary  top- 
weight,  while  giving  si^ment  internal  space  for  cabins  and  the 

requisite  deck  operations : 
A  proportion  of  length  and  breadth  so  nicely  determined  as  not  to 

give  speed  at  the  expense  of  stability,  and  via  vend  : 
A  forefoot  so  deep  as  to  give  what  are  called  weatherly  qualities,  or 

to  prevent  the  vessel,  when  close  hauled,  from  being  driven  off  the 

wind  by  every  wave  which  meets  the  weather  bow — ^wliile  not  so 

deep  as  to  impede  ready  working  in  stays : 
A  he^  so  deep  as  to  give  sufficient  power  to  the  helm  in  its  ample 

hold  of  the  water,  without  increasing  unnecessarily  the  draught  of 

water. 
It  may  well  be  imagined  that  the  above  requirements,  so  antagonistic 
{n  themselves,  generate  a  vast  variety  of  forms  of  vessels ;  but  not  even 
the  absolute  shape  of  the  fabric  itself  can  insure  an  accurate  perform- 
ance when  under  sail ;  for  other  important  considerations  arise  even  in 
the  fitting  and  masting  of  the  ship,  as  for  instance : — 

The  masts  should  be  so  distributed  in  her  lengtii  as  to  incline  a 
little  towards  the  stem  (or  should  raJce,  as  the  phrase  is) ;  this  has  a 
double  advantage  :  Ist,  it  tends  to  steadiness  of  the  hull  in  a  sea  way, 
when  moving  upon  her  midship  axis,  in  the  action  of  pitching,  inas- 
much as  the  wei^t  of  the  spars,  sails,  and  rigging  upon  a  raking  mast 
has  to  be  raited  by  the  motion  of  the  ship  before  the  msst  can  be 
perpendicular ;  while  in  a  perpendicular  mast,  such  pitching  motion  is 
facilitated  by  any  vertical  disturbance  of  the  water-line,  inasmuch  as 
in  this  case  the  weight  of  the  whole  mast  tends  towards  a  lower  point. 
2nd,  In  a  heavy  gale  the  wind  has  less  power  on  a  raking  mast  when 
the  ship  is  lying-to.  And  further  :  it  h>s  long  been  the  practice  to 
place  the  foremast  of  a  line-of-battle  ship  very  far  forward,  so  far 
mdeed  as  in  some  to  plumb  the  forefoot.  This  has  been  supposed  to 
be  necessary  from  the  general  form  o£  the  hull,  as  a  counteraction  of  too 
great  an  amount  of  weather  helm  when  the  ship  heels,  but  it  is 
scarcely  questionable  whether  the  new  form  of  bow  will  not  show  the 
former  disadvantage  of  placing  the  foremast,  in  some  ships  Weighing 
perhaps  thirty  tons  (including  spars,  sails,  and  gear),  so  far  froin  &« 
centre  of  gyration  of  the  whole  mass.  It  is  no  uncommon  thing  to 
see  these  old  liners,  when  riding  for  instance  at  anchor  in  the  Dowtis, 
pitching  bows  under,  to  the  manifest  danger  of  masts  and  everything. 
Another  great  defect  of  rig  is  mostly  apparent  In  foreign- vessels. 


wherein  the  lower  masts  are  so  long  as  to  throw  the  centre  of  effort  of 
their  top-sails  and  top-gallant  sails  higher  than  necessary  above  the 
decks,  and  by  thus  increasing  the  leverage  of  the  force  of  the  wind, 
tlirowing  the  hull  out  of  the  perpendicular  and  distorting  the  water- 
line,  as  in  the  f idlowing  diagram. 


Water-line. 


Wster.Ibw. 


When  saoh  is  the  case,  the  vessel  has  a  constant  tendency  to  fly  up  to 
windward,  and  requires  the  helm  to  be  so  placed  as  to  counteract  this 
tendency,  but  it  forms  a  complete  drag  upon  her  motion.  (See  a  in 
the  above  figure.) 

Enough  has  been  said  on  the  general  consideration  of  a  ahip  as 
a  mere  sailing  body,  as  adapted  to  the  propulsion  of  such  bodies  by 
steam.  The  subject  will  admit  of  further  remark  under  the  word 
Stbak-Yebbxl.  A  few  outline  diagrams  are  here  added  in  illustration 
of  terms  usually  applied  to  the  different  descriptions  of  suling  vessels. 


cinter. 


Sloop. 


HdlFBUILDIKC^,  M  a  science,  has,  linder  the  term  Naval  Archi- 
tecture, beeoine  so  extensive  a  subject  as  to  render  it  difficult  to 
condense  within  the  limits  of  a  concise  statement,  sufficient  to  illus- 
trate even  ita  main  principles,  without  undue  Jntrasion  upon  the 
eonsistent  limits  of  a  (^cdoptedia. 

The  precise  form  of  a  ship  need  not  here  be  a  midn  conEdderation ; 
under  tht(  word  STEiM-VESSEL  will  be  given  such  information  here- 
upon as  illustrates  the  question  of  speed ;  which,  although  belonging 
aliso  to  certain  blasses  of  sailing-vessels,  is  tnore  immediately  and  more 
generally  connected  with  steamers  whose  powers  are  dependent  on  a 
Umlted  amount  of  their  primary  means  of  propulsion,  namely,  coal. 
We  here  only  consider,  xmder  this  word,  the  hull  or  body  of  a  ship  as  a 
hollow  sliell,  intended  to  accomplish  a  required  di^lacement  of  water 
under  different  specific  amounts  of  immersion.  Were  it  merely  the 
object  to  bnild  such  a  tihrie  as  is  capable  of  floatation  in  a  fluid  at  rest, 
the  elucidation  of  principles  already  given  would  suffice ;  but  we  have 
to  illustrate  certain  considerations  which  are  conducive  to  itrength : 
and  a  difflfculty  arises  of  fairly  estimating  the  amount  of  strength 
demanded,  not  at  any  pattioular  part  Ih  the  frame  of  a  ship,  but 
throughout  the  whole  mass ;  iot  it  becomes  a  most  intricate  question 
to  estimate  in  a  ship  even  an  approximate  amount  of  relative  strain, 
and  its  importance  in  the  economical  distribution  of  material  may  be 
said  to  comprise  the  most  exacting  demands  on  the  skill  of  the  accom- 
plished tnechanici  ahd  mathematician. 

The  subject  hete  would  evidently  divide  into  two  distinct  branches ; 
fo*  while  there  exists  ru  vessels  of  the  mercantile  marine  a  series  of 
qnaliflcations  adapted  to  the  general  requirements  of  commerce,  such 
as  the  oarryinjgf  of  heavy  burfens,  bi  of  passengers,  another  class  of 
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ships  is  demanded  of  the  naval  architect  which  shall  ftilfil  all  the 
necessitioa  of  fighting  ships;  but  those  of  the  latter  class  will  be 
more  convenienUy  treated  of  under  Stkam- Vessel. 

When  a  ship  is  to  be  constructed,  the  first  consideration  is  the 
required  amount  of  tonnage.  This  being  once  determined,  a  knowledge 
of  the  purpose  for  which  the  ship  is  intended  regulates  the  builder  in 
his  fixing  the  amount  of  midship  area,  from  which  all  the  other  dimen- 
sions originate.  In  forming  the  area  of  the  midship  section,  the  good 
qualities  of  the  ship  chiefly  depend  on  the  selection  of  the  breadth  (or 
beam  as  it  is  called)  for  on  this  rests  the  important  question  of 
stability  or  stiffness  under  sail.  It  is  customary  to  consider  the 
primary  form  of  the  ship  as  a  quadrangular  prism  of  contents  equal  .to 
the  required  tonnage  : — of  course  its  midship  section  will  be  a  rectan- 
gular parallelogram.  Suppose,  for  example,  it  were  required  to  build 
a  ship  of  certiiin  tonnage  [TomrAQE],  whose  midship  sectional  area  is 
to  be  805  square  feet,  and  the  beam  85  feet,  then  ^  —  28  feet  the 
depth.  The  piimaiy  body  plan  and  whole  breadth  plan  would  be  as 
under : — 

Fig.  I. 


OOHD  would  be  the  midship  area,  OD  the  beam,  0  0  the  depth. 
Now  although  this  represents  the  amount  of  displacement  for  tonnage, 
it  requires  the  skill  and  taste  of  the  naral  architect  to  adapt  the  out- 
line of  such  capacity  to  the  requirements  of  the  ship,  having  proper 
regard  to  speed,  carrying  qualifications,  rolling,  stabiUty,  &c.  Sco.  This 
is  to  be  done  by  an  interchange  of  areas  in  the  following  manner : — 
Suppose  a  moderate  amount  of  speed  is  to  be  blended  with  average 
cairying  qualities,  the  dotted  curve  would  be  so  drawn  as  to  let  the 
area  E  compensate  for  the  abstracted  area  B ;  or  if  speed  in  particular 
be  desirable,  then  the  area  F  would  compensate  the  area  a.  It  will 
thus  be  manifest  that  a  wide  range  of  form  is  open  to  the  shipbuilder, 
while  his  chief  aim  is  not  to  disturb  the  amount  of  area  of  the  mid- 


ship section.  And  again  taking  the  form  of  the  ship  at  the  load-water 
line — the  primary  parallelogram  would  be  a  B  0  D,  a  horizontal  section 
of  the  primary  quadrangular  prism  as  under, — 

Pig.  S. 


Now  in  order  to  shape  the  ends  so  as  to  give  sailing  qualities,  it,  as 
in  the  former  case,  again  taxes  the  skill  of  l£e  builder  to  interchange 
areas,  so  as  not  to  disturb  the  gross  displacement : — in  the  above 
figure  we  have  supposed  the  area  marked  a  to  be  taken  from  the 
parallelogram  and  transferred  to  o' ;— that  marked  c  to  be  transferred 
to  d : — b  to  b'  and  dto  d!.  Hence  the  outline  in  plau  and  section  is 
determined,  and  drawings  representing  the  necessary  intermediate 
elevations  and  sections,  genenJly  on  a  scale  of  a  quarter  of  an  inch 
to  a  foot,  are  prepared,  and  copies  of  these,  enlarged  to  the  full  size  of 
the  objects  which  they  represent  in  the  intended  ship,  are  traced  with 
chalk  on  the  floor  of  an  apartment  called  the  "  mould-loft."  The 
lsn|^h  of  the  loft  is  generdly  equal  to  half  that  of  the  greatest  ship 
which  it  may  be  proposed  to  build,  and  of  the  whole  hdght  of  the  hull 
in  addition ;  so  that  there  may  be  traced  upon  it  a  horizontal  plan  of 
half  the  ship  in  the  direction  of  its  length,  and  beyond  one  extremity 
of  the  plan  a  representation,  in  the  same  plane,  of  a  transverse  section 
of  the  ship  in  a  vertical  plane  at  the  place  of  its  greatest  breadth. 
Such  plan  and  section  being  laid  down,  there  are  drawn  with  chalk, 
from  their  proper  places  in  Uie  plan,  representations  of  the  timber  ribs 
or  frames  as  they  would  appear  in  as  many  transverse  sectiona  of  the 
ship :  pieces  of  plonk  about  three-quarters  of  an  inch  thick  are  then 
cut  BO  as  to  correspond  to  the  forms  of  the  timbers ;  and  these,  which 
are  called  the  moulds,  become  the  patterns  by  which  the  timbers  are 
to  be  cut  from  the  tree  or  log  of  wood.  But,  as  such  a  mould  can  only 
give  the  form  of  the  timber  in  the  direction  of  its  length,  and  as  the 
oblique  positions  in  which  the  timbers  stand  in  the  ship  may  cause  the 
angle  which  the  faces  of  each  timber  make  with  one  another  to  be 


acute  or  obtose,  and  to  vary  in  the  same  piece,  certain  marks  on  the 
sur&ces  of  the  boards  are  used  to  indicate  the  directions  in  which  the 
sides  of  the  timbers  are  to  be  cut.  The  operation  of  cutting  the 
timbers  agreeably  to  the  foriQs  of  the  mould-bonrds  is  called  "  con- 
verting." 

A  row  of  blocks  of  oak  are  placed  on  the  building-slip  (ground  cut 
in  on  inclined  plane  descending  towards  the  water)  in  the  direction  of 
the  length  of  the  intended  ship,  so  that  their  upper  surfaces  may  be 
in  a  pluie  making  an  angle  of  about  three  degrees  with  the  horizon  ; 
and  on  these  blocks  is  laid  the  keel  ab,  fig.  3.  This,  which  is  the 
lowest  timber  of  the  ship,  extends  from  one  end  to  the  other,  and  upon 
it  is  raised  the  whole  fabric ;  it  is  of  elm,  and  for  a  large  ejiip  it  con- 
sists of  two  or  more  pieces  scarfed  together  at  their  extremities. 
Timbers,  called  the  "  desd-wood,"  are  then  placed  at  o  and  D  longi- 
tudinally upon  the  keel  from  each  extremity  of  the  latter  towards  its 
middle ;  the  upper  surface  of  this  mass  is  cut  in  a  curvilinear  form  b,  b, 
and  with  this  Une  the  bottom  of  the  ship's  body  is  to  coincide.  At  a 
and  B,  the  extremities  of  the  keel,  the  stem-post  and  stern-post  are  set 
up :  the  latter  is  curved  near  the  bottom ;  and  if  the  stem  is  to  be 
what  is  called  square,  a  particular  frame,  consisting  of  two  transoms  or 
horizontal  timbers,  and  two  side-pieces,  is  fixed  tibove  the  stem-post, 
in  order  to  determine  the  form  which  is  to  be  given  to  this  port  of  the 
ship.  The  sides  and  upper  surface  of  the  keel  and  dead-wood  are  out 
to  receive  the  floor-timbers  (the  lower  portions,  d  e,  jig.  4,  of  those 
timbers  which  ore  to  form  the  tibs  of  the  hull) :  Uiese  are  placed  across 
the  keel  perpendicularly  to  its  length,  and  the  other  portions  (called 
futtocks),  </,  fg,  &o.,  of  which  each  rib  is  formed,  are  placed  suoces- 
sively  above  them,  abutting  end  to  end,  or  the  head  of  a  lower  one 
against  the  heel  of  that  which  is  immediately  above  it  The  ends  of 
the  futtock-pieoes  in  every  rib  are  made  to  fall  near  the  middle  of  the 
length  of  those  in  the  rib  on  each  side  of  it ;  and  they  are  united 
together  by  cylindrical  coaks,  or  plugs  of  wood,  which  enter  about  two 
inches  into  those  ends  at  the  places  of  junction ;  c,  c,  c,  &c.,  fg.  3, 


represent  sections  of  the  ribs  made  by  a  plane  passing  longitudinally 
through  the  middle  of  tiie  keel,  and  the  mterior  sui&cee  of  parts  of 


rig.  4. 


the  ribs  appear  at  d,  d,  &c.  The  ribs  were  formerly  placed  so  that 
their  planes  were  perpendicular  to  the  keel,  but  Dr.  Inman  has  dis- 
posed them  so  as  to  be  in  vertical  positions  when  the  ship  floats 
uprights  Except  near  the  two  extremities  of  the  ship,  their  planes  are 
perpendicular  to  a  horizontal  line  drawn  in  the  pltine  of  floatation 
through  the  whole  length ;  but  at  the  bows  always,  and  at  the  stem  if 
the  latter  is  to  bo  curvilinear,  the  vertical  planes  with  which  the  ribs 
on  each  side  coincide  are  oblique  to  the  length  of  the  ship,  in  order 
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that,  on  a  horizontal  plane,  the  proper  ourrature  of  the  extremities 
may  be  obtained.  The  rib-timben  above  the  aur&ce  of  the  water  are 
nearly  rectilinear,  but  below  that  plane  they  are  made  with  varioua 
curvatures.  .  About  the  middle  of  the  ahip  they  have  at  bottom  nearly 
the  form  of  a  semicircle,  while  towards  the  head  and  stem  they  form 
curves  of  contrary  ilezure,  uniting  on  the  keel  with  their  lower  con- 
cavities towards  ute  exterior  of  the  ship. 

It  may  be  observed  that  the  keel  of  a  ship  is  not  horiiontal,  or 
parallel  to  the  plane  of  floatation  when  the  ship  is  in  still  water,  but  is 
made  lower  towards  the  stem  than  it  is  forwards,  in  order  to  allow 
neater  length  to  the  rudder,  and  thus  increase  the  power  of  the  latter 
Xa  giving  a  direction  to  the  diip's  motion. 

The  keelson,  «  «,  jig.  S,  is  placed  longitudinally  above  the  floor- 
timbers,  and  immediately  over  the  keel,  and  it  is  united  to  the  latter 
by  bolts  which  go  through  both,  and  through  the  floor-timbers :  its 
traoaverse  section  is  represented  at  i,  fy.  ^.  In  lai^  ships  two  addi- 
tional keelsons,  t,  t,  fig.  4,  about  thirty  feet  long,  are  bolted  to  the 
floor-timbets  sufficiently  near  one  another  that  the  itep  (foot)  of  the 
mainmast  may  rest  upon  them ;  they  serve  to  relieve  the  bottom  of 
the  ship  from  the  pressure  of  that  mast,  and  strengthen  it  against  the 
upward  action  of  the  water.  The  timbers  E  and  r,  fig.  8,  called  the 
stemson  and  stemson,  are  also  attached  interiorly  to  the  stem-post  and 
atem-post,  in  order  to  increase  the  strength  of  the  &bric. 

The  whole  assemblage  of  rib-timbers  is  covered  on  the  outside,  and 
either  wholly  or  partly  on  the  inside  of  the  ship,  with  planks  of  oak 
from  three  to  six  inches  thick ;  and  in  order  to  make  the  latter  bend 
so  08  to  lie  close  to  the  curve  surface  of  the  ribs,  they  are,  previously 
to  being  applied,  moistened  by  steam :  the  exterior  planking  appears 
in  the  section,  fig.  4.  The  planks  are  fastened  to  the  ribs  both  by 
bolts  and  trenidls  (plugs  of  oak  from  one  to  two  inches  diameter), 
which  pass  quite  through  the  ship's  side,  and  are  tightened  by  wedges 
driven  into  them  at  each  extremity. 

When  the  ribs  do  not  join  closely  side  by  side,  it  is  reoomm^ded 
that,  before  the  planking  is  applied,  the  intervals  both  on  the  exterior 
and  interior  sides  of  the  ship  should  be  filled  up  with  pieces  of  wood, 
as  long  as  the  curvature  of  the  ribs  will  permit ;  the  linee  of  jvmo- 
tion  with  the  ribs  being  well  caulked.  Sir  Kobert  Seppings,  however, 
proposed  that  for  ships  of  war,  where  there  are  intervals  between  the 
principal  rib-timbers,  there  should  be  introduced  in  those  intervals 
other  ribs  extending  from  the  keel  up  to  the  orlop  or  lower  deck,  since 
by  this  construction  the  lower  part  of  the  ship  will  be  one  compact 
mass  of  timber.  He  observed  that  the  filling  up  of  the  spaces  between 
the  ribs  not  only  adds  to  the  strength  of  the  ship  by  causing  its  bottom 
to  have  a  solid  thickness,  but  it  tends  to  preserve  the  health  of  the 
crew,  since  those  op^iings  become  receptadea  for  dirt,  by  which  the 
air  within  the  ship  is  vitiated.  Channels,  or  water-courses,  may  be 
cut  down  the  ribs  at  their  interior  lines  of  junction,  and  covered  by 
planks  or  battens ;  by  these  t^hnnnnla  the  water  is  able  to  descend  to 
the  limber  passage  along  the  keel,  and  pass  to  the  piunp-welL  For 
merchants'  ships  Sir  Kobert  Seppings  recommended  sbakes,  or  courses, 
of  thick  planks  to  extend  longitudinally  through  the  ship  along  the  in- 
terior sides  of  all  the  ribs,  and  to  cover  the  abuttings  of  the  f  uttock- 
S'ecea  in  each  alternate  rib :  such  stiakea  appear  at  n,  o,  p,  in  fig.  4. 
e  considered  that  no  other  interior  planking  would  be  requUed,  but  he 
recommended  that  battens  should  be  fastened  over  the  junctions  of  the 
ribs  in  the  vertical  planes. 

A  ship  being  a  vast  fabric  consisting  of  comparatively  short  pieces 
of  timber  connected  together  by  sca^ng,  and  the  principal  parts  of 
the  frame-work,  the  ribs,  the  longitudinal  timbers,  and  the  planks 
being  nearly  at  right  angles  to  one  another,  it  must  of  necessity  happen 
that  when  the  ship  ia  not  supported  in  its  whole  length  and  breadth, 
it  will  bend  by  its  own  weight.  This  will  take  place  not  only  in  the 
event  of  being  lifted  up  by  a  wave  under  some  j^aoe  in  its  length,  or 
pressed  unequally  by  the  forae  of  a  wave  acting  obliquely  upon  one 
DOW  or  quarter,  but  even  while  floating  in  still  water,  &om  an  excess 
of  the  weight  in  one  transverse  section  over  that  in  another.  In  this 
last  case  it  has  occurred,  a  horizontal  line  having  been  traced  from 
head  to  stem  by  means  of  a  spirit-level  while  the  ship  was  on  the 
stocks,  that  immediately  upon  the  ship  being  launched  the  two  ex- 
tremities were  observed  to  sink  as  much  as  tEree  or  four  inches ;  the 
ends  of  the  planks  separating  in  the  upper  part  of  the  structure,  while 
the  timbers  Delow  wero  in  a  state  of  compression,  and  the  whole  body 
of  the  ship  becoming  curved  in  a  verti^  direction.  M.  Dufun  has 
•hown  (<  Phil.  Trans.,'  1817)  that  the  strain  is  greatest  at  that  tisnsverse 
section  of  the  ship  which  divides  the  whole  length  into  two  porta,  in 
each  of  which  the  weight  of  the  displaced  fluid  is  equal  to  that  of  the 
corresponding  part  of  the  ship  and  its  loading.  To  counteract  the 
tendency  to  arch  or  bend  was  the  object  <^  Sir  Kobert  Seppings  in  the 
application  of  diagonal  braces  to  the  interior  aide  of  a  ship. 

Trussing  ships  to  prevent  arohing  was  used  on  the  Continent  as 
early  as  1759 ;  and  the  Swedish  arohitect  Chapman,  who  describes  the 
manner  of  placing  the  trusses,  speaks  of  the  practice  as  being  generally 
followed.  The  method  consisted  in  setting  up  three  parallel  rowa  of 
fir-pillars  from  one  end  of  the  ship  to  the  other ;  the  middle  row  rested 
on  the  keelson,  and  the  others  on  parallel  longitudinal  timbers,  fastened 
by  bolts  to  the  ribs  of  the  ahip,  one  on  each  side  of  the  keel ;  on  the 
heads  of  these  pillars  in  each  row,  and  imder  the  lower  deck  of  the 
ship,  was  placed  a  longitudinal  timber  like  an  architrave;  and  diagonal 


braces  were  placed  from  the  head  of  one  pillar  to  the  foot  of  tiie  next 
in  each  of  the  three  rows.  It  ia  evident  that  such  a  disposition  of 
braces,  if  well  executed,  would  serve  to  prevent  or  diminish  the  arohing 
of  the  ship ;  but  it  is  far  inferior  to  the  method  now  followed,  because 
of  the  interference  with  the  loading,  and  the  liability  of  the  pillats  to 
be  displaced  in  consequence  of  a  violent  movezDOnt  of  the  ahip. 

In  order  to  understand  the  construction  «f  a  ship  and  Sir  R.  Sep- 
pinga'a  appUoation  of  the  biaoei^  let  ^.  6  represent  a  part,  near  the 
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mainmast,  of  a  longitudinal  section  through  a  large  ahip  of  war.  In 
this  figure's  e  is  the  top  of  the  keelson ;  k  h  and  kk  »n  timbers  ex- 
tending through  the  whole  length  of  the  ship  above  the  ribs,  which 
sre  auppoeed  to  be  dose  together,  and  not  covered  by  an  interior 
planking ;  tn  m,  &a,  are  the  principal  timbers  of  the  braces;  n  n,  fto., 
are  the  truases  to  thoee  timbers ;  xx  ia  a.  longitudinal  shelf,  on  which 
rest  the  beams  of  the  orlop  deck,  and  the  section  siiows  how  it  is  sup- 
ported on  the  braces  m  m,  &c ;  sr  y  is  a  like  shelf,  on  which  rest  the 
beams  of  the  lower  gun-deck.  The  beams  which  support  the  upper 
decks  rest  likewise  upon  longitudinal  ahelf-piecee,  which  appear  at  w  w 
uid  X  z  \  and  these  he  upon  chocks  or  upon  piUara  placed  against  the 
sides  of  the  ship  at  intervals  between  the  decks :  the  same  shelf-pieoee 
appear  at  x,  y,  w,  z,  in  fig.  4.  Through  these  and  throurii  the  ribs  pass 
the  bolts  by  which  the  iron  knees  r  r  r,  ^.  4,  are  attached  to  the  body 
of  the  ship.  In  snudl  vessels  the  beams  are  not  always  fastened  by 
iron  knees,  but  are  merely  coaked  and  bolted  to  the  shelf-pieces  r  two 
or  more  iron  knees  are  however  usually  placed  under  the  beam  near 
the  main  and  fore  masts.  The  shelves  just  mentioned  constitute  ss 
many  hoops  connecting  the  ribs  of  the  &bric  together  longitudinally ; 
they  aro  fastened  by  trenails  and  bolts  to  the  ribs  and  to  ^e  beamn  of 
the  decks :  t  p,  &c.,  fig.  6,  are  the  ports,  and  the  dispceitions  of  the 
braces  between  them  are  shown  at  r  r,  &c. 

The  connection  of  the  two  sides  of  the  ship  with  each  other  is 
efiected  by  means  of  the  beams  which  extend  under  the  decks  from 
side  to  side.  The  tops  of  the  iron  knees  are  fastened  to  these,  near 
their  extremities,  by  bolts  passing  through  them ;  and  the  lower  parts 
of  the  knees  are  joined  to  the  ship's  side  by  bolts  passing  quite  through 
the  planking,  the  ribs,  the  chock-pieces,  and  the  kneee  themselves. 
The  beams  of  the  principal  decks  in  lai^  ships  are  usually  made  in 
two  pieces  which  abut  end  to  end,  and  are  connected  together  by 
having  a  strong  middle  piece  scarfed  and  bolted  to  them.  The  planks 
of  the  gun  and  upper  decks  are  recommended  to  be  laid  obliqipely 
above  tHe  beams,  and  their  outer  extremities  enter  into  a  rebate 
formed  near  the  interior  side  of  the  ship  in  certain  longitudinal  pieces 
which  ore  channelled  for  the  purpose  of  carrying  off  the  water  from  the 
decks :  the  diagonal  position  is  given  to  the  deck  planks,  in  order  that 
they  may  increase  the  strength  of  the  ship  in  a  transverse  direction. 
The  exterior  planking  of  the  ship  is  laid  on  the  ribs  in  longitudinal 
directions  as  nearly  as  possible  parallel  to  the  surface  of  the  water ; 
and  at  tiie  extremities  of  the  ship  bolts  pass  obliquely  through  them 
and  through  the  stem-post,  the  stern-post,  and  the  adjacent  rib- 
timbers. 

The  oblique  timbers,  or  diagonal  bracee  mm,  las.  (fi(,i.  4  and  6), 
which  are  about  six  or  seven  feet  asimder,  cross  the  ribs  at  angles  of 
about  45%  and  are  placed  in  contrary  directions  from  the  middle  of 
each  side  towards  each  extremity  of  me  ship.  Their  upper  ends  abut 
against  the  horizontal  shelf  under  the  lower  gun-deck,  and  their  heds 
or  lower  extremities  against  the  keelson,  or  against  the  horizontal 
timber  on  each  side  of  it.  These  braces  are  attached  to  the  timbers  of 
the  ahip  by  cylindrical  ooaks  and  bolts,  and  the  lower  ends  are  con- 
nected with  the  keelaon  by  iron  straps.  The  timbers  hk,kk,  which 
are  of  fir,  aro  attached  to  the  aides  of  the  diagonal  braces ;  and  the 
trusa-timbers  n  n,  &o.,  are  placed  diagonally  acroaa  the  rhomboidal  space 
formed  between  the  principal  braces  and  the  longitudinal  pieces,  in 
order  to  prevent  the  former  from  beooming  bent  by  the  compreealon 
which  they  may  suifer  endwi^^  from  any  strain  which  the  ship  may 
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experience.  The  diagonal  frames,  together  with  the  oblique  tnimlng 
between  the  porta  in  the  upper  works,  not  only  resist  the  tendency  of 
the  ship  to  become  arched,  but  the  former  resist  also  any  pressure 
which  may  take  place  externally  against  the  bottom  of  the  ship  in  the 
•rent  of  groiuiding;  at  the  same  time  the  exterior  planking,  the 
longitudinal  timbers,  and  the  oblique  planking  of  the  decks  bind  the 
whole  fabric  in  one  firm  body.  A  close  contact  of  the  several  parts  of 
the  diagonal  frames  la  evidently  of  the  utmost  importance,  as  On  it 
depends  the  security  of  the  ship  against  a  change  of  figure. 

The  principle  on  which  the  diagonal  braces  act  may  be  easily  under- 
stood  from  the  following  considerations  : — Let  a.  M,  a  v,  fy.  6,  be  two 
principal  braces ;  F  D  and  D  c,  a  B  and  b  o,  the  struts  or  trusses  inserted 
between  them :  then  if  o  be  the  point  of  support,  and  if  the  parts 
beyond  ir  and  M  ba  those  whiah  havA  « tendency  to  sink  by  the  weight 
r  A  a 

Fi».  6.     "^ 
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of  the  superstructure,  it  will  follow  from  the  'elements  of  mechanics, 
that  in  this  ease  the  braces  am  and  ak,  and  the  longitudinal  timber 
r  o,  will  be  subject  to  the  strain  of  extension  in  the  (Urection  of  tlieir 
lengths,  while  the  trusses  OBandBO,  7D  and  so,  as  wdl  as  the  longi- 
tudiual  timbers  D  B  and  ic  N,  will  be  subject  to  the  strain  of  com- 
pression. The  effect  of  braces  disposed  in  the  positions  A  M,  A  N,  in 
midships,  and  of  others  correspondmg  to  them  towards  the  head  and 
stem,  will  be  that  the  strain  arising  from  the  weight  of  the  extremitiM 
of  the  ship,  and  by  which  arching  is  produced,  is  counteracted  by  the 
power  of  Uie  trusses,  in  positions  oorresponding  to  F  o  and  o  a,  to  renst 
being  compressed.  A  contrary  effect  would  take  place  if  the  principal 
braces  were  disposed  in  the  cUrections  of  and  oa,  a  being  the  point 
supported ;  for  then  the  trusses  between  them,  and  the  longitudinal 
pieces  bb,  would  become  disengaged,  and  Would  fall  out  of  their 
places. 

Sir  Robert  Seppings's  diagrmal  braces  were  first  introduced  in  1810, 
and  bis  paper  on  the  application  of  them  is  contained  in  the  '  Fiiilo- 
■ophical  Transactions'  for  1814.  ^ey  were  first  applied  to  the 
Tremendous;  and  the  suocesa  was  complete,  for  after  three  years' 
serrioe  it  was  found,  by  meaiu  of  lines  of  sights  along  the  ship,  that 
the  gun-deck  had  not  arched  in  the  least,  and  the  upper  deck  only  thre*> 
fourths  of  an  inch. 

The  introduction  of  iron  knees  and  braoes  In  wooden  ships  has  not 
only  strengthened  them  considerably,  but  is  a  great  advantage  in  the 
saving  of  space  for  stowage.  The  sheathing  of  ^ps  at  first  cmudstad 
of  a  second  covering  of  planks  applied,  on  the  exterior  of  the  fiiatj 
over  the  bottom  and  side*  as  far  as  they  were  under  water.  [SBCATBinai] 
To  save  tiie  first  expense  of  copper,  a  mixed  metal  called  If  unts's 
Metal,  or  yellow  metal,  and  composed  of  8  parts  oopper  to  4  parts 
sine,  was  in  1882  manttfoctured  at  Birmingham  Under  patent,  and  its 
use  has  considerably  increased  in  the  marchout  service.  It  has  beat 
found  that  there  is  a  limit  to  the  quantity  of  oopper  in  this  kind  of 
sheathing,  as  unless  the  quantity  of  oopper  be  between  60  and  69  per 
cent,  and  the  zinc  between  £0  and  87  per  cent,  the  componad  will 
not  roll  at  a  red  heat — while  too  mnoh  oopper  renders  the  compound 
difficult  to  work,  and  too  much  tine  renders  it  too  hard  when  cold. 
By  this  use  of  metal  sheathing  sheila  and  sea-weeds  ore  partially 
prevented  from  adhering  to  the  sides  and  bottoms  j  the  friction  of  the 
watv  against  them  is  diminished,  and  the  damage  whieh  would  be 
caused  ^  worms  is  avoided. 

As  further  details  on  the  practice  of  wooden  shipbuilding  may  be 
obtained  from  such  excellent  works  ss  that  of  Mr.  James  Peoke,  of 
H.U.  Dockyard,  Woolwich,  we  only  add  some  information  on  the 
manner  in  which  various  subjects  intimately  affecting  the  whole 
question  of  naval  architecture  have  been  treated. 

In  1814,  Mr.  Walters,  a  civil  architect,  took  oat  a  patent'  lor  a 
metJiod  of  counteracting  the  arching  of  a  sUp  by  braces  of  iron,  which 
he  proposed  to  apply  on  each  side  of  the  ship  between  the  rib-frames 
and  the  exterior  planking.  The  braces  were  to  extend  obliquely  both 
ways  from  the  upper-deck  beam  in  midships,  in  the  direction  of  the 
line  of  shortest  dirtanee  on  the  surface,  towards  the  keel,  where  Uioee 
which  were  on  opposite  sides  of  the  ship  were  to  meet  under  the  bows 
and  stem.  By  this  disposition  the  extremities  of  the  vessel  could  not 
sink  without  putting  all  the  timbers  between  the  trusses  in  a  state  of 
compression,  and  thus  all  their  joints  would  be  kept  doss  together. 

In  the  '  Mdmoire  de  la  Stability  des  Corps  Flottonts,'  published  in 
1822  by  the  Baron  Dupin,  the  stability  of  a  ship  as  derived  from  differ- 
ence of  form  was  eonsidered,  and  has  pnived  useful  to  the  shipbuilder. 

In  about  1827,  some  papers,  chiefly  contributed  by  the  students  of 
the  School  of  Naval  Architecture  at  Portsmouth  Dockyard,  were  pub- 
lished by  Messrs.  Morgan  and  Creuze,  formerly  pupils  of  that  insti- 
tution; and  as  these  embodied  several  Enable  translations  from 
foreign  authors  on  the  laws  of  the  resistance  of  fluids,  they  may  still 
be  read  with  considerable  benefit.    The  Bev,  Dr,  Woolley,  the  late 


prtncipal  of  that  school,  and  our  present  great  authority  In  naval 
mathematics,  declared,  in  a  paper  read  before  the  Institution  of  Naval 
Architects  in  1860,  that  the  experiments  therein  referred  to  were  most 
carefully  made,  and  entitled  to  tank  among  the  most  important 
contributions  towards  the  detarmlnatlott  of  the  theoiy  Whidh  have 
ever  appeared. 
In  1851,  Mr.  Finchom,  the  msst^r-shipwrig^it  at  Portsmouth  Dock- 

S&rd,  published  a '  History  of  Naval  Architecture,'  which  throws  much 
ght  on  various  branches  of  the  science. 

In  1852,  Lord  Robert  Mohtagu  endeavoured,  in  a  small  work  pub- 
lished by  him  on  naval  architecture,  to  influence  the  fonn  of  vessels 
by  the  dissemination  of  a  new  theolT^  affecting  the  question  of  the 
molecular  motion  of  water  when  disturbed  by  an  advandng  body. 
Something  similar  was  also  published  at  New  York  by  Mr.  arifBthsL 
But  no  permanent  benefit  to  science  seenu  to  have  been  there^  pro- 
duced ;  for,  OS  already  mentioned,  the  theory  of  resistances  is  slul  in  a 
very  in<!omplet«  and  unsatisfactory  state.  The  nearest  aptMaeh  to 
any  theory  founded  oh  the  disturbance  of  the  particles  of  water  is 
that  of  the  form  assumed  by  the  mUM  of  water  so  displaosd,  and  which 
consUtutee  the  theory  announced  to  the  stiienliflo  world  in  1842  by 
Mr.  John  Scott  Russell.  This,  as  a  question  of  shipbuilding,  is  one  (rf 
paramount  interest,  intimately  connected  as  it  Is  with  that  of  speed 
and  the  various  other  dependent  qualifications  of  a  ship,  as  influencing 
the  ready  defence  of  the  count^.  Mr.  Russell's  theory  has  been 
already  alluded  to  under  RCSSELL,  JoHir  Soott,  in  the  Bioo,  Drv. 
of  this  Cyclopaedia;  but  an  iUostratlon  under  9bifbuiu>dio  may  be 
acceptable. 

In  devising  the  form  of  a  ship,  hc  proceeds,  ii  already  explained  si 
fgt.  3  and  4 ;  but  instead  of  adopting  merely  arbitrary  changes  of  »xt%, 
he  arrives  at  his  precise  form  of  midship  and  load-water  curves  by  the 
use  of  a  simple  and  elegant  formula,  producing  thereby  curves  of  con- 
trary flexure,  which  are  said  to  facilitate  the  passage  of  a  solid  through 
a  Quid.  His  experiments  have  shown  that  although  the  straight  bow 
of  wedge-Iika  form  presents  actually  the  smallest  surface  to  the  friction 
of  the  particles  of  water,  yet  that  in  this  form  such  particles,  impinging 
upon  VOM  bow,  rebound  or  are  driven  off  at  right  angles  to  tiie  water- 
line,  raisin«|  a  perceptible  wave ;  While  Scott  Russell's  etirve  of  easy 
entrance  imowB  tiie  water  to  roll  along  the  curve  to  the  side  of  the 
vessel  without  such  opposition.  To  illustrate  plainly  his  theory  with 
all  possible  brevity,  lei  us  suppose  that,  for  instance,  the  area  and 
outCne  curve  of  the  midship  section  have  been  determined :  this  would 
represent  the  greatest  beam,  not  at  the  centre  of  the  fore  and  aft  line 
of  the  ship,  but  at  a  point  at  about  two-thirds  of  the  length  irota  the 
bow,  Mr.  Scott  Bussell  divides  his  ship,  upon  the  load-water  line,  into 
two  unequal  and  i^iaaimilnT  portions.  Be  considers  that  the-  length 
of  midship  portion  (which,  according  to  his  theory,  may  consist  of 
horizontal  lines  perfectly  parallel  to  the  keel)  does  not  affect,  or  scarcely 
offsets,  any  other  property  than  the  displacement,  the  additiolial  friction 
of  such  added  midship  portion  being  comparatively  trifling.  Thus  his 
ship,  in  its  abstract  original,  is  merely  a  bow  and  a  stem ;  but  aa  the 
curves  which  form  these  are,  at  their  junction  at  the  tnidshlp  section, 
tangential,  and  are  parallel  to  the  longitudinal  axis,  they  admit  of  an 
easy  absorption  into  the  general  outline  curve  of  the  ah^ 

ng.t. 


Let  the  line  ab  represent  two-thirdsof  the  lAole  length  of  the  ship  at 
the  load- water  line,  and  be  the  bow  or  forward  portion,  A  0  representing 
the  half-breadth  at  her  greatest  or  midship  section  :  join  o  B,  Bisect 
A  0,  and  from  its  centre,  o,  and  with  o  o  as  radius,  describe  the  semi- 
circle on  A  o,  and  divide  it  into  any  number  of  equal  parts — say  six,  for 
example.  Divide  a  b  also  into  six  equal  parts,  and  cbaw  the  ordinateS 
al',  62',  cS',  &o.,  parallel  to  AC.  Then  draw  1.1',  2.2*,  8,8',  ka., 
parallel  to  A  B,  meeting  the  first  ordinates  at  the  points  V,  2*,  3',  &c. ; 
then  will  tiieae  points,  1',  2',  3',  &c.,  be  points  in  the  curve  which  Mr. 
Soott  Russell  calls  the  wave  principle,  from  some  analogies  which  he 
considers  to  exist  between  it  and  the  form  of  waves.  It  will  be  found 
that  the  area  of  the  portion  o  3'  m  will  be  equal  to  the  area  of  the  part 
S'ba,  forming  an  interchange  of  area  without  disturbing  the  amount 
of  displacement  or  the  tcnnage  of  the  ship. 

The  following  figure  will  aLso,  by  the  same  rule,  shew  tbe  ahape  of 
Fi(.  8. 


the  stem  portion  of  the  load-water  line,  the  outline  curve  b^g  drawn 
in  predsely  the  same  manner. 
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In  the  figuw  below  we  have  plaoed  the  two  enda  together  (a*  a 
reduced  waOa),  to  ahow  the  whole  load- water  linaa  of  the  ahip ;  and  it 
ia  remarkable  that,  in  VB»ala  built  on  the  wave  prinoinle,  the  amount 
of  proportionate  beam  (within  ordinary  and  reotoqabl*  Umto)  l«  mta. 
^  yarj  little  afibot  the  ^ueatiw  of  sgeeA, 

nf.i. 


lAm 


Another  feature  in  ]Ir.  Soott  RnsieU'i  Ingeniovi  theory  deMrrea 
mention.  If  we  divide  a  ahip  vertioally  fore  and  aft  into  parallel 
portiona  of  equal  thiakneag,  or,  which  qiay  be  more  intelligible  to  the 
general  reader,  if  we  ^onctruct  the  model  oJE  anch  ahip  with  boards  of 
coloured  wood  of  equal  thicknees  throug^ut,  the  tinea  along  the 
bottom  ol  the  aliip,  formed  by  the  line  of  junction  ol  inch  boards,  and 
which  are  called  buttook-linea,  are  inade  pmpoaely  oycloida)  at  the 
Btem  (the  differenoe  ip  the  colour  of  the  wooaa  ahows  the  linea  more 
stronj^y) :  audi  a  form  of  construction  ia  a»id  to  faoUitate  the  4a}iveT7 
of  wi»t«r  aa  it  passes  along  the  hull. 

Bir  William  Sjmonds.bte  surveyor  of  th^  navy,  greatly  altered  the 
form  of  ships  in  ner  majesty's  aerviee,  although  he  had  much  opposi- 
tion to  contend  with.  We  are  certainly  indebted  to  him  for  more 
height  between  decks,  faster  mailing  qualities,  greater  stability,  but 
there  are  still  those  who  do  not  wholly  admit  his  theory  as  lully 
UppUcivble  tfl  heavijy  armed  ships.  He  gave  greatw  beam,  at  the 
^penae  of  hold  stowage,  fta — the  details  m  his  construction  may  be 
leen  in  an  interesting  work  bearing  his  name,  published  a  few  yvars 
since.  As  a  comparison  with  the  provailing  mode  of  cooatrtietii^  tbe 
midship  form  of  section,  the  following  figure  WJH  mffica, 


«»}•< 


II  0«  ba  th9  beam  of  a  iMp  of  war  M  twuall^  eatstmeted.  he 
^ould  increase  the  beam  to  o  I,  and  adopt  a  very  rt^ng  floor  j  while 
amc  would  be  the  shape  of  the  old  form,  buc  would  M  thnt  of  Sir 
W.  Slyiuqnds ;  but  this  extent  of  beam  has  its  limits,  for  although  the 
displacement  is  taken  from  the  bottom  and  placed  at  the  load-water 
line,  where  it  exerts  a  power  of  buo^cy,  in  the  ratio  of  the  square  of 
its  distance  from  the  fore  and  aft  nudship  line  of  th«  ship,  it  is  said  to 
render  the  rolling  qf(  a  ahip,  under  certain  ciroumstanoea,  less  eaqr.  But 
there  ia  no  question  that  shipbuildii^g  received  an  impetus  |rom  Sir 
W.  gymonds,  i(t  »  tin^e  when  in  En^and  the  whole  soieqce  waa  in  |t 
ftate  of  torpw* 

Most  alaVwvt«  investigations  as  to  the  mathematical  principlea 
involved  i«  the  rolUng  iqotioq  of  a  ship  have  beep  reoently  made  by 
Dr.  Woolley,  Boiling  is  manifestly  of  two  kinds,  deep  rolling  and 
uneasy  rollmg;  iha  vessel's  motion  in  the  latter  oase  ia  prin^pally 
affected  by  the  raising  of  Ihe  centre  of  gravity  and  the  suddenness  fd  the 
eheok  to  oscillation  caused  by  the  rapid  immersion  of  the  lee-side  of 
the  ship,  and  ia  ofteiv  sufficient  to  endanger  masts,  and  is  attendant 
\4paQ  VIM  adoption  of  very  rising  floors,  for  the  nearer  the  midship 
•eotioo  approMhea  a  aemioirole,  the  deeper  but  easier  will  be  the 
tolling,  but  this  hnngs  us  into  another  extreme,  namely,  the  possibility 
of  danger  from  capsixiog,  Dr.  Woolley  has  shown  that  the  mathema- 
tical expression  for  periods  of  rolling,  or  as  it  is  called,  the  theory  of 
r«itatt<w,  aS<u^  i|o  correct  indicatiou  of  the  actual  oonditioQ  of  a 
Tesael  at  such  times  of  oacUlation. 

H9  gn^  tb«  fcUowing  fonnqfo  t^ 

Timeotrotatiiin™    ,=  « 
WStan 

w^ero  j&  la  the  radiva  of  gyration  about  a  longitudinal  asis  per- 
peikdi<>«Uar  to  ti>e  plane  of  rotation  through  the  centre  of  gmvity,  and 
4  >iia^ett^)ttcittwmetacentr«  above  the  centre  «l  gravity.  From 
whi«>b  he  deduces  the  followiiig  inference*,  namely,  the  smaller  the 
amount  of  o  j4,  or  the  iess  the  stability  of  the  sliip,  the  kmger  ia  the 
tim«  i4  QBoiUation,  and  consequently  the  greater  the  eaainess  of  the 
motioq  j  while  such  tan,  however,  may,  as  already  observed,  b«  b^oad 
a  eertain'point  a  source  of  evident  danger.  Uneai^  lolling  may,  more- 
over,  b«  partially  corrected  by  removing  weights  nearer  to  the  side  of 
the  abip,  thus  increasiag  the  axia  of  rotation,  or  as  acme  call  it  the 
radius  (4  gyration.  The  q^eetioos  of  rolling  and  stability  %re  of  great 
mosaenti  to  tiie  shipbuildco',  as.  what  are  called  sea-going  qualities  pre- 
eminently iunge  on  these.  The  well-lmo'yfA  expreaa(oi)  for  vompanson 
9i  (!t«t4btie«i«  M  follow^  namety  ;— 

vbea^y'di^atlia  fustmation  ci  the  funotiong  cf  th»  oubes  of  the 


ordinates,  dx  being  the  differential  of  the  lengtii  of  the  elementary 
prism,  and  S  being  the  displaoement.  So  that  in  fact  the  comparative 
stabilities  of  ships  may  be  said  to  be  the  comparative  heights  of  their 
metaoentres  above  the  centres  of  gravity. 

The  rudder  serves  to  govern  the  ship's  motion :  for,  on  being  turned 
so  that  its  plane  is  in  a  position  oblique  to  the  plane  of  the  masts  and 
kee],  the  reaction  of  the  water  against  it  as  the  ship  advances,  being 
resolved  in  a  direction  perpendicular  to  the  last-mentioned  plana, 
heoomea  a  foroe  which  causes  the  ship  to  turn  upon  a  line  passing 
through  its  centre  of  gravity.  Thus  by  giving  the  rudder  more  or  leas 
inclination  to  the  said  plane,  the  ship  may  be  made  to  move  in  any 
required  direction,  or  may  be  made  to  avoid  an  object  by  which  ita 
lafefy  might  be  endangered. 

Certain  tiigUy  interesting  facts  have  been  very  lately  under  disous- 
sioit  by  the  uistitution  of  Naval  Architects,  aided  by  the  opinions  of 
naval  offtcers  of  the  greatest  experience :  these  will  be  properly  noticed 
under  STEAic-YBssaL. 

SHIPS  AND  SHIFFINQ.  The  law  applicable  to  English  merohant 
sliipa  ooQsists  of  so  much  of  the  common  law  as  relates  to  personalty, 
tiie  English  maritime  law  to  be  found  in  statutes  and  deoisions  of  her 
majesty's  courts,  and  the  general  law  maritime  recognised  less  or  more 
by  all  civilised  nations,  ^t  peculiar  to  no  one  nation  in  particular. 
The  suhjeqt  mi^  be  oonvenieuUy  eonsidared  under  the  following 
heads: — 

1.  The  ownership  of  merchant  vessels. 

9.  Their  navigation. 

3,  The  persona  who  navigate  them. 

4.  The  carriage  of  goods  and  passengers. 

1.  Omurihip,  Acgni$itio»  of  Skip  Propertj/.—ShlpB,  or  shares  in 
them,  are,  in  view  of  tiie  law  of  England,  personal  property,  which 
upon  tiie  death  of  the  owner  passes  to  his  penonal  representative,  and 
on  marriage  of  a  female  owner  to  her  husband.  Ship  property  is  l^ally 
acquired  by  oonstruotion,  by  purobaae,  or  by  capture  from  an  enemy. 
Very  often,  perhaps  most  frequenUy,  the  keel  of  a  new  ship  is  not  laid 
down  in  the  builder's  yard  before  a  contract  has  been  concluded  for 
her  construction  between  the  builder  and  his  customer.  Usually, 
however,  all  property  in  the  nneompleted  vessel  continues  meanwhile 
to  be  vested  in  the  builder,  notwithstanding  such  eontract,  even 
although  psymenta  be  made  in  advance,  and  appear  to  be  regulated 
in  aceordaaoe  with  the  progress  of  the  work.  It  is  not  till  she  is 
oompleted  and  ready  for  delivery,  and  either  delivered  or  approved  of, 
that  the  rights  of  ownership  vest  iq  the  purehaser.  Before  that  time, 
any  instrummt  executed  on  his  part,  with  the  intention  to  transfer  a 
title  to  the  ship  or  any  aliare  of  her,  would  be  a  mere  nullity.  It  is, 
however,  allowed  by  the  law  of  England  to  stipulate  for  a  transfer  of 
the  property  in  the  uncompleted  ship  at  any  stage  of  her  prof^resa,  in 
return  for  pavment  of  the  price  in  advance  by  certain  agreed  instal- 
ments ;  and  iuis  is  sometimes  donei 

Purehaae  of  atiips  already  built  presupposes  in  the  buyer  much  sUU 
and  no  small  degree  of  caution  to  be  perfectiy  safe.  The  policy  of  law 
in  this  country  respecting  bargains  is  to  throw  the  buyer  entirely  on 
his  own  resources  in  making  the  contract,  by  cutting  off  all  hope  of 
subsequent  help  out  of  difficulties  into  whkh  he  never  could  have 
fallen  if  he  had  used  his  reason  at  the  time  of  the  purchase.  Moreover 
the  difficulties  in  the  way  of  a  purchaser's  retrieving  himself  in  case  of 
a  bad  bargain  are  increased  by  the  recent  statutes  respecting  the 
transfer  and  registration  of  merchant  ships  (17  A:  18  Vict.  o.  104 ;  18  & 
19  Vict  o.  91).  A  compulsory  form  of  bill  of  sale  is  prescribed  by  the 
statute,  any  deviation  from  which,  by  the  introduction  of  other  par- 
ticulan,  may  deprive  the  buyer  of  tiie  right  of  requiring  the  registration 
of  his  titie,  Wurranties,  therefore,  and  representations  in  the  nature 
of  warranttos,  cannot  now  be  introduced  into  the  only  document  of 
contract  that  can  be  enforced  in  a  court  of  hw  or  equity.  For  any 
eoatract,  however  formal  and  solemn,  other  than  the  authorised  bill  of 
sale,  although  duly  executed  by  both  parties,  and  money  paid  upon  it, 
gives  the  buyer  no  legal  or  equitable  title  to  the  ship,  no  right  to  sue 
in  a  court  of  equity  for  specific  performance,  or  even  any  right  to  sue 
for  damages  in  a  court  of  law  on  non-performance.  This  appears  to  be 
thought  indispensable  to  any  system  of  effective  registration  of  tities  to 
ship-property. 

.fie^u(rat>am.-T-AU  British  ships  are  now  required  to  be  registered 
exeepting  only  ships  of  fifteen  tons  burden  and  under,  employed  on 
British  rivers  or  coasts,  and  vessels  of  thirty  tons,  not  having  a  whole 
or  fixed  deck,  and  employed  in  fishing  off  the  coasts  of  British  North 
America.  A  British  ship  is  no  longer  necessarily  a  British-built  ship, 
or  a  British-manned  ship,  but  simply  a  British-owned  ship.  The  persons 
who  are  stable  in  law  of  being  owners  of  a  British  ship  are  (1), 
natural  bom  British  subjects ;  (2),  persons  made  denizens  by  letters  of 
denisatian,  or  naturalised  by  or  pursuant  to  any  act  or  ordinance  of 
the  Imperial  Legislature,  or  by  or  pursuant  to  any  act  or  ordinance  of 
the  proper  legislative  authority  in  any  British  possession,  provided  that 
while  they  are  sudh  owners  they  are  resident  within  her  majesty's 
dominions,  or  members  of  a  British  tactoiT,  or  partners  in  a  house 
actually  carrying  oq  biurtneas  in  the  Uoited  Kingdom  or  within  tite 
British  dominiansk  sad  have  taken  the  oath  of  allegiance  subsequently 
to  denization  or  aaturatisatioa ;  and  (8),  bodice  corporate  established 
under,  subject  to  the  laws  of,  and  having  their  principal  ^ace  of 
boriness  in,  the  United  Kingdom  or  some  IMtish  possession.    For  the 
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purpose  of  regi&tratluu,  a  declaration  of  ownerahlp  ia  required  from  tlie 
applicant,  whoae  qualification  to  be  the  owner  of  a  British  ahip  is 
therebj  ascertained;  and  any  ship  sailing  under  British  coloon  after  a 
disqualified  person  has  become  one  of  her  owners  is  liable  to  be  forfeited 
and  seized  into  the  poaseasion  of  the  crown.  Any  person  making  a 
false  declaration  as  to  the  qualification  of  the  applicant,  forfeits  all  right 
which  he,  or  such  applicant  if  cognisant  of  the  ofi°enoe,  possconos  in  the 
ship. 

A  British  ship  is  supposed  in  law  to  be  divided  into  siz^-foar  aharaa. 
No  one  can  be  registered  as  owner  of  a  fraction  of  a  uiare ;  and  no 
more  than  thirty-two  persons  can  be  separately  registered  as  owners  of 
the  ship  at  one  time.  Tet  a  corporate  body,  no  matter  how  many 
peiaons  are  members  of  it,  is  registered  as  one  person :  and  any  fire 
indiriduals  may  be  registered  jointly  for  the  same  ahsre  or  shares,  so 
IS  to  count  for  one  penon  on  the  register  and  no  more.  If  six  indi- 
Tiduals  therefore  were  to  purchase  one  share,  no  more  than  fiye  could 
appear  on  the  roister ;  the  sixth  would  be  a  beneficial  owner  only, 
and  for  the  purpoees  of  transfer  must  apply  to  the  fiye  in  whom  the 
title  is  Tested.  Upon  registration  of  a  ship  being  completed,  a  certifi- 
cate of  registry  is  given,  indorsed  with  the  particulars  on  the  register ; 
but  instead  of  being,  as  it  was  before,  the  document  of  title  to  the 
ship,  it  is  now  no  more  than  is  implied  in  the  name,  a  certificate  that 
the  vessel  is  British-owned  and  registered,  and  as  such  is  to  remain 
in  the  keeping  of  the  master  for  the  purposes  of  the  navigation  of  the 
TeeseL 

The  document  of  title  is  now  the  register ;  all  who  appear  on  that 
'book  as  owners  continue  to  retain  the  title  so  declared  to  be  in  them 
as  long  as  they  are  sufiisred  to  remain  there,  with  full  power  to  convey 
.  title  to  any  otiier,  and  to  give  valid  and  efiectual  receipts  for  the  price. 
It  is  not  therefore  the  execution  of  the  authorised  bill  of  sale  tiiat 
secures. the  property  to  a  purchaser;  that  bill  of  sale  must  be 
registered,  and  the  burden  of  that  duty  is  impoeed  on  the  most  willing 
shoulders  connected  with  the  transaction,  namely,  those  of  the  buyer 
himself. 

Mortgages  of  the  ship,  or  any  shares  of  it,  are  also  allowed  to  be 
registered,  but  not  trusts  or  any  notice  of  them.  Xow  as  this  important 
book  is  entirely  local,  and  the  necessities  of  trade  might  often  require 
the  sale  or  mortgage  of  the  vessel  to  be  efiected  In  a  foreign  country, 
or  at  a  distant  port  in  her  majesty's  dominions,  some  contrivance  was 
necessaiy  for  placing  the  contents  of  the  register  in  all  their  integrity 
and  legal  efiiect  before  the  eyes  of  the  intending  purchaser  or  lender 
at  a  distance.  This  is  efiiscted  by  means  of  a  CCTtificate  of  sale,  or  a 
certificate  of  mortgage,  which  is  issued  upon  application  by  the 
registrar,  containing  an  exact  eopy  of  the  details  on  the  register  as  they 
appear  at  the  moment  of  issue.  The  purchaser  or  lander  is  thereby 
informed  of  the  exact  state  of  the  title  which  is  offered,  and  how  far 
the  property  is  already  burdened,  if  burdened  at  all.  By  indorsement 
on  this  certificate  his  title  is  secured  to  him,  as  effectually,  and  with 
Oie  same  consequences,  as  if  it  had  been  placed  on  the  register  at 
the  time  when  the  certificate  was  granted ;  and  the  mortgage  takes 
rank  before  all  other  mortgages  eflEsctod  after  the  issue  of  the  certificate, 
and  not  effected  by  means  of  it. 

Title  by  Capture.— Tiile  by  capture  is  an  acquisition  that  carmot  be 
made  except  during  war ;  for  capture  is  the  exercise  of  a  belligerent 
light.  But  even  when  exercised  during  the  existence  of  a  war,  no 
more  than  an  inchoate  right  of  property  in  the  captured  ship  is  vested 
until  the  capture  is  succeeded  by  condemnation  in  accordance  vrith  the 
prindplea  of  the  law  of  nations  by  a  court  of  competent  jurisdiction, 
sitting  by  authority  of  the  sovereign  of  the  captors,  either  in  the 
counby  to  which  they  belong  or  in  that  of  an  ally  in  the  war.  The 
vessel  at  the  time  of  condemnation  must  be  lying  in  a  port  of  that 
sovereign,  or  of  such  ally ;  for  condemnation  of  her  whilst  Tying  in  the 
port  of  a  neutral  country,  except  imder  very  peculiar  circumstances,  is, 
according  to  the  English  law,  a  nuUity ;  but  the  law  of  the  United 
States  appears  to  differ  in  that  respect,  and  to  have  the  support  of 
continental  practice  during  the  wan  at  least  that  followed  the  first 
French  revolution. 

Forfeiiure  of  Ship  Property.~Anj  disqualified  person  improperly 
obtaining  and  continuing  to  hold  shares  in  a  British  registered  ship, 
forfeits  his  shares  in  consequence ;  and  any  ship  owned  wholly  or  in 
part  by  a  person  who  is  disqualified  under  the  law  of  this  country, 
which  assumes  the  British  &ag,  except  for  the  mere  purpose  of  escaping 
capture  by  an  enemy,  is  forfeited  to  the  crown.  If  any  master,  for 
the  purposes  of  his  ship,  use  a  British  certificate  of  regiatty  which  has 
not  been  legally  granted  in  respect  of  that  vessel,  he  is  himself  guilty 
of  a  nusdemeanor,  and  the  ship  is  thereby  forfeited.  If  anything  is 
done  or  permitted  by  the  master  or  owner  of  a  British  ship  with  intent 
to  conceal  her  British  character  from  any  person  entitied  by  British 
law  to  inquire  into  the  same — or  with  intent  to  assume  a  foreign  cha- 
racter— or  with  intent  to  deceive  any  person  entitled  to  inquire  into 
her  national  character  whilst  making  such  inquiry,  and  in  respect 
thereof,  the  ship  is  thereby  forfeited.  These  forfeitures  are  authorised 
by  the  Merchant  Shipping  Act  of  1864.  By  the  Passengers  Act  of 
1855  (18  &  19  Vict.  c.  119)  it  is  enacted  that  any  vessel  clearing  out 
to  sea  without  the  requisite  bond  being  first  executed  by  the  master, 
or  without  the  requisite  certificate  of  dearance  being  first  obtained,  is 
forfeited  to  the  crown  in  consequence. 

Legal  Righ*  of  Part-ovmen.—U  the  ownership  of  a  vessel  acquired 


originally  in  one  or  other  of  these  ways  is  not  vested  in  a  single  person, 
the  sevenl  owners,  considered  as  among  themselves  and  not  in  relation 
to  the  register,  may  hold  the  vessel  in  partnership.  This,  however,  is 
very  seldom  the  case.  Usually  they  are  part-owners  merely,  and  as 
such  have  no  authority  by  law,  any  one  of  tJiem,  to  bind  the  rest  bj 
his  contracts  on  account  of  the  ship.  But  if  they  agree  to  undertake  a 
trading  adventure  with  the  vessel,  although  they  stall  remain  as  before, 
mere  part-owners  in  respect  of  the  hull  of  the  ship,  they  are  partners 
in  the  adventure.  They  are  bound  to  contribute  in  that  case  to  tiie 
expense  of  the  outfit,  as  being  in  the  nature  of  capital  for  the  enter- 
prise ;  and  they  are  entitied  to  on  account  at  the  end  of  tbe  voya^ 
when  the  adventure  is  finished. 

The  maJOTity  in  value  of  the  owners  of  a  vessel  being  authorised  fay 
the  Engli^  law  to  employ  the  ship  "  upon  any  probable  deeagn,"  ara 
only  entitied  to  do  so  upon  giving  security  to  the  minority  in  a  sum 
equal  in  value  to  the  united  shares  of  the  latter.  The  mode  of  obtain- 
ing this  security  is  by  procuring  a  warrant  from  the  court  of  admiralty 
for  the  arrest  of  tiie  ship.  £htx  the  security  has  been  given,  the 
minority  do  not  share  either  in  the  expenses  or  profits  of  the  adven- 
ture. If  no  application  of  this  kind  is  made  to  the  court,  the  minority 
oug^t  expressly  to  give  notice  of  their  dissent  both  to  their  co-ovmeta 
and  sll  other  parties  engaged  in  the  proceedings,  and  they  irill  then  be 
relieved  from  the  necessity  of  contributing  in  case  of  a  loss.  If  they 
take  no  steps  of  the  kind,  their  co-owners,  as  in  the  esse  of  any  other 
chattel  possessed  in  common,  vrill  not  be  respcmsible  to  them  for  any 
consequences  short  of  an  absolute  destruction  by  their  means  of  the 
ship.  The  same  proceedings  ore  proper  to  be  taken  where  the  oo- 
owners  are  equally  divided  in  opinion,  or  the  minority  have  obtained 
possession  of  the  ship.  The  ^plication  for  the  arrest  should  be  made 
at  the  earliest  stage  of  the  proceedings,  because  otherwise  the  applicant 
will  be  held  liable  to  contribute  to  the  previous  expenses  althou^  he 
will  receive  no  part  of  the  profits,  or  even  have  his  application  to  the 
court  altogether  refused. 

AgmU  of  tie  Oanen. — For  the  purpose  of  managing  the  ship  it  is 
very  usual  for  the  owners  to  concur  in  appointing  an  agent  who  ia 
known  to  the  world  thereafter  as  ship's  husband.  His  powers  are  very 
large,  considered  in  the  light  of  the  duty  for  which  he  is  ^pcanted, 
which  is  to  attend  to  all  matters  connected  with  the  outfit  and  freight- 
ing of  the  ship.  It  is  not,  however,  within  the  limite  of  his  authority 
to  effect  an  insurance.  If  he  make  any  advances,  he  can  sue  those 
part-owners  on  whose  behalf  the  advances  are  made  for  what  is  due  to 
him.  In  case  of  disagreement  among  the  part-owners  as  to  the  settle- 
ment of  aooounte  concerning  the  expenses  and  earnings  of  a  ship,  the 
ordinary  remedy  is  by  a  suit  in  equity. 

Another  agent  who  is  endowed  with  very  extensive  power  under 
certain  circumstances  to  bind  the  owners  by  his  contract,  ia  the  m^iiim 
at  the  ship.  He  has  power  to  bind  the  owners  by  entering  into 
engagements  with  third  parties  relative  to  the  employment  of  the  ship. 
Such  engagements  are  of  two  kinds : — 1.  A  contract  by  which  the 
whole  ship  ia  let  to  hire  daring  on  entire  voyage,  which  may  be  accom- 
plished by  a  charter-party  under  seal,  or  by  memorandum  of  charter- 
party  not  under  seoL  2.  A  contract  with  distinct  persons  to  oonvOT 
the  goods  of  each,  in  which  case  the  ahip  ia  called  a  general  ship.  Su<£ 
contracts  made  by  the  master,  being  within  Ul?  lawful  scope  of  his 
employment,  are  legally  oonaidered  to  be  made  by  the  owners  who 
employ  him ;  and  in  either  case  they  or  the  nyuter  are  liable  in  respect 
of  these  contiaeta.  If  the  charter-party  is  miwle  under  seal  and  in  the 
name  of  the  master  only,  it  will  not  support  a  direct  action  upon  it 
against  the  owners.  StUl  if  the  contract  is  duly  made,  that  is,  within 
the  usual  employment  of  the  master,  and  under  such  drciunstanoes  as 
afford  either  direct  proof  of  authority  or  evidence  from  whioh  such 
authority  may  be  inferred,  the  ownen  may  be  made  responsible  either 
by  a  special  action  on  the  case  or  by  a  suit  in  equity.  But  the  master 
cannot  be  assumed  to  have  a  power  to  annul  an  express  contract 
fntered  into  by  the  owners  themselTes  and  to  form  a  freaih  oootiact 
with  other  parties. 

Besides  this  power  which  the  master  has  to  bind  the  owners  by  his 
contracts  relative  to  the  lading  of  the  ship,  he  has  also  authority  to 
render  them  liable  for  repairs  done  and  provisions  and  other  things 
furnished  for  her  use,  or  for  the  money  which  he  has  expended  for 
such  purpoees,  if  they  were  neoeaseuy.  in  this  case  also  the  remedy  of 
the  creditor  ia  agoinat  the  master,  unless  by  express  ooniiact  he  b« 
exempted,  and  also  againat  the  owners.  If  the  contract  is  made  by  the 
owners  themselves,  tiiey  ilone  are  liable.  The  English  law  does  not 
follow  the  rule  of  the  civil  law,  by  which  a  party  who  had  repaired  or 
furnished  a  ship  had  a  claim  on  the  ship  itself  in  preference  to  all 
other  creditors.  A  party  who  has  done  repairs  upon  a  ship  has  a 
right  to  retain  the  poaseesion  of  it  until  his  demands  are  paid ;  but  if 
he  gives  up  possession,  he  is  on  the  aame  footing  as  other  creditors. 
VHiere  repairs  have  been  done,  or  necessaries  supplied  to  a  ship,  the 
legal  owners,  although  there  be  proof  of  their  tiUe  to  the  ahip,  are  not 
on  that  ground  presumed  to  be  liable.  There  is  no  presumption  of 
law  upon  the  subject ;  the  matter  is  altogether  a  question  of  evidence  ; 
and  the  question  to  be  decided,  in  order  to  determine  the  liability,  is 
upon  whose  credit  the  work  was  done  or  the  neceeaaries  aupplied.  If  • 
ahip  is  let  out  for  hire,  the  owners  are  no  more  liable  for  the  work  done 
by  Older  of  the  hirera,  than  a  landlord  of  a  house  would  be  for  work 
done  by  order  of  his  tenant.    Analogoua  obaervatioiw  areappUoable 
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with  reapeot  to  the  liability  of  mortgagees  and  charterers.  Where  there 
is  an  actual  letting  of  the  whole  ship,  and  the  leasee  has  the  entire 
control  and  management  of  her,  the  master  and  mariners  being  subject 
to  his  orders,  the  lessee  becomes  for  the  time  invested  with  the  cha- 
racter of  owner.  But  where  by  the  terms  of  the  contract  the  master 
and  mariners  continue  subject  to  the  fowner,  and  he  through  them 
retains  the  control  and  management  of  the  ship,  the  contract  is  merely 
for  carrying  the  lessee's  goods. 

When,  however,  the  ship  is  abroad,  and  the  necessary  expenses  can- 
not otherwise  be  defrayed,  the  master  has  the  same  power  which  the 
owners  or  part-owners  to  the  extent  of  their  shares  imder  eJI  circum- 
stances have,  to  hypothecate  the  ship  and  freight  as  a  security  for  debts 
contracted  on  behalf  of  the  ship.  The  contract  of  hypothecation  is 
called  a  contract  of  bottomry,  by  which  the  ship  upon  its  arrival  in 
port  is  answerable  for  the  money  advanced,  with  such  interest  as  may 
have  been  agreed  on..  By  the  terms  of  the  contract  the  repayment  of 
the  money  is  made  to  depend  upon  the  accomplishment  of  the  voyage, 
•nd,  in  consideration  of  the  risk,  the  lender  is  permitted  to  charge  a 
high  rate  of  interest.  By  such  hypothecation  the  creditor  acquires  a 
claim  on  the  ship.  [Bottomby.]  When  the  claim  has  been  created  by 
the  master  abroad,  it  may  be  enforced  by  suit  in  the  Admiralty  Court ; 
but  if  the  ship  has  been  hypothecated  by  the  owners  at  home,  the 
parties  can  only  have  recourse  to  the  common  law  or  equity  courts. 
The  Admiralty  and  the  equity  courts  will  recognise  the  interest  of  the 
assignee  of  a  bottomry  bond,  though  at  common  law  he  cannot  sue  in 
his  own  name.  In  general  the  master  has  been  held  not  to  be  authorised 
to  raise  money  on  bottomry  within  any  part  of  the  same  country  where 
the  owners  reside,  on  the  ground  that  it  is  his  duty  to  communicate  with 
them  before  entering  into  such  a  contract.  But  where  by  reason  of 
hostilities  communication  with  the  owners  was  almost  impossible,  and 
immediate  necessity  existed  for  the  money,  which  could  not  be  pro- 
cured otherwise  than  upon  bottomry,  a  master  was  held  to  have 
authority  to  raise  it  on  those  terms.  When  money  is  lent  on  bottomry, 
the  owners  are  not  personally  responsible.  The  credit  is  given  to  the 
master  and  the  ship,  and  the  remedy  is  against  them  only.  The 
master  cannot  hypothecate  the  ship  for  a  debt  of  his  own,  nor  can  he 
give  a  bottomry  bond  for  matters  not  within  the  scope  of  his  authority. 
If  the  sums  secured  by  the  bond  are  not  repaid,  an  application  must  be 
made  to  the  Court  of  Admiralty,  founded  on  the  instrument  of  con- 
tract and  an  affidavit  of  the  facts,  upon  which  a  warrant  issues  to 
arrest  the  ship,  and  the  persons  interested  are  cited  to  appear  before 
the  court,  which  then  decides  what  is  to  be  done.  If  several  bonds 
have  been  given  at  different  times,  the  latest  in  point  of  time  is 
entitled  to  be  fiist  satisfied,^  a  rule  derived  from  the  civil  law.  ('  Dig.' 
20,  tit.  i,  8.  6,  6.)  If  the  necessary  amount  of  money  cannot  be  raised 
by  hypothecating  the  ship  and  freight,  the  master  may  also  sell  part  of 
the  cargo  or  pledge  it. 

Under  those  circumstanoee  of  unavoidable  necessify  which  would 
authorise  the  hypothecation  of  the  ship  and  freight,  the  master  has 
authority  in  case  of  need  to  hypothecate  the  cargo  for  the  purposes  of 
the  voyage.  He  may  always  in  these  circumstances  sell  a  part  of  the 
oarga  He  is  never  allowed  to  sell  the  whole  for  the  professed  pur- 
poses of  the  adventure,  as  the  adventure  is  by  that  very  act  put  an  end 
to ;  but  in  case  of  damage  to  the  cargo,  which  threatens  the  destruc- 
tion of  the  whole  of  it  before  his  arrival  at  the  port  of  destination,  he 
may  justify  selling  part  or  even  the  whole,  as  the  only  means  of  saving 
something  for  the  advantage  of  the  proprietors.  To  hypothecate  the 
cargo  for  the  purposes,  of  the  cargo  and  the  advantage  of  the  pro- 
prietors, is  within  the  extent  of  his  powers  under  proper  circumstances, 
and  such  a  bond  executed  by  the  master  only  is  available  to  the  holder 
by  the  process  of  the  English  Oourt  of  Admiralty.  To  sell  the  ship  is 
tiie  last  conceivable  act  of  a  master  in  circumstances  of  extreme  distress. 
He  will  not  be  justified  in  doing  so,  nor  can  he  give  the  purchaser  a 
good  title,  if  she  can  be  repaired  and  he  has  the  means  and  oppor- 
tunity of  doing  so,  under  circumstances  in  which  a  judicious  man 
would  take  that  course.  But  to  justify  such  an  act,  and  make  it  a 
binding  transfer  of  proper^  to  another,  the  distress  must  be  so 
extreme,  under  circumstances  so  destitute  of  assistance,  or  so  void  of 
all  occasion  for  wishing  assistance,  that  either  a  faithful  man  can  find 
no  better  remedy,  or  a  judicious  man  can  wish  no  other. 

Limitation  of  Liability  of  Oanert. — The  liability  of  the  owners  under 
certain  dreumistances  is  either  limited  or  altogether  taken  away  by  the 
law  of  this  country. 

No  owner  of  any  British  sea-going  ship,  or  share  therein,  is  liable  to 
any  extent  whatsoever  for  loss  or  damage  happening  without  his  fault 
or  privity :  1,  of  or  .to  any  goods,  merchandise,  or  other  thing  what- 
soever taken  in,  or  put  on  board  any  such  ship,  by  reason  of  any  fire 
happening  on  board  such  ship  ;  2,  of  'or  to  any  gold,  silver,  diamonds, 
watches,  jewels,  or  precious  stones,  taken  in,  or  put  on  board  any  such 
ship,  by  reason  of  any  robbery,  embezzlement,  making  away  with,  or 
secreting  thereof,  unless  the  owner  or  shipper  thereof,  has,  at  the  time 
of  shipping  the  same,  inserted  in  his  bills  of  lading,  or  otherwise 
deolarra  in  writing  to  the  master  or  owner  of  such  ship  the  true 
nature  and  value  of  such  articles. 

Where  all  or  any  of  the  following  events  occur  without  his  actual 
&ult  or  privity  ;  namely,  1,  where  any  loss  of  life  or  personal  injury 
is  caused  to  any  person  being  carried  in  such  ship ;  2,  where  any  damage 
or  losi  is  caused  to  any  goods,  merchandise,  or  other  things  whatsoever 
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on  board  any  such  ship ;  S,  where  any  loss  of  life  or  personal  injury  u 
by  reason  of  the  improper  navigation  of  such  sea-going  ship  caused  to 
any  person  carried  in  any  other  ship  or  boat;  4,  where  any  loss  or 
damage  is  by  reason  of  any  such  improper  navigation  of  such  sea- 
going ship  caused  to  any  other  ship  or  boat,  or  to  any  goods,  mer- 
chandise, or  other  things  whatsoever,  on  board  any  other  ship  or  boat ; 
no  owner  of  any  British  sea-going  ship  or  share  therein,  is  answerable 
in  damages  to  an  extent  beyond  the  value  of  his  ship  and  the  freight 
due,  or  to  grow  due,  in  respect  of  such  ship  during  tiie  voyage  which 
at  the  time  of  the  happening  of  any  such  events  is  in  prosecution 
or  contracted  for,  subject,  however,  to  this  proviso,  namely,  that  is 
no  case  where  any  such  liability  is  incurred  in  respect  of  loss  of  life 
or  personal  injury  to  any  passenger  is  the  value  of  any  ship  and  the 
freight  thereof  to  be  taken  as  less  than  162.  per  registered  ton.  The 
benefit  of  these  provisions  is  not  obtainable,  even  in  our  courts,  by  any 
foreign  ship,  nor  is  it  available  for  a  British  seagoing  ship  when  sued 
for  injury  done  by  her  to  a  foreign  vessel,  unless  at  the  time  of  tha 
accident  both  ships  were  in  British  watera. 

2.  Tke  Navigation  of  Skipt,  Snla  of  the  Sea. — For  the  government 
of  ships  in  weir  course  over  the  sea,  convenience  and  necessity 
early  gave  rise  to  certain  accustomed  practices  which  have  ultimately 
resulted  in  rules  that  are  known  as  the  rules  of  the  sea.  Those  rules, 
which  are  still  recognised  by  all  maritime  nations,  were  set  forth  in  a 
notice  published  by  the  Trinity  House  on  the  80th  October,  1810,  in 
the  following  terms :  "  The  recognised  rules  for  sailing-vessels  is,  that 
those  having  the  wind  tail,  shall  give  way  to  those  on  a  wind ;  that 
when  both  are  going  by  the  vrind,  the  vessel  on  the  starboard  tack 
shall  keep  her  wind,  and  the  one  on  the  larboard  tack  bear  up,  thereby 
passing  each  other  on  the  larboard  hand ;  that  when  both  vessels  have 
the  wind  large  or  a-beam,  and  meet,  they  shall  pass  each  other  in  the 
same  way  on  the  larboard  hand,  to  effect  which  two  last  mentioned 
objects,  the  helm  must  be  put  to  port."  Steam-veasels,  for  the  pur- 
poses of  these  rules  were  regarded  as  vessels  navigating  with  a  &ir 
wind,  and  were  to  give  way  to  sailing-vesseb  on  a  wind  on  either  tack. 
With  regard  to  steamers  passing  each  other,  it  was  at  that  time  the 
rule  that  each  should  put  her  helm  to  port,  and  in  narrow  channels 
that  a  steamer  should  always  leave  the  vessel  she  is  passing  on  the 
larboard  hand. 

The  rules  already  given  are  still  in  force  on  the  high  seas  among 
other  nations,  and  consequentiy  must  be  observed  also  by  British 
ships  when  passing  a  foreign  ship.  It  seemed  good,  however,  to  the 
British  parliament  to  introduce  new  rules  into  the  Uerehant  Shipping 
Act  of  1854,  which  are  now  compulsory  on  all  British  vessels  when 
passing  each  other.  These  rules  are  the  following:  1.  "Whenever 
any  ship,  whether  a  steam  or  sailing  ship,  proceeding  in  one  direction, 
meets  another  ship,  whether  a  steam  or  sailing  ship,  proceeding  in 
another  direction,  so  that  if  both  ships  were  to  continue  their  respec- 
tive courses,  they  would  pass  so  near  as  to  involve  any  risk  of  a 
collision,  the  helms  of  both  ships  shall  be  put  to  port,  so  as  to  pass  on 
the  port  side  of  each  other.  This  rule  shall  be  obeyed  by  all  steam- 
ships and  by  all  sailing-ships,  whether  on  the  port  or  starboard  tack, 
and  whether  close-hauled  or  not;  unless  the  circumstances  of  the  case 
are  such  as  to  render  a  departure  from  the  rule  necessary  in  order  to 
avoid  immediate  danger;  and  subject  also  to  the  proviso,  that  due 
rq^ard  shall  be  had  to  the  dangers  of  navigation,  and  as  regards  sailing- 
ships  on  the  starboard  tack  close-hauled,  to  tiie  keeping  such  ships 
under  command.  2.  Every  steamship,  when  navigating  any  narrow 
channel,  shall,  whenever  it  is  safe  and  practicable,  keep  to  that  side 
of  the  fair-way  or  mid-channel,  which  Ues  on  the  starboard  side  of 
such  steam-ship." 

A  code  of  rules  respecting  the  exhibition  of  lights  on  board,  and  the 
use  of  fog  signals,  has  been  published  by  the  Admiralty  under  the 
authority  of  the  statute.  Steamers  between  sunset  and  sunrise  are  to 
exhibit  a  bright  white  light  at  the  foremast  head ;  a  green  light  on 
the  starboard  side,  and  a  red  light  on  the  port  side,  except  that  when 
they  are  proceeding  under  sails  only,  the  lig^t  on  the  mast  is  to  be 
dispensed  with.  Sailing-vessels  are  to  exhibit  the  red  and  the  green 
side  lights  in  accordance  with  the  above  rule,  but  no  white  light  on 
the  msst.  Pilot  vessels  are  to  carry  only  a  white  light  at  the  mast- 
head, and  to  exhibit  a  flare-up  light  every  fifteen  minutes.  Sea-going 
vessels  at  anchor  in  roadsteads  or  fair-ways,  must  exhibit,  on  a  con- 
spicuous part,  not  more  than  20  feet  from  the  hull,  a  white  light  in  an 
eight-inch  globular  lantern.  As  fog  signals,  sailing-vessels  when  under 
way,  are  in  all  cases  of  fog  requSed  to  use,  when  on  the  starboard 
taodc,  a  fog-horn,  and,  when  on  the  port  tack,  to  ring  a  bell,  sounding 
the  one  or  the  other  respectively,  once  at  least  every  five  minutes ;  and 
steamera  when  under  way  and  their  steam  up,  are  to  use  a  steam- 
whistie  before  the  funnel,  sounding  it  once  at  least  every  five  minutes ; 
but  when  their  steam  is  not  up  they  are  to  use  a  fog-horn  or  bell,  as  in 
the  case  of  saUrng-vessels. 

OoUitiont. — ^Notwithstanding  these  rules  for  the  guidance  and  pro-  - 
taction  of  ships  in  their  progress  at  sea,  and  in  the  fair-ways  of  mari- 
time traffic,  collisions  do  occur,  and  questions  of  fact,  difficult  to 
determine,  arise  as  to  the  existence  of  negligeuce  in  either  vessel  or  in 
both.  It  would  be  quite  impossible  here  to  enter  upon  a  detail  of 
cases  illustrative  of  this  part  of  the  law.  Those  who  are  desirous  of 
consideriug  the  subject  when  exhibited  in  the  ocourrences  of  maritime 
life  must  consult  those  works,  the  titiea  of  Bpli)e  of  which  we  have 
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appended  to  this  article,  in  which  eveiy  help  is  offered  to  a  complete 
oomprehension  of  the  piinoiplee  of  the  law,  and  their  applicatjmi  to 
facta.  The  leading  rules,  however,  of  the  law  on  this  subject  may  here 
be  auGcincUy  set  down.  Those  of  the  general  maritime  law  are  these, 
namely,  1,  when  the  injury  occasioned  is  the  result  of  pure  aocident, 
the  loss  lies  where  it  fidl ;  2,  if  both  parties  are  to  blame,  the  loss  is 
divided  between  them ;  8,  if  it  happen  through  misconduct  of  the 
aoffering  party  only,  he  beus  his  own  burden ;  4,  if  it  be  entirely  the 
&UU  of  the  other  vessel,  the  sufferer  is  entitled  to  oomplete  oom- 
pensaticm  for  his  loos. 

By  the  Merchant  Shipping  Act  of  1864,  these  rules  underwent  con- 
sidsrable  modification,  and  since  then  the  British  maritime  law,  whioh 
had  previously  differed  from  the  common  law  on  the  subject  ik  negli- 
gence, is  now  identical  with  it.  At  common  law,  a  person  cannot 
recover  for  damage  sustained  from  the  negUgence  of  another  if  his 
own  neg^Ugenoe  contributed  to  the  event,  or  if  he  might  have  avoided 
it  by  the  exercise  of  ordinary  care  and  skill ;  but  if  the  other  who  is 
Bued  might,  by  ordinary  care  and  skill,  have  avoided  the  accident,  he 
is  liaUa,  notwithstanding  there  be  neg^genoe  in  the  plaintiff  remotely 
connected  with  the  event 

In  case  of  damage  done  to  a  ship  by  soother  vessel  that  is  in  fault, 
the  maritime  law  gives  to  the  sunbrer  a  lien  on  the  ship  that  does  the 
wrong.  In  virtue  of  that  lien,  she  may  be  arrested  under  process  of 
the  Admiralty  Court,  condemned,  and  sold,  and  so  much  of  the  pro- 
ceeds of  sale  applied  as  is  necessary  to  compensate  the  owner  of  the 
damaged  ship ;  and  in  case  the  produce  of  the  sale  is  not  sufficient,  the 
lien  extends  to  the  freight  being  carried  by  the  vessel  at  the  time,  and 
that  too  may  be  ordered  to  be  brought  into  the  treasury  of  the  court 
lor  adjudication  and  distribution,  pursuant  to  the  law  and  facte  of  the 
case.  We  have  already  seen  that  the  liability  of  British  ownws  is' 
limited,  under  the  supposed  droumstanoes,  to  the  value  of  the  ship 
and  the  amount  of  the  freight. 

Pilotage;  Tomtage. — Immediately  connected  with  the  subject  of 
damage  by  collision  is  the  law  of  the  local  pilot,  The  legislature  has 
made  it  compulsory  on  vessels  passing  over  certain  pilotage  grounds  to 
take  one  of  the  local  licensed  pilote  on  board,  and  has  at  the  same 
time  conferred  upon  the  owner,  who  was  thus  deprived  of  his  option, 
an  immunity  from  liability  for  any  damage  caused  by  the  ship  while 
■he  is  under  the  management  of  such  pilot,  provided  tiie  damage  is  in 
no  degree  attributable  to  misconduct  in  the  master  and  crew,  or  insuf- 
ficiency of  the  ship's  equipment.  The  institution  of  pilote  in  this 
country  dates  from  the  tune  of  Henry  YIU. ;  and  their  government  is 
entrusted  to  the  Trinity  House,  and  to  oo-tein  other  pilotage  autho- 
rities throughout  the  United  Kingdom.  It  is  binding  on  a  pilot  to 
take  charge  of  a  ship  wheo  required,  and  on  a  master  to  receive  such 
pilot  on  board  when  he  offers  within  the  pilotage  ground,  there  being 
st  the  time  no  licensed  pilot  on  board.  When  the  pilot  takes  charge 
of  the  ship  he  is  supreme,  the  master  and  grew  being  bound  to  obey  him 
in  aU  reasonable  ordeiB  and  demands.  If  tiie  ship  is  at  the  time  in 
tow,  the  tug  also  is  under  the  orders  of  the  same  pilot ;  and  it  may  be 
presumed  concerning  the  tug  in  tow,  that  if  iie  obey  exaotiy  the 
orders  of  the  licensed  pilot  in  the  ship,  the  owners  of  the  tug  are  not 
liable  for  any  damage  resulting  in  consequence.  Under  these  circum- 
stances, it  is  the  pilot  who  is  liable,  and  his  liability  in  the  Trinity 
House  district  is  limited  by  Parliament  to  the  amount  of  his  bond, 
namely,  1002.  The  duty  of  taking  such  pilot  on  board  in  these  par- 
ticular localities  being  compulsory  on  foreign  as  well  ss  British  ships, 
,they  participate  also  in  the  immunity  conferred  on  the  others.  [Pilot.] 
8.  TlutPenoiu  who  Navigate  BrilMSI^.  Qualifieatim  of  Offieen. — 
A  very  important  change  was  introduced  into  the  mercantile  marine 
of  this  country  by  the  Merchant  Shipping  Act  of  18S4 :  the  officeia  of 
|that  service  are  now  intrusted  with  command  only  upon  satisbuitory 
evidence  of  their  qualifications  and  fitness.  Upon  testimonials  of 
service,  experience,  and  character,  and  upon  personal  examination  of 
the  candidates  in  various  departmente  of  knowledge  proper  to  their 
railing,  do  the  local  marine  boards  distributed  throughout  the  United 
'Kingdom,  at  all  porte  of  any  note,  determine  we£  by  week  upon 
giving  or  refusing  certificates  of  fitness  to  be  masters,  mates,  or  first  or 
second  mates  of  foreign-going  shipe  or  home-trade  psasenger  ships. 
These  are  certificates  U  competency.  Certificates  of  service  as  master 
or  mate  in  British  foreign-going  ships  before  the  1st  of  January,  1861, 
or  as  master  or  mate  of  a  home-trade  passenger  ship  before  the  1st  of 
January,  1854,  entitle  the  holders  still  to  serve  in  the  like  capacities.  A 
lieutenant,  master,  passed  mate,  or  second  master,  or  one  of  any  higher 
rank  in  her  majesty's  service,  or  that  of  the  East  India  Company,  is 
entitled  to  serve  as  master  of  a  British  ship,  A  certificate  proper  to 
the  rank  in  which  he  serves  must  be  held  ^  and  be  in  the  possession 
M  the  master  and  first  and  second  or  only  mate,  of  every  foreign-going 
British  ship,  snd  the  master  and  first  or  only  mate  of  every  home-trade 
MBsenger  ship  proceeding  to  sea  from  the  United  Kingdom,  otherwise 
she  cannot  clear  out  And  in  every  such  vessel  of  100  tons  burxlen 
and  upwards  there  must  be  at  least  one  officer  besides  the  master  who 
possesses  a  legal  valid  certificate  appropriate  to  the  grade  of  first  or 
011^  mate  of  such  vessel,  or  to  a  Ugher  grade.  A  pinal^  of  601.  is 
Isid  on  every  one  who  goes  to  sea  as  officer  without  an  appropriate 
oertmcate,  and  on  every  person  who  employs  anyone  to  go  to  sea  in  such 
cai»oity  without  first  sscertaining  whether  he  is  so  quiSifled. 
Mattmf  Duties,  Poum,  and  S^Afc— In  the  responsible  aitaation 


of  master  of  a  British  merchant  ship,  his  duties  are  very  nnmeroiia, 
onerous,  and  important.  The  ship  and  her  cargo  are  committed  to  his 
care,  and  he  is  to  see  that  neither  take  any  damage,  so  far  as  provident 
skill  and  vigilance  can  prevent  or  the  use  of  vigorous  means  can 
repeL  But  when  prevention  is  already  become  impossible,  he  is  then 
to  use  all  diligence  and  means  in  his  power  to  repair  the  damage,  aa 
any  judicious  man  would  do  for  his  own  property.  He  keeps  his 
owners  constantly  informed  of  his  whereaboute,  and  of  the  evente  and 
incidante  of  the  voyage,  enabling  them  on  each  occasion  to  take 
measures  for  their  own  protection  and  benefit,  ss  they  might  be 
advised.  He  is  to  give  his  whole  time  to  their  service,  and  account  to 
them  faithfully  on  his  return.  The  ship's  log  and  official  l<)g  most  be 
kept  under  bia  supervision. 

It  is  his  duly  to  provide  for  the  sustenance,  comfort,  and  health  of 
all  persons  on  board;  and  if  injury  accrue  through  ne^igenoe  of  his  in 
not  providing  stores,  medicines,  or  proper  acoommodaSuon,  he  is  liable 
to  an  action.  His  authority  on  board  while  at  sea  is  supreme  and 
despotic ;  and  if  there  be  disobedience  on  the  part  of  the  crew,  he 
may  craieot  them  in  a  reasonable  manner.  On  all  oocaaiona  when 
discipline  is  infringed,  he  wiU  be  careful  to  inquire  and  inform  himself 
of  the  true  state  of  the  facto  before  he  visit  any  one  with  punishment, 
unless  the  breach  of  duty  or  discipline  is  obvious  to  his  eyes,  and  the 
offonce  is  of  that  mutinous  character  which  must  be  checked  on  the 
instant  with  force.  He  is  responsible  on  his  return  for  all  his  conduct 
on  board  towards  others,  either  on  prosecution  by  public  law  or  at  the 
suite  of  private  persons  who  have  suiEFered  injury  at  his  hands. 

His  conduct  is  also  liable  to  be  inquired  into  by  the  Board  of  Trade, 
who  have  power,  if  there  be  occasion,  to  withdraw  his  certificate,  or  by 
a  naval  court  on  the  high  seas  or  abroad,  who  may  diadiaige  hun  and 
put  another  in  his  place. 

For  his  wages,  he  now  has  tiie  same  lien  on  the  ship  and  remedies  as 
a  common  seaman.  His  diabnrsemente,  however,  form  a  mere  personal 
debt  His  powers  aa  agent  of  the  owners  have  already  been  noticed 
under  the  mat  division  of  this  artide. 

The  Seamen.  Ship's  Artides. — Apprentices  are  to  be  indentured; 
seamen  for  foreign-going  ships  must — and  seamen  for  home-trade  ahips 
may — ^be  engaged  and  discharged  before  a  shipping-master.  The 
agreement  of  hiring  is  to  be  in  writing,  according  to  the  form,  and 
containing  at  least  all  the  stipulations,  prescribed  by  the  statute. 
Other  stipulations  may  be  added  by  the  consent  of  both  parties ;  but 
"  no  seaman  shall  by  any  agreement  forfeit  his  lien  upon  the  ship,  or 
be  deprived  of  any  remedy  for  the  recovery  of  his  wages  to  which  he 
would  otherwise  have  been  entitled;  and  every  stipulation  in  any 
agreement  inconsistent  with  any  provision  in  this  Act  (17  &  18  Yict, 
c.  104),  and  ereiy  stipulation  by  which  any  seaman  consente  toabsodon 
his  ri^t  to  wages  in  the  case  of  the  loss  of  the  ship,  or  to  abandon  any 
risht  which  he  may  have  or  obtain  in  the  nature  of  salvage,  shall  be 
wholly  inoperative."  Although  this  agreement  is  in  writing,  and 
signed  by  the  seaman,  he  may  prove  hii  case  in  a  oourt  of  law  without 
producing  or  giving  notice  to  produce  it;  and  any  erasure,  inter- 
lineation, or  alteration  in  it,  not  proved  to  have  been  made  with  tiie 
oonsent  of  all  the  persons  interested  in  the  change  by  the  written 
attestetion,  if  made  in  her  majesty's  dominions,  of  some  shipping-nuster, 
justice,  officer  of  customs,  or  other  public  functionary,  or,  if  made  out 
of  her  majesty's  dominions,  of  a  British  consular  officer,  or  where  there 
is  no  su<m  officer  of  two  respecteble  British  merchanto,  is  wholly 
inoperative.  Allotment  notes  must  be  stipulated  for  if  required,  and 
may  only  be  granted  in  favour  of  the  seaman's  wife,  father,  mother, 
grandfather,  grandmother,  child  or  grandchild,  or  sister  or  brotfaer; 
the  stetuto  expressly  providing  that  these  sod  these  only  shall  have  a 
rij^t  of  action  on  the  note.  The  agreement  must  contain  the  following 
particulars,  namely  (1),  the  nature  and,  as  far  as  practicable,  the 
duration  of  the  intended  voyage  or  engagement ;  (2),  the  number  and 
description  of  the  crew,  specifying  how  many  are  engaged  ss  sailors ; 
(8),  the  time  at  which  such  seaman  is  to  oe  on  board,  or  to  begin 
work ;  (4),  the  o^ncity  in  which  each  seaman  is  to  serve ;  (5),  tiie 
amount  of  wages  that  each  seaman  is  to  receive ;  (6),  a  scale  <k  the 
provisions  which  are  to  be  furnished  to  each  seaman ;  (7),  any  regu- 
lations as  to  conduct  on  board,  and  aa  to  fines,  short  allowances  of 
provisions,  or  other  lawful  punishmente  for  misconduct,  which  have 
been  sanctioned  by  the  Boud  of  Trade  as  regulations  proper  to  be 
adopted,  and  which  the  parties  agree  to  adopt  Any  fresh  stipulation 
on  uie  part  of  the  seamen  with  t^e  master  in  the  course  of  the  same 
voyage  for  an  advance  in  the  rate  of  wages,  or  for  any  special  gratuity, 
cannot  be  enforced,  \inless  the  circumstances  aTJaring  at  the  time  be 
such  as  to  have  cancelled  the  agreement  already  made. 

Wagee. — Wages  are  no  longer  dependent  on  the  earning  of  freight 
They  may  not  be  attached ;  and  payment  of  them  to  the  "~"""  is 
valid  and  effectual,  notwithstanding  any  prior  attachment,  incumbrance, 
or  arrestment  thereon,  or  assignment  tiiereof. 

The  amount  of  wages  due  to  the  seaman  if  he  fulfil  his  contract 
is  the  full  amount  originally  stipulated  therein  to  be  paid  him.  The 
voyage,  however,  is  liable  to  interruption  by  varioos  oaaualtiee ;  the 
service  of  the  seaman  ia  subject  to  discontinuance  before  the  termi- 
nation contemplated  originally  on  both  aidea;  and  it  is  not  a  very 
easy  matter  in  general  language  to  lay  down  the  law  which  is  apph- 
caUe  to  each  case  before  it  arises.  It  is  not  in  the  power  of  the 
auBter,  by  wiongf olfy  diimiwring  ai^  of  his  crew  in  the  course  of  the 
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voyage,  to  depriva  them  of  all  or  any  part  of  their  wagea ;  they  may 
recoTer  tile  whole,  subject  to  the  dedaction  of  such  wages  as  they  have 
earned  elsewhere  duting  the  period  claimed  for.  But  if  the  ship  be 
lost,  or  if  the  mariner  quit  the  vesael  for  the  purpose  of  taking  service 
in  her  majesty's  navy,  he  is  entitled  to  the  wages  due  up  to  the  inter- 
ruptiam  of  his  service.  By  desertion,  however,  or  misconduct  of  a 
flagrant  and  serious  character,  he  may  forfeit  all  right  to  wages.  In 
case  death  put  a  period  to  his  service  on  board  during  the  voyage,  it 
seems  his  representatiTea  are  entitled  to  be  paid  wages  up  to  the  day 
of  the  death,  unless  the  contract  made  with  the  owners  be  such  that 
no  light  accrues  if  the  seaman  do  not  navigato  the  ship  to  the  port  of 
destination.  The  French  code,  mora  libraal  than  our  own  law,  where 
the  hiring  is  tor  the  voyage,  directs  payment  of  half  the  stipulated 
amount  3  the  seaman  dies  on  the  outward  voyage,  and  the  whole  if 
the  death  happens  during  the  homeward  passage. 

In  virtue  of  the  maritime  law  the  seamen  have  a  lien  on  the  ship  for 
the  amount  of  their  wages,  which  enables  them  by  process  from  the 
Court  of  Admiralty  to  arrest  the  veesel,  and,  unless  the  owners  interpose 
to  pay  their  just  demand,  to  sell  her  aftor  sentenoe  of  condemnation. 
The  Merchant  Shipping  Act  of  lS6i  confers  the  same  advantage  on  the 
master,  who  till  then  had  no  such  remedy.  The  jurisdiction  of  the 
Admiralty  Court,  however,  in  claims  for  wages,  is  restrained  to  the 
case  of  a  contract  in  the  ordinary  torms,  and  not  under  seal ;  for  if 
either  it  be  made  under  seal,  or  be  q>ecial  in  its  stipulations,  it  cannot 
be  the  subject  of  a  suit  in  that  court,  at  the  peril  of  a  writ  of  prohi- 
bition issuing  from  the  courts  of  common  law.  A  further  restrictian 
on  that  jiirisdiction  is  placed  by  the  statute,  which  prohibits  any  suit 
for  the  recovery  of  wages,  when  the  sum  is  under  SOL,  from  being 
instituted  in  any  Court  of  Admiralty,  Vice  Admiraltr^,  the  Court  of 
Session  in  Scotland,  or  any  of  the  superior  courts  within  her  majesty's 
dominions,  unless  the  owner  of  the  ship  is  adjudged  bankrupt  or 
declared  insolvent ;  or  unless  the  ship  is  under  arrest,  or  is  sold  by  the 
authority  of  any  such  court;  or  linless  any  justices,  acting  under 
authority  of  the  statute,  refer  the  case  to  iba  adjudication  of  such 
court ;  or  unless  neither  the  owner  nor  master  is  or  resides  within 
twenty  miles  of  the  place  where  the  seaman  or  apprentice  is  discharged 
or  put  ashore^  In  lieu  of  this,  the  seaman  is  now  enabled  to  proceed 
summarily  before  any  two  justices  of  the  peace,  or  one  stipendianr 
magistrate  acting  in  or  near  the  place  at  which  the  service  Is  termi- 
nated, or  at  which  the  discharge  takes  plsce,  or,  in  Scotland,  before 
any  such  justices  or  the  sheriff  of  the  county,  for  any  sum  not 
exceeding  601.  over  and  above  the  costs.  When  the  engagement  is  to 
terminate  in  the  United  Kingdom  he  is  not  entitled  to  sue  for  his 
wages  in  any  court  abroad,  unless  he  be  discharged  with  the  sanction 
of  tite  shipping  master,  cUef  officer  of  customs,  British  consular  officer, 
or  two  respectable  merchants  in  or  near  the  place,  and  with  the  written 
consent  of  the  master ;  or  unless  he  prove  such  ill-usage  on  the  part 
of  the  master,  or  by  his  authority,  as  to  warrant  reasonable  appre- 
hension of  danger  to  life.  On  his  return,  however,  if  he  prove  either 
such  ill-usage  or  other  misconduct  on  the  part  of  the  owner  or  master 
as  would  have  entitled  him  but  for  the  statutory  prohibition  to  sue 
for  wages  before  the  termination  of  the  voyage,  he  is  entitled,  besides 
his  wages,  to  compensation  not  exceeding  iOl.  in  amount. 

Diicipliiu,  PnteeUve  Loot. — We  have  already  seen  the  authority 
which  is  reposed  by  the  law  in  the  master  for  the  maintenance  of 
discipline  on  board.  His  power  necessarily  enables  him  to  inflict 
punishment  for  smaller  offences  upon  the  instant  In  case  of  the 
greater  offences  his  power  goes  no  further  than  to  put  the  seaman,  if 
need  be,  in  confinement,  in  order  to  deliver  him  up  on  reaching  land  to 
the  proper  anthorities,  for  investigation  of  the  charges  made  against 
him,  and  the  consequences  which  ought  to  follow  thereon.  The  statute 
has  ascertained  the  amount  of  punishment  to  be  inflicted-in  certain 
particular  cases  by  the  magistrato.  The  Board  of  Trade,  in  certain 
lesser  offences,  enables  the  owners  and  seamen  to  agree  upon  the 
X>enaltieB  which  the  Board  have  recommended  as  reasonable  and  proper 
to  be  adopted,  and  have  set  out  in  a  schedule  published  by  them  in 
pursuance  with  their  authority  under  the  Act  But  no  conviction 
tinder  the  Merchant  Shipping  Act  may  be  made  in  any  summary  pro- 
ceeding, unless  such  proceeding  is  commenced  within  six  months  after 
the  ofSeaet  was  committed,  or  within  two  months  after  both  parties 
arrive  or  are  at  one  time  within  the  United  Eingdcsn,  or  within  the 
jurisdiction  of  any  court  capable  of  dealing  with  uie  case  in  a  British 
possession.  N<»  can  any  onler  for  the  payment  of  money  be  made  in 
a  summary  proceeding,  unlees  such  proceeding  is  withht  six  months 
after  the  cause  of  compli^t  arose,  or  after  both  parties  arrive  or  are 
within  the  United  Kingdom,  or  within  the  jurisdiction  of  any  court  in 
»  British  possession  capable  of  dealing  with  the  case.  Any  local 
jurisdiction  situate  on  the  coast  of  any  sea,  or  abutting  on  or  projecting 
into  any  bay,  channel,  lake,  river,  or  oUier  navigable  water,  is  extended 
by  the  Merchant  Shipping  Act  to  any  ship  or  boat  being  in  or  lying  or 
pasring  off  such  coast,  or  being  in  or  near  such  bay,  channel,  lake,river, 
or  navigable  water,  and  to  all  persons  on  board  or  for  the  time  being 
belonging  thereto,  as  if  such  ship,  boat,  or  persons  were  within  the 
limits  of  the  original  jurisdiction.  And  every  offence  is  to  be  deemed 
to  have  been  committed,  and  every  cause  of  complaint  to  have  arisen, 
either  in  the  place  it  was  committed  or  arose,  or  where  the  offender  or 
person  complained  against  may  b«i 

The  ship's  stores,  the  water  on  board,  and  the  medicine  chest,  are 


subject  to  inspection  by  certain  public  officers.  The  seaman  may  com- 
plain of  the  stores  and  have  them  inspected,  at  the  peril  however  of 
being  mulcted  in  one  week's  wages  in  case  his  oompliunt  be  frivolous. 
In  case  he  is  kept  on  short  allowance,  not  in  the  way  of  punishment 
nor  tiirough  any  fault  of  the  master,  but  solely  from  those  accidents 
of  the  sea  that  may  delay  the  best  provisioned  ship  that  sails,  he  is 
entitled  to  a  certain  oomponsation  per  day  while  the  deficiency  lasts. 
This  is  rather  in  the  way  <^  wages  to  him.  If  he  were  to  be  injured, 
however,  by  deficiency  or  badness,  either  of  the  stores  or  medicines, 
where  there  is  neglij^oe  in  the  master,  his  right  of  action  for  damages 
is  dear.  A  seaman  is  not  entitled  to  bring  an  action  because  the  vessel 
was  unsea worthy  and  he  suffered  by  it;  yet,  as  the  statute  provides  for 
his  being  well  and  comfortably  accommodated,  any  defect  of  the  ship 
that  should  form  an  enoroachiuent  upon  such  statutory  right  would  be 
a  good  ground  of  action  to  any  seaman  suffering  injury  thereby. 

Medicines  and  medical  assistance  on  board  are  supplied  to  the 
seamen  at  the  owner's  expense ;  and  so  must  they  be,  also,  together 
with  subsistence,  if  the  patient  is  removed  from  on  board  to  prevent 
infection,  or  otherwise  for  the  ship's  convenience,  in  cose  he  sub- 
sequently return  to  duty  on  board.  If  the  sickness  be  the  result  of 
injury  racmved  in  the  service  of  the  ship  he  must  be  supplied  by  the 
owner  with  medical  advice  and  medicines,  subsistence  and  attendance, 
until  he  is  cured,  or  dies,  or  is  brought  back  to  some  port  in  tiie 
United  Kingdom,  or  in  any  British  poasession,  according  as  he  shipped 
from  one  country  or  Uie  other ;  and  his  conveyance  thereto,  or  burial, 
must  also  be  at  the  owner's  expense.  It  is  only  when  he  is  absent, 
however,  from  the  United  Kingdom,  or  the  British  possesion  from 
which  he  shipped,  that  the  ssaman-  in  case  of  injury  suffered  in  the 
ship's  service  is  entitled  to  such  assistance;  for  upon  well-koown 
general  principles,  every  servant  is  presumed  to  nuke  his  contract  vrith 
a  full  knowledge  of  all  the  risks  of  the  service  upon  which  he  is 
bntering. 

A  most  praiseworthy  effort  has  been  made  to  bring  the  British 
seaman  in  every  quarter  of  the  globe  completely  within  the  protection 
of  the  British  laws.  There  is  a  system  of  lists  of  crews  for  foreign- 
going  ships  upon  every  voyage,  and  for  home-trade  ships  once  every 
six  months,  by  which  a  complete  register  of  British  seamen  is  produced, 
and  a  somewhat  minute  knowledge  of  each  individual  and  his  where- 
abouts is  attained.  On  every  sea  where  her  majesty's  flag  floats  over  a 
vessel  of  war,  on  every  coast  where  a  British  magistrato  resides,  or  a 
British  consular  officer  offidotee,  there  is  opportimity  for  the  injured 
seaman  to  complain  and  obtain  justice ;  and  any  attempt  of  the  master 
or  other  officer  of  his  own  ship  to  interfere  with  or  prevent  him  com- 
plaining is  an  offence  punishable  with  fine  and  imprisonment. 

It  is  a  misdemeanor  for  a  master  to  force  on  diore  or  wilfully  leave 
behind  any  seaman  or  apprentice  in  or  out  of  her  majesty's  dominions. 
It  is  a  nuademeanor  to  discharge  any  seaman  or  apprantice  at  any 
place  out  of  her  majestT's  dominions,  or  in  any  Bniiah  possession, 
except  that  from  which  he  mv^  have  originally  shipped,  wittiout  the 
sanction  in  writing  of  the  shipping  master,  cmaf  officer  of  customs, 
British  consular  officer,  or  of  two  respectable  merchante  resident  at  or 
near  the  place.  It  is  a  misdemeanor  to  leave  behind  a  seaman  or 
apprentice  without  at  the  same  time  obtaining  a  certificate  from  such 
officer  or  merchants,  stating  the  fact  and  the  cause  indorsed  on  the 
ship's  articles,  unless  that  was  impracticable,  and  the  proof  of  that  lies 
on  the  master.  In  case  suoh  discharge  however  be  sanctioned,  the 
wages  of  the  seaman  are  to  be  paid  on  toe  spot  by  bill  or  money.  And 
wherever  such  dischai^ge  is  rendered  necessary  by  the  transfer  of  tiie 
ship  at  a  place  out  of  her  majesty's  dominions,  uidess  the  crew  consent 
to  continue  with  the  vessel,  it  is  obligatory  on  the  master  to  procure  a 
passage  homeward  for  the  seaman,  or  provide  him  with  employment 
in  some  other  British  ship  bound  for  the  shipping  port  in  this  eountiy, 
besides  paying  their  wages,  and  giving  them  each  a  certificate  of 
discharge. 

ZHtcharget. — The  discharge  of  seamen  at  home  from  foreign-going 
ships  is  to  be  before  a  shipping  master.  The  wages  are  to  be  paid  in 
his  presence,  subject  to  his  cognisance  of  the  righte  of  both  parties 
under  the  agreement.  No  deductions  can  be  made -unless  the  hook  in 
which  they  were  entered  at  the  time  of  forfeiture  be'<  produced  to  the 
aliipping  master  twenty-four  hours  before  the  time  of  payment.  The 
time  of  payment  fixed  by  the  statute  in  the  case  of  bomli-Uiide  ships, 
is  within  two  days  after  the  termination  of  the  agreement,  or  other- 
wise at  the  time  of  discharge;  and  in  all  other  coses,  except  those 
where  the  seaman  is  remunerated  by  shares  in  the  adventure,  within 
three  days  after  delivery  of  the  cargo,  or  within  five  days  after  the 
seaman's  discharge,  whichever  first  happens.  A  mutual  release  is 
given  by  the  msster  and  seaman,  countersigned  and  attested  by  the 
shipping  master;  it  operates  a  mutual  discharge  of  all  demands  in 
respect  of  the  voyage  or  engagement,  and  is  the  only  evidence  of  the 
release  or  satisfaction  of  any  claim  required  to  be  thus  settied. 

Wilb. — The  wills  of  seamen  have  always  hitherto  been  deemed  good 
and  effsctual  although  made  without  writing.  No  change  in  this  re- 
spect has  been  made  that  is  imperative.  But  as  the  Board  of  Trade 
are  pot  in  possession  of  the  effects  of  all  seamen  dying  abroad  or  at 
sea,  that  Board  may  in  virtue  of  the  statute  refuse  to  give  efiect  to 
any  will  which  is  not  in  writing,  and  signed  or  acknowledged  by  the 
testator  in  the  presence  of  the  master,  or  first  or  only  mate  of  the  ahip, 
and  attested  by  such  master  or  mate ;  or  if  made  on  shore,  imlesi 
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■igned  or  acknowledged  hj  the  testator  in  the  presence  of,  and  attested 
by  two  witnensea,  one  of  whom  must  be  a  sMpping  master,  minister, 
officiating  minister,  or  curate  of  the  place ;  or  if  there  be  no  such 
persons,  a  justice  of  the  peace,  British  consular  officer,  or  officer  of 
cvistoms.  Upon  refusal  to  give  effect  to^  any  will  not  so  written  and 
executed,  the  goods  and  money  of  the  deceased  will  be  distributed 
among  the  next  of  kin  under  the  statutes  of  distribution. 

As  to  Babbatbt  by  master  or  seamen,  or  both,  see  the  article  under 
that  head. 

I  4. — Of  the  Carriage  of  ChotU  and  Pauengert  m  Merelumt  Shipt,  the 
ISighU  and  Ihriiet,  Jke.  of  Praghttn  and  Pa*tengen,  of  Omten  and  their 
Servanlt.  The  Contract  of  Ajfi^itmenL— The  contracts  under  which 
goods  are  conveyed  in  a  ship  are,  as  has  been  already  stated,  of  two 
kinds,  the  contract  by  charter-party,  and  the  contract  for  their  con- 
Teyance  by  a  general  ship.  The  former  is  "  a  contract  by  which  an 
entire  ship,  or  some  principal  part  thereof,  is  let  to  a  merchant  for  the 
conveyance  of  goods  on  a  determined  voyage  to  one  or  more  places." 
A  chu'ter-party  is  a  vmtten  instrument,  not  necessarily  under  seal, 
which  is  executed  by  the  owners  or  the  master,  or  the  owners  and  the 
master  of  the  one  part,  and  by  the  merchant  or  hisagent  of  tte  otherpart 
The  word  charter-party  is  derived  from  the  two  words  cAorto  partita, 
"divided  charter,"  because  the  duplicates  of  the  agreement  were 
formerly  written  on  one  piece  of  paper  or  parchment  and  afterwards 
divided  by  cutting  through  some  word  or  figure  so  as  to  enable  each 
party  to  identify  the  agreement  produced  by  Qie  other.  If  the  charter- 
party  ia  by  deed,  and  executed  by  the  master,  and  the  owners  are  not 
parties  to  it,  they  cannot  bring  a  direct  action  upon  the  instrument ; 
indeed  the  owners  can  never  bring  an  action  upon  it  imless  their  names 
appear  as  the  parties  executing  it.  But  an  action  may  in  all  cases  be 
brought  against  the  owners  for  a  breach  of  their  duties  generally  as 
shipKJwners  relating  to  matters  not  inconsistent  with  the  terms  of  the 
charter-party.  The  charter-party  states  the  port  or  ports  of  destina- 
tion and  tiie  freight  to  be  paid,  which  may  be  either  a  gross  sum  or  so 
much  per  ton,  or  so  much  for  each  tub  or  cask  of  goods.  If  the 
agreement  is  not  to  pay  a  certain  sum  for  the  entire  ship,  or  a  certain 
portion  of  it,  but  to  pay  so  much  per  ton,  the  merchuit  generally 
oovensDta  to  load  a  fixed  amount  or  a  full  cargo.  The  charter-party 
generally  also  states  the  burden  of  the  ship,  but  this  statement,  where 
there  ia  no  fraud,  is  not  binding  on  the  parties.  The  merchant  may 
load  with  his  own  goods  or  those  of  others,  or  he  may  underlet  the  ship 
altogether.  The  master  or  owner  usually  covenants  "  that  the  ship 
shall  be  tight  snd  staunch,  furnished  with  all  necessaries  for  the 
intended  voyage,  ready  by  a  day  appointed  to  receive  the  cargo,  and 
wait  a  certain  number  of  days  to  take  it  on  board.  That  after  litduig 
she  shall  sail  with  the  first  &ir  vrind  and  opportunity  to  the  destined 
port  (the  dangers  of  the  sea  excepted),  and  were  deliver  the  goods  to 
the  merchant  or  his  assigns  in  the  same  condition  they  were  received 
on  board ;  and  further  that  during  the  course  of  the  voyage  the  ship 
■hall  be  kept  tight  and  staunch,  and  furnished  with  sufficient  men  and 
other  necessaries  to  the  best  of  the  owner's  endeavours."  The 
merchant  usually  covenants  to  load  and  unload  the  ship  within  a 
specified  time. 

The  charter-party  dates  from  the  day  on  which  it  is  delivered  or 
signed.  The  terms  generally  used  may  of  course  be  varied  so  as  to 
meet  the  intention  of  the  parties.  They  cannot  be  altered  or 
suppressed,  or  others  added  by  any  verbal  statements,  but  they  may 
be  explainod  by  evidence  of  the  usage  of  trade  in  general,  or  of  that 
particular  trade  in  reference  to  which  the  charter-party  is  made.  The 
charter-party  also  generally  contains  two  covenants  which  seem  to  be 
wholly  inoperative :  one,  by  which  the  merchant  binds  himself  and  the 
oaigo ;  the  other,  by  which  the  owner  binds  the  ship  and  freight  in  a 
penal  sum,  for  the  performance  of  their  respective  covenants.  In  an 
action  on  the  charter-party  the  actual  damages  proved  will  determine 
the  amotmt  to  be  recovered ;  and  they  will  neither  be  limited  nor 
extended  by  the  penal  sum  named ;  and  although  by  the  general 
maritime  law  the  ship  and  freight  might  be  made  directly  available, 
there  are  no  means  for  accomplishing  <£at  object  in  this  country.  As 
to  the  cargo,  it  is  always  subject  to  the  general  law  of  lien,  unless  the 
parties  by  their  contract  expressly  dischi^ge  it. 

Under  a  contract  of  affi^ightment  doubt  often  exists  as  to  whe^er 
the  goods  conveyed  are  in  the  possession  of  the  party  entitled  to  the 
payment,  and  consequentiy  there  is  doubt  as  to  his  having  a  lien  on 
the  gooda  The  question  to  be  decided  is  whether  the  owner  has 
parted  with  the  possession  of  his  ship.  If  he  has  entirely  surrendered 
all  control  over  the  ship  to  the  merchant  who  has  chartered  her,  the 
merchant  must  be  considered  for  the  time  as  in  possession  of  the  ship. 
The  goods  on  board,  therefore,  will  be  in  his  possession,  not  in  the 
possession  of  the  actual  owner,  who  accordingly  under  such  circum- 
stances will  have  no  lien  on  tiie  goods  for  the  payment  of  the  freight. 
But  it  must  dearly  appear  from  the  language  of  the  charter-party 
taken  altogether,  and  explained  by  the  ciicumstonoes  of  the  employ- 
ment of  the  ship,  that  it  was  intended  that  such  a  complete  demise  of 
the  ship  should  be  made,  one  of  the  rules  of  construction  being  to 
iVterpret  such  instrument*  "  agreeably  to  the  nature  of  the  contract 
that  a  prudent  shipowner  would  maie."  The  right  of  lien  always 
exists  where  the  freight  is  to  be  paid  before  or  on  the  delivery  at  their 
place  of  destination  of  the  goods,  or  even,  as  Lord  Tenterden  himself 
decided  (2  Bam.  and  Aid.,  60S),  where  there  is  "  nothing  to  show  that 


the  delivery  of  the  goods  was  to  precede  the  payment  of  that  hire." 
All  these  difficulties  may  be  avoided  by  inserting  a  clause  in  the 
charter-party  expressly  stating  whether  it  is  meant  that  the  owner 
should  have  a  lien  upon  the  lading  for  his  freight  and  expenses.  The 
owner  does  not  lose  his  right  of  lien  by  depositing  the  lading  in  a  public 
warehouse,  provided  he  gives  notice  that  it  is  to  be  detained  until  his 
claim  for  freight  is  satisfied. 

If  either  pajty  is  not  ready  to  perform  the  contract  contained  in  the 
charter-party  by  the  time  agreed  on,  he  is  liable  to  an  action  for  non- 
performance of  his  contract,  and  the  other  party  may  form  fresh  con- 
tracts with  third  persons. 

The  charter-party  generally  contains  a  clause  by  virtue  of  which  the 
freighter  is  entitled  to  detain  the  ship  a  certain  further  number  of 
days  for  the  purpose  of  loading  and  unloading  her,  on  payment  of  a 
fixed  sum  per  day.  This  payment  and  the  time  during  which  it 
occurs  are  both  nJled  demurrage :  see  that  article  [Dehttbbaoe]. 

When  a  ship  or  a  principal  part  of  it  is  not  let  out  by  charter-party, 
the  owners  contract  with  several  merchants  respectively  for  the  con- 
veyance of  their  goods.  A  ship  so  employed  a  called  a  general  ship. 
The  terms  of  the  contract  appear  from  the  instrument  called  a  bill  of 
lading,  two  or  three  of  which  are  signed  by  the  master  after  the  ship 
has  been  loaded.  If  any  notice  or  advertisement  relative  to  the 
destination  of  the  ship  has  been  issued,  care  should  be  taken  that  these 
are  accurate,  otherwise  the  owners  may  be  liable  for  the  consequences 
of  the  misstatement.  The  terms  of  the  bill  of  lading  must  be  made 
out  according  to  ^e  direction  of  the  shipper,  or,  in  case  a  receipt  has 
been  given  on  the  delivery  of  the  goods  on  board,  of  the  holder  of  the 
receipt.  The  form  of  a  bill  of  lading  is  stated  in  a  former  article. 
[Bill  of  Lasino.] 

The  master  on  signing  the  bill  of  lading  should  not  delivn  it  except 
in  return  for  the  receipt  which  he  may  have  given  for  the  goods.  By 
the  Bills  of  Lading  Act  (18  &  19  Vict  c  111),  every  bill  of  lading  is 
the  hands  of  a  consignee  or  indorsee  fur  valuable  consideration,  repre- 
senting goods  to  have  been  shipped  on  board  a  vessel,  shall  be  con- 
clusive evidence  of  such  shipment  as  against  the  master  or  other 
person  signing  the  same,  notwithstanding  that  such  goods  or  some  part 
thereof  may  not  have  been  so  shipped,  unless  such  holder  of  the  bill 
of  lading  shall  have  had  actual  notice  at  the  time  of  receiving  the 
same,  that  the  goods  had  not  been  in  fact  laden  on  board ;  provided 
that  the  master  or  other  person  so  mgning  may  exonerate  hims^ 
in  respect  of  such  misrepresentation,  by  showing  that  it  was  caused 
without  any  default  on  lus  part,  and  only  by  the  fraud  of  the  shipper 
or  of  the  holder,  or  some  person  under  whom  the  holder  nlaiiriB.  As 
between  the  master  or  owners  and  the  shippers,  the  bill  of  lading  is  in 
the  nature  of  a  receipt,  which  is  only  evidence  of  the  matters  whidi  it 
states,  and  is  subject  to  be  contradicted  by  proof  of  the  real  facts.  In 
case  of  an  action  for  any  breach  of  their  implied  contract  sa  carriers, 
against  the  msster  or  owners,  the  party  who  owns  the  goods 
mentioned  in  the  bill  of  lading  must  be  the  plaintifll  This  will  be  the 
consignee  of  the  goods,  unless  the  peculiar  circumstances  of  the  caae  are 
such  as  to  deprive  him  of  that  character.  If  it  is  considered 
necessary  to  make  any  provisions  relative  to  demurrage,  they  are 
generally  inserted  in  the  margin  of  the  bill  of  lading. 

A  contract  for  the  conveyance  of  goods  may  be  rescinded  by  the  act 
of  the  parties  or  by  circumstances  over  which  they  have  no  control. 
If  the  contract  is  under  seal,  it  ought,  with  a  view  to  proceedings  in 
the  courts  of  common  law,  to  be  discharged  by  an  instrument  of  the 
same  nature ;  but  if  the  facts  show  on  intention  in  both  parties  to 
rescind  the  contract,  a  court  of  equity  will  interfere  in  that  behalL 
Where  the  goods  have  been  laden  and  bills  of  lading  signed,  the 
master  ought  to  receive  back  all  the  bills  of  lading  or  be  indemnified 
against  the  consequences  of  having  signed  them,  if  the  contract  of 
conveyance  is  to  be  put  an  end  to :  and  he  has  a  right,  in  the  absence 
of  any  fresh  agreement  to  the  contrary,  to  retain  the  goods  till  the 
freight  which  he  might  earn  upon  them  has  been  paid.  If  after  the 
oontnu^  for  conveyance  has  been  entered  into,  t&e  fulfilment  of  it 
becomes  unlawful  in  consequence  of  some  act  of  the  government  of 
the  country,  such  as  a  declaration  of  war,  a  suspension  of  commercial 
intercourse,  or  a  prohibition  to  export,  the  agreement  is  dissalved. 
But  nothing  short  of  absolute  unlawfulness  can  excuse  the  perform- 
ance of  the  contract.  A  contract  is  not  dissolved  by  the  temporary 
restraint  of  an  embargo,  nor,  as  it  seems,  of  a  blockade  of  the  port  of 
departure.  But  a  blockade  of  the  port  of  destination  dissolves  the 
contract,  because  to  soil  to  a  blockaded  port  with  the  premeditated 
intention  of  breaking  the  blockade  is  an  offence  against  the  law  of  nations. 
If  a  party  has  absolutely  contracted  to  furnish  a  Ukding  for  a  ship  on 
her  arrival  at  a  foreign  port,  and  ia  prevented  from  doing  so  in  con- 
sequence of  any  law  or  regulation  merely  municipal  of  the  foreign 
country,  this  will  not  excuse  the  non-performance  of  his  contract :  oa 
where  the  export  of  the  articles  contracted  to  be  laden  is  prohibited, 
or  where  intercourse  is  forbidden  in  consequence  of  the  prevalence  of 
an  infectious  disorder.  In  such  cases,  and  where  from  any  other  cause 
the  correspondent  of  the  merchant  is  unable  to  furnish  a  freight,  and 
gives  information  of  that  to  the  master,  he  cannot,  by  afterwards 
remaining  at  the  port  the  days  prescribed,  entiUe  the  owners  to 
demurrage. 

Patteugen. — La  all  matters  that  regard  the  ship,  the  master  haa 
within  the  scope  of  his  duty  an  unlimited  authority  over  the  paa- 
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sengen  u  well  as  over  the  crew.  A  paaeesgsr  may  quit  the  ship,  but 
while  he  lemadns  on  board  he  is  bound  in  case  of  necessity  to  do  work 
that  is  required  for  the  service  of  the  ship  and  to  fight  in  her  defence. 
If  he  thwart  the  master  in  the  exercise  of  his  authority  or  otherwise 
misconduct  himself,  he  may  lawfully  be  put  tmder  restraint  or  impri- 
soned. If  the  conduct  of  a  passenger  be  unbecoming,  or  if  he  threaten 
the  master  with  personal  violence,  he  may  be  excluded  from  those 
parts  of  the  ship  which  are  frequented  by  the  superior  possengere, 
although  he  has  paid  such  a  &re  as  entitles  him  to  be  admitted  there. 
If  a  passenger  feels  himself  aggrieved  by  the  manner  in  which  he  has 
been  treat^,  he  may  bring  an  action  against  the  master,  and  it  will  be 
for  the  jiuy,  under  the  direction  of  the  judge,  to  say  whether  he  has 
any  ground  for  complaint.  In  addition  to  this  general  right  of  action, 
a  general  statute  (18  &  19  Viet,  c  119)  has  been  passed  to  regulate  the 
conveyance  of  possengers  from  places  in  the  United  Kingdom  to 
places  out  of  Europe,  and  not  within  the  Straits  of  Oibraltar.  It 
regulatbs  the  proportion  of  passengers  carried  to  the  tonnage  of  the 
ship,  provides  security  for  the  sea-worthiness,  cleanliness,  outfit,  and 
proper  storing  of  the  ship,  for  the  presence  of  a  surgeon  and  medicines, 
for  the  delivery  of  a  list  of  passengers  to  the  collector  of  customs  at 
the  port  of  departure,  and  attaches  penalties  to  a  violation  of  the 
regulations  which  it  contains.  It  also  subjects  the  master  to  a  penalty 
in  case  of  his  improperly  landing  passengers  at  any  place  not  con- 
tracted for,  or  wilfully  ddaying  to  sail,  and  provides  for  the  mainte- 
nance of  the  steerage  passengers  for  48  hours  after  their  arrival  at  the 
destined  port.  The  agreement  with  the  passengers  must  be  in 
writing,  and  have  a  scale  of  provisions  attached.  Prepayment  of  the 
fare  by  a  steerage  passenger  within  the  statute  is  imperative.  If  a 
passenger  fails  to  pay  his  faxe,  the  master  or  owners  have  a  lien  on  his 
luggage  for  the  amount.  Nothing  is  due  for  the  conveyance  of  an  infant 
born  during  the  voyage.  Where  there  is  a  contract  for  the  convey- 
ance of  men  or  animeds,  freight  is  not  due  for  those  which  die  Jtefore 
the  completion  of  the  voyage,  imless  there  be  in  effect  a  stipulation 
that  freight  is  to  be  paid  for  the  lading  of  them.  The  statute  provides 
for  the  forwarding  of  all  passengers  found  at  any  place  short  of  their 
port  of  destination,  and  as  this  is  done  at  the  expense  of  the  owners 
of  the  ship  that  should  have  conveyed  them,  all  who  accept  of  this 
kind  of  assistance  forego  their  right  of  action  against  them. 

Duties  under  Contract  of  AffreightmaU. — It  is  the  duty  of  those  who 
have  contracted  to  convey,  to  do  everything  and  be  provided  with 
everything  necessary  for  the  safe  and  expeditious  accomplishment  of 
the  voyage ;  and  if,  through  their  failure  to  perform  these  duties,  any 
damage  results  to  the  merchant,  they  will  be  answerable  for  it.  At 
the  commencement  of  the  voyage  the  ship  must  be  sea-worthy,  tight, 
staunch,  and  sufBuient,  and  properly  equipped  with  all  necessary 
tackle.  He  who  lets  the  ship  is  not  excused  by  his  ignorance  of  any 
deficiency  in  these  respects.  The  ship  must  also  be  provided  with  a 
master  and  crew  competent  to  conmiand  and  work  her,  and  to  guard 
the  cargo  on  board,  and  also  witii  a  pilot  when  neceeaaiy  either  from 
circumstances  or  from  the  law  of  the  country.     [Pilot.] 

It  is  the  duty  of  the  master,  unless  in  case  of  any  usage  which 
relieves  him  from  such  duty,  to  provide  things  necessary  for  the 
lading  of  the  vessel,  and  to  stow  away  the  goods  so  that  they  do  not 
injure  each  other  or  suffer  from  the  motion  or  leakage  of  the  ship. 
The  master  must  procure  and  keep  all  documents,  papers,  clearances, 
&C.  required  by  the  authorities  in  respect  of  the  ship  and  cargo ;  and 
he  must  abstain  from  taking  or  keeping  on  board  contraband  goods  or 
false  papers.  He  must  wait  during  the  time  appointed  for  loading  the 
vessel,  and,  if  required,  also  during  that  appointed  for  demurrage.  He 
must  pay  the  charges  and  duties  to  which  the  ship  is  subject.  The 
statutes  16  &  17  Vict.  c.  107 ;  23  Vict.  c.  22 ;  23  &  24  Vict.  c.  110, 
contain  the  enactments  relative  to  what  is  necessary  to  be  done  in 
respect  of  the  custom-house  regulations  by  ships  carrying  goods  from 
the  United  Kingdom  beyond  seas.  When  all  things  are  prepared,  the 
voyage  must  be  commenced  as  soon  as  the  weather  is  &vourabie.  If 
the  ship  is  to  sail  under  convoy,  she  must  sail  first  to  the  rendezvous 
assigned.  Convoy  means  such  ships  of  war  as,  in  time  of  war,  are 
appointed  by  the  proper  authorities  to  take  chai;ge  of  triiding  ships 
during  their  voyage  to  their  respective  destinations.  Before  sailing  it 
is  the  duty  of  we  master  to  obtain  all  the  sailing  orders  and  other 
necessary  instructions  which  are  issued  by  the  commander  of  the 
convoy ;  and  during  the  voyage  to  obey  these  and  any  others  which 
may  afterwards  be  issued,  and  to  keep  company  with  the  convoy. 
During  the  time  of  war  it  is  often  rendered  imperative  upon  merchant 
ships,  by  acts  passed  for  that  purpose,  not  to  sail  without  the  pro- 
tection of  convoy.  After  the  commencement  of  the  voyage,  the  master 
is  bound,  without  delaj^,  deviations,  or  stoppages,  to  sail  direct  to  the 
port  of  destination.  But  stress  of  weather,  the  appearance  of  enemies 
or  pirates,  or  the  presence  of  any  urgent  necessity,  will  justify  him  in 
breaking  through  this  rule ;  and  he  ought  to  do  so  for  the  purpose 
of  succouring  another  ship  which  he  finds  in  imminent  peril  or 
distress. 

If  the  ship  is  lost  or  the  goods  injured  during  a  deviation  witliout 
any  of  these  grounds  of  justification,  the  owner  and  master  will  be 
answerable  for  the  loss  to  the  merchant,  even  if  it  does  not  appear  to 
Aave  been  a  necessary  consequence  of  the  deviation.  If  the  ship  during 
the  voyage  is  so  damaged  that  she  is  unable  to  proceed  without 
repairs,  the  master  may  detain  the  cargo,  if  not  of  a  perishable  cha- 


racter, till  the  rspurs  are  made.  If  the  cargo  is  of  a  perishable 
kind,  he  ought  to  transship  for  the  port  of  destination,  or  sell  it  where 
she  lies  if  tiiere  be  no  opportunity  of  transshipment,  or  that  course 
appear  to  be  obviously  injudicious.  He  may  in  all  cases,  where  the 
circumstances  require  it,  exercise  a  discretion  as  to  transshipping  the 
cargo ;  as,  for  instance,  when  the  ship  is  wrecked  or  in  immment 
danger. 

Hypothecation  of  a  cargo,  like  hypothecation  of  a  ship,  is  "  a  pledge 
without  immediate  change  of  possession."  The  party  to  whom  the 
goods  are  hypothecated  immediately  acquires  a  right  to  have  possession 
of  them  if  the  money  advanced  is  not  paid  at  the  time  agreed  on.  This 
power  of  the  master  under  circumstances  of  urgent  necessity  to  sell 
or  hypothecate  t^e  goods  must  be  exercised  with  great  droum- 
spection ;  and  the  exercise  of  it  can  only  be  justified  when  it  is  con- 
sistent with  what  would  have  been  the  conduct  of  a  discreet  and 
able  man  under  the  circumstances.  During  the  voyage  the  master  is 
bound  to  take  every  possible  care  of  the  cargo,  and  to  do  all  things 
necessary  for  its  preservation,  and  he  and  the  owners  will  be  answer- 
able for  all  damage  which  might  have  been  avoided  by  tho  exercise  of 
skill,  attention,  and  forethought.  When  the  voyage  is  completed,  the 
master  must  see  that  the  ship  is  properly  moored,  and  all  things  doae 
relative  to  her  which  are  required  by  the  law  or  usages  of  the  country. 
The  statutes  16  &  17  Vict  c.  107 ;  23  Vict.  c.  22;  23  &  24  Vict.  c. 
110,  contain  the  r^^tions  relative  to  customs  to  which  it  is  necessary 
to  conform  in  this  coimtry.  Upon  payment  of  freight  and  the  pro- 
duction of  bills  of  lading,  the  cargo  must  be  without  delay  delivered 
to  the  pfurties  entitled  to  receive  it.  If  the  freight  due  on  any  goods 
is  not  ready  to  be  paid,  the  master  may  detain  the  goods  or  any  port 
of thenu 

When  the  master  is  compelled,  by  an  act  of  parliament,  to  land  the 
goods  at  any  particular  wharf,  he  does  not  thereby  part  with  the 
poBseesion  of  the  goods,  and  consequently  does  not  lose  whatever  right 
he  may  have  to  detain  them.  If  goods  are  sold  by  the  custom-house 
officers  before  the  freight  is  paid,  the  master  is  entitled  to  receive  the 
first  proceeds  of  the  sale  in  discharge  of  the  freight.  In  foreign 
countries,  where  any  accidents  have  occurred  to  frustrate  or  interfere 
with  the  objects  of  tiie  voyage,  or  any  one  of  the  parties  to  the  con- 
tract feels  himself  aggrieved  by  the  conduct  of  any  other,  it  is 
customary  to  draw  up  a  narrative  of  the  circumstances  before  a  public 
notary.  This  narrative  is  called  a  protest,  and  in  foreign  courts  is 
admissible  in  evidence  generally ;  but  in  our  courts  it  is  not  admissible, 
except  as  evidence  against  those  who  made  it, 

Non-ptrformoHCt. — Certain  droumstanoes  operate  as  an  excuse  to  the 
master  and  owners  for  non-fulfilment  of  their  contract.  "  The  act  of 
Qod  "  is  understood  to  mean  those  accidente  over  which  man  has  no 
control,  such  as  "  lightning,  earthquake,  and  tempest."  The  "  perils  of 
the  sea,"  interpreted  stricUy,  apply  only  to  the  dangers  caused  merely 
by  the  elements,  but  these  words  have  received  a  wider  application, 
and  in  litigated  cases  the  jury,  after  hearing  evidence  as  to  the  usago 
which  prevails  among  merchants,  will  determine  what  interpretation 
has  hem  intended  to  be  given  to  them.  In  the  exercise  of  this  dis- 
cretion, juries  have  determined  that  the  taking  of  ships  by  pirates  is  a 
consequence  of  the  perils  of  the  sea ;  and  the  verdict  has  been  the 
same  where  the  loss  was  caused  by  collision  of  two  ships  without  any 
fault  being  attributable  to  those  who  navigated  either  of  them ;  ami 
also  where  the  accident  was  caused  wholly  by  the  fault  of  those  on 
board  another  ship.  But  all  cases  in  which  the  loss  happens  by 
natural  causes  are  not  to  be  considered  as  arising  from  the  perils  of 
the  sea.  If  the  ship  is  placed  in  a  dangerous  situation  by  the  careless- 
ness or  unskilfulness  of  the  master,  and  is  in  consequence  lost,  this  is 
not  a  loss  from  the  perils  of  the  sea,  although  the  violence  of  the 
elements  may  have  been  the  immediate  cause  of  it.  If  a  ship  is  reason- 
ably sufficient  for  the  purposes  of  the  voyage,  the  master  will  not  be 
liable  for  a  loss  arising  from  the  perils  of  the  sea,  because  a  ship  might 
have  been  built  strong  enough  to  resist  them.  The  "restraint  of 
princes  and  rulers  "  is  understood  to  mean  a  really  existing  restraint, 
not  one  which  is  anticipated,  however  reasonably  or  honestly. 

The  merchant  must  use  the  ship  only  for  lawful  purposes,  and  not 
do  anything  for  which  it  may  be  forfeited  or  detained,  or  the  owners 
made  liable  for  penalties.  In  case  of  any  violation  of  the  agreement, 
by  employment  of  the  ship  for  purposes  other  than  those  contemr 
plated,  or  failure  to  perform  the  terms  as  to  lading,  &a,  the  amount 
of  compensation,  in  case  of  dispute,  is  determined,  as  the  circumstances 
of  the  case  may  require,  by  a  jury.  The  words  primage  and  average, 
which  appear  in  the  bill  of  lading,  mean,  the  first,  a  small  sum  paid  to 
the  master ;  the  second,  as  there  used,  certain  duirges,  varying  accord- 
ing to  the  usage  of  different  places,  for  towing,  beaconage,  &c. 

Freight. — When  an  agreement  for  conveyance  is  expressed  in  the 
general  form,  or  when  there  is  no  actual  agreement,  but  only  one 
implied  by  law  from  the  circumstances  of  the  case,  there  resulte  from 
it  a  duty  upon  the  master  and  owners,  first  to  deliver  the  goods  at  the 
place  of  destination,  whether  the  ship  is  hired  by  the  voyage  or  by  the 
month.  It  is  only  by  the  entire  performance  of  this  duty  that  they 
con  entitle  themselves  to  the  pajrment  of  freight.  The  parties  may, 
however,  so  express  the  contract  that  the  payment  of  all  or  part  of 
tho  freight  may  be  due  before  or  during  the  course  of  the  voyage ; 
in  such  case  the  word  freight  is  used  in  a  sense  which  does  not 
properly  belong  to  it ;  for  in  strict  usago  it  means  only  money  earned 
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by  the  conveyanoe  of  goods  and  thdr  deHvary  at  the  place  of  destina- 
tion. Where  a  provision  is  made  by  tiie  contract  for  payment  of 
freight  at  the  place  of  shipment,  the  question  has  arisen  whether  the 
meaning  of  the  parties  was  tliat  the  sum  should  ha  paid  at  all  events 
on  delivery  of  the  goods  on  board,  whatever  might  afterwards  befall 
them  ;  or  whether  it  was  merely  to  point  out  the  place  of  payment 
in  case  the  freight  should  become  due  by  reason  of  the  arrival  of  the 
goods  at  the  port  of  destination.  In  all  such  oases  the  intention  of  the 
parties  is  a  question  of  construction  for  the  court  subject  to  any  usage 
of  the  port  where  it  was  made,  or  of  the  trade  with  which  it  is  con- 
nected. The  same  observation  will  apply  to  cases  where  money  has 
been  advanced  by  the  merchant,  and  it  is  disputed  whether  the  money 
is  to  be  considered  as  a  loan  or  part  payment  of  the  freight. 

If  the  master  unnecessarily  sell  the  goods,  and  so  prevent  both  him- 
self from  earning  the  whole  freight,  and  the  merchant  from  accepting 
the  goods,  the  mendiant  is  entitied  to  the  entire  produce  of  his  goods 
without  any  allowance  for  freight  If  the  ship  has  actually  never  com- 
menced the  voyage,  the  owners  are  not  entitled  to  any  payment  what- 
ever, although  they  may  have  incurred  great  expenses  in  lading  her, 
and  though  her  failure  to  commence  the  voyage  is  not  attributable  to 
any  neglect  or  misconduct  of  theirs.  Where  the  contract  of  hiring  is 
for  a  voyage  oat  and  home,  at  the  rate  of  so  much  per  month,  &c, 
during  the  time  the  ship  is  employed,  and  the  contnict  is  entire,  no 
freight  is  due  unless  the  ship  returns  homo,  even  though  she  may  have 
delivered  her  cargo  at  the  outport.  But  if  the  voyages  out  and  home 
are  distinguished  in  the  contract,  freight  will  be  earned  <ni  the  delivery 
of  the  cai^  at  the  outport.  See  fitfther  under  Biu,  ov  Laoiho  and 
Fbsiobt. 

General  Average. — If  any  part  of  the  ship  or  furniture,  or  of  the 
goods,  is  sscriflced  lor  the  sake  of  saving  the  rest,  all  parties  interested 
must  contribute  towards  the  loss.  This  contribution  is  properly  called 
'  Average.'  It  is  sometimes  c^ed  general  average,  in  opposition  to 
special  or  particular  average,  which  is  the  contribution  towards  any 
Idnd  of  partial  damage  or  loss,  or  gross  average,  in  opposition  to  petty 
average,  which  is  the  contribution  mentioneid  in  tne  bill  of  lading 
towards  the  sums  paid  for  beaconage,  towage,  ftc.    [Atbbaqb.] 

The  principle  of  average  is  recognised  in  the  maritime  law  of  all 
nations.  It  was  introduced  into  the  civil  law  from  the  law  of  Rhodes 
('  Dig.'  14,  tit.  2,  "  Lex  Rhodia  de  Jactu ; "  and  the  Commentary  of 
Peckius, "  In  tit,  'Dig.  et  Cod.,'  'Ad  Rem  Nauticam  pertinentes.'") 
In  order  to  constitute  such  a  loss  as  is  tiie  subject  of  average,  it  must 
be  Incurred  by  design :  the  masts  must  be  cut  away,  or  tiie  goods 
thrown  overboard ;  and  this  must  be  done  for  the  take  of  saving  the 
rest,  as  in  the  case  of  throwing  goods  overboard  to  keep  the  vessel 
from  sinking  or  striking  on  a  rock,  or  to  lighten  her  that  she  may 
escape  from  an  enemy,  or  of  cutting  away  a  mast  or  a  cable  to  escape 
the  perils  of  a  storm.  The  necessary  consequences  of  these  acts  are 
also  the  subjects  of  average ;  as  where,  in  onler  to  throw  some  goods 
overbosrd,  others  or  some  parts  of  the  ship  are  damaged ;  or  where  it 
become*  necessary,  in  order  to  avoid  the  danger  or  repair  the  injuries 
caused  by  a  storm  or  the  enemy,  to  take  goods  out  of  the  ship,  snd 
they  are  in  consequence  lost.  The  expenses  also  incuired  in  these 
operations  are  equally  the  subject  of  average.  But  the  injuries  incurred 
by  a  ship  during  an  engagement  with  the  enemy,  or  from  the  elements 
in  consequence  of  measures  taken  to  escape  from  an  enemy,  are  not  of 
such  a  nature  as  to  fall  within  ihe  definition.  If  goods  are  laden  on 
deck,  no  average  is  recoverable  in  respect  of  the  loss  occasioned  by 
throwing  tiiem  overboard,  unless  by  the  usage  of  trade  such  goods  are 
usually  so  laden.  If  a  sUp  is  voluntarily  stranded  for  the  purpose  of 
saving  her  and  the  goods,  and  afterwards  gets  off  safely,  the  expenses 
incunred  hy  the  stranding  are  the  subject  of  general  contribution ;  but 
if  the  ship  be  wrecked  is  consequence  of  the  vohintazy  stranding, 
there  is  a  difference  of  opinion  wh^er  the  wrecking  be  voluntiuy,  and 
therefore  such  a  loss  as  calls  for  a  general  contribution.  If,  in  conse- 
quence of  such  an  injury  done  to  a  ship  as  would  be  the  subject  of 
average,  she  is  copnpelled  to  go  into  port  to  repair,  the  necessary 
expenses  incurred  in  refitting  her,  so  as  to  enable  her  to  prosecute  her 
voyage,  and  the  amount  of  wages,  port  dues,  and  provisions  expended 
to  accomplish  that  object,  are  alio  the  subject  of  average ;  and,  if  tiie 
master  is  unable  to  obtain  the  money  necessary  by  any  other  means 
than  by  the  sale  of  a  part  of  the  cargo,  the  loss  caused  to  the  merchant 
upon  such  sale  is  also  the  subject  of  average.  If,  in  consequence  of 
the  sacrifice  made,  the  ship  escape  the  danger  which  immediately 
threatens  her,  but  is  afterwards  wrecked  or  captured,  and  tiie  remain- 
ing goods,  or  part  of  them,  are  saved  or  recaptured,  tiiese  are  bound  to 
contribute  average  towards  tiie  loss  in  the  first  instance  incurred,  in 
proportion  to  their  net  value  in  the  hands  of  the  merchant  after  all 
expenses  of  salvage,  4a,  have  been  paid. 

The  things  upon  which  average  is  payable  are,  the  ship,  boats,  furai- 
ture,  ftc.,  but  not  provisions  or  ammunition ;  also  all  merchandise,  to 
whomsoever  bdonging,  which  is  on  board  for  the  purposes  of  traffic, 
but  not  the  covering,  apparel,  jewels,  *c,  of  parties  on  board  for  their 
own  private  use.  The  freight  due  at  tiie  end  of  the  voyage  is  also 
subject  to  average.  The  goods  ape  to  be  valued  at  the  price  for  which 
they  would  have  sold  at  the  place  of  destination.  If  the  ship,  by  reason 
of  what  happened  when  the  average  was  incurred,  return  to  her  port  of 
lading,  and  the  average  is  there  settiad,  the  goods  are  to  be  valued  at 
the  JaToloe  price.    The  losses  incurred  by  the  ship  and  furniture,  &c.. 


are  calculated  at  two-ihirds  of  the  price  of  the  new  articles  rendered 
necessary  to  be  purchased.  The  usages  of  other  eonntries  as  to  all 
mattera  connected  with  average  differ  in  some  respects  both  from  those 
of  each  other  and  those  of  thu  country.  Where  the  average  has  been 
adjusted  according  to  the  established  law  and  usage  of  the  eoantry  in 
which  the  adjustment  was  made,  it  is  binding  upon  all  the  parties  to 
it,  unless  there  be  some  special  contract  between  them  which  provides 
otherwise. 

Salvage. — Salvage  is  that  reasonable  compensation  which  persona 
are  entitled  to  receive  who,  in  the  absence  of  any  obligation  making  it 
their  legal  duW,  voluntarily  save  a  ship  or  her  cargo  from  loss  by  peril 
of  the  sea,  which  may  be  called  civil  salvage,  or  recover  them  after 
capture,  which  may  be  called  hostile  salvage.  By  the  law  of  England, 
no  fixed  amount  of  salvage  is  laid  down  as  applicable  to  all  eases. 
What  is  reasonable  can  only  be  determined  by  a  reference  to  the  or- 
cumstances.  Sir  J.  Nidiol  (S  Hag., '  Ad.  Rep.,'  117)  defines  the  ingre- 
dients in  estimating  a  civil  salvage  service  to  be,  "  1st,  enterprise  in 
the  salvors  in  going  out  in  tempestuous  weather  to  asmst  a  vessel  in 
distress,  risking  their  own  lives  to  save  their  fellow-creatures,  and  to 
rescue  Uie  property  of  their  fellow-subjects;  2nd,  the  degree  of  danger 
and  distress  from  which  the  property  is  rescued,  whether  it  was  in 
imminent  peril,  and  almost  certainly  lost  if  not  at  the  time  rescued 
and  preserved ;  Srd,  the  degree  of  labour  and  skill  which  the  salvors 
incur  and  display,  and  the  time  occupied ;  lastiy,  the  value." 

Unless  in  cases  where  the  services  have  been  trifling,  the  salvage  is 
generally  not  lees  than  a  third  and  not  more  tiian  one-half  of  the  pro- 
perty saved;  at  tiie  same  time  there  is  no  rule  now  of  specific 
proportions.  If  the  parties  cannot  agree  as  to  the  amount,  the  mlvora 
may  retain  the  property  until  compensation  is  made;  or  they  may 
bring  an  action,  or  commence  a  suit  in  the  Admiralty  Court,  against 
the  proprieton  for  the  amount.  In  case  the  property  is  retained,  the 
proprietors  may,  upon  tender  of  what  they  think  sufficient,  demand  it, 
and,  if  it  is  refused,  bring  an  action  to  recover  it,  in  whidi  action  the 
jury  will  determine  as  to  the  amount  due.  The  costs  of  the  action  will  be 
paid  by  the  salvor  or  the  proprietors,  according  as  the  amount  tendered 
is  or  is  not  determined  to  be  sufficient.  The  Court  of  Admiralty  has 
jurisdiction  originally  in  those  cases  where  the  salvage  has  l>een 
effected  at  sea,  or  within  high  and  low  water  mark.  A  passenger 
is  not  entitied  to  salvage  for  his  assistance  during  the  time  he  is  unable 
to  quit  the  ship.  But,  if  he  remain  vduntanly  on  board,  he  may 
recover  salvage  for  the  assistance  which  he  has  given.  On  one  occasion, 
where  a  passenger  under  such  circumstances,  iJter  the  desertion  of  the 
master  and  part  of  the  seamen,  assumed  the  command  with  the  conseot 
of  tiie  mate  and  the  remainder,  and  brought  the  ship  safe  into  port,  he 
obtained  a  large  sum  as  salvage.  A  distinct  contract  for  assistance  will 
do  away  with  any  claims  for  salvage  on  behalf  of  the  parties  who 
render  it.  Thou^  a  king's  ship  is  bound  to  assist  a  meixjiant  ship  in 
distress,  it  still  has  a  claim  for  recompense,  but  caimot  prosecute  it 
without  the  leave  of  the  Board  of  Admbalty.  In  awarding  salvage,  no 
claims  are  allowed  which  are  founded  on  merely  prerogative  rights,  as 
those  of  the  lord-high-admiral,  flag-officera,  magistrates,  &c. :  those 
claims  only  are  allowed  Triiich  are  made  in  remiect  of  assistance 
rendered.  The  saving  of  human  life  cannot  of  itself  be  the  subject  of 
a  claim  for  salvage,  except  upon  the  shore  of  any  sea  or  tidal  water  of 
the  United  Kingdoih  (17  ft  18  Viet  c.  104) ;  but  if  it  is  connected 
witii  the  preservation  of  property,  that  is  a  circumstance  which  may 
affect  the  amount  of  salvage.  If  freight  is  in  progress  of  being  earned, 
and  afterwards  does  become  due,  salvage  is  payable  in  respect  of 
frei^t  also.  When  prooeedings  for  salvage  have  been  commenced  in 
the  Admiralty  Court,  the  defendants  may  tender  by  act  of  the  court 
any  sum  which  they  consider  sufficient,  and  the  court  will  then  enter 
upon  an  inquiry,  and  determine  what  is  right  between  the  parties. 
If  the  sum  tendered  has  been  sufficient,  the  court  may  hold  the 
salvora  liable  to  the  expenses  of  the  proceeding.  With  regard  to 
wreck,  ships  in  distress,  and  for  salvage  purposes,  the  Merchant 
Shipping  Act  creates  reoeiven  of  wreck  to  be  appointed  at  different 
places  on  the  shores  of  the  United  Kingdom  for  the  express  purpose  of 
doing  sll  things  possible  towards  the  saving  of  ships  in  distress,  for  the 
recovery  and  preservation  of  wreck,  and  for  facilitating  the  agreement 
of  salvage  disputes  when  the  amount  is  under  200<.  The  receiver 
may  distribute  the  amount  and  take  receipts  if  the  parties  agree; 
but  if  not,  they  may  carry  their  di^reuoes  before  the  nearest  two 
justices  of  the  peace,  whose  decision  is  final  on  all  sums  not  exceeding 
602.  Above  that  amount,  there  is  an  appeal  to  the  Court  of  Admiralty. 
If  the  sum  exceed  2002.,  they  may  institute  the  suit  in  that  court  in 
the  first  instance.  Great  powers  are  reposed  in  tiie  receiver  of  wreck 
for  collecting  asrastanoe,  and  impressing  horses  and  carts  into  the 
service  for  rendering  aid  to  vessels  in  distress,  for  repelling  all 
attempts  at  violentiy  boarding  the  ship  with  felonious  purposes,  and 
for  the  recovery  of  concealed  wreck.  Provision  is  made  for  cases  where 
no  owner  of  the  property  appears.  Perishable  goods  may  be  sold.  No 
lord  of  a  manor  dimming  a  title  to  wreck  can  appropriate  it  until  an 
account  In  writing  of  the  property,  and  of  the  place  where  it  was  found 
and  it  has  been  since  depositeid,  has  been  sent  to  the  nearest  custom- 
house, or  if  it  exceed  in  value  20L  to  the  secretary  at  Lloyd'b,  and  a 
year  has  elapsed  after  the  delivery  of  the  account  A  variety  of 
analogous  provisions  are  enacted  relative  to  goods,  parts  of  ship's  fur- 
niture, ftc.,  which  are  found  or  recovered,  wheUier  they  may  hava 
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belonged  to  ahips  in  dirtreu  or  not  The  statute  which  relates  to  the 
Cinque-Porte  is  1  dk  2  Geo.  IV.  c.  78. 

In  caae  of  capture,  by  the  ancient  maritime  law  the  chip  and  goods 
became  the  abaolute  property  of  the  captor.  The  old  practice  in  this 
country  waa,  when  shipe  were  in  pay  of  the  king,  to  divide  in  certain 
proportionB,  which  vaned  at  different  times,  the  value  of  the  capture 
between  the  king,  the  owners,  and  the  captors.  Where  the  capture 
was  made  by  ships  not  in  the  king's  pay,  he  received  no  share,  but  a 
small  proportion  was  paid  to  the  admmiL  In  the  redgn  of  George  II. 
jffovision  was  for  the  mrst  time  made  by  various  statutes  for  the  resto- 
ration of  the  recaptured  ship  and  cargo  to  the  owners,  and  the  rates  of 
salvage  were  fixed,  varying  according  to  the  length  of  time  that  had 
elapsed  since  the  capture.  In  the  reign  of  George  III.  these  rates 
were  done  away  with,  and  by  various  acts  the  rate  of  salvage  was  fixed 
at  one.eiriith  of  the  value  in  the  case  of  king's  ahips,  and  one-sixth  for 
private  sh^;  where  the  recapture  was  eSbdied  by  the  joint  operation 
of  kingf  s  and  private  diips,  the  Court  of  Admiralty  were  to  order  such 
aalvage  as  was  reasonable.  Convoying  ships  are  entitled  to  salvage  for 
the  recapture  of  ships  which  accompanied  them.  A  ship,  which  has 
once  been  used  as  a  ship  of  war,  is  not  subject  to  be  restored  if  after- 
wards recaptured.  If  a  ship  is  deserted  by  the  enemy  after  capture 
and  subsequently  taken  possession  of,  this  is  not  a  recapture,  but  those 
who  take  possession  are  entitled  to  recompense  as  in  an  ordinair  case 
of  aalvagew  If  afier  the  recapture  the  ship  is  again  taken  and  con- 
demned, the  ii(^t  of  savage  is  extinguished.  Where  the  ship  of  a 
power  in  alliance  with  Great  Britain  is  taken  by  the  common  enemy 
and  afterwards  recaptured  by  a  British  ship,  the  rule  for  restitution  on 
payment  of  salvage  is  the  same  as  in  tiie  caae  of  the  capture  of  a 
Biitiah  ship ;  provided  the  allied  power  chooses  to  adopt  that  rule  in 
reciprocal  cases.  If  it  does  not,  ue  same  rule  which  is  acted  upon  in 
the  ooorte  of  the  allied  power  is  adopted  in  the  British  courts.  If  the 
■hip  of  a  neutral  nation  be  taken  as  prize  by  an  enemy  of  Great 
Britain  and  be  retaken  by  British  subjects,  it  is  restored  to  the  owners 
withoat  salvage,  unless  there  is  reason  to  suppose  that  under  the  dr- 
comstanoea  the  ship  would  have  been  condemned  in  the  courts  of  the 
capturing  nation.  Where  it  appears  that  tmeh  would  have  been  the 
case,  the  Biitiah  subjects  are  entiUed  to  aalvaga  Ships  and  merohan- 
diiie  taken  from  pirates  are  subject,  by  6  Geo.  IV.,  e.  49,  to  a  payment 
of  one-eighth  of  the  value.     [Pbizx.] 

(MacladUan,  On  the  Lavi  oflterchani  Shimiiig;  Abbott,  On  SAippiiig, 
Seij.  Shee ;  Haude  and  Pollock,  Oompemium  of  the  Law  of  Merdumt 
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3HIFWRECES.  That  wrecks  are  numerous,  is  a  fact  well-known 
to  a  ifflfr^ring  nation  like  ours ;  that  they  must  necessarily  be  consider- 
able in  nu^)er,  r^ard  being  had  to  the  perils  of  the  deep,  will  of 
course  be  admitted;  but  that  nothing  can  be  done  to  lessen  th^ 
frequency,  would  be  a  hopeless  theory  of  which  we  ought  to  be 
ashamed.  Supposing,  for  the  sake  of  fixmg  the  ideas,  that  some  wrecks 
are  occasioned  by  a  want  of  scientific  knowledge  of  winds,  waves,  cur- 
rents, whiripools,  shoals,  reefs,  and  sunken  rocks,  on  the  part  of 
meteorologisbs  and  t^drographers;  that  others  are  caused  by  the  in- 
competency of  captains  and  matee ;  that  others  again  result  from  the 
insubordination,  cudeasnees,  ignorance,  or  obstinate  fatalism  of  sea- 
men ;  that  a  fourth  group  are  due  to  the  deficiency  of  lighthouses, 
beacons,  and  buoys ;  and  that  the  remainder  arise  from  want  of  ready 
assistance  to  shipe  which,  though  placed  in  peril  on  shoals  or  near 
rocks,  might  yet  be  saved  if  aid  were  at  hand  on  the  beach  or  the  cliff 
— who  shall  say  that  these  evils  are  incurable  ?  who  con  put  a  limit  to 
tike  improvements  which  might  be  wrought  I 

A  dumal  story,  indeed,  does  the  "Wreck-chart  of  the  British 
Islands  "  tell,  as  published  annually  by  the  Admiralty,  and  afterwards 
in  the  '  Life-Boat  JoumaL'  It  may  bis  designated  a  truly  distressing 
map.  Every  wreck  on  our  coasts  his  ite  little  black  mark ;  and  the 
aggregate  of  such  block  marks  reveals  the  number  of  wrecks  in  one 
year.  Knowing  that  a  block  spot  0  indicates  a  vessel  wrecked,  and 
that  -1-  indicates  a  vessel  so  seriously  damaged  as  to  need  to  dischaige 
cargo,  we  look  eagerly  for  the  relative  numbers  of  these  little  spots  and 
stars ;  and  it  is  ■w^A'"''ng  to  see  how  numerous  are  the  fatal  black 
signs.  At  some  places'the  wrecks  are  numerous  because  the  coast  is 
dangerous ;  at  ouiers,  because  the  congregating  of  ships  is  very  great. 
These  charts  refer  only  to  our  own  coasts — the  coasts  of  the  most 
busy  maritime  islands  in  the  world;  where,  if  there  be  liability  of 
disaster  through  the  vast  oongregation  of  shipping,  there  ought,  on 
the  other  han^  to  be  a  supply  of  invention  and  good  sense  sufficient 
to  check,  in  some  degree,  such  disasters.  In  examining  the  details  of 
the  chart,  it  wUl  be  seen  that  the  line  of  coast  between  Dungeness  and 
the  FentUnd  Frith  is  the  most  filial,  and  that  the  mouth  of  the  Tyne 
takes  the  unenvied  precedence  of  all  other  places,  in  the  number  of 
black  dots  and  stars  opposite  to  its  name ;  next  come  the  mouth  of 
the  Tees  and  the  mouth  of  the  Wear.  These  three  rivers  may  be 
taken  as  the.  representatives  of  tiie  district  whence  three  million  tons 
of  coal  ore  brought  by  sea  to  London  yearly,  employing  the  services  of 
several  thousand  colUer  ships,  which  rail  to  and  fro,  and  odd  to  the 
otherwise  busy  oommercial  trade  of  the  Northumbrion  and  Durham 
ports.  The  mouth  of  the  Humber,  the  Suffolk  coast  between  Yar- 
mouth and  Southwold,  the  intricate  sandy  shoals  off  the  mouth  of  the 
Thames,  the  Gkxjdwin  Sands,  the  Sdlly  Idanda,  Barnstaple  Bajr,  and 
Liverpool,  are  the  portions  ox  the  EngUiti  ooast  whieh  pieaeat^  in  tiie 


next  degree,  the  most  numerous  indications  of  ahip-loMea.  The  Welsh 
coast  is  thickly  strewn,  especially  Glamorgan,  Pembroke,  and  Anglesea. 
Scotland,  except  in  and  near  the  Frith  of  Forth,  presents  no  lanm 
numbers ;  the  western  ooast  is,  indeed,  remarkably  free,  due  probably 
to  the  less  exposure  to  the  winds  which  tend  to  cbrive  ships  ashore  on 
our  eastern  seaboard.  Ireland  presents  a  tolerably  equable  distiiba. 
tion  alon^  the  east  and  south  coasts :  less  on  the  northun  and  western. 

Uany  mquiries  into  the  causes  of  shipwreck  have  been  instituted; 
and  especially  one  by  a  committee  of  the  House  of  Commons.  One  of 
the  results  has  been  the  construction  of  harbouiB  of  refuge,  which 
have  not  hitherto  been  very  successfuL  One  frequent  cause  of  wreck 
is  collision,  arising  from  bad  look  out  or  neglecting  to  diow  light> 
Another  cause  was  the  occasional  incompetence  of  the  master  in 
merchant  vessels.  To  remedy  this,  Ur.  Cardwell,  in  1854,  brought  in 
and  carried  a  bill  "  To  Amend  and  Consolidate  the  Acta  relatmg  to 
Merchant  Shipping;"  it  constitutes  the  act  17  &  18  Vict.  c.  104,  and 
received  the  royu  assent  August  10, 1854.  The  statute  is  of  great 
length,  and  relates  to  eleven  different  topics,  bearing  upon  the  well- 
being  of  sailors  and  their  shipe : — the  relation  of  the  Board  of  Trade 
to  the  oommercial  marine ;  the  ownership,  measurement,  and  register 
of  British  merchant  ships ;  the  qualifications  of  masters  and  seamen ; 
the  precautions  for  safe^  on  ship-board ;  the  oirangementa  concerning 
pilots ;  the  management  and  tolls  of  lighthouses ;  tiie  oonstitution  (3 
the  Mercantile  Marine  Fund ;  the  lows  relating  to  wrecks,  casualties, 
and  salvage ;  the  liabilities  of  ship-owners ;  l^al  course  of  procedure 
in  the  event  of  misdemeanor ;  and  miscellaneous  details.  Inspectors 
of  merchant  ships,  and  investigators  in  respect  to  wrecks  and  ac(ndenta, 
are  appointed  by  the  Board  of^  Trade ;  new  examinations  for  masters 
and  mates  are  organised,  separating  foreign-going  ships  from  home- 
trade  passenger  ships;  the  Board  is  empowered  to  suspend  certificates 
to  masters  and  mates,  in  case  of  misconduct  or  inefficiency;  noval 
courts  are  instituted  abroad  or  on  the  high  seas,  in  correepondenoe 
vrith  the  Board,  to  inquire  into  cases  of  wreck  or  abandonment  of 
ships;  the  number  and  size  of  the  boats  to  accompany  aU  trading 
ships  are  denoted;  every  ship  carrying  more  than  ten  passengeis 
must  be  provided  with  a  life-boat,  or  an  ordinary  boat  rendered 
bucmmt,  and  with  two  life-buoys — the  boat  and  buoys  being  always 
kept  ready  for  use ;  lights  and  f og-agnals  are  to  be  used,  such  as  may 
besuggestedby  the  Admiralty;  iron  steamers  must  have  water-tight 
compartments,  and  safety-valves  beyond  the  control  of  the  engineer ; 
sea-going  ships  must  be  provided  with  fire-engines  and  hose,  signal- 
guns,  and  ammunition  for  firing  signals  of  distress. 

Besides  the  provision  for  preventing  wreck,  the  Act  contains  many 
clauses,  applying  to  cases  in  which  wreck  may  unhappily  have  occurred. 
As  these  arrangemento  are  somewhat  peculiar,  it  may  be  well  to  notice 
them  o  little  closely.  All  matters  relating  to  wreck  are  placed  under 
the  general  superintendence  of  the  Board  oi  Trade,  by  whom  "  receivers 
of  wreck  "  are  appointed.  These  receivers  have  the  chief  command 
and  authority  over  all  persons  present  at  any  wreck,  or  similar 
casualty,  and  power  to  issue  such  directions  ss  may  seem  expedient 
for  the  preservation  of  life  and  property,  or  for  the  prevention  of 
plunder  and  disorder.  Whenever  a  ship  is  stranded,  or  otherwise 
in  distress  on  British  shores,  bystanders  are  encouraged  to  render 
assistance,  hy  having  a  pecuniary  interest  in  the  preservation  of  life  or 
property.  If  services  so  rendered  shall  be  instrumental  to?nirds  the 
object  in  view,  the  persons  shall  have  a  claim  on  the  owner  of  the  ship 
for  a  "reasonable  amount  of  salvage."  Kumerous  directions  ore  given 
for  ascertaining  what  would  be  a  "  reasonable  amount "  in  each  case ; 
for  enforcing  tiie  claim  of  the  salvor  against  the  distrainor ;  for  dis- 
posing of  an  unclaimed  wreck ;  and  for  adding  to  the  salvor's/  reward 
out  of  the  Mercantile  Marine  Fund,  in  cases  where  life  has  been  pre- 
served, and  where  the  wrecked  ship  is  insufficient  in  value  to  pay 
the  salvage  awarded.  The  Mercantile  Marine  Fund  here  adverted  to  is 
made  up  in  a  curious  wa^ :  it  consists  of  certain  fees  received  by  the 
Board  of  Trade  for  examinations  and  registries  connected  with  mer- 
chant-ships ;  lighthouse  dues  accruing  by  virtue  of  certun  sections  of 
the  Aci;  rates  accruing  from  lastage  and  ballaatage  in  the  Thames; 
and  fees  derived  through  the  receivers  of  wreck.  The  fund,  kept  by 
her  Majesty's  Paymaster-General,  is  employed  in  payment  of  Um 
salaries  of  examiners,  surveyors,  receivers,  &o. ;  expenses  in  regard  to 
lighthouses,  buoys,  beacons,  lastage,  ballaatage,  lue-boato,  &0.;  and 
rewards  to  persons  who  lasistin  saving  wrecked  ships,  or  crews,  or 
passengers. 

Wrecks,  however,  will  still  occur  on  our  coasts,  and  the  necessity 
arises  for  affording  assistance.  By  the  efforts  of  the  National  Life- 
Boat  Institution,  which  has  received  the  support  of  the  government, 
life-boats  hove  been  placed  at  most  of  the  dangerous  parts  of  our  coast. 
[Liri-BOATS.]  But  there  are  times  when  other  aid  is  needed ;  when 
o  ship  is  in  distress  so  near  the  shore  as  to  be  within  reach  of  a  rope, 
if  means  were  at  hand  to  throw  it — while,  perhaps,  no  boats  are  near 
tiie  spot  fitted  to  render  the  required  service.  What  are  the  crews 
to  do?  Sailors,  unfortunately  for  themselves,  are  in  too  few  cases 
swimmers ;  and  even  a  swimmer  has  a  poor  chance  for  his  life  in  such 
weather  and  such  a  sea  as  usually  accompany  these  strandings  of 
ships.  The  men  generally  cling  to  their  vessel  as  long  as  her  timbers 
will  hold  together,  rather  than  strike  out  and  endeavour  to  swim  to 
shore.  In  such  caae  their  eaieij  mainly  depends  on  the  estaMish» 
ment  of  some  •ommunicatioa  with  the  shore.     Such  oommuni- 
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cation  was  the  object  of  Captain  Manby's  attention,  and  hia 
ia  intimately  associated  with  the  liistory  of  this  part  of  the  sub- 
ject. He  hod,  in  1 783,  thrown  a  line,  by  means  of  a  small  mortar, 
over  Downham  Church,  in  Norfolk;  and  it  struck  him  that  he 
might,  by  the  same  means,  throw  a  line  over  a  stranded  vesseL 
Daring  many  subsequent  years  he  made  repeated  experiments;  his 
main  difficulty  consisted  in  securing  the  shot  to  the  rope ;  iron  chains 
were  liable  to  break  on  the  discharge ;  but  at  length  he  found  that 
stout  strips  of  closely-plaited  raw  hide  would  answer  the  purpose. 
The  rocket  apparatus  is  now  thoroughly  effective,  and  many  thousand 
lives  have  been  saved  by  means  of  the  ropes  thrown  out  to  stranded 
■hips,  through  the  agency  of  mortar-rockets.  There  are  upwards  of 
200  places  on  the  shores  of  the  United  Kingdom,  where  such  apparatus 
is  kept,  mostly  under  the  charge  of  the  coast  guard,  who,  from  the 
peculiar  nature  of  their  other  duties,  are  well  adapted  for  this  kLad 
of  service. 

SHIRE,  from  the  Sazon  tchyran,  to  divide  (whence  also  to  ikear), 
is  the  name  of  districts  into  which  the  whole  of  Qreat  Britain  is 
divided.  The  word  shire  is  in  most  cases  equivalent  to  counh/,  a  name 
often  substituted  for  it  in  Qreat  Britain,  and  always  in  Ireland.  The 
origin  of  this  distribution  of  the  country  cannot  probably  now  be 
asoertained.  It  has  been  customary  to  attribute  it  to  Alfred,  upon  the 
authority  of  a  passage  in  Ingulphus,  the  monk  of  Croyland,  who  wrote 
about  a  century  and  a  half  after  the  reign  of  that  king.  Asser,  how- 
ever, the  biographer  of  Alfred,  does  not  mention  this  most  important 
tact,  and  the  unsupported  statement  of  Ingulphus  is  of  little  ^ue. 
In  truth,  shires  were  certainly  known  before  Alfred's  time.  Sir  Francis 
iPalgrave  shows  them  to  be  identical,  in  many  cases,  with  Siuon  states ; 
thus  Kent,  Sussex,  Essex,  Norfolk,  Suifolk,  Middlesex,  and  Surrey, 
were  ancient  kingdoms :  Lincolnshire,  imder  the  name  of  Lindesse, 
vras  an  independent  state,  and  Worcestershire  (Uuicccu)  was  the  juris- 
diction of  the  bishop  of  Worcester.  Slui«s  of  another  class  were 
formed  out  of  larger  divisions,  either  for  the  sake  of  more  easy 
management  when  the  population  of  tiie  particular  district  had 
increased,  or  for  the  sake  of  giving  territory  to  an  earL  Yorkshire 
was  part  of  the  kingdom  of  Deira,  and  Derbyshire  of  Mercia.  Lanca- 
shire was  made  a  county  subsequently  to  the  Conquest  On  the  other 
hand,  some  shires  have  merged  in  others;  Winchelcombeshire  is  a 
^nrt  of  Gloucestershire;  and  in  the  Act  for  abolii^g  the  palatine 
jurisdiction  of  Durham  (8  &  7  WilL  IV.,  a  19)  no  less  than  five 
shires  are  mentioned,  namely,  Crsikshire,  Bedlingtondiire,  Norham- 
shire,  Allertonshire,  and  Islandshire ;  which  had  long  ceased  to  possess, 
if  indeed  they  ever  enjoyed,  separate  jurisdictions. 
_  The  uses  of  the  division  into  shires  may  be  learnt  by  an  enumera- 
tion of  the  principal  officers  in  each :— 1,  the  lord  lieutenant,  to  whom 
is  entrusted  its  military  array  [Lord  Likutenaht]  ;  2,  the  custos 
rotulorum.  or  keeper  of  the  rolls  or  archives  of  the  county;  this 
officer  is  appointed  by  letters-patent  under  the  great  seal,  and  is  now 
always  identical  with  the  lord-lieutenant,  except  in  counties  of  cities, 
where  the  high  steward  is  usually  custos  rotulonim ;  8,  the  sheriff,  or, 
as  ho  is  often  called,  the  high  sherifP  [Shkbitf]  ;  4,  the  receiver- 
general  of  taxes,  who  is  appointed  by  the  crown,  and  accounts  to  it 
for  the  taxes  levied  within  bis  district;  6,  the  coroner  [Gorokek]  ;  6, 
the  justices  of  the  peace,  whose  oommission  extends  only  to  their 
own  county,  and  who,  assembled  in  sessions,  have  Jurisdiction  over 
many  offences,  and  control  over  the  county  funds  [Srssiohs]  ;  7,  the 
under^eriff,  who  is  appointed  by  and  performs  nearly  all  the  duties 
of  sheriff;  and  8,  the  clerk  of  the  peace,  an  officer  (almost  always  an 
attorney)  appointed  by  the  justices  in  quarter-sessions,  whose  duty  it 
is  to  file  and  produce  recognisances,  returning  them,  when  forfeited, 
to  the  sheriff  to  be  levied  [Rbooohisaiicb]  :  he  likewise  prepares  or 
files  indictments  to  be  tried  at  the  sessions  or  assizes,  and  in  general 
acta  as  the  officer  of  the  justices  in  quarter-sessions. 

County-rates  are  assessments  made  by  the  justices  in  quarter- 
sessions  assembled,  according  to  estimates  laid  before  them.  The 
prmcipal  obiects  of  these  rates  are  :  the  building  and  repair  of  bridges, 
jails,  shire-halls,  and  courts  of  justice,  and  of  late  years  lunatic 
asylums;  the  repair  of  roads;  the  payment  of  the  salaries  of  the 
coroner,  clerk  of  the  peace,  high  and  special  constables,  jailers,  4a ; 
the  expense  attending  the  apprehension,  conveyance,  and  prosecution 
of  persons  accused  of  crime;  and  under  this  head  is  included  the 
remuneration  to  witnesses  for  their  loss  of  time  and  expenses;  tlie 
maintenance  of  prisoners,  and  their  transportation.  The  istes  are 
levied  by  ooUectors,  and  enforced  by  the  sheriff. 

The  judicial  tribunals  in  each  county  are  the  assize  court  [Assizes]; 
the  old  schyremote  or  county-court  held  for  the  election  of  knights  of 
Uie  ehire,  and  the  hundred  courts,  and  oourts-leet.  [Courts.]  These 
hundred  courts  and  courts-leet  have  long  been  almost  entirely  obso- 
lete, and  the  county  court  statutes  accordingly  contain  provisions  for 
their  surrender  to  tile  crown. 

The  principal  subdivision  in  a  county  is  the  hundred,  a  district 
which  m  its  origin  bore  relation  rather  to  the  population  than  to  any 
uniform  geographical  limits.  Mr.  Hallam  considers  it  to  have  been  a 
district  inhabited  by  100  free  fsmiUes,  and  that  a  different  system  pre- 
vailed in  the  northern  from  that  of  the  southern  counties ;  in  proof 
Mwhich  he  oontrasU  Sussex,  which  contains  66  hundreds,  and 
DOTBotshire,  which  oontams  48,  vrith  Yorkshire,  which  contains  only  26, 
and  Lancashire,  only  6.    In  the  counties  north  of  the  Trent,  this  sub- 


divinon  is  often  called  a  wapentake.  That  the  division  into  hundreds 
was  known  among  the  Qerinans,  even  in  the  time  of  the  Roman  in-ra- 
sion,  is  argued  from  two  [passages  in  Tacitus  ('  De  Mor.  Germ.,')  "  ex 
omni  juventute  delectos  ante  aciem  locant — Definitur  et  numerus ; 
emteni  ex  singulis  pogis  sunt."  And  again, "  Centeni  singulis  (princi- 
pibua)  adsunt  ex  plebe  com! tea,  consilium  simul  et  auctontaa." 
"  Nihil  nisi  armati  agunt ;"  and  hence  Spelman  infere  the  identity  of 
the  vmpentdch,  or  miUtary  array  (taking  of  weapons)  and  the  hundred 
court.  Sir  Francis  Falgrave  says  that  the  burgh  was  only  the  enclosed 
and  fortified  resort,  the  stockade  of  the  inhabitants  of  the  hundred. 
The  subdivision  of  the  himdred  was  the  tithing,  composed,  as  it  is 
alleged,  of  ten  free  families,  and  having  for  an  officer  the  tithing-man, 
a  head  constable. 

Whether  in  the  barbarous  times  to  which  it  is  attributed,  so  elabo- 
rate a  system  as  we  have  sketched  could  have  prevailed,  is  at  least 
most  doubtful';  but  the  theory  is  that  somewhere  about  the  time  of 
Edgar  (a.d.  950),  the  county  was  divided  into  tithings,  of  which  12 
made  a  hundred— for  the  Saxon  hundred  meant  120,  and  hence  per- 
haps the  frequent  use  of  the  number  12  in  our  legal  processes.  These 
hundreds  were  presided  over  by  their  deoanus,  or  headborough,  or 
hundred-man,  and  were  represented  in  the  shiremote ;  and  this  aggre- 
gate body,  the  shire,  presided  over  by  its  earl  and  bishop  or  sheriff', 
conducted  ita  own  internal  affitirs. 

There  are  three  counties-palatine,  the  earl  of  which  had  within  his 
shire  all  the  fiscal  and  judicial  powers  of  the  crown  : — Chester,  created 
by  William  the  Conqueror;  the  duchy  of  Lancaster,  created  by 
lidward  III. — these  two  have  been  long  annexed  to  the  crown  ;  and 
Durham,  formerly  governed  by  the  bishop,  but  annexed  to  the  crown 
in  1886.  In  this  year  a  part  of  the  see  of  Ely,  which  had  been  « 
royal  franchise,  was  annexed  to  the  crown,  as  Hexhamshire  in 
Nortiiumberland  had  been  in  the  reign  of  Elizabeth.  [FAi.A.TiitE 
Counties.] 

SHODDY  MANUFACTURE.  This  has  recently  become  a  Wge 
and  important  branch  of  industry  in  the  West  Riding  of  Yorkshire. 
Shoddy  and  mumgo  are  the  strange  names  given  to  two  varieties  of  rag- 
wool  ;  the  one  being  obtained  from  old  blankets,  carpets,  flannel,  and 
worsted  stockings ;  and  the  other  from  tailors'  cuttings  and  worn-out 
woollen  garments.  In  both  cases,  the  pieces  are  torn  up  fibre  from 
fibre,  constituting  a  kind  of  dirty  ^ort-stapled  wool.  There  is  a  third 
variety  called  exbraet,  obtained  from  "  union "  or  "  mixed  "  goods,  in 
which  cotton  is  woven  up  with  wool ;  rags  of  this  kind  ara  exposed 
to  the  action  of  strong  chemical  agents,  which  completely  dissolve 
away  the  cotton,  and  leave  the  wool  behind. 

So  far  back  as  half  a  century  ago,  cloth  manufocturen  began 
to  mix  a  littie  rag-wool  with  new  wool  in  the  making  of  cheap 
cloth ;  but  it  is  oidy  in  recent  years  that  a  large  and  distinct  branch 
of  industry  has  resulted  therefrom.  At  the  present  day,  Batley 
and  Dewsbuiy  are  the  centres  of  tiie  trade,  giving  employment  to 
many  thousand  persons  in  several  mills — ^in  producing  shoddy  and 
mungo  from  rags,  in  sorting  and  preparing  rag-wool  imported  from 
abroad,  or  in  spinning  the  old  wit^  the  new  wool  into  yam  for  weaving 
into  cloth.  Besides  the  two  towns  hero  named,  the  manufacture  is 
distributed  throughout  the  whole  of  the  surrounding  district — in 
Ossett,  Mirfield,  Morley,  Earlsheaton,  Heckmondwike,  Gomersal, 
Elland,  Stainland,  and  other  places  scarcely  known  even  by  name  out 
of  Yorkshire,  but  gradually  rising  from  mere  villages  to  the  dignity  of 
towns.  The  trade  is  a  very  dirty  one.  The  rags  have  gone  tiuroogh  a 
long  period  of  service,  and  are  unavoidably  soiled  and  stained  in 
various  ways.  There  are  sorters,  whose  business  it  is  to  classify  the 
rags  into  as  many  kinds  and  colours  as  possible,  in  order  that  manu- 
facturers may  be  able  to  select  the  varieties  which  best  suit  their 
purposes.  There  are  also  cutters,  whose  employment  consists  in  cut- 
ting off  knots  and  seams,  which  would  otherwise  interfere  with  the 
operations.  The  disentanglement  of  the  rags  into  rag-wool  is  effected 
chiefly  by  a  machine  called  a  iwift.  This  consists  of  a  revolving 
cylinder,  set  with  iron-toothed  plates ;  the  rags  are  fed  in  at  one  poiut, 
and  are  torn  into  fibres  by  the  action  of  the  teeth.  Some  of  these 
machines  contain  14,000  teeth,  perform  700  revolutions  per  minute, 
and  are  employed  in  grinding  up  good  woollen  rags  into  mungo ;  others, 
with  fewer  teeth  and  a  slower  motion,  tear  up  old  worsted  rags  into 
shoddy.  Each  machine  produces  on  an  average  about  1000  lbs.  of  rag- 
wool  per  day.  In  the  township  of  Batiey  alone,  it  is  estimated  that 
there  are  now  from  12  to  14  million  pounds  produced  annually;  about 
an  equal  amount  in  various  places  within  four  miles  of  that  town ;  and 
again  nn  equal  amount  in  places  beyond  that  limit — in  round  numbers, 
SO  million  pounds  of  woollen  and  worsted  n^  are  disentangled  into 
40  million  pounds  of  mungo  and  shoddy.  Of  the  whole  quantity, 
about  one-third  is  mungo,  of  an  average  worth  of  M.  per  pound ;  and 
two-ttiirds  shoddy,  worth  id.  This  amounts  to  the  large  sum  of  nearly 
800,0002. — a  value  wholly  superadded  to  that  which  relates  to  new 
wool.  A  great  portion  of  this  is  absolute  saving  to  the  community  : 
for  woollen  rags  possess  only  a  very  small  per-centage  of  this  value, 
when  applied  to  other  manufacturing  uses. 

Mungo  snd  shoddy  are  not  used  alone  in  making  woollen  goods. 
New  wool  is  added  to  them,  to  give  them  the  felting  property  and 
strength  of  fibre.  The  very  commonest  goods  may  have  eight  or  ten 
times  as  much  rag-wool  as  new  wool ;  in  medium  goods  the  iSitio  may 
be  nearly  equal ;  in  a  higher  olaaa  of  goods  there  may  be  eight  or  ten 
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times  as  much  new  wool  as  ng-wooL  It  is  all  a  matter  of  price.  One 
cauae  for  the  (apparent)  cheapness  of  woollen  goods  within  the  last  few 
years  is  the  Uage  admixture  of  mungo  and  shoddy.  None  but  a  skilled 
person  can  detect  this  admixture  ;  and  in  some  cloths,  indeed,  mungo 
u  combined  so  judiciously  with  new  wool  as  to  produce  a  really  strong 
material.  Mungo  made  from  the  best  woollen  cuttings  is,  in  fact, 
better  than  new  wool  of  low  quality ;  and  cheapness  is  here  something 
more  than  a  name.  The  kinds  of  cloth  chiefly  produced,  having 
mungo  or  shoddy  as  part  of  their  substance,  are  numerous,  and 
receive  designations  conveying  very  little  information  except  to  those 
engaged  in  the  trade;  such  as  tweeds,  flushings,  paddings,  duffels, 
friezes,  witneys,  mohairs,  pilots,  petershams,  strouds,  savelists,  rever- 
sibles,  linings,  sealskins,  doeskins,  cheviots,  &c  The  most  extensive 
branch  of  the  manufacture  is  that  of  pUots,  a  cloth  employed  in 
making  the  heavy  substantial  "  pilot  coats "  used  by  sea-faring  men. 
These,  like  the  rest,  may  have  mush  or  little  shoddy  in  them,  according 
to  the  price  to  be  charged. 

The  processes  need  not  be  described  her&  They  partake  of  the 
same  general  character  as  those  treated  under  Woollbn  asd  Wobstbd 
Manufactukb.    (Jubb, '  History  of  the  Shoddy  Trade,'  1880.) 

SHOE  TRADE.  Under  Boor  ahd  Shoe  HANUFAOTtmB,  some  of 
tile  mechanical  features  of  this  branch  of  industry  were  noticed.  In 
the  present  article  we  shall  treat  briefly  of  the  relation  between  the 
different  kinds  of  workpeople,  and  of  the  changes  recently  effected 
through  the  introduction  of  sewing-machines. 

A  i£oemaker,  in  the  old  statutes,  is  called  a  cordwainer,  apparently 
a  corruption  of  the  French  cordonnier,  which  means  a  worker  of 
Cordova  leather.  The  companies  of  shoemakers  in  our  ancient  towns 
were  incorporated  under  uiis  name ;  and  where  some  of  these  com- 
panies still  exist,  they  go  by  the  same  name.  As  a  legal  term  cord- 
wainer ia  still  common.  The  law  of  England  formerly  took  cognisance 
not  only  of  the  quality  of  the  leather  which  the  shoemaker  wrought 
into  his  goods,  but  of  the  number  of  stitches  that  he  furnished. 

The  trade,  as  now  followed  in  London  and  other  principal  places,  is 
subdivided  into  about  twenty  Inanohee.  The  following  may  be  set 
down  as  the  chief :  the  Aoeman,  or  maker  of  the  sole  part  of  the  shoe ; 
the  boatman,  or  maker  of  the  sole  part  of  the  boot ;  and  the  boot-cloier, 
or  joiner  together  of  the  leg,  vamp,  &c.  The  labour  of  these  is 
especially  directed  to  what  is  cslled  the  flMn'f  litie  ;  whilst  others  make 
the  ladies'  shoe  or  boot.  There  are  many  women,  too,  who  get  a 
livelihood  by  closing  the  shoe;  while  others  again  practise  the  various 
sorts  of  binding.  In  the  manufacture  of  a  boot,  the  clicker  or  cutter 
having  designed  and  cut  the  leather  of  the  vamps,  legs,  &o.,  to  the 
measure  of  the  customer  or  the  size  wanted,  the  materials  go  to  the 
closer.  Much  of  the  boot-closer's  art,  as  now  perfected,  is  of  a  very 
delicate  nature,  especially  in  the  putting  together  or  closing  of  all  the 
parts  of  the  top-boot,  and  the  fancy-wrought  and  coloured  Wellington ; 
the  common  Wellington  being  the  easier  portion  of  his  occupation. 
The  bootman  does  for  tiie  boot  what  the  shoeman  does  for  the  shoe; 
he  makes  or  attaches  the  sole.  The  labour  of  this  person,  however,  is 
much  better  paid  than  that,  of  the  shoeman ;  because  it  has  a  higher 
character,  and  considerably  more  time  is  required  to  complete  the 
article.  The  best  shoemen  usually  at  the  first  opportunity  take  to  be 
bootmen.  The  making  of  the  woman's  common  or  welted  shoe  re- 
sembles that  of  the  man's ;  and  where  it  differs  it  w  unnecessary  here 
to  explain.  The  man's  and  woman's  single-sole  shoes  or  pumps  are 
also  proceeded  with  in  the  same  manner. 

Formerly  it  was  the  general  practice  for  the  journeyman  to  work  in 
the  shop  with  his  employer;  two,  three,  six,  or  more,  all  woilang 
together.  The  journeymen  then  had  sometimes,  as  now,  so  much  per 
pair ;  but  he  was  also  paid  by  the  day  or  week,  or  was  even  engaged  as 
a  quarterly  or  half-yearly  servant.  In  every  case  he  had  his  coals  and 
caudles  in  winter,  and  in  all  seasons  his  finding  or  grindery  free,  that 
is,  his  hemp,  wax,  paste,  bristles,  &c.  Wages  then  were  very  low ;  but 
the  work  was  of  an  inferior  description,  and  the  habits  of  the  time  vety 
plain  and  simple.  Towards  the  end  of  the  last  century,  the  shoemaker  s 
position  improve  He  gave  up  working  in  the  shop  of  his  master,  or 
in  garrets  with  several  other  men.  If  married,  he  followed  his 
employment  in  his  own  home.  If  unmarried,  he  joined  himself  in  a 
sort  of  partnership  with  another  workman  in  a  like  condition,  and 
taking  a  furnished  lodging,  felt  more  at  ease  than  under  the  former 
system  of  constraints  This  still  ii  the  practice  among  the  better-paid 
dasses  of  the  trade. 

In  Boot  and  Shoe  Manufacture,  the  recent  importations  of  boots, 
shoes,  goloshes,  and  boot-fronts  from  foreign  countries  are  noticed. 
The  export!  from  the  United  Kingdom  ore  not  so  easily  determined, 
seeing  that  boots  and  shoes  are  in  this  instance  included  under  the 
general  designation  of  leather  "  wrought  and  imwrought,"  exclusive 
however  of  "saddlery."  The  return  under  this  head  for  1860  was 
6,478,826  Iba,  having  a  declared  value  of  1,407,6671  It  is  computed 
that  about  two-thirds  of  the  above  quantities  consist  of  boots  and 
shoes,  which  are  exported  chiefiy  to  Australia  and  the  other  colonies. 
Mr.  M'Culloch,  in  the  latest  edition  of  his  '  Commercial  Dictionary,' 
expresses  on  opinion  that  the  boots  and  shoes  now  mode  annually  in 
the  United  Kingdom  have  an  aggregate  value  of  10,000,0002.;  of  which 
ho  sets  down  about  one-half  for  wa^,  and  the  other  half  for  materials 
and  profit. 

In  the  article  just  cited,  it  was  stated  that,  in  1859,  a  struggle  had 
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arisen  between  the  masters  and  men  ooncetmnjf  the  employment  ol 
sewing-machines.  The  masters  have  now  (1861)  gained  their  point,  as 
they  ore  always  likely  to  do  where  labour-saving  contrivances  are  in 
question.  According  to  information  given  in  an  article  by  Mr.  Charles 
Knight,  in  the  'Companion  to  the  Almanac'  for  1861,  the  workmen 
are  gradually  yielding,  seeing  that  opposition  is  of  no  avail.  It  was 
supposed  in  1861  that  no  less  than  80,000  persons  were  in  various  ways 
employed  by  the  Northampton  boot  and  shoe-makers  alone;  and  since 
that  year  the  trade  has  extended  greatly,  both  at  Northampton  and 
Stafford,  and  in  various  villages  surrounding  those  two  towns.  In  the 
large  &ctories,  the  upper  leathers  ore  now  to  a  considerable  extent  put 
together  by  the  aid  of  the  sewing-machine ;  the  machines  belong  to  the 
employers,  and  there  ore  often  fifty  or  sixty  of  them  in  one  room.  The 
women  employed  at  the  machines  earn  much  more  tlum  by  hand- 
sewing  ;  but  of  course  not  so  many  of  them  are  needed.  Some  of  the 
manufacturers  are  of  opinion  that  the  machines  are  not  suited  for 
men's  strong  shoes,  on  account  of  a  difficulty  in  using  waxed  thread ; 
but  others  believe  that  the  machines  will  gradually  impart  a  wholly 
new  aspect  to  the  trade.  The  "  N  orthamptonshire  Boot  and  Shoemaker^ 
Mutual  Protection  Society  "  was  unable  to  stem  the  cuirent;  and  the 
nuwhines  are  now  employed,  not  only  in  the  large  fiictories,  but  by  the 
workpeople  themselves.  "  A  dealer  in  the  machines  informed  me," 
says  Mr.  Knight,  "  that  a  few  provident  shoemakers  were  purchasing 
the  machine  for  the  domestic  employment  of  their  families,  by  which 
one  female  of  their  household  would  be  able  to  earn  more  than  was 
formerly  earned  by  the  wife  and  two  or  three  daughters.  The  ad- 
vantage would  not  rest  here.  The  wife  would  be  at  liberty,  by  working 
a  few  hours  a  day  at  the  machine,  to  have  leisure  for  her  domestic 
duties ;  and  would  thus  obviate  the  reproach  attached  to  too  many 
shoemakers'  wives,  that  the  dirty  home,  the  sUttemly  habits,  and  the 
neglected  children,  drive  the  husband  to  the  public-house.  The 
machines  cost  from  12/.  to  251  I  saw  one  which  the  dealer  in  machines 
was  about  to  sell  to  a  stectdy  workman,  upon  his  paying  the  cost  by 
instalments."  The  apparatus  will  be  found  briefly  described  under 
Ehbsoidebt  and  Siwiho  Machines. 

The  Americans  carry  on  the  shoe-manufacture  on  a  scale  not  equalled 
by  anything  known  in  this  country.  A  large  steom-factbry  for  the 
purpose  has  been  established  at  Haverhill,  in  Massachusetts.  In  the 
basement  story  ore  machines  for  cutting,  rolling,  and  shaping  the 
leather  for  shoe-soles.  In  the  next  story  t£e  upper  leathers  are  lasted, 
and  the  outer  soles  tacked  on.  In  another  range  of  n>oms  are  the 
paging  machines ;  long  strips  of  wood,  of  the  required  width,  are 
coiled  up,  and  put  into  each  machine ;  the  machine  uncoils  the  strip, 
cuts  it  up  bit  by  bit,  makes  holes  in  tiie  shoe,  and  drives  a  bit  as  a  peg 
into  each  hole ;  this  i>  effected  at  the  rate  of  fourteen  pegs  per  second. 
In  other  rooms  are  stitching  machines  worited  by  steam. 

SHOOTINa  STARS.    [Meteors.] 

SHORT-HAND.    [Steboobaphy.] 

SHOKT-SIOHTEDNESa    [Sioht,  Defects  of;  Speotaoleb.]     - 

SHOT  are  the  bolls  (generally  solid)  of  iron  which  are  discharged 
from  guns,  howitzers,  or  carronades.  Those  which  are  used  for  the 
first  of  these  kinds  of  artillery  vary  in  diameter  from  1'955  inches, 
which  is  that  of  a  one-pound  ball,  to  7°95  inches,  which  is  the  diameter 
of  a  68-pound  baU.  Shot  for  howitzers  vary  in  diameter  with  the 
nature  of  that  arm,  from  4'476  inches,  which  is  the  diameter  of  a  12- 
pounder  howitzer,  to  9*88  inches.  Carronades,  which  are  now  never 
used,  discharged  baUs  weighing  from  6  lbs.  to  68  lbs.,  which  were  of 
course  equal  in  diameter  to  those  which  belong  to  guns  of  equal 
calibre.  Hollow  shot  have  latterly  been  introduced  into  the  service, 
principally  for  the  navy.  The  guns  for  throwing  hollow  shot  are  8- 
and  10-iuch,  and  ore  sometimes  called  Poixhans,  from  the  inventor; 
though  not  so  light  as  the  howitzers  of  those  calibres,  they  are  lighter 
than  solid-shot  guns.  They  can  be  used  for  throwing  both  shells  and 
hollow  shot  with  small  charges.  Hollow  shot,  or  unloaded  shell,  as 
they  are  in  fact,  have  this  advantage,  that  though  their  diameters  ore 
large,  their  weights  being  small,  a  small  charge  gives  a  hi^h  iaitial 
velocity,  rendering  them  very  effective  for  short  or  ordinary  ranges, 
while  trom  their  large  size  they  are  capable  of  producing  most 
destructive  effects,  more  especially  on  shipping.  The  shot  for  Rifled 
Obshanoe  are  described  under  that  head. 

SHOT  MANUFACTURE.    [Lead.] 

SHRAPNEL  SHELLS,  so  called  from  the  inventor.  Major 
Shrapnel,  R.  A.,  are  a  most  destructive  description  of  projectile ;  they 
are  principally  used  against  skirmishers  and  scattered  bodies  of  troops 
beyond  the  range  of  common  case,  300  yards,  or  of  grape  shot,  about 
600  yards. 

A  Shrapnel  shell  or  spherical  case  shot,  consists  of  a  thin  shell 
of  cast  iron,  containing  a  number  of  musket  bolls  and  a  small  charge 
of  powder  just  sufficient  to  burst  it,  and  free  the  balls ;  a  fuze,  by 
which  the  charge  is  ignited  and  the  ^ell  burst  at  the  proper  instant, 
is  fixed  in  it,  as  in  an  ordinary  shell 

The  effect  of  the  musket  bullets  In  the  Shrapnel  is  due  to  the 
velocity  imparted  to  them  by  the  gun.  and  not  by  the  bursting  chai^ 
which  only  frees  them.  A  spherical  case  shot  when  loaded  is  about 
the  same  specific  gravity  as  a  soUd  shot  of  the  same  diameter.  A 
musket  ball  is  effective  when  impelled  with  the  same  velocity  as  that 
retained  by  a  solid  shot  from  a  6-poimder  or  9-pounder  at  a  range  of 
about  1200  TMdi.    II  therefore  tne  spherical  case  shot  be  projected 
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by  the  ordinary  service  charge,  and  be  made  to  burst  at  any  distance 
up  to  1200  yards,  the  musket  balls  which  it  contains  being  freed,  will, 
spreading  out  tike  a  fan,  and  covering  some  extent  of  ground,  strike 
effectively.  For  at  the  instant  of  the  explosion  they  have  the  velocity 
of  the  shell,  and  they  will  proceed  forward,  generally  in  the  direc- 
tion in  which  the  shell  was  going,  for  the  path  of  the  common  centre 
of  gravity  after  explosion  will  (disregarding  the  grenter  effect  of 
atmosphere)  be  the  same  as  that  of  the  shell  before  the  explosion,  and 
the  velocity  with  which  the  bullets  strike  will  be  the  same  as  that  of 
shell,  or  at  least  sufiScient  to  make  them  effective. 

The  common  spherical  case  was  attended  with  many  inconveniences, 
and  in  the  larger  descriptions  of  ordnance  more  especially,  was  very 
liable  to  burst  in  the  gun.  This  was  supposed  to  be  caused  by  the 
shell,  which  was  necessarily  thin,  not  being  strong  enough  to  reaist  the 
explosion  of  the  full  service  chai^ ;  the  charge  was  therefore  reduced, 
but  the  experiment,  besides  not  being  always  successful,  had  the  dis- 
advantage of  reducing  the  velocity  so  much  that  the  bullets  were  not 
effective.  Captain  Boxer,  R.  A.,  showed  that  the  cause  of  the  shells 
bursting  was  the  concussion  caused  by  the  different  relative  motions  of 
the  external  case  and  the  bullets  in  die  interior,  when  the  former  was 
first  put  in  motion  by  the  charge — a  concussion  sufficient  to  ignite  the 
charge  of  powder.  He  therefore  invented  the  diaphragm  shell,  in 
which  the  bursting  charge  is  kept  separate  from  the  bullets  in  a 
chamber  formed  by  a  thin  iron  diaphragm  fixed  in  the  shell  when  it  is 
cast. 

The  form  of  the  shell  will  be  readily  understood  from  the  accom- 


Seotlon  of  Boxer's  Diaphragm  Shnpnel  BbcU. 
M,  the  tatt ;  b  to  b,  the  diaphragm ;    c,  c,  ahell ;  D,  the  aperture  for  Isaerting 
ballets,  which  is  afterwards  plugged ;  b,  the  bursting  charge  Inserted  at  tazt 
bole, 

panying  out  It  has  been  found  perfectly  efficient.  The  Shrapnel 
from  the  Armstrong  guns  is  described  under  Bitled  Obdnakob. 

SHROUDS.    [SHiPBniLDiNO.] 

SHROVETIDE,  or  SHROVE-TUESDAT  (from  the  Anglo-Saxon 
terifan,  to  confess),  signifies  the  time  of  confessing  sins;  for  which 
purpose  this  day  vra^  anciently  set  apart  by  the  church  of  Rome  as  a 
preparation  for  the  austerities  of  Lent.  This  season  was  likewise 
called  Futtivg-tide.  Fattnu,  and  Fatt-mau,  by  all  of  which  titles  it  is 
yet  dexignated  in  diffurent  parts  of  the  NorUi. 

In  the  Reformed  Church  the  ancient  practice  of  shriving  or  con- 
fessing at  Shrovetide  is  discontinued. 

After  the  people  had  made  the  confession  required  at  this  season  by 
the  discipline  of  the  ancient  church,  they  were  permitted  to  indulge  in 
festive  amusements,  although  not  allowed  to  partake  of  anything 
beyond  the  usual  substitutes  for  flesh ;  and  hence  arose  the  custom 
yet  preeerved  of  eating  pancakes  and  fritters  at  Shrovetide,  which  has 
given  this  day  the  vulgw-  appellation  of  Pancake  Tuesday.  The  Mon- 
day preceding  was,  by  the  vulgar,  caUed  CoUop  Monday,  a  name  which 
it  even  yet  retains  in  some  places  from  the  primitive  custom  of  eating 
eggs  on  coUopa  or  slices  of  bread,  which  the  less  scrupulous  and  more 
luxurious  modems  have  extended  to  collops  of  meat. 

On  these  days  of  authorised  indulgence  all  kinds  of  recreations  were 
tolerated,  provided  a  due  regard  was  paid  to  the  abetinenoe  com- 
manded by  the  Church;  and  from  this  origin  sprang  the  Carnival 
[Carnival.] 

To  the  pastimes  of  this  early  age  are  also  to  be  traced  the  diversions 
of  football,  cock-fighting,  and  cock-throwing,  as  well  as  the  discon- 

?"  V  "J^""  °*  whipping-tops,  roasting  of  herrings,  Jack  of  Lent,  &c., 
which  three  last-named  sports  were  evidently  meant  as  types  of  the 
ngour  of  church  discipline.  The  cock-fightings  and  cock-throwings  in 
England,  which  have  gone  into  disuse,  were  once  general  throuRhout 
the  kingdom  at  this  season, 

(Brady's  aavuCakndaria,  vol.  i. ;  Brand's  Popular  Antiq.,  vol.  i.) 

SI,  in  music  the  name  given  by  the  English,  Italians,  and  French 
to  the  seventh  of  the  syllables  used  in  sohnisation ;  and,  by  the 
two  last,  also  to  the  note,  or  sound,  caUed  b  by  the  Germans  and 

English.      [SOLMISATION.] 

8IALAG0QUES  (from  <rta>^y,  "saliva,"  and  i-ysryifj," that  which 
leads  ^brmgs"),  agents  which  increase  the  flow  of  saliva  and  other 
fluids  from  the  parotid  and  other  glands  in  the  vicinity  of  the  mouth. 


They  operate  in  different  ways,  and  are  distinguished  into  local  or 
remote.  Of  the  local,  some  are  gaseous,  others  are  solid ;  these  last 
are  also  termed  maiticatoria.  Of  the  gaseous,  the  most  familiar  is  the 
odour  of  savoury  food,  which  produces  an  immediate  secretion  from 
the  salivary  glands,  being  the  primary  step  in  the  process  of  digestion, 
for  the  perfect  performance  of  which  thorough  inKilivation  of  tibe  food 
in  requisite.  By  the  motion  of  the  jaw  in  the  act  of  mastication  a 
further  flow  of  saliva  is  occasioned,  and  this  result  occurs  however 
insipid  or  insoluble  the  substance  may  be  which  is  moved  about  in  the 
mouth.  Hence  even  a  pebble  will  cause  it.  But  if  the  substance 
possess  an  agreeable  aroma,  or  a  considerable  degree  of  pungency  or 
acrimony,  a  greatly  augmented  secretion  is  the  consequence.  In  hot 
climates  piquant  articles  are  extensively  used  to  stimulate  the  languid 
action  of  the  digestive  organs.  [Abohatics  ;  Food.]  In  local  affections 
of  the  mouth,  nose,  or  even  head,  relief  is  often  obtained  by  exciting 
the  salivary  glands  to  increased  secretion,  and  this  is  effected  by  chewing 
pellitory  root  and  other  pungent  articles,  or  holding  in  the  mouth  an 
infusion  or  tincture  of  these.  Remote  sialagogues  are  first  received 
into  the  system  by  the  stomach  or  other  channels,  and  then  exert  a 
peculiar  influence  on  the  salivary  glands.  Of  these  the  moat  familiar 
is  mercury.  This  often  proves  highly  remedial,  especially  in  the  feren 
of  tropical  countries,  in  which  the  occurrence  of  salivation  is  always 
regarded  as  a  forerunner  of  recovery.  In  persons  whose  systems  cannot 
sustain  mercury,  or  to  whom  it  is  objectionable,  a  deficiency  of  saliva,  a 
frequent  accompaniment  of  indigestion,  is  removed  by  the  Virginian 
snake-root,  alone,  or  in  combination  with  preparations  of  copper. 

The  excessive  salivation  which  results  from  even  a  small  doae  of 
mercury  should  cause  the  utmost  caution  to  be  observed  in  its  use ; 
especially  as  it  is  extremely  difficult  to  remove  it  when  once  established, 
or  even  to  mitigate  its  effects.  [Mercury.]  But  solution  of  chloride 
of  soda  or  infusion  of  cloves  is  useful. 

SIBYL  (Sf^uAAa)  is  the  name  by  which  several  prophetic  women 
were  designated,  all  of  whom  belong  to  the  mythical  ages  of  ancient 
history.  But  Pausanias  (x.,  c.  12),  who  gives  an  account  of  the  sibyls, 
applies  incorrectly  the  same  name  to  the  female  soothsayers  of  the 
historical  times.  (Strabo,  ziv.,  p.  645.)  It  was  believed  that  the  sibyls 
were  maidens  who  were  directly  inspired  vrith  a  knowledge  of  the 
future,  and  of  the  manner  in  which  evils  might  be  averted,  and  espe- 
cially of  the  manner  in  which  the  wrath  of  the  gods  might  be  appeased, 
and  that  they  communicated  their  knowledge  in  inspired  verses. 
(Varro, '  ap  Lactant.,'  i  6 ;  Cic.,  '  De  Div.,'  i.  2 ;  Plat,  '  Phrodr.,"  p. 
244.)  The  number  of  such  prophetesses  appeara  to  have  been  veiy 
great  in  ancient  times,  and  we  know  of  Egyptian,  Hebrew,  Persian, 
Babylonian,  Greek,  and  Italian  sibyla  Varro  enumerates  ten  sibyls, 
while  others  only  knew  four,  (.^lian.,  '  Var.  Hist,'  xii.  35 ;  comp. 
Suidas,  V.  SlfivWa.)  Varro,  however,  appears  in  some  cases  to  make 
two  sibyls  out  of  two  epithets  Delonging  to  the  same  penon,  while  on 
the  other  hand  he  does  not  mention  the  Hebrew  sibyl,  Sabbe.  (Paus., 
X.  12,  5.)  We  shall  in  this  article  only  mention  the  most  celebrated 
sil^ls. 

"The  most  ancient  sibyl  was  Herophile,  a  daughter  of  Zeus  and  Lamia 
(Paus.,  X.  12, 1).  The  Erythraean  sibyl  was  supposed  to  be  a  native 
of  Babylonia,  but  some  thought  that  she  was  bom  at  Erythrae.  She 
lived  bieforo  the  Trojan  war,  the  cause  and  issue  of  which  she  vras 
believed  to  have  predicted.  (Varro;  Paus.,  x.  12,  1.)  The  Samian 
sibyl  was  supposed  to  have  been  a  priestess  in  the  temple  of  Apollo 
Smintheus.  She  spent  the  greater  (MU^  of  her  life  in  Samoa,  but,  like 
most  other  sibyls,  she  is  described  as  travelling  about  and  communi- 
cating to  men  her  inspired  wisdom.  Thus  we  find  her  at  Claroe,  Deloe, 
and  Delphi.  She  is  said  to  have  died  in  Troas,  where  a  monument 
was  erected  to  her  in  a  grove  sacred  to  Apollo  Smintheus.  (Paus-,  x. 
12,  3.)  Cumss  in  Ionia  was  also  celebrated  for  its  sibyl ;  but  the  sibyl 
of  Cumec  in  Campania,  called  Demo,  has  acquired  more  celebrity  than 
any  other.  The  ancient  legend  about  her  is  related  by  Viiigil  ('  i£n.,' 
iii  441,  tus.).  In  the  reign  of  Tarquinius  Priscus,  or,  according  to 
others,  in  that  of  Tarquinius  Superbus,  there  appeared  before  the  king 
a  woman,  either  herself  a  sibyl  or  sent  by  a  sibyl,  who  offered  to  the 
king  nine  books  for  sale.  The  king  refused  to  purchase  them,  where- 
upon the  woman  burnt  three  of  the  books,  and  returning,  asked  for 
the  remaining  books  the  same  price  as  she  had  asked  for  the  nine. 
The  king  again  declined  purchasing;  but  when  the  woman,  after 
burning  three  books  more,  returned  and  asked  for  the  three  remaining 
the  same  price  which  she  had  before  asked  for  the  nine,  his  curiosity 
was  excited,  and  he  purchased  the  books;  whereupon  the  strange 
woman  vanished.  These  three  books  were  the  Sibylline  Books  which 
play  such  a  prominent  part  in  the  history  of  Rome  :  they  contained 
the  "  fata  urbia  Bomaj."  (Dionys.,  iv.,  p.  259  ;  Varro, '  ap  Lactant,' 
i.  6;  Oellius,  L  19 ;  Plin., '  Hist.  Nat,'  xiii.  27.)  Now  who  this  sibyl 
was,  is  differently  stated.  Some  of  the  ancients  represent  her  as  the 
Erythraean  sibyl,  othera  say  that  she  had  come  from  Cunuo  in  Ionia, 
and  othera  that  she  was  the  sibyl  of  the  Italian  Cunuc.  Modem 
writera  are  likewise  divided  in  their  opinions.  The  Sibylline  Books, 
which  were  henceforth  in  the  possession  of  the  Roman  state,  are  said 
to  have  been  written  on  palm-leaves,  partly  in  verse  and  partly  in 
^mboUcal  hieroglyphics.  The  public  were  never  allowed  to  inspect 
them,  but  they  were  kept  in  the  temple  of  Jupiter  Capitolinus,  where 
they  were  preserved  in  a  stone  chest  in  a  subterraneous  vaujt,  and 
under  the  care  of  especial  officera  (duumviri  aacrorum^  interpretes,  or 
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■acerdotes  Bibylln),  who  had  been  appointed  by  the  Tarquiniua  who 
purohaaed  the  booka.  These  officers  had  to  consult  the  Sibylline 
Books  (adire  libros  sibyllinoa)  on  all  oocaaionB  when  the  gods  mani- 
fested their  wrath  by  inflicting  oalamities  upon  the  Romans,  and  when 
human  help  and  human  wisdom  were  not  Uiought  capable  of  averting 
their  anger.  The  answers  which  were  derived  from  wem  were  almost 
inTariably  of  a  religioua  nature,  as  they  either  commanded  the  intro- 
duction of  some  new  worship,  or  the  institution  of  new  ceremonies 
and  festivals,  or  the  repetition  of  old  one&  But  during  the  time  of 
the  republic,  they  do  net  raem  to  have  ever  been  used,  like  the  Greek 
oracles,  as  a  means  to  sacertain  the  future,  or  what  political  measures 
were  to  be  adopted  in  order  to  attain  a  certain  political  object.  The 
manner  of  consulting  them,  as  Niebuhr  and  others  suppose,  was  pro- 
bably the  following  ; — they  opened  the  volumes  at  random,  and  wnat- 
ever  passage  iirst  met  their  eye  was  thought  to  contain  the  suggestionB 
adapted  for  the  present  case.  The  keepers  of  the  Sibylline  Books 
were  at  first  only  two,  with  two  attendants.  After  the  banishment  of 
the  kings,  the  two  keepers  of  the  Sibylline  Books  were  appointed  by 
the  people,  probably  in  the  comitia  centuriata,  for  life.  They  were 
exempt  from  all  civU  and  military  offices ;  and  whenever  they  had  to 
consult  the  sacred  books,  they  were  authorised  by  a  senatus  consultum, 
and  they  consulted  them  in  the  presence  of  their  attendants.  The 
niuubers  of  these  priests  was  afterwards,  perhaps  in  tiie  year  B.o.  868, 
increased  to  ten,  and  half  of  them  were  to  be  plebeians :  in  the  time 
of  Sulla  their  number  was  increased  to  fifteen. 

In  the  year  83  B.C.  the  temple  of  Jupiter,  on  the  Capitol,  was  burnt, 
and  the  Sibylline  Books  were  consumed  by  the  fiames.  In  order  to 
restore  the  books,  the  senate  sent  ambassadors  to  varions  towns  of 
Italy,  Greece,  and  Asia  Minor,  to  collect  Sibylline  oracles,  both  from 
public  and  private  sources.  These  ambassadors  collected  about  one 
thousand  verses,  which  were  again  kept  in  the  temple  of  Jupiter,  after 
it  had  been  restored.  (Dionys.,  iv.,  p.  260.)  Augustus  ordered  that 
all  pretended  Sibylline  books  in  the  possession  of  private  persons 
should  be  delivered  up  to  the  prator  urbanus,  and  burnt.  On  this 
occasion  more  than  two  thousand  such  books  were  delivered  to  the 
flames ;  and  those  oracles  which  were  in  the  keeping  of  the  state,  and 
were  considered  to  be  genuine,  were  now  deposited  in  two  gilt  chests 
in  the  temple  of  Apollo,  in  the  basis  of  his  statue,  and  entrusted,  as 
before,  to  the  quindecimviri.  (Suet.,  '  Aug.,'  81 ;  Tacit.,  '  Annal.,'  vi 
12.)  Some  years  afterwards,  Tiberius  found  it  necessary  to  institute 
a  fresh  examination  of  the  Sibylline  oracles,  and  to  strike  out  many 
which  were  considered  to  be  spurious.  (Dion  Cass.,  Ivii.,  p.  705, 
Steph.)  In  the  reign  of  Nero  the  Sibylline  Books  were  burnt  a  second 
time,  but  were  agaiu  restored,  and  used  as  before.  In  the  year  270 
A,D.  several  members  of  the  senate  advised  to  consult  them  respecting 
the  issue  of  the  war  against  the  Marcomanni  (Fl.  Yopisc.,  '  Aurel.,' 
18.)  About  this  time  the  Christians,  in  their  zeal  to  convert  the 
heathens,  began  to  refer  to  the  Sibylline  oracles  as  containing  prophe- 
cies respecting  the  Messiah.  The  collection  which  was  in  the  keeping 
of  the  state  was  burnt  a  third  time  in  the  reign  of  Julian  (a,d.  363) ; 
and  a  fourth  time  in  the  reign  of  Honorius,  by  Stilicho,  jk..D.  895. 
(Rut, 'Itin.,'  ii.  51.)  But  it  was  restored  each  time;  and  notwith- 
standing all  the  forgeries  which  must  have  crept  into  it,  the  collection 
continued  to  be  held  in  great  esteem,  as  it  was  a  useful  instrument  in 
the  hands  of  the  various  parties,  political  as  well  as  religious.  Hence 
we  find  the  Sibylline  Books  consulted  even  as  late  as  the  middle  of  the 
6th  century  of  our  era. 

A  complete  collection  of  Sibylline  verses  was  compiled  and  edited 
by  Oallseus,  Amsterdam,  1689,  4to. ;  but  it  contains  a  great  numy 
spurious  verses,  and  such  as  were  made  by  the  early  Christians  who 
pretended  to  be  inspired.  In  1817,  A.  Mai  published  a  collection  of 
fragments  from  the  Sibylline  Books,  which  he  discovered  in  a  manu- 
script of  the  library  at  Milan.  Another  collection  of  fragments  was 
published  by  C.  L.  Struve,  under  the  title  '  Sibyllinomm  Librorum 
Fragmenta,'  Regiomout.,  1818,  8vo, 

SIDE.  In  modem  mathematics  this  term  means  nothing  but  one 
of  the  lines  which  boimd  a  figure,  extending  from  one  angle  or  comer 
to  the  next.  The  Latin  word  latui,  of  the  same  signification,  is  pre- 
served in  composition :  thus  a  igaio  at  three  sides  is  trilateral ;  of 
four,  quadrilateral ;  of  five,  quinquilateral ;  and  so  on.  At  the  intro- 
duction of  algebra,  the  same  geometrical  analogies  by  whidt  a  nimiber 
multiplied  by  itself  was  called  a  iquart,  procured  for  the  number  itself 
the  name  of  lide  ;  thus  7  being  the  aide,  49  was  the  square ;  and  the 
same  of  the  cube,  triangular  polygonal,  and  pyramidal  numbers. 
[Numbers,  AppEixanoNS  or.] 

In  common  language  the  side  is  a  vague  term,  implying  only  "part, 
with  a  notion  of  relative  position ; "  it  is  also  difiisrently  used  in  and 
out  of  composition.  First  we  have  the  inside  and  outside ;  then,  with 
reference  to  either  of  these,  we  have  sides  before  and  behind,  above 
and  below,  right  and  left.  The  first  pair  is  defined  by  reference  to  the 
spectator,  the  second  by  the  direction  of  gravitation;  but  the  third, 
with  reference  to  which  the  term  side  is  most  frequently  used,  cannot 
be  defined  by  the  mathematician.  The  anatomist  will  say,  that  in  the 
human  body,  the  right  side  is  that  on  which  the  heart  is  not,  and  the 
left  side  that  on  which  it  is,  and  there  is  no  otiier  definition.  In  every 
ease  in  which  the  terms  right  and  left  are  applied,  there  is  a  reference 
to  the  position  of  the  human  body.  Thus  the  right  wing  of  an  army 
ineami  that  whidi  is  towards  the  right  hands  of  those  in  the  centre ; 


as  soon  as  a  retreat  commences,  the  names  of  the  right  and  left  wings 
are  changed.  The  right  bank  of  a  river  is  by  convention  named  on  the 
supposition  that  the  person  who  names  it  is  looking  down  the  stream, 
or  seeing  the  water  flow  from  him.  Perhaps  some  may  doubt  whether 
the  superior  and  inferior  parts,  or  the  anterior  and  posterior,  are  in  our 
language  properly  called  sides;  these  we  must  remind  that  the  words 
fore-side  and  back-side  are  very  good  English ;  and  that  in  the  phrase 
uptide-doim  we  see  the  remains  of  the  corresponding  phrases  up-side 
and  down-side. 

SIDEREAL  (ddm,  a  constellation ;  tideral  would  be  more  correct), 
applied  in  astronomy  to  distinguish  that  which  has  reference  to  the 
fixed  stars,  from  that  which  relates  to  the  sun,  moon,  planets,  or  comets. 
See  Stab  as  to  general  considerations,  and  Txiu  as  to  the  distinction 
between  solar  and  sidereal  time. 

SIEQE  is  the  process  of  advancing  towards  a  fortress  under  the 
cover  of  earth  thrown  np  from  trenches  excavated  in  the  ground; 
silencing  its  fire  by  a  superior  fire  of  artillery  and  musketry;  and 
finally,  by  breaching  the  ramparts,  either  obliging  the  defenders  to 
surrender,  or  forcing  an  entrance  into  the  place. 

A  fortress  is  invested  previously  to  the  commencement  of  the  mege 
by  posting  troops  about  it,  so  as  suddenly  to  occupy  all  the  avenues  to 
the  place,  and  prevent  the  garrison  from  receiving  succours.  The 
besieging  army,  on  its  arrival,  establishes  itself  in  the  environs  of  the 
place  at  such  a  distance  as  not  to  be  annoyed  by  the  fire  of  the  artillery 
of  the  defenders ;  protecting  itself  generally  by  redouts  raised  at 
intervahi,  both  on  the  side  nearest  to  the  fortress  uid  on  that  which  is 
towards  the  country.     [Countervallation.] 

The  operations  of  a  regular  siege,  when  conducted  agiunet  places 
fortified  according  to  any  of  the  modem  systems,  are  nearly  the  same 
till  the  approaches  (the  obhque  lines  of  trenches)  arrive  at  the  foot  of 
the  glacis ;  and  when,  as  in  the  first  system  of  Vsuban,  the  flanked,  or 
most  advanced,  angles  of  the  bastions  and  ravelins  are  nearly  at  equal 
distances  from  the  centre  of  the  place,  those  approaches  may  be 
directed  along  the  produced  capitals  (lines  imagined  to  'bisect  the 
angles)  of  a  ravelin,  and  of  the  nearest  bastion  on  each  side  of  it ;  since 
then,  when  the  glacis  before  those  works  is  crowned  by  batteries,  the 
rampart  of  the  enceinte  may  be  breached  in  two  places  at  once.  But 
in  systems  which,  like  that  of  Cormontaingne,  have  very  salient  rave- 
lins, the  approaches  should  be  directed  along  the  produced  ct^itals  of 
a  bastion,  and  of  the  nearest  ravelin  on  each  side,  because  the  glada  of 
the  bastion  cannot  be  crowned  till  the  two  collateral  ravelins  are  taken; 
and  if  the  lines  of  approach  were  directed  as  in  the  former  case,  it 
would  be  necessary  to  take  three  ravelins  before  either  bastion  could 
be  breached.  The  lines  of  approach  are  carried  on  nearly  in  the 
direction  of  the  produced  capitals  of  the  bastions  and  ravelins, 
because  here  the  ground  is  less  subject  to  the  direct  flres  from  Oie 
fortress. 

In  commencing  operations,  the  engineers,  having  ascertained  on  the 
ground  the  prolongations  of  those  capitals,  trace,  by  means  of  pickets 
driven  in  the  ground  and  connected  by  tapes,  the  direction  of  the  first 
parallel  trench,  generally  termed  the  First  Parallel,  aaa,  which  is 
somewhere  about  600  yairds  distant*  from  the  advanced  parts,  ooo,  of 
the  covered-way.  This  parallel  usually  extends  along  the  fronts 
attacked,  and  occasionally  ur  enough  beyond  to  embrace  the  prolonga- 
tions of  all  the  ramparts,  a  fire  from  which  might  be  directed  against 
the  works  of  the  besiegers :  it  should  terminate  at  each  extremity,  if 
possible,  in  some  natural  obstacle,  as  a  morass  or  a  river ;  and  if  no 
such  obstacle  exists,  a  redout  may  be  raised  there,  in  order,  by  its 
fire,  to  oppose  any  attempt  of  the  enemy  to  turn  the  parallel.  The 
trench  is  executed  by  numerous  working-parties  of  men,  who,  being 
provided  with  spades  and  pickaxes,  are  marched  up  to  the  ground  after 
sunset,  and  are  disposed  along  the  line  at  intervals  of  four  or  six  feet 
from  each  other.  The  earth  obtained  from  the  trench  is  thrown 
towards  the  fortress,  in  order  to  form  a  breastwork ;  and  in  the  mom- 
ing  the  men  are  relieved  by  others,  who  complete  the  parallel  where  it 
may  have  been  left  unfinished,  and  dig  trenches  obhquely  towards  the 
rear,  for  tiie  purpose  of  having  secure  communicationa  to  and  from  the 

*  In  the  present  article  we  have  taken  600  yards  as  the  dlitance  at  which 
the  tint  jnmllel  is  established,  thongb  It  Is  very  probable  that  In  any  sieges 
now  undertaken  this  distance  would  have  to  be  (teatiy  InsrniMd  on  account  of 
the  insreased  range  and  power  of  the  arms  now  in  use.  600  yards  wu  the 
distance  generally  laid  down  in  text-books  as  being  aboat  the  limits  at  which 
grape-shot  was  eSeetiTe,  while  it  would  not  be  worth  while  for  the  gmrrisco  to 
expend  their  anununitioD  in  firing  round  shot  at  men  in  such  extended  order, 
and  especially  al  night.  Now,  howerer,  unless  natural  oover  could  be  obtained, 
it  would  not  be  pouible  to  expoae  men  at  that  dlstanne,  for  the  lire  of  mnaketry 
(rifles)  would  be  very  destructlre.  At  the  siege  of  Sebastopol  the  allies  ooold 
not  break  ground  anywhere  nearer  than  1300  yards,  and  generally  from  about 
that  to  2000.  The  distance  at  which  ground  can  be  broken,  however,  depends 
io  much  upon  cironnistauoes,  such  aa  being  screened  by  houses,  hedges,  garden- 
walls,  &o.,  and  the  effect  of  the  introduction  of  rlBed  arms  on  aiegn  is  so 
donbtfBl,  that  we  have  retained  the  ordinary  distance  given  in  treatises,  as  by 
it  tiis  general  prlnoiple  of  stages  un  be  easily  underetood ;  and  it  must  be  re- 
membered that  the  ezplsaatton  refers  to  a  theoracia  siege,  in  wbloh  the  besiegers 
ate  supposed  te  greatly  outnumber  the  beaisged,  aad  in  which  no  disturbing 
cireumelsnses,  sswh  as  superior  energy  sad  coarage  on  Uw  part  of  the  besieged, 
the  tslUira  of  storee,  Ac,  are  taken  btto  conatdenOiaa.  The  subjeet  is  treated 
in  the  same  i«««Mity  that  we  treat  abetraet  probissasinnieohantosi.  disregarding 
fHotlon* 
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depAta  of  materiala.  All  the  trenohea  are  Bunk  three  feet  below  the 
surface  of  the  ground ;  and  the  earth  thrown  out  forming  a  mass  about 
three  feet  high,  the  bt>opB  in  them  are  effectually  covered  from  the 


view  of  the  besieged.  The  general  breadth  is  10  or  12  feet,  but 
greater  width  is  given  in  places  at  intervals  from  each  other,  where  it 
may  be  desirable  to  collect  troops  and  materiaL 


The  first  operations  of  the  working-parties  take  place  during  the 
night,  in  order  that  some  progress  may  be  made  before  they  are 
discovered  by  the  defenders  ;  but  should  the  latter  suspect  that  ground 
is  being  broken,  they  frequently  discharge  light-balls  by  the  light  of 
which  they  may  discover  the  places  where  the  men  are  at  work.  These 
places  being  ascertained,  it  may  be  expected  that  the  ground  will  be 
cannonaded,  or  that  troops  will  make  a  sortie  from  the  fortress,  for  the 
purpose  of  interrupting  or  driving  off  the  workmen ;  and  in  order  that 
this  intention  may  be  frustrated,  the  parties  are  accompanied  by  a 
guard  of  infantry,  or  covering  par^,  which  is  placed  at  about  50  viuds 
in  front  of  the  tracing-line.  These  troops  obtain  oover  if  possible,  or 
lie  down  on  the  ground,  that  ibm  may  not  be  exposed  to  the 
defenders'  fire;  and  in  the  event  of  a  sortie  being  niade,  they  are 
ready  to  repel  it :  squadrons  of  cavalry  are  also,  if  the  ground  permits 
it,  stationed  near  the  exti-emity  of  the  parallel,  that  by  a  rapid  move- 
ment they  may  take  in  flank  and  cut  off  the  retreat  of  the  sortie. 

The  general  uses  of  the  parallels  are  to  connect  the  lines  of  approach 
by  a  covered  line  of  communication,  to  allow  the  trenches  to  be  kept 
clear  of  troops  and  free  for  the  workmen,  and,  affording  cover  and  pro- 
tection to  the  guard  of  the  trenches  and  a  strong  position  for  them 
to  remain  in  during  the  day,  to  serve  as  lines  of  oountervallation  in 
confining  the  garrison  of  the  place.  As  soon  as  the  first  parallel  is 
finished,  the  guard  of  the  trenches  is  moved  into  it,  for  the  purpose  of 
protecting  the  succeeding  operations.  While  the  approaches  are  being 
pushed  forward,  or  indeed  while  the  first  parallel  is  being  completed, 
the  batteries  c,  c,  0 . . . .,  are  formed  either  in  or  in  advance  of  the  first 
parallel  to  keep  down  the  fire  of  the  place  either  by  direct  or  enfilade 
fire  as  shown  by  the  dotted  lines. 

Since  the  trenches  lending  from  the  first  parallel  towards  the  place 
ought  nut  to  be  enfiladed  frcm  thence,  it  is  evident  that  they  must  be 
formed  in  zig-zag  or  oblique  directions  a  a  a.  &c. ,  crossing  and  recrossing 
the  produced  capitals  of  the  bastions  or  ravelins  ;  and  that  the  several 
branches,  if  produced,  should  fall  on  the  exterior  of  all  the  works  of 
the  pliice.  The  first  oblique  boyeau  (branch)  of.  the  trench  may  be 
defended  by  the  fire  of  the  parallel ;  but  the  second  may,  if  found 
necessary,  be  protected  by  the  fire  of  troops  stationed  in  a  small  trench, 
a  6,  called  a  parallel  buyeau,  at  the  angle  between  the  first  and  second 
branches ;  and  a  short  branch  for  the  like  purpose  is  generally  formed 
at  the  angles  of  all  the  zig-zag  trenches.  If  the  directions  of  the  several 
oblique  branches  are  not  laid  down  on  the  ground,  from  a  plan  of  the 
intended  operations  previously  made  on  paper,  the  engineer  endea- 
vours, during  the  daylight,  to  observe,  in  the  direction  of  the  most 
silvanced  part  of  the  glacis  towards  his  right  or  left  hand,  some  object 
towards  which  the  ti-acing-line  maybe  stretched  and  the  ti«nch  carried 
on.  These  trenches  are  then  executed  by  the  working-parties,  in  the 
same  manner  as  the  great  parallel  was  formed.  At  the  siege  of 
Badajos,  in  1812,  a  French  corporal,  in  the  dusk  of  an  evening, 
dexterously  displaced  a  tracing-line,  which  had  been  stretched  by  the 
British  engineers,  and  directed  it  so  that  the  trench  executed  along  it 
might  have  been  enfiladed  by  three  guns  on  the  ramparts  of  the  castle. 
If  the  derangement  had  not  been  discovered  before  darkness  came  on, 
the  labour  of  the  whole  night  would  have  been  lost,  and  casualties 
might  have  occurred  from  the  fire  which  the  garrison  might  have 
directed  along  the  trench.  The  workmen  are  usually  relieved  after  it 
i*  dork,  in  order  that  the  change  may  not  be  observed  from  the 


fortreta;  but  the  ofiScers  should  be  relieved  earlier,  that  those  who 
come  on  duty  may  have  light  enough  to  examine  the  actual  state  of 
the  works,  and  to  take  measures  for  directing  the  operations  of  the 
men  during  the  night. 

When  the  heads  of  the  trenches  have  arrived  within  800  yards  of  the 
covered-way,  which  is  usually  about  the  fourth  night  from  the  time  of 
opening  the  trenches,  a  second  parallel,  B  B  B,  is  formed,  in  order  to 
facilitate  the  communication  between  the  several  lines  of  approach,  and 
to  protect  the  working-parties,  for  it  is  evident  that  having  got  half 
way  between  the  first  parallel  and  the  place,  as  the  boyeaux  advance 
the  working-parties  in  them  are  nearer  to  the  enemy  than  to  their 
supports.  This  trench  may  be  extended  along  the  particular  points 
attacked,  and  its  extremities  may  be  terminated  by  redouts,  or  con- 
tinued till  they  fall  into  the  first  parallel.  It  is  executed  by  flying  sap 
[Sap],  that  the  men  nuiy  be  quickly  protected  from  the  fire  of  musketry 
in  the  covered-way,  which  might  now  begin  to  take  effect.*  One  of 
the  principal  means  of  accelerating  the  surrender  of  the  fortress  is  that 
of  enfilading  the  ramparts,  in  order  to  dismount  the  guns  and  drive  the 
defenders  from  the  parapets.  But  in  order  to  be  effective,  the  range  for 
ricochet  fire  should  be  short ;  for  this  reason  fresh  batteries,  d  dd,  &c., 
are  raised  in  the  directions  of  the  produced  &ces  of  the  works,  in  or 
near  the  second  parallel,  which  thus  may  form  a  secure  communication 
between  them,  and  are  armed  with  guns  moved  up  from  the  first  pandleL 
[Battebt  ;  Ricochet.]  From  the  same  batteries  also  an  oblique  fire 
may  sometimes  be  directed  against  the  interior  of  the  flanks  and  curtains, 
and  a  pltmging  fire  into  the  ditches,  in  order  to  impede  the  commu- 
nication between  the  place  and  the  outworks.  All  the  diffivent  ricochet 
batteries  commence  firing  at  the  same  time,  that  the  attention  of  the 
defenders  may  be  divided,  and  that  they  may  be  prevented  from  con- 
centrating all  their  fire  upon  one  battery ;  the  guns  also  should  be  fired 
singly,  and  at  intervals  so  regulated  that  there  may  be  always  some 
shot  or  shells  in  the  air,  for  tiius  the  enemy  will  have  littie  time  to 
repair  the  damage  done  to  his  artillery  or  to  the  parapets.  The  firing 
should  be  commenced  diuing  daylight,  in  order  that  the  artillerymen 
may  be  able  to  determine  by  trial  the  charge  of  powder  and  the  degree 
of  elevation  for  each  piece,  so  that  the  shot  may  just  clear  the  parapet 
of  the  work  to  be  enfiladed ;  this  being  obtained,  the  direction  of  tiie 
piece  may  be  preserved  by  means  of  timbers  nailed  to  the  platform, 
and  thus  the  fin  may  be  kept  up  with  equal  accuracy  by  night  and 
by  day. 

After  the  fire  from  the  ricochet  batteries  has  parUy  silenced  that  of 
the  plaoe,  the  trenches  of  communication  are  continued  in  zig-xag 
directions  as  before,  and  with  the  like  precautions  against  being 
enfiladed  from  the  fortress  and  its  coverCHi  way.  These  and  all  the 
succeeding  trenches  may  be  executed  by  full  sap  [Sap],  while  the  fire 
of  the  besieged  continues  in  activity ;  but  if  that  fire  should  become 
at  any  time  relaxed,  the  opportunity  may  be  seized  of  carrying  on 
some  part  of  the  approaches  in  a  more  expeditious  manner.  When  the 
heads  of  the  oblique  trenches  are  about  half-way  between  the  second 
parallel  and  the  foot  of  the  glacis,  a  demi-parallel,  e  e,  &c.,  ia  carried 
out  on  each  side  of  the  produced  capitals  of  the  works  attacked,  till  it 
meets  the  prolongation  of  the  crest  of  the  covered-way :  its  use  is  to 
protect  the  works  which  are  to  be  executed  in  its  front  by  a  fire  of 

*  It  most  b«  «Bd«ntood  that  this  lefera  to  Bmootb-VHred  flie-anu. 
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musketry,  which,  beisg  nearer,  u  more  effectual  than  that  of  the 
second  paralleL  Howitzer  batteiieB,  //,  &c.,  are  formed  at  the  extre- 
mities of  these  paraUels  for  the  purpose  of  enfilading  the  covered-way 
with  shells,  and  thus  destroying  the  palisades  and  traverses.  As  soon 
as  the  fires  from  the  howitzers  have  produced  some  effect,  the  oblique 
trenches  may  be  continued  till  they  arrive  at  the  foot  of  the  glacis,  on 
the  capital  of  each  of  the  worka  attacked,  the  branches  being  directed, 
SB  before,  towards  the  exterior  of  any  part  of  the  covered-way  from 
whence  the  enemy  might  enfilade  them ;  and  each  being  prolonged 
towards  the  rear  about  10  or  12  yards,  in  order  to  form  places  where 
tools  and  materials  may  be  deposited  out  of  the  line  of  passage  along 
the  trenches.  If  the  defenders  should  have  established  redans  or 
redouts  at  the  foot  of  the  glacis,  or  should  have  carried  out  counter- 
approaches  from  any  of  the  collatei-al  works,  in  order  to  enfilade  the 
trenches  of  attack,  they  must  be  aasaulted  and  destroyed  as  soon  as  it 
is  found  that  the  fire  from  thence  impedes  the  operations  of  the 


A  third  parallel  trench,  o  o,  may  now  be  executed  to  connect  the 
points  of  attack  at  the  foot  of  the  glacis ;  for  this  purpose  the  squads 
of  sappers  turn  to  the  right  and  left  from  the  h^d  of  each  line  of 
api  roach,  and  meet  each  other,  forming  as  they  proceed  a  trench  which 
is  either  rectilinear  or  curved  towai^  the  re-entering  parts  of  the 
fortress,  in  order  to  enable  the  troops  in  it  to  fire  leas  obliquely  on  the 
branches  of  the  covered- way.  This  parallel  should  be  made  broader 
than  the  others,  because  considerable  bodies  of  troops  are  occasionally 
collected  in  it,  and  at  intervals  steps  should  be  made  in  it  long  enough 
to  allow  a  company  of  men  to  mount  in  line  over  the  parapet.  For 
the  protection  of  the  troops,  the  crest  of  its  parapet  should  be 
famished  with  sand-bags  disposed  so  as  to  leave  between  them  small 
intervals  (loop-holes)  to  fire  through ;  and  in  this  parallel,  batteries, 
hhyka.,  for  small  mortars  may  be  formed,  in  order  that  shdls  may  be 
thrown  from  thence  into  the  principal  works.  It  it  estimated  that  the 
third  parallel  may  be  finished  by  about  the  tenth  night  from  the  time 
of  opening  the  trenches. 

At  this  period,  should  any  great  necessity  exist  for  hastening  the 
surrender  of  the  place,  should  also  the  garrison  be  weak,  and  should 
there  be  no  retrenchments  in  the  covered-way,  it  may  be  thought 
proper  by  main  force  to  assault  the  latter,  and  immediately  crown  the 
glacis  with  batteries  for  breaching  the  worka  In  this  case,  the 
defenders  should  be  driven  as  much  as  possible  from  the  covered-way 
by  a  heavy  fire  from  the  mortar  and  howitzer  batteries ;  then  the 
troops  who  are  to  make  the  assault,  having  been  assembled  in  the 
third  parallel,  moimt,  at  a  signal  a  little  before  sun-set,  over  its  parapet, 
and  proceed  rapidly  up  the  glacis.  A  party  of  men  then  extend  them- 
selves along  its  cr«it,  and  by  their  fire  keep  down  that  of  the  defenden 
on  the  parapets ;  in  the  meantime  the  sappera  commence  forming  with 
gabions  a  lodgment  on  the  crest,  and  the  rest  of  the  storming  party 
endeavour  to  force  an  entrance  through  breaches  made  by  artillery  in 
the  palisades.  When  the  defenders  have  thus  been  comp^ed  to  retire 
behmd  the  traverses  in  the  covered-way,  the  assailants,  who  then 
become  exposed  to  the  fire  from  the  parapets  of  the  bastions  or  ravelins, 
retire  into  the  lodgment  which  by  this  time  may  be  finished  on  the 
crest  of  the  glacis ;  and  during  the  night  there  may  be  executed 
trenches  of  communication  from  the  lodgments  to  the  third  parallel. 
The  lodgments  thus  formed  may  be  afterwards  connected  together, 
and  extended  to  the  right  and  left  if  necessary;  and  in  these  the 
breaching  batteries  may  be  formed. 

Should  the  fortress  have  small  ravelins,  like  those  of  Vauban,  the 
assault  may  take  place  at  once  on  the  salients  of  a  ravelin  and  of  the 
two  collateral  bastions ;  but  if  the  ravelins  advance  far  towards  the 
country,  as  in  Cormontaingne's  system,  it  can  take  place  only  at 
the  salients  of  the  ravelin  on  each  side  of  one  bastion ;  since  if  it  were 
attempted  to  carry  on  the  approaches  between  the  two  ravelins,  the 
troops  and  sappen  would  become  exposed  to  fires  on  their  fianks  and 
in  rear  as  well  as  in  front. 

An  assault  [Attack]  by  main  force  is  always  attended  with  oon- 
sidei'able  loss,  and  therefore,  if  time  permits,  it  is  preferred  to  continue 
carrying  on  the  approaches  by  sap.  For  this  purpose,  supposing  the 
place  to  be  fortified  with  large  ravelins  (as  in  the  cut),  a  trench  is 
begun  at  about  80  yards  on  each  side  of  the  ridge  between  the  two 
(aces  of  the  glnds  before  the  ravelins  only,  and  carried  in  a  curvilinear 
direction  till  the  two  squads  of  sappers  meet  on  the  ridge  about  eight 
or  nine  yards  in  advance  of  the  third  paralleL  From  hence  the  trench 
is  continued  by  double  and  direct  sap  along  the  ridge  till  it  arrives  at 
between  80  and  40  yards  from  the  crest  at  the  angle  of  the  glacis ;  and 
at  this  spot,  formerly,  high  breastworks,  called  trench  cavaUera,  it  k, 
&c.,  about  Uie  thirteenth  night  from  the  time  of  opening  the  trenches, 
were  raised  on  the  prolongations  of  the  branches  of  the  covered-way, 
in  order  to  allow  a  plunging  fire  of  musketry  to  be  directed  into  those 
branches.  But  as  the  fire  of  the  defenders  artillery  may  prevent  the 
construction  of  such  works,  instead  of  them  there  are  now  formed 
batteries  armed  with  small  mortars  from  which  balls  or  stones  may  be 
projected  into  the  covered-way  in  order  to  compel  the  defenden  to 
retire  from  thence.  (Mortars  for  throwing  stones  are  called  by  tiie 
French  pierrien.) 

After  the  fire  from  the  cavaliers  or  mortar-batteries  has  obliged  the 
enemy  to  abandon  the  advanced  parts  of  the  covered-way,  double  saps 
are  carried  on  tpwards  the  salient  angle  of  the  glacis,  and  when  they 


have  arrived  at  about  24  feet  from  that  angle,  the  crowning  of  the 
glacis  commences.  This  is  performed  by  extending  the  sap  along  the 
crest  on  each  side  of  the  angle,  and  throwing  up  the  earth  towards  the 
place  in  order  to  form  epaulements  for  batteries.  That  the  crowning 
trenches  may  be  secured  against  the  enfilading  fires  from  the  collateru 
works  of  the  besieged,  traverses  are  formed  across  them  at  intervals  in 
situations  where  they  may  not  interfere  with  the  guns  to  be  placed  in 
the  batteries ;  and,  on  account  of  the  fire  which  the  enemy  may  still 
keep  up  from  the  branches  of  the  covered-way  and  the  retrenchments  m 
the  re-entering  places  of  arms  (see  the  figure  in  art.  Fobtification),  a 
portion  of  a  fourth  parallel,  m  m,  should  now  be  carried  out  in  order 
that  troops  placed  there  may  protect  the  sappera  during  the  formation 
of  the  batteries,  and  the  artillerymen  during  tiie  operation  of  breaching 
the  ravelins.  The  crowning  of  the  glads  is  sometimes  extended  along 
the  &ce8  of  the  re-entering  places  of  arms ;  and  in  this  case  trenches 
on  those  faces  are  connected  with  the  fourth  parallel  by  lines  of  com- 
munication formed  in  serpentine  directions. 

The  epaulements  raised  by  the  besiegen  between  the  salient  angle  of 
the  glacis  and  the  first  traverses  on  each  side  are  to  serve  as  counter- 
batteries,  whose  use  is  to  ruin  the  parapet  and  dismount  the  gtma  in 
the  faces  or  Raaka  of  the  collateral  works,  in  order  as  much  as  possible 
to  prevent  the  enemy  from  <^posing  by  musketry  or  artillery  the 
passage  which  is  to  be  effected  across  the  ditch ;  and  the  epaulements 
between  the  fint  traverses  and  the  re-entering  places  of  arms  serve  for 
the  breaching  batteries.  [Breach.]  The  crowning  batteries  on  the 
glacis  of  two  ravelins,  rr,  are  supposed  to  be  finished  about  the  six- 
teenth night  from  the  lime  of  opening  the  trenches. 

While  the  breaches  are  being  formed,  the  passages  by  which  the 
descents  into  the  ditches  of  vie  ravelins  are  to  take  {dace  are  com- 
menced. Ilese  are  either  open  trenches  or  subterranean  galleries  cut 
in  inclined  planes  through  or  under  the  covered-way  opposite  the 
breaches ;  ewh  passage  thus  terminates  at  a  perforation  in  the  counter- 
scarp about  3  feet  above  the  bottom  of  the  ditch  if  dry,  or  at  the  level 
of  the  water  if  it  contain  any.  The  sappera  throw  fascines  into  the 
ditch  if  dry,  till  the  heap  is  sufBciently  high  and  thick  to  secure  them 
from  the  fire  of  the  def endera,  and  then  getting  in,  the^  form  by  sap  a 
trench  and  parapet  extending  some  way  up  the  breach  itself.  Prepara- 
tions are  afterwards  made  for  the  assault. 

For  this  purpose  the  interior  of  the  batteries  and  the  passages  lead- 
ing to  the  ditches  are  during  the  night  filled  with  troops,  in  whose 
rear  are  bodies  of  sappen  with  their  materials ;  and  early  in  the  morn- 
ing, after  a  heavy  fire  has  been  for  some  time  kept  up  from  the 
batteries  in  order  to  drive  off  the  defenden,  the  troops  chvge  up,  and 
endeavour  to  keep  the  enemy  engaged  while  the  sappen  execute 
lodgments  on  the  breaches  by  filling  their  gabions  with  the  loose 
earai ;  as  soon  as  these  are  finished,  tihe  storming  parties  retire  behind 
them,  and  from  thence  keep  up  a  fire  upon  the  enemy.  These  lodg- 
ments should  if  possible  be  on  the  tops  of  the  breaches,  but  if  the 
interior  of  the  ravelin  is  retrenched  by  a  redout,  as  s  s,  whose  fire  com- 
mands those  spots,  the  lodgments  must  be  formed  on  the  ascent,  that 
they  may  not  be  immediately  destroyed.  It  is  estimated  that  the  two 
ravelins  may  be  taken  about  the  eighteenth  night. 

If  the  ditches  contain  water  which  cannot  be  made  to  fiow  off,  there 
may  be  formed  serous  them  soUd  causeways  consisting  of  fascines 
laden  with  stones  to  make  them  sink,  or  of  casks  or  gabions  having 
their  axes  in  horizontal  positions ;  or  floating-bridges  of  timber-logs, 
casks  or  pontoons  may  be  constructed ;  and  by  any  of  these  means  the 
troops  may  pass  over  to  the  assault.  From  the  lodgments  just  men- 
tioned tranches  are  carried  on  by  sap  directly  to  the  top  of  the  breach, 
and  from  thence  turning  to  the  right  and  left  they  are  continued  about 
half-way  down  the  faces  of  the  raveliiis :  their  extremities  being  made 
to  join  the  parapets  of  these  works. 

The  redouts  in  the  two  ravelins  are  next  to  be  taken ;  and  to  effect 
this  object,  it  being  supposed  that  the  foces  of  the  ravelins  are  too 
narrow  to  allow  room  for  forming  batteries  on  them,  either  a  portion 
of  the  ravelin  must  be  blown  up  in  order  to  allow  the  fire  of  the 
breaching-batteries  on  the  glacis  to  act  against  the  redouts  through 
the  apertures,  or  else  the  redouts  must  be  breached  by  undermining 
them.  Should  the  latter  method  be  preferred,  a  trench  or  gallery  is 
cut  through  the  mass  of  each  ravelin,  and  a  sap  is  carried  across  the 
ditch  of  the  redout ;  the  miner  then,  being  secured  against  the  effect 
of  the  enemy's  grenades  by  timbera  placed  in  inclined  positions  leaning 
against  the  scarp  of  the  redout,  cuts  through  that  scarp  and  forms 
chambera  for  the  reception  of  gunpowder.  This  being  fired,  a  part  of 
the  rampart  will  be  destroved  and  a  breach  formed.  An  assault  is 
then  made  by  troops,  and  the  defenden  being  supposed  to  be  driven 
out  of  the  works,  a  battery  may  be  raised  along  the  gorge  of  each 
redout  in  order  to  compel  Utem  to  quit  the  tenailles,  (  t,  in  the  main 
ditch.  The  redouts  of  the  ravelins  being  taken  (probably  about  the 
twenty-first  night),  the  defendera  will  also  be  obliged  to  retire  from 
the  rear  extremities  of  the  latter  works ;  and  the  besi^era  occupying 
those  extremities,  their  fire  from  thence  commanding  the  interiora  of 
the  redouts  in  the  re-entering  places  of  arms,  these  last  must  also  be 
abandoned. 

The  approaches  towards  the  bastions  may  now  be  recommenced,  as 
the  fires  from  the  ravelins  are  no  longer  to  be  apprehended ;  therefore 
a  double  sap  is  carried  on  from  the  curved  trench  in  the  third  parallel 
directly  along  the  lidge  of  the  glaos,  till  it  begins  to  be  plunged  into 
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by  the  fire  from  the  bastion ;  it  tben  proceeds  in  a  serpentine  direction 
till  its  head  arrives  between  the  portions  of  the  fourth  pamllel  already 
formed.  This  parallel  is  then  completed,  and  under  the  protection  of 
the  fire  from  the  troops  stationed  in  it,  the  counter  and  breaching 
battedes  before  the  bastion  are  formed.  By  the  former  the  fire  from 
the  ^uns  in  the  flanks  of  the  collateral  bastions  is  partly  silenced,  and 
by  me  latter  the  breach  in  the  faces  of  the  opposite  bastion  is  effected. 
The  passage  through  the  coimterscarp  and  a  trench  across  the  main 
ditch  are  then  executed,  and  an  assault  may  be  made  up  the  breach  of 
the  bastion,  similar  to  those  which  had  been  made  up  breaches  of  the 
ravelins ;  the  defenders  being  repelled,  a  lodgment  may  be  formed, 
and  unless  the  bastion  is  strongly  retrenched,  it  may  be  expected  that 
the  place  will  now  be  surrendered.  It  is  estimated  that  the  assault  of 
the  bastion  may  take  place  about  the  twenty-sixth  night  from  the  time 
of  opening  the  trenches ;  but  a  good  retrenchment  [Retr^nchhekt] 
in  a  bastion  may  enable  the  defenders  to  hold  out  ten  or  twelve  days 
longer. 

A  fortress  is  said  to  be  countermined  when  subterranean  galleries 
are  formed  under  the  ramparts  of  the  bastions  and  ravelins;  under  the 
covered-way,  and  under  the  ground  at  the  foot  of  the  glacis,  with 
galleries  of  communication  from  one  of  these  to  another.  And  as  the 
defenders  can  form  chambers  and  place  powder  in  or  near  any  con- 
venient parts  of  these  galleries  to  destroy  the  works  of  the  besi^ers 
above-ground,  the  besiegers  find  themselves  under  the  necessity  of 
sinking  shafts  and  forming  galleries  for  the  purpose  of  finding  out  and 
destroying  those  of  the  defenders,  or  of  blowing  up  any  of  their  ad- 
vanced works.     [UlNES,  MlLITABT.]{ 

A  siege  conducted  according  to  the  rules  of  art  will'  be  attended 
with  comparatively  small  loss  to  the  besiegers  or  besieged,  the  troops 
of  both  parties  being  but  little  exposed  to  each  other's  fire  except  at 
the  times  when  the  assaults  are  made  on  the  ravelins  or  bastions.  And 
if  circumstances,  such  as  the  prospect  of  the  place  being  relieved,  did 
not  compel  the  besiegers  to  expedite  the  surrender,  the  assaults  by 
main  force  might  be  avoided ;  for  after  a  breach  has  been  formed,  and 
the  parapets  of  the  place  have  been  in  a  great  measure  ruined  by  the 
artillery  of  the  besiegers,  a  sapper  might  be  sent  across  the  ditch  by 
night  with  instructions  to  commence  a  trench  under  cover  of  one  ex- 
tremity of  the  broken  wall ;  then,  if  he  succeed  in  getting  cover  for 
himself,  others  may  follow,  and  g^^ually  there  may  be  formed  on  the 
breach  a  lodgment  sufficiently  large  to  contain  troops,  whose  fire  would 
protect  the  succeeding  operations :  it  being  understood  that  a  firing 
party  in  the  batteries  on  the  glacis  force  the  defenders  to  retire  as 
often  as  they  endeavour  to  disturb  the  sappers  while  at  work. 

The  want  of  time  and  means  to  carry  on  the  approaches  as  far  as 
the  covered-ways  was  the  cause  of  the  great  losses  sustained  in  getting 
possession  of  the  fortresses  garrisoned  by  the  French  in  Spain  during 
the  Peninsular  war.  The  breaches  in  the  walls  of  Badajos  (1812)  were 
made  by  guns  in  batteries  at  the  distance  of  600  yards ;  and  when  the 
assailing  troops  had  descended  into  the  ditch,  being  ignorant  of  the 
positions  of  the  breaches,  and  confused  by  the  darkness  of  the  night, 
which  was  relieved  only  by  the  appalling  and  destructive  blaze  of  live 
shells  and  other  combustibles  thrown  upon  them  from  the  parapets, 
they  took  a  wrong  direction,  or  remained  patiently  to  be  slaughtered 
till  the  order  was  given  to  retire.  The  effort  would  have  entirely 
failed,  but  for  the  success  of  Major-Oeneral  Picton  in  escalading  the 
walls  of  the  castle,  and  of  General  Walker  in  escalading  the  bastion  of 
S.  Vincente. 

SIGHT  (vision,  the  faculty  of  seeing).  The  structure  and  uses  of 
the  several  component  parts  which  enter  into  the  formation  of  the 
organ  of  vision  have  been  already  described  in  the  article  £te,  in  NaT. 
Hist.  Drv.  We  have  now  to  inquire  by  what  means  the  images  of 
objects  which  are  depicted  on  the  retina  become  converted  into  ideas 
of  the  objects  themselves ;  of  their  proximity  and  distance ;  of  their 
solidity  and  size.  In  other  words,  is  the  int^pretation  of  the  sensa- 
tions of  the  retina  a  vital  property  of  the  structure  itself,  or  is  it  in  part 
derived  from  other  sources  f  The  following  case,  which  is  recorded  by 
Chcselden,  affords  us  important  data  on  this  head.  A  young  man,  who 
was  bom  blind,  was  suddenly  restored  to  sight  by  the  operation  of 
couching.  "  When  he  first  saw,"  observes  Cheselden,  "  he  was  bo  far 
from  making  any  judgment  about  distances,  that  he  thought  all  objects 
whatever  touched  his  eye  (as  he  expressed  it),  as  what  he  felt  touched 
his  skin.  He  knew  not  one  thing  from  another,  however  different  in 
shape  and  magnitude  ;  but  upon  being  told  what  things  were  whose 
form  he  before  knew  from  feeling,  he  would  carefully  observe,  that 
he  might  know  them  again.  Two  months  after  being  couched,  his 
attention  seems  to  have  been  drawn  to  the  effects  of  painting,  which  he 
then  first  and  at  once  comprehended ;  but  even  then  he  was  no  less 
surprised,  expecting  the  pictures  would  feel  like  the  things  they  re- 
presented, and  was  amazeid  when  he  found  those  ports  which  by  their 
light  and  shadow  appeared  round  and  uneven,  felt  only  flat  like  the 
rest,  and  asked  which  was  the  lying  sense,  feeling  or  seeing?  Being 
shown  a  small  miniature  of  his  father,  and  told  what  it  Xras,  he  ac- 
knowledged a  likeness,  but  was  vastly  surprised,  asking  how  it  could  be 
that  a  large  face  could  be  expressed  in  so  little  room,  saying  it  should 
have  seemed  as  impossible  to  him  as  to  put  a  bushel  into  a  pint.  At 
first  he  could  bear  but  very  little  light,  and  the  things  he  saw  he 
thought  extremely  large,  but  upon  seeing  things  larger,  ^ose  first  seen 
he  conceived  less,  never  being  able  to  imagine  any  lines  beyond  the 


bounds  he  saw.  The  room  he  was  in,  he-  said  he  knew  to  be  but 
part  of  the  house,  yet  he  could  not  conceive  that  the  whole  house 
could  look  bigger."  From  the  details  of  this  interesting  case,  it  would 
appear  liiat  the  sense  of  sight  (so  far  as  we  can  judge  of  it  wheo  psr- 
formed  with  one  eye,  for  only  one  had  been  operated  on  when  the 
above  phenomena  were  observed)  originally  gives  us  no  information 
respecting  the  solidity,  the  distance,  or  the  reu  magnitude  of  objects ; 
but  that  tiiey  all  seem  as  if  painted  on  one  surface.  If  this  then  is  the 
sum  of  the  information  which  is  conveyed  to  us  by  the  retina ;  if  it  is 
limited  to  the  mere  perceptions  of  the  images  of  objects,  and  conveys 
to  us  ideas  relative  to  superficial  extent  only,  it  is  dear  that  our 
estimation  of  the  true  position,  the  magnitude,  and  solid  forms  of 
bodies  must  be  due  to  some  other  sense  than  that  of  sight,  or  rather, 
to  a  comparison  of  some  other  sense  with  it ;  in  short,  to  an  act  of  our 
comparing  and  reasoning  faculties. 

We  have  seen  by  the  details  of  the  above  quoted  case,  that  t^ere  is 
no  essential  resemblance  between  the  ideas  which  are  derived  from 
vision  and  those  communicated  by  touch  ;  and  it  is  no  doubt  partly 
owing  to  this  circumstance  that  we  obtain  a  correct  knowledge  oi 
extenial  objects  through  our  visual  o>;gaiis.  The  lad  ooucbed  by 
Cheselden  could  not  recognise  by  sight  the  things  whose  form  he 
before  knew  from  feeling ;  but  upon  being  told  what  they  were,  he 
would  carefully  observe,  that  he  might  know  i^em  again.  The  infant, 
in  like  manner,  stretches  out  its  littie  hands  to  grasp  and  examine  each 
object  in  succession  which  attracts  its  sight,  and  the  greater  part  of 
its  waking  hours  is  employed  in  thus  comparing  the  sensations  obtained 
through  uiese  two  different  channels.  That  we  do  acquire  important 
information  respecting  the  size  and  forma  of  bodies  through  the  senae 
of  touch  there  can  be  no  doubt ;  that  the  knowledge  obtained  through 
our  vJBual  oigans  would  be  imperfect  without  it,  and  that  it  may  in 
some  measure  be  a  corrective  of  those  optical  illusions  which  are  so 
frequent  when  we  attempt  to  judge  of  thinigs  by  sight  alone,  is  equally 
probable;  but  in  admitting  this,  we  must  not  undenate  the  original 
powers  of  the  eye  and  the  quantity  of  knowledge  which  we  jirimarily 
derive  from  it.  From  some  facts  we  are  about  to  notice,  it  would 
appear  that  much  of  the  information  which  we  derive  from  our  visual 
organs  only,  has  hitherto  been  attributed  to  extraneous  sources.  Phy- 
siologists have  been  too  much  swayed  by  the  opinion  of  Oassendus, 
Haller,  Gall,  and  others,  that  we  see  with  only  one  eye  at  a  time,  and 
those  even  who  disputed  this  have  been  more  anxious  to  explain  why 
objects  are  seen  single  with  both  eyes  than  to  inquire  into  the  uses  of 
our  possessing  two.  These  defects,  which  are  more  or  less  common 
to  all  writers  on  optics,  have  been  some  years  since  remedied  by  some 
very  interesting  observations  of  Professor  Wheatstone  on  Binocular 
Vision.  He  has  shown  that  the  simultaneous  afiection  of  the  two 
retinee,  provided  the  optic  axes  are  not  parallel,  excites  a  different  idea 
in  the  mind  from  that  consequent  on  either  of  the  mngle  impressions ; 
the  latter  giving  rise  to  a  representation  on  a  plane  surface,  tiie  former 
to  that  of  an  object  in  reliet  This  is  owing  to  a  different  perspective 
projection  of  the  object  being  seen  by  each  eye ;  thus,  if  any  figure  of 
three  dimensions,  an  outiine  cube  for  example,  is  held  at  the  distance 
of  about  seven  inches  before  the  eyes,  and  viewed  with  each  eye  suc- 
cessively while  the  head  is  kept  perfectly  steady,  a  will  be  the  picture 
presented  to  the  right  eye,  and  B  i^t  seen  by  the  left,     flow  if 


these  two  pictures  are  made  to  fall  on  corresponding  parts  of  the 
retinee,  by  placing  them  one  in  the  direction  of  each  optic  axis  at 
equal  distances  before  or  behind  their  intersection,  the  mind  will 
perceive  not  merely  a  single  representation  of  the  object,  but  a  body 
projecting  in  rdief,  the  exact  counterpart  of  that  from  which  the 
drawings  'were  made. 

But  a  better  method  is  to  employ  the  stereoscope,  an  instrument 
invented  for  the  purpose  by  Mr.  Wheatstone,  the  essential  parts  of 
which  are  two  plain  mirrors  inclined  with  their  backs  towards  each 
other  at  an  angle  of  90°.  The  two  pictures  a  and  B  are  placed  in  the 
same  horizontal  line,  and  parallel  to  each  other  at  the  sides  of  these 
mirrors,  and  at  equal  distances  from  them.  The  observer  then  placing 
his  eyes  as  near  as  possible  to  the  two  mirrors,  their  angle  coinciding 
with  the  middle  line  of  his  forehead  and  face,  sees  &e  solid  body 
represented  by  the  perspective  drawings  standing  forward  in  relief, 
provided  the  two  drawings  are  so  situated  that  their  images  reflected 
by  the  mirrors  coincide  with  the  lines  of  the  convergmit  optic  axes. 
Instead  of  the  original  reflecting  stereoscope  of  Mr.  Wheatstone,  an 
instrument  of  the  refracting  form  introduced  by  Sir  David  Brewster, 

'  and  now  so  common,  may  be  used  in  the  experiment.  When  similar 
images,  di£^ing  to  a  certain  extent  in  magnitude,  are  presented,  by 
means  of  the  stereoscope,  to  corresponding  parts  of  the  two  retinse,  a 
single  object,  intermediate  in  size  between  the  two  monocular  pictures, 

,  is  seen.    Were  it  not  for  this,  objects  would  be  seen  single  only  when 
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the  optic  axes  converge  directly  forwards ;  that  is  to  say,  when  the 
object  is  equally  distant  from  toe  two  eyes ;  for  it  is  only  then  that 
the  images  on  the  retinae  can  be  of  equal  size,  the  size  of  the  image 
being  dependent  on  the  angle  under  which  the  object  is  seen,  and  thLa 
being  less  as  the  object  is  more  distant.  As  our  conviction  then  of  the 
solidity  and  projection  in  relief  of  bodies  depends  upon  a  diSerent  per- 
spective image  of  them  being  presented  to  each  retina,  and  as  this  can 
only  take  place  when  the  axes  of  the  eyes  are  made  to  converge  to 
them,  it  follows  that  when  objects  are  at  such  a  distance  that  in 
regarding  them  the  optic  axes  are  parallel,  their  images  on  the  retinEB 
will  be  exactly  similar,  and  the  idea  conveyed  to  the  mind  will  be 
the  same  as  if  they  were  seen  witii  one  eye  only.  Hence,  when  two 
perfectly  similar  pictures  of  an  object  are  viewed  in  the  stereoscope, 
although  they  coalesce,  they  appear  but  as  painted  on  a  flat  surfaice. 
With  a  knowledge  of  these  facts,  it  becomes  easy  fo  explain  why  the 
artist  is  unable  to  give  a  faithful  representation  of  any  near  solid 
object,  that  is,  to  pr^uce  a  painting  which  shall  not  be  distinguished 
in  the  mind  trom  the  object  itself.  When  the  painting  and  the  object 
are  seen  with  both  eyes,  in  the  case  of  the  painting  two  similar  pictures 
are  projected  on  the  retime ;  in  the  case  of  the  solid  object  the  pictures 
are  dissimilar ;  there  is  therefore  an  essential  difference  between  the 
impressions  on  the  organ  of  sensation  in  the  two  cases,  and  consequently 
between  the  perceptions  formed  in  the  mind;  the  painting  therefore 
cannot  be  confounded  with  the  solid  object.  As  our  belief  then  in  the 
soUdity  of  a  near  object  is  owing  to  our  taking  oogniaanoc  of  the 
impressions  on  both  retinse,  it  is  interesting  to  inquire  whether  any 
other  kind  of  information  is  imparted  to  us  by  the  possession  of  two 
eyes,  which  we  should  not  obtain  by  one  only.  It  is  well  known  that 
if  we  close  one  eye,  and  attempt  to  judge  of  <£stances  with  the  eye  that 
remains  open,  our  conjectures  are  wide  of  the  mark,  and  the  rationale 
of  this  has  been  explained  by  Le  Cat,  in  his  '  Tnii6  des  Sensations,' 
in  the  following  words : — "  The  concurrence  of  the  optio  axes,  and  the 
length  of  the  angle  they  form,  ore  the  fundamental  principles  for  esti- 
mating the  distance  of  objects :  hence  it  is  that  when  we  look  with 
one  eye  only,  we  are  unable  to  distinguish  distances,  and  cannot  place 
the  end  of  the  finger  directly  upon  an  object  indicated  to  us,  though  it 
be  very  near,  for  the  finger  hides  the  object,  and  appears  to  correspond 
to  it  as  exactly  when  it  is  at  the  distance  of  a  foot,  as  if  it  were  only 
a  line  removed  from  it.  But  if  our  other  eye  be  open,  it  will  see  the 
finger  and  the  object  from  the  side,  and  will  therefore  discover  a  con- 
siderable interval  between  them  if  they  are  a  foot  distant  from  each 
other,  but  only  a  very  small  interval  if  they  are  very  near  ;  and 
thus  we  are  enabled  to  place  our  finger  with  certainty  upon  the 
desired  object" 

The  convergence  of  the  optic  axes  which  takes  place  when  we  regard 
objects  within  a  short  distance  of  us,  is  supposed  by  many  to  asslBt  us 
in  our  judgment  of  the  magnitude  of  bodies,  and  if  this  is  admitted, 
it  is  another  proof  of  the  variety  and  extent  of  information  con- 
veyed to  the  mind  by  the  possession  of  two  eyes,  which  a  single  eye 
could  only  have  afforded  with  the  aid  of  the  movements  of  the 
head  and  of  the  sense  of  touch.  The  confusion  of  vision  and  the 
indetermination  of  judgment  which  follow  the  loss  of  an  eye,  often 
continue  for  many  months,  and  strikingly  illustrate  the  truUi  of  the 
foregoing  remarks.  Our  estimation  of  ike  distance  and  size  of  remote 
objects  is  purely  a  matter  of  experience  ;  an  object  appears  distant  in 
proportion  to  its  indistinctness  of  colour  and  outline,  to  the  number 
of  intermediate  bodies  seen  between  it  and  the  observer,  and  to  its 
appearing  relatively  smaller  than  these.  We  judge  of  the  magnitude 
of  objects  by  a  calculation  founded  un  their  apparent  size  and  pro- 
bable distance :  hence  we  are  liable  to  continual  mistakes  on  these 
points.  An  Englishman  in  the  clear  atmosphere  of  Italy  supposes 
distant  objects  to  be  nearer  to  him  than  they  are.  A  mountain  which 
we  see  at  a  distance  for  the  first  time  appears  generally  much  less  than 
it  really  is,  and  we  think  it  near  us  when  it  is  very  far  away.  From 
these  remiuks  it  is  evident  that  the  mind  is  constantly  co-operating  in 
the  acts  of  vision,  so  that  it  becomes  difficult  to  say  what  belongs  to 
mere  sensation,  and  what  to  the  influence  of  the  mind  :  that  the  latter 
must  take  an  acti>ve  pait  in  the  conceptions  of  vision,  is  evident  from 
the  great  difference  in  the  extent  of  the  actvial  and  the  mental  fidd  of 
vision.  The  one  is  dependent  on  the  extent  of  the  retina ;  the  other 
has  no  detorminato  limits  :  in  one,  all  objects  are  of  equal  magnitude 
that  are  seen  under  the  same  angle,  and  therefore  produce  an  image  of 
the  same  tdze  upon  the  retina ;  in  the  other,  the  images  of  these  objects 
though  viewed  undw  the  same  angle,  are  of  various  sisea  and  placed  at 
very  different  distances. 

It  is  scarcely  necessary  to  say  much  in  reference  to  the  movement  of 
bodies :  we  judge  of  their  motion  partly  from  the  movement  of  their 
images  over  the  surface  of  the  retina,  and  partly  from  the  movement 
of  our  eyes  following  them.  If  the  image  upon  the  retina  moves 
while  our  eyes  and  body  are  at  rest,  we  conclude  that  the  object  is 
changing  its  relative  position  with  regard  to  ourselves.  In  such  a  case 
the  movement  of  the  object  may  be  apparent  only,  as  when  we  are 
fixed  upon  a  body  which  is  in  motion,  such  as  a  smp.  On  the  other 
hand,  t^e  image  may  remain  fixed  on  the  same  spot  of  the  retina,  while 
our  eyes  follow  the  moving  body ;  we  then  judge  of  its  motion  by  the 
aensations  in  the  muscles  which  move  the  eyes.  If  the  image  moves 
only  in  correspondence  with  the  actions  of  we  muscles,  as  in  reading, 
we  infer  that  the  object  is  stfttionaiy.     The  seiiKtioiu  oi  rotatory 


movements  of  objects,  produced  by  turning  the  body  on  its  axis,  are 
quite  independent  of  any  impressions  on  the  retina,  and  their  con- 
sideration is  therefore  foreign  to  the  subjeot  we  are  treating  of.  The 
apparent  movement  of  objects  after  looking  at  those  really  moving, 
may  arise  from  the  successive  disappearance  of  spectra  left  by  the 
moving  bodies.  From  the  fact  that  artificial  excitement  of  the  retina, 
either  by  pressure,  electricity,  or  any  other  cause,  gives  rise  to  the 
perception  of  colour  as  well  as  light,  we  infer  that  the  retina  is  the  seat 
of  these  sensations.  The  colour  of  luminous  bodies  depends  upon  the 
quality  of  the  light  they  emit;  the  colour  of  bodies  that  are  not 
luminous  is  due  to  the  light  which  falls  upon  them,  and  is  reflected  by 
them  towards  our  eyes.  When  a  body  absorbs  all  the  rays  of  light 
which  fall  upon  it,  its  colour  is  black ;  when  it  reflects  them  all,  it  is 
white ;  and  when  it  absorbs  some  and  reflects  others,  it  is  coloured. 
[Absobftioit.]  The  question  has  often  been  raised,  why  is  it  that  * 
we  see  objects  erect,  while  their  images  on  the  retina  are  inverted? 
According  to  most  physiologists,  it  is  by  virtue  of  a  certain  property 
of  the  retina  by  which  each  point  of  an  object  is  seen  in  the  direction 
of  a  line  perpendicular  to  its  surface ;  now  since  this  surface  is  concave, 
the  rays  proceeding  from  an  object  which  fall  on  the  lower  part  of  its 
concavity  will  indine  upwards,  while  those  which  impinge  on  its  upper 
part  will  incline  downwards;  and  thus  the  object  presented  to  the 
mind  will  be  the  reverse  of  that  which  is  depicted  on  the  ratiua.  Many 
physiologists  reject  this  theory,  on  the  ground  that  it  involves  an  im- 
possibility, since  each  pcnnt  of  the  image  is  not  formed  by  rays  having 
one  determinate  direction,  but  by  an  entire  cone  of  rays;  they  affirm 
moreover  that  vision  can  consist  only  in  the  perception  of  the  state  of 
the  retina  itself,  and  not  of  anything  lying  in  front  of  it  in  the  external 
world.  They  argue  further,  that  no  explanation  of  erect  vision  is 
required,  ss  long  as  all  things  equally,  and  not  some  objects  only, 
appeared  to  the  eye  inverted;  for  nothing  can  be  inverted  whwe 
nothing  is  ereet,  each  idea  existing  only  in  antithesis  to  the  other.  A 
question  not  less  agitated  than  the  one  we  have  just  discussed,  is  that 
of  single  vision  with  both  eyes.  We  shall  not  inquire  into  the  merits 
of  the  various  theories  that  have  been  invented  in  order  to  account  for 
this  phenomenon ;  but  shall  merely  advert  to  the  principal  conditions 
which  are  essential  to  single  vision,  in  order  that  we  may  explain  under 
what  circumstances  double  vision  results. 

If  two  fingers  are  held  up  before  the  eyes,  one  in  front  of  tho  other, 
and  vision  is  directed  to  the  more  distsnt,  the  nearer  wMl  appear  double, 
while  if  the  nearer  one  is  regarded  more  particularly,  so  as  to  appear 
single,  the  more  distant  will  be  seen  double,  and  one  of  the  double 
images  iu  each  case  will  be  found  to  belong  to  one  eye,  and  the  other 
to  the  other  eye.  This  phenomenon  has  given  rise  to  the  hypothesis 
that  there  are  cei-toin  corresponding  or  identical  points  on  the  two 
retina),  and  that  when  these  are  affected  simultaneously,  single  vision 
results ;  while  if  the  image  of  an  object  falls  on  parts  whidi  are  not 
identical,  it  is  seen  double.  A  knowledge  of  these  facts  is  obtained  in 
the  following  manner : — If  in  a  dark  room  with  our  eyes  closed  we 
moke  pressure  with  the  finger  upon  any  part  of  the  boll  of  the  eye,  so 
as  to  affect  the  retina,  a  luminous  circle  will  be  seen  in  the  field  of 
vision  at  the  opposite  side  to  that  on  which  the  pressure  is  made.  If 
we  press  on  both  eyes  simultaneously,  one  luminous  ring  is  seen  when 
"  identical "  ports  are  pressed  on,  and  two  rings  when  "  non-identical " 
parts  receive  the  pressure.  By  Uiis  means  it  has  been  ascertained  that 
the  upper  and  lower  portions  of  the  two  retinse  are  identical  with  ealch 
other,  and  that  the  outer  lateral  portion  of  one  eye  is  identical  with 


the  inner  portion  of  the  other,  and  so  of  the  intermediate  parts.  Now 
whenever  the  axes  of  our  eyes  converge  to  an  object,  ita  image  falls  on 
corresponding  portions  of  the  two  retinas,  and  is  seen  single ;  when  we 
regard  it  without  making  our  optic  axes  meet  in  it,  as  in  the  experiment 
of  holding  up  two  fingers,  non-identical  parts  of  the  retinn  are  aueuted, 
and  it  is  seen  double.  To  illustrate  Utis,  let  a  be  a  point  towards 
which  the  axes  of  the  eyes  are  directed,  and  b  an  object  more  distant 
from  the  eyes.  An  image  of  a  will  fall  upon  identical  points  of  the 
two  retinse,  namely,  upon  the  central  points  5,5;  a  will  consequently 
be  seen  single.  The  image  of  6  will  fall  in  the  left  eye  at  6,  and  in  the 
right  eye  at  i.  The  pointo  i  and  8  of  the  two  eyes  being  non-identical 
(since  the  identical  parts  are  marked  with  corresponding  figures),  6  will 
be  seen  double ;  and  the  distance  between  the  two  images  of  b,  in  pro- 
portion to  the  extent  of  the  whole  field  of  vision,  will  be  iixe  same  as 
that  between  4  and  8,  in  comparison  with  the  distance  between  1  and 
10  in  each  retina.  The  centre  of  the  retina  furnishes  the  most  distinct 
vision,  therefore  double  images,  which  generally  fall  on  the  lateral 
parts,  are  indistinct.  The  position  of  double  images  depends  upon  the 
point  at  which  the  axes  of  tiie  eyes  decussate ;  if  in  front  of  the  abject, 
the  left  hand  image  belongs  to  tho  left  eye,  and  the  right  hand  image 
to  the  right  eye ;  while  if  the  axes  converge  to  a  point  beyond  it,  the 
converae  of  tms  is  observed.  That  objects  will  not  in  general  be  seen 
single,  unless  their  images  fall  on  corresponding  portions  of  the  two 
retinm,  is  further  confirmed  by  the  phenomeiu  which  are  observed  In 
stnbinawi,  and  by  the  ej^eriment  ol  displodng  t^  azia  of  one  eye  by 
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preaBing  on  it  with  the  finger ;  but  that  exactly  identical  points  of  the 
retina  must  be  affected  by  similar  points  of  the  two  images,  is  suffi- 

i 


ciently  refuted  by  Mr.  Wheatstone's  discovery  of  different  perspective 
projectionB  being  presented  to  each  eye.  Mr.  Wheatstone  has  also 
shown  that  under  some  circumstances  similar  pictures  jblling  on  cor- 
responding points  of  the  retinte  may  appear  double  and  in  different 
places.  If  to  one  eye  we  present  in  the  stereoscope  a  vertical  line  B,  to 
the  other  eye  a  line  inclined  some  degrees  from  tile  peipendicular,  we 
A  B 


shall  see  a  line  the  extremities  of  which  appear  at  different  distances 
before  the  eyes.  If  now  we  draw  a  faint  vertical  line,  intersecting  the 
inclined  line  at  its  centre,  as  at  a,  and  present  the  two  drawings  to  the 
eyes  as  before ;  the  two  strong  lines  will  etiU  coincide,  and  the  resultant 
perspective  line  will  occupy  the  same  place,  while  the  faint  line, 
though  it  occupies  the  same  part  of  the  retina  as  the  vertical  line  B, 
appears  in  a  different  place,  namely,  at  the  intersection  of  the  planes  of 
visual  direction  of  the  two  eyes.  In  quadrupeds  the  relation  between 
the  identical  and  non-identical  parts  of  the  retina;  cannot  be  the  same 
as  in  man,  for  the  axes  of  their  eyes  generally  diverge  and  cannot  be 
made  to  meet  in  one  point  of  an  object.  MuUer  therefore  supposes 
that  there  are  parts  of  their  retinse  which  are  identical,  and  parts  which 
ore  not  identi(xJ,  which  have  no  corresponding  parts  in  the  other  eye, 
and  the  relation  of  the  two  retina)  to  each  ot^er  in  the  field  of  vision 
may  be  represented  as  below.    Although  the  theoiy  of  oonesponding 


points  is  the  most  perfect  that  has  yet  been  offered  in  explanation  of 
the  phenomena  of  single  and  double  vision,  yet  the  facts  which  have 
been  advanced  against  it  by  Mr.  Wheatstone  are  sufficient  to  show  that 
it  cannot  be  adopted  without  some  limitation.  Were  it  even  not  liable 
to  these  objections,  it  would  still  only  express  the  amditiont  required 
for  single  and  double  vision,  and  would  leave  imexplained  the  cauK  of 
two  impressions  giving  rise  to  one  sensation. 

There  ore  several  curious  phenomena  connected  with  the  subject  we 
are  treating  of,  some  of  which  we  will  briefly  allude  to.  If  a  piece  of 
white  paper  is  viewed  through  two  different  coloured  glasses,  held  one  to 
each  eye  (for  instance,  through  a  blue  and  a  yellow  ^ass),  the  paper  is 
not  seen  of  a  green  colour,  or  rather  of  the  whitish  colour  which  would 
result  from  the  strict  mixture  of  the  two  colours,  but  in  part  blue  and 
in  port  yellow.  Sometimes  one  colour  predominates,  sometimes  the 
other ;  and  if  the  experiment  is  long  continued,  the  mingling  of  the 
colours,  to  which  there  was  at  first  no  tendency,  becomes  more  evident. 
Similar  phenomena  are  observed  when  two  dissimilar  pictures  are 
viewed  in  the  stereoscope,  and  it  does  not  appear  to  be  in  the  power 
of  the  will  to  determine  the  appearance  of  either  picture  or  either 
colour.    These  facts  seem  to  show  that  tiie  two  eyes  are  not  always 


in  action  together ;  but  tliat  at  one  time  the  sensations  of  one  eye  pre- 
dominate, and  at  another  those  of  the  other.  If  the  eyes  are  dosed 
after  being  fixed  for  some  time  on  an  object,  we  still  continue  to  see 
its  image,  and  the  duration  of  this  image,  or  "  spectrum,"  as  it  is  called, 
is  in  a  direct  ratio  with  the  impression  which  caused  it. 

Spectra  left  by  the  images  of  white  or  luminous  objects  are  ordi- 
narily white  or  luminous,  and  those  left  by  dark  objects  dark ;  but  if, 
instead  of  closing  the  eyes,  they  are  directed  upon  some  white  surface, 
as  a  sheet  of  paper,  the  colours  of  the  spectra  are  reversed,  those  which 
were  white  when  the  eyes  were  closed  b«coming  black  when  directed  to 
the  white  surface,  and  rice  versd.  These  phenomena  are  easily  ex- 
plained. The  part  of  the  retina  which  has  received  the  luminous  image 
remains  for  some  time  afterwards  in  an  excited  state,  while  tliat  which 
has  received  a  dark  image  is  in  an  unexcited  and  therefore  much 
more  excitable  condition.  When  the  eye  in  this  condition  is  directed 
towards  a  white  surface,  the  luminous  rays  from  this  sur&ce  produce 
upon  the  excited  ports  of  the  retina  a  much  more  feeble  impression 
than  upon  the  unexcited,  and  the  latter  consequently  appear  mort 
illuminated.  Spectra  are  sometimes  coloured,  although  the  objects 
which  excited  them  are  colourless ;  such  is  the  case  if  tiie  impreodons 
on  the  retina  are  very  intense,  as  when  produced  by  the  sun's  image. 
But  the  muet  curious  phenomena  relative  to  ocular  spectra  arise  from 
the  impression  of  coloured  objects  on  the  retina;  the  spectra  con- 
sequent on  these,  although  coloured,  are  not  of  the  same  colour  as  the 
object,  but  the  opposite  or  complementary  colour.  Thus  the  spectrum 
of  a  red  object  is  green,  that  of  a  green  object  red,  that  of  a  violet 
yellow,  &c  There  ore  two  modes  of  explaining  these  phenomena,  the 
least  objectionable  of  which  is  the  following,  offered  by  Miiller  :  "  The 
perception  of  any  one  of  the  three  simple  colours  consists  merely  in  the 
retina  being  in  one  of  those  conditions  to  which  it  has  a  tendency  when 
in  a  state  of  excitement;  if  this  condition  be  artificially  excited  in  an 
intense  degree,  the  retina  acquires  an  extreme  tendency  to  that  of  the 
complementary  colour,  which  consequently  is  perceived  as  the  ocoUr 
spectrum.'' 

The  disappearance  of  images  which  fall  on  the  retina  at  the  entrance 
of  the  optic  nerve,  the  luminous  circles  seen  on  making  pressure  with 
the  finger  on  the  globe  of  the  eye,  and  the  vascular  network  which, 
under  certain  circumstances,  we  perceive  in  our  own  retina,  have 
aheady  been  alluded  to  and  their  causes  explained  in  the  article 
Ete,  in  Nat.  Hist.  Div. 

SIGHT,  DEFECTS  OF.  Under  this  head  will  be  comprehended 
short-si^^t,  long^ight,  double  vision,  and  the  defective  percq>tion  of 
colours,  or  colour  blindness. 

Myopia,  or  Near-tighlednai  (from  ^v», "  I  shut,"  and  <i!i|',  "  the  eye," 
a  short-sighted  person  being  in  the  habit  of  winking,  or  half  shutting 
his  eyelids  when  he  endeavours  to  see  objects  distinctly). 

When  the  images  of  surrounding  objects  are  brou^t  to  a  focus  in 
the  eye  before  they  reach  the  retina,  such  on  eye  is  myopic ;  when,  on 
the  contrary,  their  foci  would  &11  behind  the  retons,  it  is  presbyopic. 
Individuals  thus  affected  see  all  objects  indistinctly  that  are  viewed  at 
the  ordinary  distance  of  distinct  vision ;  therefore,  to  remedy  this 
defect,  they  bring  them  within  such  a  distance  of  the  eye  as  will  ensiuv 
their  images  being  brought  to  an  exact  focus  upon  the  retina.  The 
point  of  distinct  vision  (that  is,  the  distance  from  the  eye  at  which 
objects  are  perceived  most  clearly)  of  a  perfect  eye  averages  from  If 
to  20  inches :  au  eye  which  cannot  discern  objects  distinctly  beyond 
10  inches  may  be  considered  myopic ;  but  persons  affected  with  a  high 
degree  of  myopia  have  their  pomt  of  distinct  vision  as  near  as  two  or 
three  inches,  or  even  one  incfk,  to  the  eye.  To  shortsighted  persons 
all  objects  appear  magnified;  they  prefer  to  read  a  small  type,  and  see 
better  through  a  pin-hole  in  a  c^  than  irith  the  naked  eye :  on  the 
same  principle,  when  they  endeavour  to  see  any  distant  object  dis- 
tinctly, they  almost  close  their  eyelids.  The  explanation  of  these 
phenomena  is  to  be  sought  for  in  the  condition  of  the  eyes  themselves; 
they  are  generally  firmer  than  usual,  their  comese  are  pretematurally 
convex,  and  their  pupils  large;  hence  by  diminishing  the  aperture 
through  which  the  light  is  admitted,  all  but  the  mora  direct  rays  are 
excluded,  and  the  images  on  the  retina  will  be  more  defined. 

The  cause  of  myopia  is  an  over-refractive  condition  of  the  eye ;  either 
tile  cornea  or  the  crystalline  lens  is  too  convex,  or  the  humours  of  the 
eye  generally  are  too  dense  or  too  abundant. 

Trtatment, — Although  it  is  said  that  short-sightedness  rarely  comes 
on  before  puberty,  our  own  observations  lead  us  to  believe  that  it  is 
more  frequentiy  a  congenital  defect  than  is  generally  imagined.  If, 
however,  an  incipient  case  were  brought  under  the  notice  of  the  prac- 
titioner which  could  be  shown  to  have  followed  too  great  on  exercise 
of  the  eyes  upon  minute  objects,  the  cure  would  probably  be  found  in 
abstaining  entirely  for  a  time  from  such  occupations,  refraining  also 
from  the  use  of  convex  glasses,  and  employing  the  eyes  chiefly  upon 
large  and  distant  objects.  But  this  defect  is  one  that  is  so  little 
thought  of,  and  is  so  easily  remedied  by  the  use  of  glaszses,  that  a 
medical  man  is  seldom  called,  upon  to  attempt  its  cure :  the  only 
plaiisible  means  that  have  been  recommended  with  this  view  are, 
practising  the  eyes  in  reading  at  gradually  increasing  distances,  and  a 
renunciation  of  such  pursuits  as  require  the  concentration  of  vision 
upon  near  objects.  The  manner  in  which  concave  glasses  improve  the 
vision  of  near-sighted  persons,  is  by  causing  a  divergence  of  the  rays  of 
light  before  they  enter  the  eye,  thus  counteracting  the  over-refractive 
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condition  of  that  ot;gan.  The  glaaaes  that  are  most  eommooly  used 
are  double  concaves,  of  equal  concavity  on  each  side ;  they  are  num- 
bered 1,  2,  8,  4,  &c.,  beginning  with  the  longest  focus  or  shalloweet 
concavity.  Unfortunately  there  is  no  uniform  standard  adopted  in  the 
manu&cture  of  these  glasnes,  so  that  what  one  optician  ^Is  No.  1, 
another  rates  as  No.  2,  and  bo  on ;  it  is  therefore  advisable  that  those 
who  wish  to  fit  themselves  with  spectacles  should  try  a  series  of  them 
at  an  optician's  shop,  and  they  should  be  content  with  the  lowest 
niimber  with  which  they  can  see  objeota  clearly  across  the  street ;  if 
it  diminishes  them  much,  or  gives  them  a  dazzling  appearance,  or  if 
the  eyes  feel  strained  after  looking  through  them  for  a  short  time, 
they  are  too  concave.  Spectacles  are  always  preferable  to  a  single  eye- 
glass ;  and  when  the  individual  has  met  with  a  pair  which  suit  hun, 
they  should  not  be  heedlessly  changed  for  any  of  deeper  concavity.  It 
is  also  advisable  not  to  wear  them  constantly,  but  only  on  occaaions 
when  their  assistance  is  absolutely  required. 

Prttbyopia,  or  Par-u^Uedneu  (from  rp4v$»t,  "  iM^  and  S^,  "  OTe ;" 
this  being  a  state  of  vision  to  whidi  old  age  is  almost  invariably 
subject.) 

Long-sightedness,  as  the  name  sufficiently  indicates,  is  an  affection 
the  reverse  of  the  one  just  described,  and  depends  upon  opposite 
causes.  Either  the  refractive  powers  of  the  eye  are  too  feeble,  or  its 
axis  is  shorter  than  is  natural ;  the  result  is  an  imperfectlv  formed 
image  on  the  retina,  from  the  r^  of  light  not  converging  sufficiently 
soon  to  be  brought  to  a  focus.  Hence  the  far-sighted  person  removes 
the  object  he  w  ezamii  ing  farther  from  him,  or  he  makes  use  of 
glasses  whose  effect  is  to  increase  the  refraction  of  the  rays  of  light 
before  they  enter  his  eye,  Far-nightedness  is  sometimes  met  with  in 
the  young ;  but  it  is  rare  that  an  individual  lives  to  be  old  without  be- 
coming presbyopic  :  indeed  the  sinking  of  the  eyeballs,  the  flattening 
of  thecomeee,  and  the  smallness  of  the  pupils,  all  which  contribute  to 
this  effect,  are  among  the  series  of  changes  which  every  part  of  our 
body  undei^goes  as  we  advance  in  age.  The  time  of  life  at  which  pres- 
byopia first  shows  itself  is  generally  about  forty-five ;  but  there  are 
great  differences  in  this  respect,  some  persons  requiring  the  use  of 
convex  glasses  at  thirty  as  much  as  others  at  fifty.  Among  the  earliest 
ayiuptoms  observed,  are  a  difficulty  of  reading  small  print,  in  nibbing 
a  p«n,  or  in  examining  small  objects ;  the  letters  of  a  book  appear 
misty,  and  run  one  into  another;  and  if  the  eBort  is  long  continued, 
tiie  eyes  become  fatigued  and  the  head  aches.  Notwithstanding  this 
di£Bculty  of  distinguishing  near  objects,  distant  ones  continue  to  be 
seen  as  clearly  as  before. 

Presbyopia,  after  it  has  once  appeared,  generally  goes  on  increasing, 
BO  that  an  individual  thus  affected  requires  to  change  his  glasses  from 
time  to  time  for  those  of  a  higher  power :  instances,  however,  are 
recorded  of  old  persons  long  accustomed  to  the  use  of  convex  glasses 
recovering  their  former  sight  at  the  age  of  80  or  90  vears. 

TnaJtmail. — The  same  principles  that  we  have  laid  down  for  the 
treatment  of  myopia,  and  for  the  use  of  concave  glasses,  are  applicable, 
regard  being  had  to  the  opposite  condition  of  the  eye,  to  the  present 
affection.  Convex  glasses  should  not  be  had  recourse  to  too  soon,  nor 
should  too  high  a  power  be  used,  but  the  lowest  that  answers  the 
purpose  is  to  be  chosen.  When  presbyopia  occurs  suddenly,  and  in  an 
individual  much  below  the  age  at  which  it  ordinarily  occurs,  there  is 
some  mischief  to  be  suspected  either  in  the  eye  or  in  the  brain,  which 
will  require  an  antiphlogistic  treatment  and  a  total  suspension  of  the 
use  of  the  eyes  in  regarding  near  or  small  objects. 

DuubU  Vition,  Fwiu  dufUcaivt,  or  Diplopia,  may  arise  either  from 
a  want  of  correspondence  in  the  movements  or  position  of  the  two 
eyes,  tiie  vision  of  each  eye  singly  being  perfect ;  or  there  may  be 
double  viuon  with  one  eye  only,  while  the  harmony  in  the  movements 
of  the  two  is  not  ^sturbed.  The  most  common  example  of  the  first 
form  of  the  affection  is  afforded  by  cases  of  squinting ;  but  as  this 
defect  is  treated  of  in  a  separate  article,  we  merely  allude  to  it  in  this 
place.  More  serious  and  less  common  is  the  loss  of  harmony  in  the 
movements  of  the  eyes  which  results  from  paralysis  of  one  or  more  of 
the  orbital  muscles.  If  one  muscle  only  is  affected,  the  eye  will  move 
in  harmony  with  its  fellow  in  every  direction  but  the  one  towards 
which  its  paralysed  muscle  should  draw  it,  consequently  in  this  direc- 
tion objects  will  be  seen  double ;  but  if  several  are  affected,  as  is  not 
unfrequently  the  case,  then  the  movements  of  the  eye  will  be  still  more 
restricted,  and  there  will  be  single  vision  only  when  the  axis  of  the 
sound  eye  is  parallel  with  that  of  the  paralysed  one.  These  affections 
appear  sometimes  to  arise  from  cold  ;  at  other  times  they  are  depen- 
dent upon  disease  about  the  base  of  the  brain,  as  some  tumour  pressing 
on  the  motor  oculi  nerve,  or  there  may  be  an  inflammatory  condition 
of  the  brain  and  its  membranes,  or  a  sanguineous  or  serous  effusion 
involving  the  origin  of  the  third  pair  of  nerves.  Whichever  of  these 
may  be  the  cause,  our  treatment  must  be  directed  to  remove  it,  while 
the  state  of  the  eye  will  be  an  index  of  the  success  or  failure  of  the 
remedies  we,make  use  of. 

Double  vision  with  a  single  eye  is  a  more  rare  affection  than  the  one 
just  described,  and  depends  upon  some  irregular  refraction  of  the 
cornea  or  lens. 

M.  Provost,  who  published  an  account  of  his  own  case  in  the  '  An- 
nales  de  Chimie  et  de  Physique,'  1832,  thought  it  might  arise  from  a 
fracture,  bruise,  or  partial  flattening  of  the  lens,  or  separation  of  its 
laminse.    Professor  Airy  and  Mr.  Babbage  ore  troubled  vrith  titia 
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defect,  the  latter  gentleman  with  both  eyes,  but  he  is  able  to  remedy 
it  by  looking  through  a  small  hole  in  a  card,  or  through  a  concave  lens. 
Professor  Airy  finds  that  his  eye  refracts  the  rays  to  a  nearer  focus  in 
the  vertical  than  in  the  horizontal  plane,  and  he  has  ingeniously  con- 
trived to  remedy  it  by  the  use  of  a  double  concave  lens,  one  surface  of 
which  is  spherical  and  the  other  cylindrical  The  spherical  suriace  is 
to  correct  the  general  defect  of  a  too  convex  cornea ;  the  cylindrical 
is  to  convei]ge  or  diverge  those  rays  at  right  angles  to  the  axis,  while 
the  parallelism  of  those  which  impinge  upon  it  in  the  plane  of  its  axis 
is  unaffected.  Thus  the  focus  of  the  spherical  stirfooe  will  remain 
unaltered  in  one  plane,  but  in  the  other  it  will  be  changed  to  that  of  a 
lens  formed  by  it  and  a  spherical  surface  of  equal  curvature  with  the 
cylinder.  With  the  aid  of  a  glass  of  this  description  Professor  Airy 
could  read  the  smallest  print  at  a  considerable  distance  equally  well 
with  the  defective  as  with  the  sound  eye.  He  found  that  vision  was 
most  distinct  when  the  glass  was  pretty  close  to  the  eye  and  the 
cylindrical  surfaoe  turned  from  it.  "  With  these  precautions,"  he 
observes, "  I  find  that  the  eye  which  I  once  feared  would  become 
quite  useless,  can  be  used  in  almost  evety  respect  as  well  as  the 
other." 

CoUntr  BUndnem  ;  Diehromum  ;  Chromatopteudoptii ;  Drf«et  of  the 
Saue  of  Colottr  ;  DaUonatm. — There  are  some  persons  who,  ^though 
they  can  see  the  size  and  form  of  objects  perfectly  well,  have  neverthe- 
less a  deficient  power  of  distinguidiing  colour.  Many  distinguished 
individuals  have  been  subject  to  this  :  such  as  Dugald  Stewart,  M. 
Sismondi,  and  John  Dalton,  the  celebrated  chemist.  The  subject 
first  excited  general  attention  by  the  latter  distinguished  individual 
having  reported  his  own  case,  and  the  deficiency  was  hence  called 
Daltonism.  This  subject  was  invt«tigated  by  tiie  late  Dr.  George 
Wilson,  of  Edinburgh,  who  has  written  a  work  on  '  Culour  Blindness ' 
(1855),  which  contains  by  far  the  fullest  account  of  this  defect  which 
exists.  Dr.  Wilson  divides  tiie  odour-blind  into  three  oUkisee.  1. 
Inability  to  discern  any  colour  properly  so-called,  so  that  black  and 
white,  that  is,  light  and  shade,  are  the  only  variations  of  tint  perceived. 
2.  Inability  to  discriminate  between  the  nicer  shades  of  the  more  com< 
posite  colours,  such  as  browns,  grays,  and  neutral  tints.  3.  Inability 
to  distinguish  between  the  primary  coloun — red,  blue,  and  yellow ;  or 
between  those  and  the  secondaiy  colotus,  such  as  green,  pur^e,  orange, 
brown.  The  last  variety  is  the  most  common.  In  all  these  cases  it 
would  I4>pear  tiiat  the  primary  defect  is  the  inability  to  distinguish  the 
red  colour,  and  the  influence  it  exerts  on  the  other  colours  of  the 
spectrum.  Dr.  Wilson  has  narrated  a  large  number  of  cases,  and  shown 
that  this  derangement  of  vision  is  much  more  common  than  has 
hitherto  been  supposed.  He  calculates  from  his  own  observations  that 
at  least  one  person  in  fifty  is  thus  affected.  Dr.  Wilson  has  shown 
that  it  becomes  very  important  to  know  where  this  defect  exists,  as  it 
incapacitates  people  for  occupations  where  the  appreciation  of  colour  is 
important.  He  has  specially  shown  that,  in  cases  of  engine-drivers 
on  nulways  and  sailors  at  sea,  who  are  warned  of  danger  by  coloured 
signals,  this  condition  may  lead  to  serious  disasters. 

The  cause  of  this  phenomenon  has  occasioned  much  discussion, 
Dalton  attributed  it  to  the  condition  of  the  humours  of  the  eye ; 
but  a  careful  examination  of  his  eyes  after  death,  by  Mr.  Bansome, 
revealed  nothing  to  aooount  for  the  defect.  It  has  been  supposed  by 
others  that  the  defect  is  connected  with  tiie  organisation  of  the  brain. 
Recentiy  Professor  Clark  Maxwell,  of  Cambridge,  who  has  written  a 
paper '  On  the  Compound  Theory  of  Colours,'  in  the  '  I'hilosophical 
Transactions'  for  1860,  explaining  his  views,  has  proposed  another 
theory,  which'  has  been  generally  accepted.  He  has  shown  that  the 
three  primitive  colours  are  not,  as  usually  regarded,  red,  yellow,  and 
blue,  but  red,  green,  and  blue,  as  pointed  out  by  Young.  Be  has  also 
adopted  Toung^s  theory  that  there  is  a  distinct  retinal  structure  for 
the  perception  of  each  colour,  and  shown  how  the  remarkable  defect 
of  appreciation  of  the  red  rays  occurs  in  the  colour-blind.  Professor 
Maxwell  has  also  suggested  the  only  means  of  alleviating  this  defect 
which  has  hitherto  been  recommended,  and  that  is  the  wearing  of 
spectacles  composed  of  red  and  green  glass  simultaneously.  A  spectacle 
frame  of  the  usual  kind  is  constructed  with  one  glass  red,  the  other 
green,  so  that  the  fight  eye,  for  example,  of  the  wearer  of  the  spectacles 
looks  always  through  red  and  the  left  always  through  green.  Through 
the  red  glass  red  objects  appear  irir/htar  than  green  ones,  through  the 
green  glass  green  objects  appear  brighter  than  red  ones,  so  that  a  colour^ 
blind  person  puzzled  between  red  and  green  has  only  to  determine 
whether  the  doubtful  colour  appears  brighter  to  the  right  or  the  left 
eye,  and  to  set  it  down  as  the  colour  of  the  gloss  which  brightens  it. 
(See  Maxwell '  On  Colour  as  perceived  by  the  Eye,  with  remarks  on 
Colour-Blinduess,' '  Trans.  Roy.  Soc.  Edin.,'  1854-5,  vol.  xxi.  part  ii) 

SIQN  (Astronomy),  a  constellation ;  but  in  modern  times  a  con- 
stellation of  the  Zodiac  only.  For  the  distinction  of  the  sidereal  and 
astronomical  zodiac,  see  Pbecession. 

SIQN  (Mathematics).  Every  symbol  is  a  sign  of  something  or  other, 
the  original  meaning  of  the  word  applying  to  any  mark  of  distinction 
or  designation.  The  general  consideration  of  the  subject  of  signs 
comes  under  the  word  Symbol;  for  this  term,  sign,  is  exclusively 
applied  in  mathematical  analysis  to  the  signs  of  addition  and  sub- 
traction ( -I-  and  — ).  A  positive  quantity,  as  +  8,  is  said  to  have  the 
positive  sign ;  a  ne^tive  quantity,  as  -  3,  the  negative  sign. 

The  theory  of  these  signs  is  the  peculiar  feature  of  Alqbbra,  as 
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distingaiBhed  from  arithmetic ;  and  it  is  difficult  to  place  it  on  any 
satiatactory  baaia  except  that  of  distinct  definitions  not  wholly  derived 
from  arithmetic  On  thia  point,  however,  it  is  not  our  present  purpose 
to  enter  further ;  the  object  of  this  article  being  the  application  of  the 
signs,  and  in  particular  tiioae  details  of  interpretation  which  are  neces- 
sary in  the  application  of  ordinary  algebra  to  geometry.  By  ordinary 
algebra  we  mean  that  syatem  in  which  the  poeitiTe  and  negative 
quantities  are  fuUy  capable  of  interpretation,  but  in  which  ^/—lia 
ocaxudered  aa.inoaiAble  of  interpretation. 

The  relative  meaning  of  4-  and  —  is  direct  opposition  of  properties; 
and  it  is  only  where  dxrect  opposition  is  possible  that  oomplete  inter- 
pretation can  exist.  The  symbol  -1-7  means  not  only  7  units  of  ite 
Idnd,  but  7  units  directed  to  be  considered  in  a  specific  one  of  two  (the 
only  possible)  lights,  or  used  in  a  spedfio  one  of  two  (the  only  poasible) 
maonera ;  the  first  generally  implying  the  second.  Thus  let  7  inches 
be  measured  from  a  given  point ;  the  superposition  of  +  or  —  tells 
nothing,  for  the  measurement  may  be  made  in  an  infinite  number  of 
different  directions.  Choose  one  of  these  directions,  or  rather  one  line 
of  direction,  and  the  indeterminate  character  of  the  proposal  (to 
measure  seven  inches  from  the  given  point)  is  almost  gone  :  there  are 
but  two  directions  in  which  to  do  it ;  if  one  of  them  (no  matter  which) 
be  signified  by  +7,  the  other  (no  matter  which,  excq>t  with  reference 
to  the  first)  must  be  denoted  by  — 7- 

A  problem  may  present  different  sets  of  oppositions  of  yerj  differant 
kinds.  Thus  we  might  have  a  problem  in  which  there  are  concerned 
together — 1,  time  before  or  time  after  a  certain  epoch ;  2,  height  above 
or  height  below  a  certain  level ;  8,  the  debtor  or  creditor«ide  of  certain 
books.  To  give  a  more  precise  idea  (it  is  hardly  worth  while  to  frame 
a  specific  problem),  a  man  might  engage  to  buUd  a  wall  on  different 
terms  as  to  the  foundation  and  what  is  above  the  ground ;  for  which 
he  might  have  to  borrow  money  and  pay  interest  up  to  a  certain  time, 
when  by  receiving  the  whole  amount  due  to  him  he  might  repay  and 
invest  besides ;  and  the  whole  transaction  might  have  to  be  properly 
entered  in  his  books^  The  young  student  might  suppose  that  if  +  1 
and  —1  represent  a  foot  of  the  wall  above  and  a  foot  below  the  ground, 
it  will  not  necessarily  follow  that  +  1  and  —  1  (undistinguishaUe  from 
the  fbrmer)  will  do  to  represent  one  pound  of  interest  due  to  and  from 
the  contractor;  and  still  less  that  the  same  +  1  and  —  1  will  also  do 
to  direct  It  to  be  carried  to  the  debtor  or  creditor  side  of  his  books. 
But  what  he  will  learn  from  a  properly  established  algebra  (and  ontil 
he  has  learnt  it,  he  is  not  in  possession  of  any  part  of  the  difference 
between  algebra  and  arithmetic)  is  this — that  he  would  gain  absolutely 
nothing  by  inventing  such  distinctive  symbc^  as  would  remove  hu 
doubt  of  their  applicability.  Let  (  +  )1  and  (— )1  represent  feet  of 
wall,  [  +  ]1  and[  — ]1  pounds  sterling  of  interest,  {  +  }l  and  {  — }1 
pounds  sterling  carried  to  one  side  or  the  other  of  the  books ;  while 
+  1  and  —  1  represent  simple  addition  or  subtraction.  Let  the  problem 
be  fairly  translated  into  algebraical  language,  and  an  equation  formed 
in  which  all  the  distinctive  symbols  are  seen  :  algebra  teaches  that  the 
rules  to  be  applied  to  that  equation  differ  in  no  respect  whatever  from 
those  which  would  have  been  applicable  if  all  the  signs  had  come  from 
the  same  source  of  meaning.  Perhaps  it  would  be  better  if  the  student 
were  not  allowed  to  come  so  easily  by  this  result  as  he  usualW  does, 
but  should  be  made  to  leam  by  his  b'ouble  how  unnecessary  the  dis- 
tinctions  really  are,  as  to  operations,  and  allowed  in  due  time  to  feel 
the  relief  afforded  by  dropping  them. 

When  a  problem  admits  of  but  one  opposition  (say  it  simply  refers 
to  time  measured  future  or  past  from  a  given  epoch),  there  is  no  diffi- 
culty about  the  interpretation  of  any  result.  If  this  result  be  positive, 
it  must  be  such  time  as  was  called  positive  when  the  operation  was  put 
into  shape ;  and  the  contrary.  But  in  the  application  to  geometry,  an 
extension  of  the  interpretation  of  signs  enables  us  to  remove  some 
difficulties  in  the  proper  expression  of  angles,  which  we  proceed  to 
describe. 

In  the  rectilinear  figures  considered  by  Euclid  the  sum  of  the 
external  angles  is  always  equal  to  four  ri(£t  angles.  In  tiiese  figures 
there  are  no  re-entering  angles.  [SAiEHNTj  The  proposition  remains 
true  when  there  are  re-entering  angles,  provided  that  ike  angles  which 
then  take  the  place  of  what  were  (^ed  external  angles  be  counted  as 
negative.  In  algebraic  geometry  it  is  usual  to  refer  all  pointa  and  lines 
to  two  straight  lines  at  right  angles  to  one  another.  [Abscissa; 
Co-ordinates.}    The  following  conventiuns  must  now  be  employed  :— 

1.  Let  y  X  and  w  T  be  the  axes  of  co-ordinates,  meeting  at  o,  the 
origin.  Let  o  x  and  o  i  be  positive  directions  :  o  v  and  o  w,  negative 
directions. 

2.  A  line  drawn  from  o  to  any  point  p  is  in  itself  (for  the  present) 
neither  positive  nor  negative;  either  sign  may  be  given  to  OF,  but  the 
contrary  one  must  be  given  to  o  q. 

_  8.  The  line  o  p  may,  keeping  its  sign,  revolve  round  o ;  nor,  if  nega- 
tive, u  it  to  be  cotmted  {xisitive  when  it  comes  into  momentary  coin- 
cidence with  o  X ;  nor,  if  positive,  is  it  to  be  counted  negative  when  in 
coincidence  with  o  v.  And  generally,  a  straight  line  revolving  round 
any  point  does  not  take  the  signs  of  lines  which  receive  signs  on 
account  of  the  fixed  directions  in  which  they  are  drawn. 

^  4.  The  angle  made  by  two  lines  a  and  B  is  to  have  a  distinction  of 
mgn  drawn,  according  as  it  is  called  the  angle  mode  by  a  with  B,  or 
tte  angle  made  by  B  with  a  (the  angles  made  by  a  from  B,  and  by  B 
frvm  A,  would  ba  better).    If  tlie  angle  of  a  with  B  (say  a'»)  be  foA- 


tive,  then  the  angle  mads  by  b  with  a  (b*a)  is  negative,  and  vice 

vend. 


5.  The  positive  direction  of  revolution  is  that  in  which  a  line  moves 
from  the  positive  part  of  the  axis  of  x  to  the  positive  part  of  the  axis 
of  y  (as  marked  by  the  arrows). 

6.  The  sign  of  any  line  drawn  through  p  is  thus  determined.  If  op 
be  ponlive,  that  direction  is  positive  in  which  the  point  p  must  move 
so  as  to  revolve  j)aitttve2y  ;  thus,  o  p  being  positive,  p  k  is  positive  and 
PL  negative.  But  if  of  be  negative,  the  reverse  is  the  case;  but  the 
rules  need  only  be  remembered  which  suppose  o  p  positive. 

_  7.  When  an  angle  amounta  to  more  than  four  right  angles,  the  four 
right  angles  may  be  thrown  away ;  and  generally,  four  right  angles, 
or  any  multiple  of  them,  may  be  added  to  or  subtracted  from  any 
angle. 

8.  In  measuring  the  angles  made  by  two  lines  passing  through  P  (o  p 
being  positive),  the  positive  directions  on  those  lines  (found  as  in  6) 
must  be  used :  and  by  a*b,  the  angular  departure  of  a  from  B,  is 
understood  the  amount  of  positive  revolution  which  vrill  bring  B  into 
the  position  a. 

9.  Hence  it  follows  that  a*b  is  either  equal  to  a'x— b'x,  or  difien 
from  it  by  four  right  angles,  z  standing  for  the  axis  of  x. 

10.  Hence  also  it  follows  that  in  every  closed  figure,  whether  such 
as  those  admitted  by  Eudid  or  not,  some  of  the  angles  are  negative,  if 
every  angle  a'b  be  interpreted  as  a*x— b"x.  And  in  every  such 
measurement,  the  sum  of  all  the  angles,  with  their  proper  signs,  is 
equal  to  nothing.  But,  measured  as  in  (8),  the  sum  of  aUthe  angles 
is  nothing,  or  a  multiple  of  four  right  angles  positive  or  negative. 
This  ambiguity  is  wholly  indifferent  in  trigonometrical  operations. 

_  To  prove  the  last,  let  us  consider  a  four-aided  figure,  of  which  the 
sides  are  a,  b,  c,  p.  The  angles  of  the  figure,  taken  in  order,  are  a'b, 
B*<i  O'SjD'a,  which, measured  as  in  9,  are  a*x— B*x,  b'x-  ex,  *c"i— 
i>*x,  d'x— a'x,  the  sum  of  which  is  obviously  nothing.  But  if  any  one 
of  these  angles  should  differ  frvm  the  preceding,  it  can  be  only  by  a 
multiple  of  four  right  angles,  whence  the  sum  must  be  a  multiple  of 
four  right  angles. 

We  shall  now  take  as  an  example,  the  three  angles  of  a  trian^e, 
estimating  them  first  by  each  side  with  reference  to  the  next,  and  then 
by  comparing  each  of  the  sides  with  the  axis  of  x.  The  sides  are 
marked  a,  B,  o;  the  angles  of  Euclid,  without  refeienoe  to  sign,  are 


a,0,y:  and  the  positive  and  negative  directions  are  marked.    Four 
ri^t  angles  are  denoted  as  usual  by  2r.    Required  a'b  -(■  B*c  -f  c'a. 

In  a'^b,  the  amount  of  positive  revolution  by  which  the  iXMitive  part 
of  b  turns  round  into  that  of  a  is  7-1- r.  Similarly  for  b'o,  we  have 
a  +  T,  and  for  o'a,  ;S  +  >.  The  aum  of  these,  a-t-$  +  y  being  ■-,  is  iw,  a 
multiple  of  2ir.  Now  let  the  angle  a*x  be  9.  Then  b'x  vrill  be  seen 
to  be  an  angle  in  this  figure  greater  than  two  right  angles,  and  will  be 
found  to  be  w  +  i—y,  while  c'x  is  greater  than  three  right  angles,  and 
is  2ir— a  +  9—y,    Hence  we  have 

a*B=«-(»  +  9— 7)='y-«' 

B*o=»  +  «— 7— (2»— a+e-7)=a— »• 

0»A=(2ir-o  +  «— 7)— 9  =$  +  w. 

Only  the  third  angle  gives  precisely  the  same  in  both ;  in  the  other 
two,  the  second  determination  gives  in  each  case  four  rij^t  angles  less 
than  the  first.    The  sum  of  the  three  angles  is  now  0. 

The  use  of  this  system  lies  ia  enabling  us  to  give  in  •  geaenl  form 
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pro^ioaitioni  which  would  othenrise  nfquire  a  large  ezamination  of 
particular  cases.  This  examination  ia  not  usually  made  in  elementary 
works ;  biit  instead  of  it,  the  true  result,  deriyed  from  the  superior 
knowledge  of  the  writer,  ia  made  to  the  reader  the  conseqaence  of  a 
particular  oase.  In  the  consideration  of  curves,  for  instance,  there  are 
to  be  considered,  perh^ie  at  the  same  time,  the  co-ordinatee,  the  radius 
yector,  the  tangent,  the  perpendicular  on  it,  and  the  radius  of  curva- 
ture. The  vaiietiea  of  figure  which  arise  out  of  these  lines  are  very 
numerous,  and  nothing  but  generalised  sapttoeitions,  competent  to 
assign  definite  angles  in  all  cases,  can  legitimately  bring  out  general 
propositions.  For  instances,  see  TaROEnt,  Spibal  ;  and  for  hirther 
development,  see  '  Library  of  Useful  Knowledge,'  DifTerential  Calcu- 
lus, pp.  841-345. 

SIOK-MAMUAL  means,  in  its  widest  sense,  the  signature  or  mark 
made  by  a  person  upon  any  legal  instrument  to  show  his  concurrence 
in  it.  Before  the  art  of  writing  was  so  universally  practised  as  it  now 
ia,  the  sign-manual  or  signature  was  tisually  a  cross,  attested  either  by 
the  seal  of  the  party  containing  his  armorial  bearings,  or  by  the 
signature  of  another  person  declaring  to  whom  the  mark  belonged. 
The  latter  indeed  is  stul  the  practice  with  persons  who  caimot  write. 

Sign-manual  now  however  is  used  to  denote  the  signature  of  a 
reigning' prince.  It  is  usually  in  this  coimtry  the  prince's  name,  or  its 
initial  letter,  with  the  initial  of  his  style  or  title  m  Latin.  Thus  the 
sign-manual  of  George  IV.,  when  prince  regent,  was  Qeorge  P.  B.,  or 
G.  P.  R  ;  that  of  the  present  queen  u  Victoria  R.,  or  V.  R. 

The  royal  sign-mannal  is  usually  placed  at  the  top  left-hand  comer 
of  the  instrument,  together  with  the  privy  seal ;  and  it  is  requisite  in 
all  cases  where  the  privy  seal  and  afterwards  the  great  seal  are  used. 
The  sign-manual  must  be  countersigned  by  a  principal  secretary  of 
state,  or  by  the  lords  of  -the  treasury,  when  attached  to  a  grant  or 
warrant,  it  being  then  the  principal  act,  and  it  must  also  be  accompanied 
by  thu  signet  or  privy  seat  But  where  the  sign-manual  only  directs 
that  another  act  shall  be  done,  as  for  letters-pat^t  to  be  made,  it  must 
be  countersigned  by  some  person,  though  not  necessarily  by  these  great 
officers  of  state.  The  authenticity  of  the  sign-manual  ia  admitted  in 
courts  of  law  upon  production  of  the  instrument  to  which  it  is  attached. 
(Comyn's  •  Digest.') 

SIQNATUKE,  in  Music,  is  the  term  by  which  the  clefs  and  sharps 
or  flats  placed  at  the  beginning  of  each  staff  are,  collectively,  known, 
and  by  which  the  key  is  partly  shown.  See  Ket,  where  the  Signature 
in  every  kw  is  given. 

SIQNATDRE,  in  Printing,  is  the  name  given  to  the  letten  or 
figures  which  are  placed  at  the  bottom  of  certain  pages  in  each  sheet  of 
a  book,  to  facilitate  the  gathering,  folding,  collating,  and  binding  of  it. 
The  French  printers  generally  use  figures,  but  Enghsh  printers  for  the 
most  part  use  small  capital  letters.  The  bookbinders'  alphabet,  as  it  is 
called,  contains  only  23  letters  (j,  v,  and  w  being  omitted) ;  and  as  the 
title-sheet,  which  contains  the  dedication,  preface,  &c.,  is  generally 
printed  last,  the  signatures  of  the  work  itself  commence  with  B, 
leaving  A.  for  the  title-sheet.  If  there  be  other  introductory  matter 
besides  the  title-sheet,  small  letters,  as  a,  b,  ftc,  are  used  till  the  work 
itself  ia  reached.  If  the  work  contain  more  than  23  sheets,  the  second 
set  of  signatures  are  aa,  bb,  or  more  commonly  2  a,  2  b,  &c.  ;  and  the 
third  set  8  A,  3  B,  and  so  on.  If  the  work  is  m  folio  it  requires  only 
one  signature ;  if  in  4to  or  8vo,  it  requires  two,  as,  for  instance,  B  on 
the  first  page  and  B  2  on  the  third ;  if  in  12mo,  it  requires  three,  as  B 
on  the  first  page,  B  2  on  the  third  page,  and  B  8  on  the  ninth  page ;  and 
BO  on  for  printed  works  of  other  forms. 

SIONET,  Seal.  The  law  recognises  three  royal  seals : — 1,  The  great 
seal,  which  is  in  the  custody  of  the  lord  chancellor  :  this  is  appended 
to  all  letters-patent,  and  contains  two  impressions,  the  one  being  usually 
the  sovereign  on  horseback,  the  other  ^e  sovereign  seated,  supported 
by  emblematical  figures,  and  with  the  coat  of  arms  somewhere  in  the 
field.  The  great  seal  is  essential  to  all  royal  grants  of  inheritances  or 
chattels  real,  to  grants  of  an  office  in  fee,  and  to  all  writs  at  common 
law.  Where  the  king's  seal  ia  mentioned,  it  is  understood  to  be  the 
great  seal  2,  The  privy  seal,  which  is  in  the  custody  of  the  lord 
keeper  of  the  privy  seal.  This  seal  is  valid  for  the  issuing  of  the  royal 
treasure,  or  for  disposing  of  chattels,  or  the  contracting  or  dischai^gmg 


of  a  debt.  It  is  used  *b  a  warrant  for  letters-patent  before  they  past 
the  great  seaL  The  privy  seal  consists  of  the  arms  of  the  sovereign. 
3,  The  signet,  or  privy  signet,  which  is  in  the  custody  of  the  prindpal 
secretaries  of  state.  Except  that  it  authenticates  the  sign  manual,  this 
seal  seems  to  have  no  validity,  although  it  is  alleged  to  be  sufficient  to 
give  vaUdity  to  the  writ  ne  exeat  regno,  whereby  a  subject  is  prohitnted 
from  going  out  of  the  realm.  For  the  use  of  all  the  seals  the  oounter- 
signatiure  of  a  principal  secretary  of  state  is  required  by  statute. 

[CiEAL.] 

SILE'NUS  (%tA-iiv6s),  a  Greek  deity.  The  traditions  of  his  birth 
are  various  :  he  is  said  to  be  the  son  of  Pan  and  of  a  nymph ;  of  Gtsa ; 
and  to  have  sprung  from  the  blood  of  Uranus.  He  was  the  instructor 
and  constant  associate  of  Dionysoa ;  was  a  lawgiver  and  prophet,  some- 
times confounded  with  Dionysos  himself;  of  the  family  of  Satyrs, 
whom  he  resembled  very  much  in  appearance  and  habits.  He  is  repre- 
sented as  an  old  unwieldy  man,  bald,  with  a  beard,  and  depressed  nose, 
sometimes  with  a  tail ;  at  times  holding  the  in&nt  Baoehns  in  his  arms; 
sitting  astride  a  wine-skin,  or  carrying  one  on  his  shoulders.  He  has  a 
oonspicuous  place  in  the  Dionysan  processions,  and  occurs  in  various 
combination  with  feuns  and  nymphs  ;  sometimes  he  rides  on  an  aaa 
reeling  and  supported  by  a  satyr;  and  sometimes  he  is  carried  by  youth- 
ful satyrs.  'Though  endowed  with  supernatural  wisdom,  he  is  of  a 
jovial  disposition ;  his  whole  character  ia  a  mixture  of  jest  and  earnest ; 
he  is  harmless,  sportive,  fond  of  children ;  addicted  to  wine ;  is  said  to 
have  conducted  Dionysos  from  Thrace  to  Phrygia ;  and  to  have  been 
ensnared  by  Hidas  in  a  garden,  and  compelled  to  exert  his  marvellous 
power  of  speech.  His  discourse,  always  ironical,  was  of  the  second 
world,  of  the  land  of  Heropis,  and  of  its  strange  men,  beasts,  and 
plants,  of  the  origin  of  things  and  birth  of  the  gods,  and  he  showed 
the  miserable  condition  of  this  present  life.  The  ass  by  which  he  is 
accompanied  has  given  rise  to  many  conjectures ;  the  Dionysian  myths 
and  those  of  Apollo  apeak  of  this  animal  as  sacred  to  both  deities.  It 
may  therefore  be  considered  as  the  link  uniting  the  two  worships ;  and 
we  find  accordingly  Apollo  called  the  son  of  SUenus.  (Porphyry, '  Vit. 
Pythag.,'  p.  10,  ed.  Rome,  1680.)  Attempts  have  been  made  by  Bochart 
and  oUiers  to  connect  Silenns  with  the  name  Shiloh  in  Scripture,  and 
his  ass  with  that  of  Balaam.  Other  imaginary  resemblances  are  noticed 
by  Creuzer  ('  Symbolik '),  founded  on  the  theory  that  the  ass  is  the 
symbol  of  prophecy  in  tiie  East. 

The  distanction  between  Sileni  and'  Satyrs  appears  to  be  that  the 
Sileni  are  the  older  of  the  two.'  -  The  terms  were  certainly  not  co- 
extensive ;  that  of  Satyr  may  be  considered  as  the  genus ;  but  they  are 
represented  much  in  the  same  manner.  See,  for  representations  of 
Silnnus,  Creuzer's  '  Symbolik,'  Griiber's  '  Worterbuch  der  Mythologie,' 
and  Miiller's  'Denkmaler  der  AltenKunst'  (Nos.  494-522);  MiUin's 
'  GalMe  Mythologique,'  and  the  various  works  on  gems,  sculpture, 
vases,  and  other  monuments  of  classical  antiquity. 

SILEX.    [Silicon.] 

SILHOUETTE,  a  name  applied  to  the  black  profile  portraits,  com- 
monly known  simply  as  proJUea  or  tkadet.  The  latter  name  indicates 
the  origin  of  .this  simple  class  of  pictorial  representations,  they  having 
been  probably  suggested  by  the  shadow  thrown  upon  a  WiUI.  The 
name  tUhouette  has  been  said  to  be  derived  from  Etienne  de  Silhouette, 
French  minister  of  finance  in  1759.  It  appears  that  several  parsi- 
monious fashions  introduced  during  his  administration,  in  order,  by 
severe  economy,  to  remedy  the  evils  of  a  war  tiiot  had  just  terminated, 
were  called,  after  this  minister,  d  la  SUkouettt,  and  that  the  name  ha» 
continued  to  be  applied  to  one  of  them — the  use  of  profiles  in  shade. 

Silhouettes  are  executed  in  various  ways.  One  of  the  simplest  is 
that  of  tracing  the  outlines  of  a  shadow  thrown  on  a  sheet  of  paper,  and 
then  reducing  them  to  the  required  size,  either  by  the  eye  or  by  means 
of  a  pantograph.  [Pantooraph.]  The  camera-obscura  and  camera- 
lucida  are  also  occasionaUy  used  for  the  purpose.  A  more  certain 
mode  of  obtaining  an  accurate  outline  is  by  the  use  of  the  machine 
invented  for  the  purpose  by  Mr.  Schmalcalder,  and  patented  by  him 
in  1806.  The  principle  of  this  machine  is  very  simple,  and  may  be 
readily  understood  by  the  aid  of  the  annexed  diagram,  a  i  is 
an  inflexible  rod,  usually  about  nine  or  ten  feet  long,  supported  by  • 
ball-and-sooket  joint  at  c,  in  such  a  manner  as  to  leave  the  ends  free  to 


move  in  any  direction.  At  the  end  a,  a  braetr,  which  is  tapered  ofT  to 
a  fine  point,  is  attached  to  the  rod,  so  as  to  form  a  continuation  of  it; 
while  at  the  opposite  end.  b,  a  steel  point  is  similarly  fixed.  The  per- 
son whoee  profile  is  rnquired  is  seated,  in  the  position  indicated  in  the 
cut,  in  a  chair  having  a  rest  for  thit  back  of  the  head,  in  order  tliat  he 
may  ait  perfectly  still,  while  the  operator  gently  passes  the  side  of  the 
tracer,  a,  over  lus  features.  By  the  intervention  of  the  universal  joint 
(or  of  •  double-fwivel  joint)  at  e,  a  perfectly  similar  motion  is  commu- 


nicated to  the  steel  point  at  h,  although,  owing  to  ^e  pivot  being 
placed  nearer  to  it  than  to  the  oiber  end  of.tjiarod,  it  moves  in  a  path 
smaller  than  that  of  the  tracer  a.  The  pivot  c  being  stationary,  the 
steel  paint  at  b  moves  in  the  arc  of  a  circle  of  which  it  (the  pivot)  is 
the  centre,  aa  indicated  by  the  dotted  line  in  th^  diagram ;  and  there- 
fore, in  order  to  keep  the  paper  always,  in  contact  with  it,  it  is  fixed  on 
a  swinging  board,  pivoted  at  d,  and  constantly  pressed  against  the  steel 
point  by  means  of  a  weight  or  spring,  with  a  sufficient  degree  of  foioe 
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to  make  it  tet  effi<»ently.  The  steel  point  do«a  not  come  into  imme- 
diate oontact  with  the  white  paper,  but  with  a  piece  of  blacked  paper 
placed  over  it,  the  preasure  of  the  point  transferring  a  sufficient  quan- 
tity of  the  colour  to  form  a  distinct  line.  Tliis  part  of  the  operation 
resembles  that  of  a  manifold  writer ;  and,  as  in  that  instrument,  several 
copies  may  be  produced  simultaneously,  by  using  a  number  of  pieces 
of  white  and  blacked  paper,  laid  alternately  upon  the  swinging  board. 
The  size  of  the  reduced  outline  drawn  on  the  paper  may  be  regulated 
by  varying  the  relative  proportions  of  ac  and  eb;  this  and  sever^  other 
adjustments  being  effected  by  apparatus  which  it  is  unnecessary  here 
to  detail.  By  means  of  a  cort^  tte,  held  in  the  hand  of  the  operator, 
the  swinging  board  d  may  be  drawn  back  from  the  steel  point  when  it 
is  required  to  move  the  rod  without  making  a  mark  upon  the  paper. 
Greater  accvutujy  may  be  attained  by  substituting  for  the  tracer  a  thin 
wire,  tightly  stretched  in  a  bow,  and  adjusted  so  as  to  coincide  per- 
fectly with  the  axis  of  the  rod.  In  some  cases  a  kind  of  knife  is 
substituted  for  the  steel  point  at  b,  and  the  profile  is  thus  cut  out  of  a 
piece  of  thin  black  paper  placed  on  the  swinging  board.  Some  profilista 
display  considerable  talent  in  cutting  silhouettes  by  hand,  with  a  pair 
of  scissors,  out  of  pieces  of  black  p^Mr,  without  we  aeaistaoce  of  an 
outline. 

SILICA.    [SiLiooH.] 

SILICIC  ACID.    [SaicoM.] 

SILICIUM.    [SiLicoif.] 

SILICOFLUORIC  ACID.     rSlLlooK.] 

SILICON  (Si).  Silicium.  With  the  exception  of  oxygen,  dlioon  is 
the  most  abundant  constituent  of  our  earth's  crust.  Its  name  is 
derived  from  lUac,  Latin  for  "  flint,"  of  which  the  essential  component 
is  silicon.  The  element  silicon  has  great  ai&nities  for  other  elements, 
and  hence  does  not  exist,  in  nature,  in  the  free  state.  Its  common, 
and  app  irently  sole,  native  form  of  combination  is  an  oxide  known  as 
tilae  or  tUica.  Rock  crystal  and  white  quartz  are  nearly  pure  varieties 
of  silica ;  while  calcedony,  agate,  opal,  flint,  and  sand  are  chiefly  silica. 
The  natiu^  compounds  of  silica  with  oxides  are  almost  innumerable. 
The  individuality  of  siliceous  minerals  was  recognised  at  a  very  early 
period,  but  their  constitution  was  not  demonstrated  till  the  commence- 
ment of  the  present  century. 

Silicon  itself  was  tirst  isolated  only  so  lately  as  1S23.  It  may  be 
prepared  by  reducing  an  alkaline  silico-fluoride  with  potaamum,  in  a 
g1a«  or  iron  tube,  i>t  a  high  temperature.  It  may  also  be  obtained  by 
passing  chloride  of  silicon  vapour  over  potassium  heated  in  a  bulbed 
glass  tube. 

Silicon,  like  Cabbon  and  BoBOir,  exists  in  three  distinct  modifioa- 
tions.  AJs  above  prepared,  it  is  a  dull-brown  powder;  insoluble  in, 
and  heavier  than,  water ;  is  a  non-conductor  of  electricity,  is  soluble 
in  hydrofluoric  acid,  and  in  a  warm  solution  of  potash  j  bums  readily 
and  brilliantly  when  heated  in  the  air;  and  is  moreover  amorphoui 
(Si7).  If  the  amorphous  silicon  be  strongly  heated  it  becomes  semi- 
crystalline  or  graphiloidal  (Sid) ;  is  denser  and  darker  in  colour ;  does 
not  bum  in  oxygen  :  is  not  soluble  in  hydrofluoric  acid ;  and  is  a  con- 
ductor of  electricity.  OryHalUne  silicon  (Sia)  occurs  in  the  form  of 
six-sided  prisms  or  pyramids,  whenever  the  process  for  its  prepara- 
tion has  included  the  application  of  the  most  intense  heat  of  a  wind 
furnace. 

The  equivalent  of  silicon  has,  in  turn,  been  represented  aa  7, 14,  21, 
and  2S  ;  but  sihce  the  experiments  of  Harignac,  who  proved  that  the 
fluo-stannates  and  fiuo-sjlicates  are  isomorphous,  it  has  been  usual  to 
consider  the  number  14  as  the  trae  equivalent  of  siiioon. 

SUteon  and  oxygen  form  two  compounds : — 


1.  Hydnted  protoxide  or  iSieon 

2.  BUioleaold   .         .        .        . 


IHO,  SSIO 

BIO. 


1.  Hydrated  protoxide  cf  nliepn,  (2H0,  SSiO).— When  dry  hydro- 
chloric aoid  gas  is  passed  over  crystallised  silicon,  heated  to  incipient 
redness,  hydroohlorate  of  protochloride  of  siUoon  (2HC1,  SSiCl)  is  pro- 
duced, and  may  be  condensed  to  the  liquid  state  in  a  U-tube  cooled  by 
ice ;  hydrogen  passes  off  carrying  vapour  of  protochloride  with  it ;  the 
gas  being  allowed  to  bubble  through  water  the  chloride  is  decom- 
posed, and  a  voluminous  white  precipitate  of  the  oxide  under  con- 
sideration is  formed : — 

2HC1,  S81C1  +  (HO  >s  IHO,  SSiO  -|-  tHCU 

Hydrated  protoxide  of  siiioon  siska  in  water  but  floats  on  ether; 
the  causae  alkalies  and  their  carbonates  dissolve  it  with  evolution  of 
hydrogen  and  formation  of  silicate ;  it  may  be  heated  to  570°  Fahr., 
without  undergoing  alteration,  but  at  a  higher  temperature  bums ;  and 
m  contact  with  water  undergoes  oxidation,  hydrogen  being  evolved,  at 
any  temperature  above  82"  Fahr. 

2.  micie  acid  (SiO,),  SiUx,  SUiea,  Binoxide  of  liHeon.—The  physical 
and  chemical  properties  of  the  many  different  forms  of  silica  that 
occur  in  nature,  as  well  as  a  list  of  the  minerals  in  which  silica  is  a 
characteristic  constituent,  have  ah-eady  been  treated  of  in  the  Natub*!, 
HlsTOBT  Division  of  this  Cyclopaedia,  article  Siuoa. 

Silicic  add  is  largely  used  iu  the  manufacture  of  glass,  chinaware, 
and  porcelain.  For  these  purposes  it  is  obtained  in  a  fine  state  of 
division  by  igniting  flints  or  colourless  quarta  to  redness,  and  then 
plunging  in  cold  water.    The  compact  silica  is  thus  split  up  into  a 


friable  mass,  easily  reducible  to  powder  by  grinding.    Perfectly  pore 
silicic  acid  may  be  obtained  by  igniting  hydrated  nlica. 

Hydratet  of  tilicic  acid  (xHO,SiO^. — Finely  powdered  silica  ii 
soluble  in  strong  alkaline  solutions  if  heated  with  them  under  pressure ; 
from  the  resulting  solutions  hydrated  silica  is  precipitated  in  a  very 
gelatinous  state  On  neutralising  by  hydrochloric  acid.  The  alkaline 
silicate  may  also  be  formed  by  fusing  powdered  flint,  &c.,  with  the 
carbonates  of  potash  or  soda;  if  excess  of  the  latter  be  used,  the 
silicate  is  soluble  in  water,  and  the  solution  furnishes  hydrated  ailicic 
acid  on  the  addition  of  hydrochloric  add.  Perfectly  pure  hydrated 
silica  is  formed  in  a  very  beautiful  manner  on  passing  gaseous  fluoride 
of  siiioon  into  water,  each  bubble  of  gas  forming  a  Uttle  balloon  of 
silica ;  hydroSuosilidc  acid  (HF,  SiF,)  is  also  formed  at  the  sune  time, 
and  remains  dissolved  in  the  water : — 

aSlF,     +     4HO     =     2H0,  SiO,    -f  I(HF,  MP,) 


Flnorlde  of    Water. 
•lUoon. 


Hydrated 
sUIoie  sold. 


HydroflaosiUcte 
add. 


Itomeric  cottdUkm  of  riUca. — Professor  Rose  has  recently  directed 
attention  to  the  two  different  states  in  which  silica  exists.  Cii7Btalli>ed 
silica — including  rock-crystal,  quartz,  calcedony,  flint,  sandstone,  and 
quartzose  sand — has  a  spedfic  gravity,  of  atmut  2*9,  and  ij  onl; 
attacked  with  difficulty  by  potash,  or  hydrofluoric  add.  Amorphoiu 
silica,  on  the  other  hand, — including  gelatinous  silica,  the  pulTerulent 
variety  that  results  from  the  decomposition  of  certain  minerals,  or  of 
fluoride  of  silicon  by  water,  opals,  melted  quarte,  and  silica  from  the 
carapaces  of  infusoria — is  very  readily  soluble  in  alkaline  solutions,  i> 
rapidly  acted  upon  by  hydrofluoric  add,  and  ]iaa  a  specific  gravity 
of  2-2. 

Silicatet,  as  a  general  rule,  are  insoluble  in  water.  Alkaline  silicates 
are  however,  soluble  in  that  liquid,  and  their  solutions  have  latel; 
been  used  as  a  varnish  for  the  stonework  of  buildings  with  the  vien 
of  preventing  decay.  '  When  thus  exposed  to  the  atmosphere,  the 
silica,  being  but  a  weak  add,  is  replaced  by  carbonic  add ;  the  Blkaline 
carbonate  is  removed  by  rain,  and  silidc  add  filling  up  the  porea  of 
the  stone  is  supposed  to  prevent  ingress  of  moisture  or  other  disinte- 
grating matter.  The  fact  is,  however,  that  the  decomposition  alluded 
to,  bemg  but  a  slow  one,  a  large  portion  of  the  silicate  ia  washed  iwij 
by  the  rain,  and  this  process  is  consequently  uf  but  little  value.  A 
modification  of  the  method,  known  as  "  Ransome's  patent,"  coniiiti  in 
supplementing  the  application  of  the  alkaline  silicate  by  a  wash  of 
chloride  of  caldum ;  sUicate  of  lime  is  hereby  at  once  produced,  and 
performs  the  office  of  a  permanent  varnish  or  cement,  in  a  far  more 
efficient  manner  than  the  mere  silica  before  alluded  to.  Claj.  blc, 
felspar,  serpentine,  mica,  zeolites,  hornblende,  and  many  other  minerals, 
consist  of,  or  contain,  silicates  of  Ume,  or  magnesia,  or  alumina,  or  s 
mixture  of  those  silicates.  They  are  either  »eiquitiUcata  like  meer- 
schaum (2MgO,  SSiO,  +  2H0),  or  neutral  lilicata,  like  WoUastunite 
(CaO,  SiO,);  or  dOaiic  sUicatei,  like  olivine  (2(Mg,  Fe)0,  SiO,);  or 
bitiUeatei  (MO.  2SiO,).     [Siuoa,  in  Nat.  Hist.  Div.j 

Silicon  and  hydrogen  form  a  hi/dride  of  niicm.  Benelius  first  shored 
that  the  hydrogen  which  is  evolved  when  crude  silicon  is  washed  with 
water,  contains  a  hydride  of  silicon.  This  gas  has  not  yet  been  pro- 
cured in  a  pure  state,  but,  according  to  Wohler  and  Buff,  it  is  colourlea 
and  spontaneously  inflammable.  It  occurs  iu  the  latter  eonditian  wh-n 
a  solution  of  a  chloride  is  electrotised  by  a  weak  voltaic  battery  of  whu^ 
the  positive  pole  is  aluminium  contaminated  with  silicon. 

Nitride  of  tilieon  is  a  bluish,  fibrous-looking  body,  formed  vhen 
silicon  is  heated  in  nitrogen  gas. 

Sulphide  of  liiicon  (SiS,).-— Silicon  bums  in  sulphur  vapour,  geD^ 
rating  bisulphide.  The  same  body  may  be  formed  on  passing  bisulphide 
of  carbon  over  a  heated  mixture  of  carbon  and  silica.  It  is  a  wiiite, 
earthy-looking  powder. 

Bromide  of  tilieon  may  be  obtained,  but  iodide  does  not  seem  to 
exist 

Silicon  and  chlorine  form  two  compounds  corresponding  to  the  two 
oxides. 

1.  HsdrocUoraU  of  protoMoriJe  of  tUicon  (2HCl,3SiC!l).— Toe 
method  of  preparing  this  body  baa  already  been  described  in  con- 
nection with  protoxide  of  silicon.  It  is  a  colourless  liquid,  refracting 
light  powerfully ;  emits  suffocating  fumes  on  exposiue  to  air ;  u 
inflammable,  burning  with  a  pale  green  flame ;  and  is  decomposed  at  t 
red  heat. 

2.  Chloride  of  tOieon  (SiCL),  or  rather,  bichloride  of  silicon.- 
Finely  powderol  silica  is  made  into  a  dough-like  mass  with  lamp 
block  and  oil,  and  heated  to  redness  in  a  covered  crucible ;  a  porc«la<n 
tube  filled  with  fragments  of  the  resulting  mass  is  strongly  igaitfi  and 
a  current  of  dry  ohlotine  passed  through  it;  tiie  following  decom- 
position occurs : — 


SiO,    -i-   a,    -(■   c,    < 

Silica.      Chlorine.  Carbon. 


>     1(C0)     +    SiCt, 

Carbonic  Bichloride  of 
oxide.         sUIcon. 


The  chloride  of  silicon  vapour  must  be  condensed  by  the  aid  of  t 
freezing  mixture,  for  it  is  very  volatile.  It  is  a  transparent,  cdooneM 
liqiud ;  fumes  in  the  air,  and  has  an  irritating  odour. 
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CUoronUphides  of  tiUeon  (SiS„2SiCl,)  and  (2SiS„SiCl,)  may  be 
formed  by  the  reaction  of  chloride  of  Bilicon  vapour  and  dry  hydro- 
sulphuric  acid  gas  at  a  red  heat. 

Flwifide  of  siliam  (SiF.)  or  fuotilicie  acid,  and  rilieofluorie  or 
hydrofluotiUcic  add  (HF,  SiF,)  have  been  described  under  Fluorine. 

Detection  of  tilicon, — The  presence  of  this  element  in  such  a 
substance  as  glass,  or  any  transparent  mineral,  is  readily  demonstrated 
by  the  etchijag  action  of  hydrofluoric  acid.  From  solution  it  is 
precipitated  as  gelatinous  silica  on  the  addition  of  hydrochloric  acid. 
Silica  may  also  be  individualised  from  its  property  of  being  after 
ignition  insoluble  in  all  acids,  except  hydrofluoric,  but  soluble  in  fused 
caustic  alkali. 

E»timati<m  of  Mieon This  is  always  performed  in  the  state  of 

recently  dried  and  anhydrous  silica,  which  oontuns  ^6^^  per  cent  of 
silioon,  and  63'S  of  oxygen. 

SILK  MANUFACTURK  This  subject  naturally  divides  itself 
into  four  ports  : — The  rearing  of  the  insect  which  yields  the  silk ;  the 
extrication  of  the  filament  in  a  state  fitted  for  the  manufacturer; 
the  spinning  and  weaving  into  textile  fabrics;  and  the  commercial 
arrangements  arimng  out  of  the  manu&ctuie.  Such  portions  of  the 
subject  will  be  treated  here  as  have  not  yet  been  noticed  in  the 
CyclopskHa ;  for  the  rest,  cross-references  will  suffice. 

Rearing  riUc-mtmi. — Silk  is  produced  by  a  small  insect,  in  the  manner 
described  in  Bombtcida,  Nat.  Hist.  Drv.  CMna  was  undoubtedly  the 
country  in  which  men  first  availed  themselves  of  the  labours  of  the 
silk-worm.  Serica  (the  country  of  the  Seres)  was  a  name  by  which  the 
Macedonian  Greeks  designated  the  country  which  produced  the  silk  that 
came  overland  from  the  north  of  China.  The  author  of  the  '  Periplus 
of  the  Erythrasan  Sea '  speaks  of  silk  in  Malabar  as  an  article  imported 
from  countries  farther  to  the  east ;  from  which  it  may  be  inferred  that 
the  culture  of  the  silk-worm  and  the  manu&cture  of  silk  had  not  been 
introduced  even  into  India  four  hundred  years  after  silk  was  known  in 
Europe.  In  speakin?  of  the  country  of  the  Thinse,  the  same  author 
observes  that  both  the  raw  materiid  and  manufactured  article  were 
obtained  there.  The  "Median  robes,"  spoken  of  by  the  Oreek  writers 
of  the  period  of  the  Persian  empire,  and  extolled  for  their  lustrous 
beauty  and  brilliancy,  were  no  doubt  silken  vestments ;  as  Procopius 
long  afterwards,  when  silk  had  been  introduced  into  Europe,  states 
that  '*  the  robes  which  were  formerly  called  Median  by  the  Greeks  are 
now  called  silken."  Aristotle  is  tiie  first  Qreek  author  who  mentions 
the  silk-worm  ('  Nat.  Hist.,'  v.  19).  He  states  that  silk  was  first  spun 
in  the  island  of  Cos,  but  that  the  raw  material  was  still  an  oriental 
product ;  and  Pliny  (xi.  22),  in  commenting  on  this  passage,  states  that 
the  silk  came  from  Aasyria,  and  was  worked  up  by  the  Oreek  women. 
It  may  be  remarked  that  Assyria  was,  like  Media,  frequently  used  in 
an  indefinite  sense  by  ancient  writers.  The  probability  is  that  silk 
was  used  in  Westeni  Asia  before  it  was  known  to  the  Greeks ;  and 
that  it  was  in  use  among  the  Greeks  long  before  they  knew  whence 
the  substance  came  or  how  it  was  produced. 

Pausanias  is  perhaps  the  first  who  gives  {sectse  information  respect- 
ing the  Bubetance  from  which  the  Seres  formed  their  cloths.  "  They 
have,"  he  says,  "  a  spinning  insect,  which  is  kept  in  buildings,  and 
produces  a  fine-spun  thread,  which  is  wrapped  about  its  feet "  (vi.  26). 
It  was  not  until  the  sixth  century  that  the  obscurity  which  enveloped 
this  subject  was  cleared  up.  At  this  time  silk  waa.  an  article  of 
general  use  among  the  Ronums,  and  was  manufactured  for  them  by 
the  inhabitants  of  Tyre  and  Berytus  in  Phcenicia.  The  Persians 
monopolised  the  supply  of  the  raw  material,  and  guarded  their  trade 
with  so  much  jealonsy,  both  by  land  and  sea,  that  travellers  from  or  to 
China  were  not  allowed  to  traverse  the  Persian  dominions ;  nnd  in  the 
time  of  Justinian,  in  consequence  of  some  interference  with  the  trade, 
they  had  entirely  stopped  the  importation  of  silk.  The  trade  in  silk 
was  in  this  utasatiafactory  state,  when  two  Nestorian  monks  of  Persia, 
who  had  travelled  to  China,  acquainted  Justinian  with  the  mode  of 
producing  silk,  and  undertook  to  retnm  and  bring  back  with  them 
some  of  the  eggs  of  the  silk-worm.  They  were  perfectly  successful 
in  their  expedition ;  for  a  quantity  of  eggs,  secured  in  a  hollow  cane, 
were  brought  in  safety  to  Constantinople,  hatched  by  the  heat  of  a 
dnnghill,  and  fed  with  mulberry-leaves.  The  monks  also  taught  the 
subjects  of  Justinian  the  art  of  manufacturing  silk. 

The  breeding  of  silk-worms  in  Europe  was  for  six  centuries  con- 
fined to  the  Greeks  of  the  Lower  Empire.  In  the  12th  century  the  art 
was  transferred  to  Sicily ;  in  the  ISth  century  the  rearing  of  silk-worms 
and  the  manuhcture  of  silk  were  introduced  into  Italy,  and  from 
thence  successively  introduced  into  Spain  and  France. 

James  I.  was  Solicitous  to  promote  the  breeding  and  rearing  of  silk- 
worms in  England ;  and  in  1608  issued  oircuUu'  letters,  wUch  were 
addressed  to  persons  of  influence  throughout  the  country,  recommend- 
ing the  subject  to  them  ;  but  the  experiment  was  unsuccessful. 
Most  of  the  old  mulberry  trees  found  in  the  neighbourhood  of  ancient 
mansions  in  England  at  the  present  day  were  planted  at  this  period. 
The  experiment  has  also  failed,  thoogfa  several  times  attempted,  in 
North  America. 

The  production  of  raw  silk  is  fast  extending  in  British  India,  and  the 
quality  has  been  for  some  years  gradually  improving.  In  Graham's 
'India,'  it  is  said  that  in  the  Deccan  the  mulberry-trees  may  be 
deprived  of  their  leaves  six  times  a  year,  and  that  six  crops  of  worms 
may  be  obtained  with  eaae  in  the  same  period.    The  Chinese  method 
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of  rearing  silk-worms,  and  their  mode  of  treating  the  mulberry-tree 
(described  in  Davis's 'China,'  p.  280),  were  introduced  at  St.  Helena, 
under  the  auspices  of  tiie  East  India  Company ;  but  on  the  expiration 
of  their  charter  the  establishment  was  given  up.  Some  of  the  silk 
produced  in  France  is  believed  to  be  better  than  that  of  any  otiier 
country  in  the  world.    The  Italian  silk  is  also  highly  esteemed. 

There  has  recently  been  a  very  earnest  attempt  made  to  disseminate 
the  silk-worm  culture  in  various  parts  of  Europe.  In  1854  some  silk- 
worm eggs,  reared  at  Assam,  were  brought  from  Calcutta  to  Malta, 
through  the  aid  of  Mr.  Piddington.  They  were  not  the  usual  kind,' 
but  a  variety  called  the  Bombyx  eynthia,  which  feeds  on  the  oastor-oii 
plant.  Sir  William  Reid,  Governor  of  Malta,  caused  these  eggs  to  be 
carefuUy  tended ;  600  of  them  were  hatched,  and  fed  on  the  castor-oil 
plant.  After  some  time,  portions  of  the  store  were  sent  to  Piedmont, 
France,  Algiers,  and  the  West  Indies,  in  order  that  fair  trials  might  be 
made  in  different  climates.  It  is  known  that  the  castor-oil  plant 
suffices  to  give  the  worms  the  silk-producing  power;  for  the  Assamese 
make  shawls,  dhoties,  coverlets,  coats,  turbaos,  and  women's  dresses, 
with  silk  thus  obtained.  Early  in  1865  it  was  found  that  the  worms 
at  Malta  declined  and  died  off,  from  some  cause  not  dearly  traceable; 
and  the  attempt  failed,  so  far  as  that  island  was  concerned.  In  1856, 
however,  some  of  the  eggs  reached  Prussia;  and  great  endeavours  are 
now  being  made  to  foster  the  culture  in  Germany,  Sweden,  and  Russia. 
"The  silk  produced  by  this  kind  of  worin  is  not  so  fine  as  the  mulberry- 
silk  ;  but  is  believed  to  be  more  easily  worked,  if  the  insect  can  only 
be  made  to  thrive.  As  to  England,  sUk-wonn  rearing  has  been  to  the 
present  day,  and  still  is,  nothing  more  than  an  amusement,  or  an 
experiment  having  no  commercial  value. 

This  may  be  the  proper  place  to  say  a  few  words  concerning  other 
filaments  of  the  nature  of  silk.  The  web  of  many  kinds  of  caterpiUara 
has  been  found  nearly  equal  to  silk,  and  gloves  and  stockings  have 
been  made  of  it ;  but  Reaumur  found  that  50.000  of  the  insects  were 
needed  to  yield  1  lb.  of  silk,  and,  moreover,  that  the  caterpillars 
showed  a  very  unprofitable  tendency  to  kill  and  eat  each  other.  Some 
fabrics  exquisitely  light,  others  moderately  strong,  have  been  made 
from  caterpillar  filament,  but  hitherto  without  commercial  success. 
The  pinna,  a  gigantic  kind  of  mussel  foimd  in  the  Mediterranean  and 
the  Indian  Ocean,  fastens  itself  to  rocks  with  a  kind  of  cord  made  of 
beautiful  silky  filaments;  these  filaments  may  be  worked  up  in  the 
manner  of  aiUc;  but  the  supply  is  too  small  to  render  the  matter 
other  than  a  curiosity.  Very  recentiy  there  was  landed  at  Liverpool 
a  small  quantity  of  pulu,  or  ve^table  silk,  obtained  from  the  lower 
part  of  the  stalk  of  a  fern  growing  in  Sumatra ;  the  stalk  is  covered 
with  a  kind  of  sparkling  golden-brown  hair,  which  can  be  detached 
and  worked  up  as  silk.  About  3  ounces  can  be  obtained  from  each 
plant.  The  substance  has  not  yet  attracted  much  attention  in  England, 
but  is  begiiming  to  be  worked  in  America. 

The  Gocoon$  and  SiUc  SeeUnj.—The  cocoons  [Bombtoid*,  in  Nat. 
Hist.  Div.]  average  in  weight  about  S  grains  each ;  the  average  length 
of  eilk  upon  each,  when  reeled  off,  is  about  800  jrards ;  and  12  lbs. 
of  coooons  are  required  to  yield  1  lb.  of  reeled  silk — so  many  are  the 
impurities  to  be'  got  rid  of.  About  1  ounce  of  siik-wi>rm  eggs  will 
produce  100  lbs.  of  cocoons ;  16  lbs.  of  mulberry  leaves  will  aftbrd  food 
sufficient  for  the  production  of  1  lb.  of  coooons ;  and  each  mulberry 
tree  will  yield  about  100  lbs.  of  leaves.  These  figures  will  afford  easy 
means  of  calculating  the  number  of  insects,  eggs,  trees,  leaves,  &o., 
neoeasaiy  for  the  production  of  8,000,000  or  8,000,000  lbs.  of  silk- 
about  the  annual  consumption  of  the  United  Kingdom.  Reelini,  or 
the  drawing  off  of  the  silken  filament  from  the  cocoon,  is  usually  done 
ciily  in  the  countries  where  the  worm  is  reared.    To  effect  this,  the 


Kk.  1, — Be«liB(  Apparatna  (plan). 


Fig.  1.— Reeling  Apparatoi  (wetlon). 

worm  is  not  allowed  to  die  a  natural  death ;  the  ooooon  is  exposed  to 
the  heat  of  the  sun  or  pf  an  oven  until  the  insect  is  stifled.  An 
external  soft  envelope  is  removed,  constituting  floa  tilk  ;  the  real  silk 
l»  wound  closely  around  the  ooooon,  in  an  agglutinated  mass.     The 
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cocoons  are  steeped  in  hot  water  until  the  gum  is  dissolved.  The 
reeler  (a  woman  or  girl),  with  a  kind  of  whisk  or  brush,  detaches  the 
ends  of  ten  or  twenty  filaments  from  as  many  cocoons,  winds  them 
two  or  three  together  on  a  reel,  then  two  or  three  of  these  groups 
together,  and  so  on  until  all  form  one  thread,  very  much  thicker  than 
the  ori^nol  filament,  but  still  exceedingly  fin&  New  cocoons  are 
thrown  into  the  vessel  of  hot  water  as  &st  as  the  old  ones  are  ex- 
hausted, so  that  the  thread  is  made  continuous ;  and  the  teniperature 
of  the  water  is  such  as  will  enable  the  cocoons  to  give  off  the  filaments 
jiist  as  fast  as  the  reeler  can  wind  them.  In  some  districts  the  reeling 
is  done  in  a  quicker  and  better  way,  by  aid  of  the  apparatus  shown  in 
Jig.  1  (plan),  and  fig.  2  (section).  From  the  reel  the  silk  is  made  up 
into  JuinJa,  which  present  different  appearances,  according  to  the 
countries  whence  they  are  obtained.  Brousaa  and  China  hanks  are 
whiter  than  the  others;  Bengal  hanks  are  small;  Italian  are  larger; 
and  Persian  are  the  largest  and  coarsest  of  aU, 

Such  is  the  simple  operation  of  reeling.  It  has  been  a  conventional 
opinion  that  this  can  only  be  done  in  the  silk  rearing  countries; 
because  the  cocoons  cannot  be  conveyed  long  distances  safely,  and 
because  a  clear  and  warm  climate  is  necessary.  The  correctness  of  this 
opinion  is  now  disputed.  Mr.  Dickins,  a  silk  dyer  at  Middleton,  and 
Ifr.  Chadwi(^  a  silk  manufacturer  at  Manchester,  have  invented  and 
set  to  work  a  system  of  apparatus  for  reeling  ^Ik  in  England,  and 
throwing  or  twisting  the  silk  so  reeled.  The  cocoons  are  placed  for  a 
few  minutes  in  hot  soap  and  water ;  and  then  ladled  to  a  trough  of  clean 
warm  water.  The  principal  end  of  the  silk  of  each  cocoon  is  drawn 
out  by  the  fingers ;  several  cocoons,  thus  treated,  are  placed  in  a  basin, 
with  the  ends  of  the  filaments  hanging  over  the  edge ;  and  they  are 
thus  taken  to  the  ^reeling  frame  when  wanted.  The  machine  consists 
of  an  iron  framewoijk,  12  feet  long,  4  feet  wide,  and  4  feet  high.  At 
each  side  is  a  row  of  30. bobbins,  each  with  a  flyer,  and  with  a  separate 
rotary  motion.  Over  the  60  bobbins  are  60  copper  basins,  containing 
water  at  120*  Fahr.  Into  each  basin  are  put  6  cocoons,  the  filaments 
from  which  are  wound  off  by  the  motion  of  the  bobbins,  to  which  their 
ends  are  attached.  About  12  inches  above  each  basin  is  a  piece  of  wire, 
covered  with  some  soft  substance ;  the  filaments  pass  over  these  wires 
on  their  way  from  the  basins  to  the  bobbins,  to  cleanse  and  partially 
dry  them.  By  this  arrangement  the  winding  into  hanks,  ss  performed 
by  the  silk  growers  abroad,  the  winding  of  bobbins  from  the  hanks, 
and  the  usual  cleansing  process  as  performed  by  the  throwster,  are 
entirely  dispensed  with  :  a  twisted  thread  of  silk  being  furnished  at 
one  operation.  Threads  of  different  thicknesses  may  thus  be  produced, 
simply  by  increasing  the  number  of  cocoons  in  each  basin.  One  girl 
can  attend  to  the  cocoons  in  80  basins.  Whenever  a  cocoon  breaks 
or  comes  to  on  end,  a  new  fastening  is  instantly  made.  By  an  adjust- 
ment of  the  bobbins  and  flyers,  any  amount  of  twist  can  be  imparted 
to  the  thread,  according  to  the  purpose  for  which  it  is  intended.  The 
regularity  of  the  movements  leads  to  the  production  of  a  thread  more 
free  from  knots  than  the  ordinary  reeled  silk.  There  u  no  reeling,  no 
hank ;  the  silk  is  spun  at  once  from  the  cocoons.  The  bobbins  rotate 
8000  times  per  minute.  The  principle  of  the  cotton-spindle  and  flyer 
being  adopted,  there  is  a  power  of  adapting  the  apparatus  to  the  pro- 
duction of  many  different  kinds  of  thread ;  it  can  either  be  stopped 
at  the  tram  stage,  or  advanced  to  that  of  organzine — terms  that  wUl  be 
explained  presently.  There  is  said  to  be  a  more  complete  extraction 
of  the  silk  from  the  cocoons,  a  greater  regularity  in  the  thread,  a 
thorough  extraction  of  lumps  and  knots,  on  avoidi-mce  of  waste,  and  a 
saving  in  wages.  These  machines  are  gradually  Coming  into  use  in 
Lancashire  and  on  the  continent;  but  there  has  not  yet  been  organised 
an  extensive  importation  of  cocoons  into  England — without  which,  of 
course,  the  machines  cannot  work. 

Silk  Thnmng  and  Weaving. — Except  under  the  system  just  de- 
scribed, silk  is  imported  in  hai^,  not  in  the  cocoons.  The  silk  in  the 
hanlcs  has  simply  been  reeled,  without  regular  twisting.  In  China 
and  India  the  silk  is  reeled  very  unequally ;  there  may  be  as  few  as 
five,  or  as  many  as  fifteen  filaments  in  each  thread,  without  any  r^ard 
to  uniformity.  Italian  silk  is  better  reeled.  In  the  throwing  mills, 
situated  chiefly  in  Lancashire  and  Derbyshire,  the  silk  is  doubled, 
twisted,  and  hardened.  John  and  Thomas  Lambe  introduced  the  art 
from  Italy  early  in  the  last  century.  The  silk  is  made  into  dumb 
ringlet,  for  weaving  into  gauze  and  other  light  fabrics ;  into  throton 
ringlet,  which,  when  woimd,  cleaned,  and  thrown,  is  used  for  weaving 
into  ribbons  and  common  silks ;  into  tram,  which  is  doubled  as  well  as 
thrown,  and  is  used  for  the  weft  of  the  best  kinds  of  goods ;  into 
organane,  \ised  for  the  warp ;  and  into  tewing  tilt,  which  is  the  thickest 
and  beet  of  all.  These  kinds  are  produced  by  the  processes  of  mnding, 
eUanng,  dotMing,  and  bcitling,  carried  to  a  greater  or  less  extent.  The 
mnding  is  the  transference  of  the  silk  to  bobbins.  The  hanks  are 
opened,  and  put  upon  light  frames  called  nuifi*  ;  and  while  these  are 
rotating,  a  series  of  rotating  bobbins  draw  off  the  silk  from  the  swifts. 
fig.  3  tiiows  one  form  of  apparatus  for  effecting  this  transfer.  The 
deaning  is  effected  by  ^Mssing  the  filament  through  a  cleft  in  a  piece  of 
steel,  whereby  impurities  and  irregularities  are  removed.  The  dovtling 
and  tmttmg  are  processes  in  which  two  or  more  threads  are  twisted 
round  each  other ;  the  machinery  for  effecting  this  is  very  varied ;  but 
a  reference  to  Cotton  Mantifaoture  will  afford  means  for  judging  of 
the  general  principle,  although  the  details  are  different.  Fig.  4  will 
illusbate  the  action  of  one  form  of  twisting  or  throwing  machine. 


When  silk  is  required  to  be  made  very  thick,  strong,  and  densely 
twisted,  it  is  sometimes  twisted  in  the  manner  of  rope,  in  » long  allej 


Hf.  S.^43Uk  Engine  or  Swift. 


Tig.  4.— Tviiting  or  Throwing  Machine. 

or  avenue  {fig.  6).  Silk  tpinning  is  comparatively  a  modem  process. 
It  is  a  mode  of  using  up  floss  silk,  and  any  waste  wat  may  result  from 
the  other  processes.  However  unfitted  silk  may  be  to  be  thrown  and 
twisted  in  the  usual  way,  it  may  be  spun  into  a  continuous  thread  by 
carding,  drawing,  roving,  and  spinning,  almost  in  the  same  manner  as 
cotton.  The  thread  produced  is  of  inferior  character,  and  is  used  for 
the  cheaper  kinds  of  goods. 

Of  the  subsequent  processes  in  the  silk  manufacture,  little  need  be 
said  here.  A  reference  to  the  articles  Crape,  Dyeiko,  Embroioekt,. 
Gauze,  JaoquARD  Apparatus,  Ribbon,  and  Weavihq,  will  supply  the 
requisite  details.  Brocade  and  damask,  the  most  sumptuous  articles 
of  silk  manufacture  a  century  ago,  are  now  comparatively  unknown. 
Persian,  sarsnet,  gros-de-Naples,  ducapes,  satin,  and  lerantines,  are  the 
names  given  to  plain  silks,  which  vary  from  one  another  only  in 
texture,  quality,  or  softness.  Satin  derives  its  lustre  from  the  groat  pro- 
portion of  the  threads  of  the  warp  being  left  visible,  and  the  piece  being 
afterwards  passed  over  heated  cylinders.  Other  varieties  of  silk  goods 
are  produced  by  mechanical  arrangements  in  the  loom,  such  as  using 
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diO'erent  ■ItuUles  with  threads  of  various  quality,  &c.  The  pile 
which  constitutes  the  peculiarity  of  velvet  is  produooi  by  the  insertion 
of  short  pieces  of  silk  thread,  which  cover  the  surface  so  entirely  as  to 
conceal  the  interlacing  of  the  warp  and  woof.    The  process  of  weaving 


velvet  is  slow,  and  it  is  paid  for  at  several  times  the  rate  of  plain  silks. 
There  are  several  sorts  of  goods  in  which  silk  is  employed  with 
woollen  materials,  such  as  poplins  and  bombazines.  The  Chinese  make 
a  species  of  washing  silk,  called  at  Canton  ponge,  which  become* 


PIf  t. — Silk  Spinning  by  hand. 


more  soft  as  it  is  longer  used.  Their  crapes  have  never  yet  been 
perfectly  imitated ;  and '  they  particularly  excel  in  tiie  |voduction  of 
damasks  and  flowered  satins. 

Silk  Trade. — The  making  of  ribbons  and  small  articles  in  silk  long 
preceded  in  England  that  of  broad  silk.  The  trade  was  principally  in 
the  hands  of  women ;  and,  like  a  sickly  plant  of  foreign  growth,  it 
appears  to  have  constantly  demanded  props  and  support.  Repeated 
statutes  and  ordors  were  made,  discouraging  the  use  of  silk  goods  from 
abroad.  An  act  passed  in  the  reign  of  Edward  IV.  contamed  a  sort 
of  apology,  which,  if  good  for  anything,  made  the  prohibition 
unnecessary.  The  act  states  that  not  only  were  the  artificers,  men 
and  women  "  greatly  impoverished,  hindered  of  their  worldly  increase 
and  daily  living  by  these  wares  and  chaSres  being  brought  in  fully 
wrought  and  ready  for  sale  by  strangers,  the  king's  enemies  and  other," 
but  that  "  the  greatest  part  in  substance  was  deceitful,  and  nothing 
worth  in  regard  of  an^  man's  occupation  and  profit."  The  law  against 
the  importation  of  nbbons,  Ac.  was  renewed  at  successive  intervals 
until  the  19  Henry  VII.,  when  it  was  made  perpetual.  Foreign 
ribbons  notwithstanding  still  made  their  way  over.  The  silk-throwstera 
were  incorporated  by  a  charter  obtained  6  Charles  I.,  about  ten  years 
after  the  establishment  of  the  broad-silk  manufacture  in  the  reign  of 
James  I. :  the  silk-weavers  were  already  included  in  the  great 
company  of  weavers.  Towards  the  end  of  the  reign  of  Charles  II.,  the 
silk  manufacture,  which  had  hitherto  been  almost  confined  to  London, 
was  carried  into  several  other  huge  towns  of  the  kingdom  by  the 
French  Protestants,  who  took  refuge  in  this  country,  to  the  number, 
it  is  said,  of  70,000,  after  the  revocation  of  the  Edict  of  Nantes  in 
1685  ;  and  amongst  the  rest  to  Coventry.  The  ribbon  trade,  of  which 
Coventry  has  since  become  the  chief  seat  in  England,  was  introduced 
early  in  the  kst  century  by  Mr.  Bird,  assisted  probably  by  some  of  the 
French  emigrants  :  the  number  of  French  terms  still  used  in  the 
manufacture  proves  that  its  origin  was,  in  part  at  least,  foreign. 
After  the  treaty  of  Utrecht,  in  1713,  French  and  Italian  manufactured 
silks  were  admitted  under  considerable  duties ;  but  in  1766  the  ribbon 
and  other  silk  manufacturers  procured  the  re-establishment  of  the 
prohibitory  system,  which  was  thenceforward  maintained  for  sixty 
years,  enforced  by  heavy  penalties.  With  the  increase  of  popuktion 
and  the  greater  demand  for  luxuries,  the  home  market  increased ;  but 
an  export  trade,  principally  to  America,  gradually  decayed,  in  con- 
sequence perhaps  of  the  heavy  duties  on  raw  and  thrown  silk.  During 
the  period  of  restriction,  ribbon-weaving  seems  to  have  degenerated  in 
this  country  as  regards  the  superior  branches.  In  1824  the  govem- 
oient  detennined  to  try  the  effect  of  an  approach  to  free  trade  upon 
the  silk  manufoctnre.  As  a  preliminary  step,  the  duties  on  raw  silk 
were  reduced  from  id.  per  lb.  to  Sd.,  and  afterwards  to  Id. ;  and  on 
thrown,  from  lit.  8d.  to  7«.  6<i.,  and  afterwards  to  8».  6d.,2i.,aM 
1».  Sd.,  according  to  quality ;  with  a  drawback  to  the  amount  of  the 
duty  allowed  on  any  manufactures  of  silk  exported,  whether  they  were 
or  were  not  made  of  the  foreign  thrown  silk  wtdch  had  paid  the  duty. 
Two  years  were  allowed  after  the  lowering  of  these  duties  to  prepare 
for  the  admission  of  foreign  manufactured  silk  at  a  duty  of  80  percent. 
But  this  step  was  strongly  opposed  by  the  ribbon  manu&cturen  of 
Coventry,  who  were  unanimous  in  demanding  a  total  prohibition  of 
foreign  ribbons ;  they  succeeded  in  procuring,  in  1832,  the  appoint- 
ment of  a  committee  of  the  House  of  Commons  to  inquire  into  the 
state  of  the  silk  trade.  Nothing  short  of  this  (they  said)  could  enable 
them  to  make  ribbons  at  aa  This  Inquiry  led  to  no  alteration  in  the 
system  which  the  government  had  adopted ;  and  subsequent  remon- 
strances made  b^  the  same  parties  had  a  similar  result. 

Without  tracmg  in  detail  the  progrees  of  the  trade  and  the  altera- 
tions in  the  duties,  it  vrill  suffice  to  jrive  a  few  figures  relating  to  the 
last  few  yean.  Sir  Bobert  Peel  whdly  removed  the  import  duty  on 
raw  silk  in  1845 ;  and  since  that  year  every  part  of  the  trade  has 
extended.  The  raw  mlk  imported  between  1844  and  1 860,  varied  from 
4,188,000  lbs.  (in  1844)  to  12,078,000  lbs.  (in  1857).  But  the  last-named 
year  was  an  exceptional  one,  in  regard  to  the  laigenesa  of  the  import ; 
the  import  for  the  last  seven  years  has  aven^  about  8,000,000  lbs. 


per  annum.  The  above  is  raw  silk,  in  the  hank.  The  thrown  silk, 
ready  for  the  weaver,  is  imported  in  much  smaller  quantity,  varying 
from  300,000  lbs.  to  1,000,000  lbs.  per  annum.  Manufactured  silk  goods 
imported  are  entered  by  the  lb.  or  by  the  piece,  according  to  their 
character — that  is,  European  goods  by  the  lb.,  and  India  goods  by 
the  piece.  About  300,000  lbs.  of  broad  silks  and  400,000  lbs.  of 
ribbons,  from  the  continent,  together  with  half  a  million  pieces  of 
India  goods  (Bandanas,  Corahs,  Choppas,  Tuasire  cloths,  Bomals,  and 
Taffetas) — have  been  about  the  average  quantities  within  the  last  few 
years.  Omitting  all  yean  but  1869,  we  mil  give  the  exact  figures  for 
that  date : — 


Baw  sOk,  from  China     .        . 
„        ,~,      India  and  Egypt 
„        „     otlier  oountrie* 

Waste,  knabii,  and  haika  .        . 

Thrown  silk,  from  France       . 
„  „        other  ooontries 

European  blond,  silk,  and  satia  . 
„       gaoie,  empe,  and  velvet 
„       ribbone  .        .        . 
„       plush  for  hats     . 

India  piece  goods   . 


3,191,632 

{,803,487 

933,771 

'  133,871  1* 
171,390  / 
303,313  \ 
41,918  I 
479,106  ( 
160,533  ) 


9,920,891  lb). 

10,808  ewt. 
327,463  lbs. 


987,080  lbs. 
843,034  pieces. 


The  exporU  of  course  do  not  comprise  any  row  silk.  Of  Otraan  silk, 
in  the  various  forms  of  thread  and  yam,  the  quantity  exported  from 
1844  to  1860,  varied  from  about  200,000  Iba.  (in  1848)  to  1,400,000  lbs. 
(in  1856).  Of  woven  silk  goods  the  quantity  varied  from  600,000  lbs. 
(in  1848)  to  8,000,000  lbs.  (in  1856).  Taking  one  particular  year  (1858) 
as  a  foir  average  for  seven  recent  years,  we  find  that  the  computed 
real  value  of  all  the  silk  and  silks  imported  was  about  8,000,000{. ;  and  that 
the  declared  value  of  the  silk  and  silks  exported  was  about  2,000,0002. 
Saw  silk  is  imported  duty  free ;  manufactured  goods  psw  an  import 
duly,  which  in  1858  amounted  to  about  900,000<.  By  the  new 
commercial  treaty  with  FVance,  England  has  given  up  about  800,000{, 
a  year,  that  having  been  the  produce  of  duties  laid  on  French  silk  and 
silk  goods. 

Without  going  Into  details,  it  may  suffice  to  state  that  the  quantity 
of  silk  imported  in  1860,  whether  raw,  waste,  or  thrown,  was  lees  than 
in  1869 ;  but  greater  in  reference  to  manu&ctuied  silk.  The  export 
of  silk  goods  woven  in  England  was  smaller  in  1860  than  in  1859;  but 
of  ailk-thread  and  yam,  it  Was  higher. 

Mr.  Winkworth,  a  Spitalfielda  manufacturer,  estimated  in  1867  that 
60  millions  sterling  are  sunk  in  the  United  Kingdom  in  the  silk 
manufacture,  and  ehat  1,000,000  penoiu  are  supported  by  it.  For 
the  number  of  mills,  see  Faotoiues. 

SILVER  (Ag.,  from  the  Latin  aryenlum).  This  metal  has  been 
known  from  the  earliest  times,  frequent  mention  being  made  of  it  in 
the  writings  of  Moses.  Occurring  naturally  in  the  metallic  state, 
though  not  so  frequently  as  to  render  it  common,  and  being  easily 
woriDsd,  it  must,  no  doubt,  have  been  one  of  the  first  disoovered  metsls. 
The  aldiemists  and  astrologers  supposed  it  to  have  some  mysterious 
coimection  with  the  moon,  gave  it  tiie  sign  }) ,  and  called  it  Diana  or 
Zima.  They  also  seem  to  have  been  aoquainted  with  chloride  of 
silver  (hom-rilver)  and  nitiste  of  silver  (lunar  caustic). 

Hea^  to  the  free  metal  itself,  the  sulphide  is  the  most  important  ore 
of  silver.  It  is  usually  associated  with  sulphide  of  lead ;  indeed  galena 
lead-ore  nearly  always  contains  silver,  which  is  separated  as  described 
under  Lbao,  MANUFaorrBK  of.  The  ore  is  roasted  to  expel  sulphur, 
■melted  with  charcoal,  and  die  argentiferous  lead  submittal  to 
evfdlation  [Absatino],  by  which  the  lead,  becoming  oxidised,  is  partly 
ToUtiliaed,  partly  raked  off  the  surface,  and  partly  sinks  into  the  cupel, 
leaving  pure  silver  in  the  liquid  state. 

Another  proceas  for  the  extraction  of  silver  from  its  ores  is  termed 
tunalgamation,  from  the  fact  that  the  metal,  after  the  ore  has  been 
roasted  and  the  silver  reduced  by  scrap  iron,  is  dinolved  out  by  mer- 
cury ;  the  separated  amalgam  is  afterwards  submitted  to  distiilatioD, 
when  the  mercury  volatilises  and  the  silver  is  left  behind.  [Amaloam.] 
The  processes^  of  which  tim  final  step  is  amalgamation,  sre  many;  the 
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ores  at  different  places,  being  ainociated  with  Tarious  matten,  require 
different  modiKcations  of  treatment.  One  metallurgist,  Augustin,  dia- 
penaes  with  the  uae  of  mercury  altogether.  Ziervogel  at  onne  obtains 
sulphate  of  silver  by  roasting  the  ore  at  a  particular  temperature,  and 
precipitates  the  metal  therefrom  by  copper. 

Silver  is  almost  pure  white,  having  only  the  faintest  tinge  of  red. 
In  the  native  state  it  sometimes  occurs  crystallised  in  cubes  or  octo- 
hedra.  It  is  moderately  hard,  elastic,  and  very  ductile  and  malleable  ; 
one  grain  may  be  drawn  into  400  feet  of  wire,  and  the  thinnest  silver- 
foil,  or  leaf-silver,  has  a  thickness  of  only  nsi^  of  an  inch.  Silver 
melts  at  a  bright  red  heat,  and  by  repelled'  fusions  becomes  quite 
brittle.  It  volatiliaes  in  the  luminous  arc  of  a  powerful  electric 
current,  yielding  a  beautiful  green-culoured  vapour.  Of  all  metals, 
silver  is,  perhaps,  the  best  conductor  of  heat  and  electricity.  It  does 
not  oxidise  at  ordinary  temperatures,  but  when  melted  has  the  pro- 
perty of  absorbing  many  times  its  bulk  of  oxygen,  which,  however,  is 
given  out  again  at  the  moment  of  solidification.  Though  silver  does 
not  rust  in  the  air,  it  rapidly  tarnishes,  owing  to  the  formation  of  a 
thin  film  of  sulphide  of  silver  :  this  occurs  more  quickly  in  urban  than 
in  rural  distiicts,  sulphur  in  the  form  of  sulphuretted  hydrogen  being 
far  more  abundant  in  the  atmosphere  of  the  former  than  in  that  of 
the  latter  localities. 

Silver  is  not  readily  acted  upon  by  alkalies,  hence  it  is  of  peculiar 
value  in  the  manufacture  of  vessels  in  which  alkaline  fusions  have  to 
be  made.  Common  salt,  especially  in  the  melted  state,  is  slowly 
decomposed  by  silver,  soda  being  formed,  from  absorption  of  oxygen, 
while  liberated  chlorine  attacks  the  metal.  Boiling  sulphuric  add  ozi- 
di-«  8  silver ;  hydrochloric  add  acts  but  slightly  upon  it ;  aqua  reg^ 
atttcks  it  readUy ;  but  its  best  solvent  is  nitric  add. 

Perfectly  pure  silver  may  be  obtained  by  dissolving  the  commercial 
metal  in  nitric  acid,  predpitating  with  hydrochloric  acid,  and  then 
fusing  the  well-washed  chloride  with  half  its  weight  of  dried  carbonate 
of  soda.  In  the  place  of  carbonate  of  soda,  carbonate  of  lime  and  char- 
coal are  sometimes  employed.  Chloride  of  silver  may  also  be  reduced 
by  pladng  it  in  contact  with  sine  and  dilute  sulphuric  acid. 

The  equivalent  of  silver  is  108. 

Silcer  and  vxygm  form  three  compounds : — 

1.  Suboxide  of  ailvor Ag,0 

2.  Protoxide  or  silver AgO 

S.  Peroxide  or  tUTer AgOt 

1.  Suboxide  of  silver  (Ag,0).  Citrate  of  silver  is  heated  to  212°  in  a 
current  of  hydrogen ;  on  dissolving  the  resulting  mass  in  water,  and 
adding  an  alkali,  the  suboxide  is  predpitated  as  a  black  powder.  When 
dry,  it  acquires  metallic  lustre  under  the  burnisher. 

Molj/bdate  of  tabaxide  of  tUver  (Ag,0, 2MoO,).  Wohler  forms  this 
salt  by  passing  hydrogen  gas  through  an  ammoniacal  solution  of  molyb- 
date  of  silver  at  90°.  It  is  a  heavy  brilliant  black  powder,  in  which 
occur  regular  octohedis.  The  tungttate  of  the  suboxide  is  made  in  the 
■kme  manner  as,  and  much  resembles,  the  molybdate.  Chromate  of 
suboxide  of  silver  is  black  and  amorphous. 

2.  Protoxide  of  tilver  (AgO).  A  brown  hydrated  oxide  of  silver  is 
thrown  down  when  solution  of  potash,  soda,  baryta,  or  lime  is  added 
to  solution  of  nitrate  of  silver.  It  becomes  anhydrous  when  heated  to 
140*  Fabr.,  and  is  reduced  to  the  metallic  state  by  increased  heat,  by 
light,  hydrogen,  or  almost  any  deoxidising  agent.  It  is  a  powerful 
bose,  forming  salts,  the  chief  of  which  are  presently  described. 

8.  Peroxide  of  tilver  (AgO^)  occurs  in  dark  gray  acicular  crystals 
when  a  solution  of  nitrate  of  silver  is  electrolysed.  It  accumulates  on 
the  podtive  pole,  is  a  conductor  of  the  electric  current,  but  is  very 
unstable. 

Sulphide  of  tUrer.  (AgS).  The  elements  sulphur  and  silver  have  a 
great  afBnity  for  each  ouier ;  the  compound  produced  by  their  union 
occurs  native  in  large  quantities.  [Silver,  in  Nat.  Hist.  Div.] 
Sulphide  of  silver  may  be  formed  artificially  by  pasdng  a  stream  of 
sulphuretted  hydrogen  gas  through  a  solution  containing  silver,  or  on 
adding  a  soluble  sulphide  to  the  diver  solution,  or,  still  more  simply, 
by  heating  together  sulphur  and  silver  in  their  equivalent  proportions. 

Sulphide  of  silver  readily  fuses  and  cools  to  a  dark-gray,  crystalline 
mass,  that  is  somewhat  soft  and  malleable.  It  is  decomposed  and 
dissolved  when  heated  with  concentrated  sulphuric  or  nitric  adds,  and 
is  also  readily  attacked  by  strong  hydrochloric  add.  Potash,  soda, 
iron,  copper,  or  lead  reduce  it,  by  the  aid  of  heat,  to  the  metallic  state! 

CUonne  and  silver  form  two  compounds,  namely  : 

1.  SabeUorideofiilver Ag  CI 

3.  Protocblorideofillver AgCl 

1.  Subchloride  of  Silver  (Ag,Cl).  When  diver  leaf  is  digested  in 
solution  of  ohlonde  of  copper,  or  of  perehloride  of  iron,  black  scales  of 
subchloride  of  silver  are  produced.  Nitric  add  does  not  affect  them, 
but  ammonia  resolves  them  into  chloride  of  silver  and  metallic  silver 

2.  Protochloride  of  SUver  (AgCl),  Chloride  of  Silver,  or,  Nora  SUrer, 
is  found  native.  [Silveb.  in  Nat.  Hist.  Dnr.]  It  falls  as  a  white, 
curd-like  predpitate  when  hydrochloric  add  or  any  soluble  chloride  is 
added  to  an  aqueous  solution  of  silver  salt. 

Chloride  of  silver  is  insoluble  in  water  or  dilute  adds,  and  is  only 
very  slightly  acted  on  by  strong  nitric  or  hydrochloric  odds.  It  is 
somewhat  more  soluble  in  solutions  of  chlorides  of  alkalies  or  of 


alkaline  earths,  and  is  freely  dissolved  in  solution  of  ammonia.  It 
fuses  when  heated  to  about  500°  Fahr.,  and  on  cooling  forms  a  semi- 
transparent  hom-like  mass.  It  is  partially  reduced  to  the  state  of 
sub-chloride  on  exposure  to  light.  A  currant  of  hydrogen  removes  the 
whole  of  the  chlorin%  from  heated  chloride  of  sUver ;  dnc,  iron,  and 
some  other  metals  also  reduce  it  to  the  metallic  state.  Chloride  of 
silver  forms  double  salts  with  alkaline  cyanides,  sulphites,  and  hypo- 
sulphites ;  the  solutions  of  the  last-named  have  a  most  intoisely  sweet 
taste,  exceeding  even  that  of  sugar. 

Bromide  of  Silver  (AgBr)  occurs  native.  It  may  be  prepared 
artificially  by  predintating  nitrate  of  silver  by  bromide  of  potassium. 
It  much  resembles  chloride  of  diver,  but  is  less  soluble  in  ammonia, 
and  has  moreover  a  ydlow  colour. 

Iodide  of  Silver  ( Agl).  This  compound  occurs  native  also.  It  falls 
as  a  yellow  predpitate  when  an  alkaline  iodide  is  added  to  solution  of 
nitrate  of  sUver.  It  is  insoluble  in  acids  and  nearly  so  in  ammonia, 
but  is  very  soluble  in  solution  of  iodide  of  potaanum  or  hyposulphite 
of  soda. 

Sulphate  of  Silver  (AgOSO,).  When  silver  is  boiled  in  strong 
sulphuric  acid,  sulphate  of  silver  is  formed  according  to  the  following 
equation: — 

Ag     +     S(HO,  80,)     -     Ago,  80,     +     80,     -f     2HO 


Silver.      Salphnrio  add. 


Bolphate  of    Solphnroos      Water. 
aUver,  nold. 


It  is  soluble  in  excess  of  the  acid,  but  requires  ninety  parts  of  watei 
to  dissolve  it. 

NitraU  of  Silver  (AgO,  NO,).  This  salt,  now  so  largely  used  in 
photography,  and,  when  fused  and  cast  into  cylinders  as  nn  escharotic, 
under  the  name  of  lunar  rauttie,  by  sui-geons,  is  formed  on  dis- 
solving silver  in  strong  nitric  add.  By  evaporation  of  the  solution, 
colourless,  transparent  right  rhombic  crystals  are  deposited.  It  has  an 
unpleasant  bitter  metallic  taste,  is  soluble-  in  water  or  alcohol,  and  is 
not  decomposed  by  exposure  to  li^'ht  unless  in  cbntaxit  with  orguiic 
matter.  Solution  of  ammonio-nitrate  of  diver  is  formed  by  adding 
ammonia  to  nitrate  of  silver  until  the  resulting  predpitate  is  nearly  all 
redissolved. 

The  following  are  the  prindpal  remaining  salts  of  silver  that  are  of 
interest.  They  are  produced  by  the  ordinary  process  of  double  decom- 
position. 

The  triphotphate  (3AgO,  PO,)  is  of  yellow  colour,  alterable  by  the 
action  of  light,  readily  soluble  in  excess  of  nitric  acid  or  of  ammonia. 

The  pyroplwiphaie  (2AgO,  PC,)  is  white  and  easily  f udble. 

The  metaphoaphate  (AgU,  PO,)  occtirs  as  a  gelatinous  mass,  soluble 
ia  excess  of  nitrate  of  silver.  The  carboKote  (AgO,  CO,)  is  at  tirst 
white,  afterwards  pale  yellow.  The  borate  (AgO,  BO,)  forms  white 
flakes  which  turn  violet  on  exposure  to  light.  The  iJdate  (AgO,IU,) 
is  white,  and  crystallises  from  ammonia  in  brilliant  little  rectangular 
prisms.  The  chlorate  is  soluble  in  water,  and  crystallises  in  white, 
opaque,  four-sided  prisms.  The  monodtromate  (AgO,CrO,)  is  of  a 
greenish-brown  colour  by  reflected  light  and  deep  red  by  transmitted 
fight.  The  bichromate  <AgO,  2CrOj)  is  a  purple-red  crystalline  preci- 
pitate. The  arieniaie  (3AgO,  AsO,)  is  a  dark  brick-red  predpitate, 
soluble  in  ammonia  and  in  carbonate  of  ammonia. 

For  the  salts  which  diver  forms  with  oi^ganio  adds,  see  the  articles 
on  those  acids. 

Teste  for  SUver.  The  production  of  the  white  curdy  chloride  on  the 
addition  of  hydrochloric  acid,  the  precipitate  being  insoluble  in  hot 
nitric  ocid  but  readily  soluble  in  ammonia,  forms  the  characteristic 
test  for  silver  salts.  Keduotion  on  charcoal  in  the  blow-pipe  flame,  a 
black  precipitate  by  sulphuretted  hydrogen,  and  a  yellow  one  on  the 
addition  of  an  alkaline  iodide,  are  confirmatory  tests. 

Eitimation  of  SUver.     This   is  accomplished   as  described    under  < 
AssATiNO,  or  in  the^tate  of  well-washed  and  fused  chloride,  100  i>arts 
of  which  contain  75°27  of  metal. 

SILVEB,  Medical  Properties  of.  In  a  purely  metallic  state  silver 
has  no  action  on  the  animal  frame,  and  the  only  salt  much  used  is  the 
nitrate,  termed  also  lu»ar  cavutic  This  is  always  fused  in  proper 
moulds,  from  which  it  is  turned  out  in  the  form  of  cylinders,  about 
three  inches  long,  and  the  eighth  of  an  inch  in  diameter.  They  are  at 
first  white,  but  quickly  become  of  a  dark  gray  or  black  colour,  from 
combining  with  organic  matter  in  the  air.  To  prevent  this  the  cylin- 
ders are  generally  wrapped  up  in  blue  paper.  When  nitrate  of  silver 
is  brought  in  contact  with  any  port  of  the  human  frame,  it  causes  first 
a  white  mark,  which  gradually  changes  to  blue,  purple,  and  at  hist  to 
black.  This  occurs  more  rapidly  if  moisture  be  present ;  and  is  owing 
to  a  chemical  combination  of  the  metal  with  the  albumen  and  fibrin 
of  the  animal  tissues.  If  the  part  be  wetted,  and  the  caustic  applied 
several  times  at  short  intervals,  vedcation  resulta  Nitrate  of  silver 
acts  therefore  locally  as  an  irritant  and  corrosive.  When  taken  inter- 
nally in  small  doses  for  a  condderable  time,  such  as  six  or  twelve 
months,  it  is  absorbed  and  deposited  in  various  parts  of  the  body,  and 
when  it  is  depodted  in  the  rele  mucosum  of  the  skin  it  causes  dis- 
colorations,  which  in  most  cases  prove  permanent  It  has  been  some- 
times employed  with  success  in  tiie  treatment  of  epilepsy,  chorea,  and 
some  forms  of  an</ina  pecturis,  as  well  as  morbid  sensibility  of  the 
stomach.    Larger  denes  can  be  borne  when  it  is  administered  in  the 


Digitized  by 


Google 


e77 


SILVER  WOSKINa 


SILVEBINO. 


en 


form  of  pill  than  in  aolution.  The  pills  ahoiild  ba  made  with  mucilage 
and  sugar,  but  not  with  bread-crumb,  as  the  common  salt,  or  chloride 
of  sodium,  decomposes  the  nitrate  and  renders  it  inert.  In  cases  of 
poisoning  by  nitrate  of  silver,  common  salt  is  a  ready  and  effectual 
remedy :  also  millc.  The  liability  of  nitrate  of  silver  to  produce 
disoolorations  of  the  skin  in  persons  taking  it  internally  constitutes  a 
serious  objection  to  its  employment,  and  there  appears  little  necessitnr 
for  giving  it,  since  any  case  of  epilepsy  likely  to  be  benefited  by  it  will 
generally  receive  equal  good  from  the  use  of  oxide  of  zinc,  without  the 
risk  of  stains  or  other  inconvenience. 

The  external  employment  of  this  agent  is  not  liable  to  any  objection 
when  osed  cautiously,  while  its  advantages  are  very  great.  It  is  the 
most  powerful  direct  ant^phlogiitic  agent  known.  AU  subacute  inflam- 
mations in  any  part  to  which  it  can  be  immediately  applied  will 
subside  under  its  influence.  In  inflammations  not  merely  of  the 
skin,  but  of  mucous  membranes  when  they  occur  in  parts  which  are 
accessible,  its  influence  is  great  and  speedily  manifested.  Many  of  the 
coses  of  croup  which  in  an  advanced  stage  are  unmanageable,  begin  in 
the  back  part  of  the  throat  (fauces),  and  if  these  ports  ore  freely 
touched  with  a  pencil  dipped  in  a  strong  solution  of  nitrate  of  silver, 
the  farther  downward  progress  of  the  inflammation  may  be  arrested. 
Similar  benefit  attends  its  use  in  diphtheria :  for  this  a  very  strong  solu- 
tion in  nitric  ether  is  best.  The  same  treatment  is  applicable  to  the 
erythematous  inflammation  which  frequently  begins  either  externally, 
and  spreads  through  the  mouth  or  nose  to  the  fauces,  and  thence  down 
the  oesophagus,  or  originates  in  the  &uce8,  leading  to  very  serious 
results.  Eiysipelatoua  inflammation  occurring  in  any  part  of  the  body 
znay  b«  effectually  limited  by  nitrate  of  silver.  For  this  purpose  a 
complete  circle  should  be  formed  round  the  inflamed  part,  but  on  the 
sound  skin.  For  this  cose  the  solid  cylinder,  moistened  at  the  end,  is 
best.  The  circle  must  be  perfect,  or  the  morbid  action  may  extend, 
escaping  at  the  smallest  breach.  Chronic  inflammation,  and  even 
ulceration,  of  the  eyes,  may  be  removed  by  nitrate  of  silver  applied  in 
dififSerent  forms.  Old  indolent  ulcers  are  stimulated  to  a  healthy  action 
by  its  use ;  and  many  cutaneous  diseases  removed  by  it,  Keoent  bums 
have  the  severe  pain  often  very  much  mitigated  by  it ;  but  it  must 
not  in  any  of  these  cases  be  applied  to  too  large  a  surface  at  onoe,  as  ill 
effects  have  followed  such  a  practice.  To  spacify  all  the  uses  of 
nitrate  of  silver  would  be  impossible  here,  but  one  more  deserves  to  be 
extensively  known.  It  is  the  best  application  to  chilblains,  especially 
at  first ;  but  even  after  they  break,  it  dispoaes  them  to  heoL 

When  a  solution  of  nitrate  of  silver  is  made,  distilled  water  should 
invariably  be  used.  The  neglect  of  this  rule  causes  many  of  the  solu- 
tions applied  to  the  eye  to  be  not  only  useless,  but  hurtful.  Oxide  of 
silver  lus  beoi  strongly  recommendea  as  an  antispasmodic,  and  not 
Uable  to  the  objections  which  attach  to  the  nitrate.  In  preparing 
medicines  wiUi  oxide  of  silver,  core  must  be  taken  not  to  combine  it 
with  articles  such  ss  ammonia,  lest  an  explosive  compound  should 
result. 

SILVBR  WORKIKO.  Silver-ores  ore  found  chiefly  in  veins  which 
travetae  the  primary  and  the  older  of  the  secondary  stratified  rocks, 
but  especially  the  former;  and  also  the  unstratified  rocks,  such  ss 
granite  and  porphyry,  which  are  associated  with  the  above.  Some  of 
the  richest  mines  in  South  America  are  situated  in  primary  strata ; 
also  in  limestone  and  in  gnuwocke,  and  still  more  in  secondary  strata. 
In  some  of  the  mines  of  Peru,  and  in  those  of  Kongsberg  in  Norway 
and  Freiburg  in  Saxony,  silver  has  been  discovered  in  masses  weighing 
from  100  to  800  lbs.  In  the  mines  of  Europe  the  veins  ore  numerous 
and  slender ;  in  some  of  the  mines  in  the  Hoiz  Mountains  and  in  the 
Hungarian  mines  the  veins  occur  in  a  small  number  of  spots,  and  are 
of  considerable  dimensions.  In  three  of  the  richest  districts  of  Mexico 
there  is  only  one  principal  vein,  which  is  worked  in  different  places. 
One  of  these  veins,  in  the  district  of  Quanaxuato,  is  from  130  to 
1^8  feet  wide,  and  it  has  been  traced  and  worked  to  on  extent  of  nearly 
eight  miles. 

The  average  richness  of  all  the  ores  in  Mexico  is  from  3  to  4  ounces 
per  quintal  of  1U2  lbs.  In  one  of  the  Mexican  mines  a  working  of 
100  feet  in  length  yielded  in  six  months  432,274  lbs.  troy  of  silver, 
equal  in  value  to  upwards  of  1,000,000^.  In  Chili  some  of  the  mines 
yield  only  8  os.  in  5000  lbs.  of  ore ;  but  in  the  rich  mine  of  Cupiapo, 
discovered  in  18S2,  the  ore  freciuently  contains  60  or  70  per  cent,  of 
silver.  The  average  produce  of  the  mines  in  Saxony  is  from  S  to 
4  ounces  in  the  quintal  The  lead  mines  of  Craven  in  Yorkshire 
contained  230  ounces  of  silver  per  ton ;  and  those  of  Cardiganshire, 
worked  in  the  reigu  of  Chaj-les  I.,  yielded  80  ounces.  The  average 
proportion  of  the  lead-mines  of  the  north  of  England  is  12  ounces  per 
ton ;  but  even  when  the  proportion  of  silver  is  much  less  than  this,  it 
Las  been  found  profitable  to  separate  it.  The  pure  metal  is  separated 
from  the  ore  by  various  processes ;  by  mechanical  division,  roastinga 
to  separate  the  sulphur  and  other  volatile  matter,  and  melting  at 
different  stages  of  purification,  with  the  addition  of  fluxes  of  various 
sorts,  llefining  is  performed  by  amalgamation  with  quicksilver,  the 
two  metals  being  aftenvords  separated  by  distilling  off  the  quicksilver. 
[Amaloax  ;  Lead  Manufactcke,  col  149.] 

When  silver  is  issued  for  coin,  it  is  always  alloyed  with  copper ;  the 
maximum  of  hardness  is  produced  by  one-fifth  of  copper.  One  lb. 
of  standard  silver  of  the  English  coinage  contains  11  oz.  2  dwts.  of 
pure  silver  and  18  dwts.  alloy,  or  925  parts  of  pure  ulver  in  1000  paits 
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of  standard  silver.  [MomcT.]  For  purposes  connected  witii  the 
manufacture  of  various  artioles  of  use  and  ornament  the  alloy  is 
greater.  At  Birmingham  rolled  sheeU  are  made  which  do  not  contain 
more  than  8  or  4  dwts.  of  silver  to  each  lb.  of  the  inferior  metal 
Silver  forms  by  far  tiie  loigest  proportion  of  the  value  of  domestic 
utensils  in  whidi  either  of  the  two  precious  metals  is  used.  It  has 
also  been  suggested  that  electro-plating  with  silver  might  be  applied  to 
the  interior  of  leaden  pipes,  when  used  for  domestic  purposes. 

The  rolling  of  silver  in  contact  with  the  inferior  metals  is  performed 
by  powerful  flatting-mills.  A  bar  of  copper  is  made  quite  smooth  and 
clean  on  one  of  its  surfaces,  it  is  then  sprinkled  over  with  glass  of 
borax ;  a  plate  of  fine  silver  is  laid  upon  it,  and  the  two  are  carefully 
bound  together  by  wire.  The  mass  is  then  exposed  to  a  full  red  heat, 
which  melts  the  borax  and  causes  the  silver  to  adhere  to  the  copper. 
The  ingot  is  now  passed  through  a  rolling-press  and  formed  into  a 
plate,  both  the  silver  and  copper  extending  uniformly  during  the  whole 
process,  at  the  conclusion  of  which  they  are  inseparably  joined. 

Mr.  M'Culloch,  on  the  authority  of  Mr.  Birkmyre,  gives  on  estimate 
of  the  quantity  of  silver  produced  in  the  two  years  next  before,  and 
the  two  years  next  after,  ute  disooveiy  of  gold  in  California.  According 
to  this  suthority,  in  the  year  1846  there  was  procured  in  America 
silver  to  the  value  of  6,261,619{.,  and  in  the  other  parts  of  the  world 
1,254,306;.;  while  in  1860  these  values  were  raised  to  7,259,8242.  and 
1,528,6922.,  respectively.  It  is  interesting  to  note  that,  in  1867,  more 
than  1,300,000  ounces  of  silver  were  obtained  by  refining  lead  in  the 
lead-smelting  works  of  the  United  Kingdom,  of  which  about  half  a 
million  ounces  were  from  British  lead. 

It  may  suffice  here  to  refer  to  several  foregoing  articles,  for  further 
information  concerning  the  working  of  silver;  such  as  Bdlliox; 
Gold  Lacc  MAHurAOiniiB ;  Mnrr ;  Mobby  ;  Plau  akd  Platino. 

SILVER,  GERMAN.    [;Copp«b;  Totehao.], 

SILVERINQ,  as  a  handicraft,  is  not  always  on  example  of  silver- 
working,  as  the  name  would  seem  to  imply ;  for  in  silvering  looking- 
glass,  no  silver  whatever  is  used,  in  the  ordinary  methods. 

One  mode  of  silvering,  first  oidopted  at  Sheffield,  is  that  of  rubbing 
an  amalgam  of  silver  and  mercury  on  the  surface  of  any  article  of 
copper ;  by  the  application  of  heat  the  mercury  is  driven  off;  the  sil- 
ver, remaining  behind,  adheres  firmly  to  the  copper,  and  is  susceptible 
of  receiving  a  high  polish.  This  is,  chemically,  analogous  to  the  process 
of  metal-gilding,  or  so-called  "  water-gilding,''  described  under  Oildimo. 
The  details,  in  the  some  article,  concerning  the  application  of  leaf-^ld, 
will  nearly  apply  also  to  that  of  leaf-silver  in  tae  silvering  of  articles 
made  of  wood. 

In  on  ordinary  looking-glass,  the  reflection  is  derived  from  a  film  of 
mercury  or  quiduilver,  in  contact  with  the  hinder  surface  of  the  glass, 
and  fixed  by  amalgamating  with  a  sheet  of  tin-foil.  Silvering  is  here 
not  a  correct  term,  for  there  is  no  silver  employed.  The  process  is 
nevertheless  a  higUy  curious  one.  In  the  first  place,  a  large  sheet  of 
tin-foil  is  unrolled,  and  laid  down  cm  a  perfectly  fiat  and  very  smooth 
stone  table.  Liquid  mercury  is  poured  on  the  foil,  from  the  iron 
bottles  in  which  it  is  imported,  and  made  to  float  over  the  entire  sur- 
face. The  gloss,  mode  perfectly  dean,  is  laid  upon  the  mercury  with 
a  peculiar  uiding  movement,  which  sufiices  to  remove  the  slight  film 
of  oxide  which  soon. forms  upon  the  surface,  and  also  any  airbubbles. 
The  glass  is  then  entirely  covered  with  heavy  leaden  weights,  which 
could  not  be  dons  with  safety  unless  the  glass  and  the  stone  were 
perfectly  flat.  After  remaining  a  day  or  two  in  this  state,  with  the 
stone  slightly  inclined,  it  is  found  that  oil  the  superfluous  mercury 
has  been  prtwsed  out  from  between  tiie  gUss  and  the  foil ;  and,  more- 
over, that  the  mercury  has  chemically  combined  with  the  foil,  in  such 
a  way  that  both  adhere  firmly  to  the  bock  of  the  glass. 

In  Mr.  Drayton's  process,  nitrate  of  silver  is  combined  with  spirit 
and  certain  liquids,  and  is  poured  on  the  clean  surface  of  the  glass  :  a 
border  of  putty  or  some  other  substance  being  laid  round  the  glass  to 
retain  the  liquid.  After  remaining  thus  a  few  hours,  the  liquid  is 
poured  off,  aod  a  sediment  of  silver  is  found  to  be  left  sdheriu;;  to  the 
glass.  This  sediment  or  film  is  secured  in  its  place  by  a  varnish  of 
bees'  wax  and  tallow. 

In  Kidd's  embroidered  gloss,  the  peculiaril;  of  tho  process  is  thot 
the  patterns  have  the  appearance  of  being  in  r^icf,  or  embossed  on  the 
exterior  surface,  aud  illuminated  in  frosted  and  butnished  silver,  whei-eas 
the  whole  of  the  processes  are  eiibcted  on  the  under  surface. 

Dr.  Thomson's  silvered  vessels  display  great  brilliancy  and  beauty. 
Qlass  vessels  of  any  shape,  and  made  of  ghias  of  any  colour,  are  silvered 
within  in  such  a  way  as  to  yield  a  reflection  of  greot  lustre.  Some  of 
the  specimens,  in  which  green  and  ruby  gloss  ore  thus  silvered,  produce 
on  effect  which  can  hudly  be  poioileled  in  any  other  manufacture. 
The  surface  is  often  richly  out  and  diversified,  and  the  silvering  may 
be  made  to  appear  at  ony  spots  selected  by  the  workman.  The  silvering 
agent  is  one  of  the  salts  or  compounds  of  silver,  as  in  Drayton's  pro- 
cess ;  but  arrangements  of  on  intricate  kind  oi'e  requisite  to  tho  due 
production  of  the  required  effects. 

Dr.  Faraday  has  described  at  the  Royal  Institution  o  mode  of 
silvering  introduced  by  M.  Petitjeon.  A  solution  of  oxide  of  silver, 
ammonia,  nitric  acid,  and  muriatic  acid  is  employed.  A  cast-iron 
table-box  is  provided,  with  water  within  and  gas  underneath.  The 
sheet  of  glass  to  be  silvered  is  laid  upon  the  iron  plate  and  heated  to 
140°  Tttlu'.  by  gas  flames  acting  through  or  on  the  wuter.   Tho  solutioa 
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u  poured  on  tlie  glass,  together  with  a  little  polishing-powder.  When 
irell  floated,  the  Bolution  is  rolled  with  an  india-rubber  roller  to  expel 
all  air-bubbles.  Then  more  solution  ia  poured  on,  and  more  heat 
applied,  uutU  a  precipitate  of  pure  silTer  ia  depoeited  on  the  glass, 
which  takes  place  in  about  a  quarter  of  an  hour.  The  surplus  liquid 
being  poured  off,  and  the  silver  washed,  it  is  found  to  present  a  beauti- 
ful reflecting  su^&ce.  No  mercury  being  here  employed,  the  ptooees 
is  lees  harmful  than  that  usually  adopted. 

SIMABCJBA  BARE  is  obtained  from  the  root  of  the  Siman^ 
amara,  Aublet.  S.  offieinaUt,  Deo.  It  ia  a  native  of  Quyana,  and  also 
of  Jamaica  (unless  thia  latter  be  a  diatinot  speciee),  and  the  more 
southern  of  the  United  States. 

It  ia  intensely  bitter,  and  yielda  an  infusion  more  bitter  than  the 
decoction.  The  infuaion  maide  with  cold  water  is  best.  It  may  be 
used  as  an  emetic  or  tonic,  in  fever  and  dysentery;  also,  agunst 
worms.  If  the  wood  be  used  in  cooking,  the  viands  acquire  an  intense 
bittemesB.  The  Simarmiba  venicolor  (Aug.  St.  Hilaire),  a  native  of 
Brazil,  has  similar  properties,  but  its  internal  use  causes  stupor  and 
other  narcotic  symptoms.  Thia  effect  might  be  avoided  by  making  the 
infuaion  with  eold  vxUer,  as  in  the  case  of  quassia.    [Qdassia.] 

SIHILAB,  SIMILAB  FIQUBES  (Qeconeby).  Similarity,  resem- 
blance, or  likeness,  means  sameness  in  some,  if  not  in  all,  particulaia. 
In  geometry,  the  word  refers  to  a  sameness  of  one  particular  kind. 
The  two  most  important  notions  which  the  view  of  a  figure  will  give 
are  those  of  lia  and  Aape,  ideas  which  have  no  connection  whataoever 
with  each  other.  Figures  of  different  sizes  may  have  the  same  shape, 
and  figures  of  difierent  shapes  may  have  ^e  same  size.  In  the  latter 
case  mey  are  called  by  Euclid  equal,  in  the  former  limilar  (similar 
figures,  S/toia  crx^iuera).  The  first  term  [ElqUAL ;  -Relation],  in  Euclid's 
first  use  of  it,  includes  united  sameness  both  of  size  and  sliape;  but  he 
soon  drops  the  former  notion,  and,  reserving  equal  to  signify  sameness 
of  size  only,  introduces  the  word  similar  to  denote  sameness  of  form  : 
so  that  the  equality  of  the  fundamental  definition  ia  the  subsequent 
combined  equ^dity  and  similarity  of  the  sixth  book. 

Similarity  of  form,  or,  as  we  shall  now  technicslly  say,  similarity,  is 
a  conception  which  is  better  defined  liy  things  than  by  words;  being 
in  fact  one  of  our  fundamental  ideas  of  figure.  A  drawing,  a  nu^,  a 
model,  severally  appeal  to  a  known  idea  of  similarity,  derived  from,  it 
may  be,  or  at  least  nourished  by,  the  constant  occurrence  in  nature 
and  art  of  objects  which  have  a  general,  though  not  a  perfectly  mathe- 
matical, simiuuity.  The  rudest  nations  understand  a  picture  or  a  map 
idmost  instantly.  It  is  not  necessary  to  do  more  in  the  way  of  defini- 
tion, and  we  must  proceed  to  point  out  the  mathematical  tests  of 
similarity.  We  may  observe  indeed  that  errors  or  monstrosities  of 
size  are  always  more  bearable  than  those  of  form,  so  much  more  do 
our  conceptions  of  objects  depend  upon  form  than  upon  size.  A 
painter  may  be  obliged  to  dimininh  the  size  of  the  minor  parts  of  his 
picture  a  little,  to  give  room  for  the  more  important  objects  :  but  no 
one  ever  tiiought  of  making  a  change  of  form,  however  slight,  in  one 
object,  for  the  sake  of  its  efieet  on  any  other.  The  giant  of  Rabelais, 
with  whole  nations  carrying  on  the  bui^ess  of  life  inside  his  mouth,  is 
not  so  monstrous  as  it  would  have  been  to  take  the  ground  on  which  a 
nation  might  dwell,  England,  France,  or  Spain,  invest  it  with  the 
intellect  and  habits  of  a  human  being,  and  make  it  move,  talk,  and 
reason :  the  more  tasteful  fiction  of  Swift  is  not  only  bearable  and 
oonoeivable,  but  has  actually  made  many  a  simple  person  t-hinir  it  was 
meant  to  be  taken  as  a  true  history. 

Granting  then  a  perfect  notion  of  similarity,  we  now  ask  in  what 
way  it  is  to  be  ascertained  whether  two  figures  are  similar  or  not.  To 
simplify  the  question,  let  them  be  plane  figures,  say  two  maps  of 
England  of  different  sizes,  but  made  on  the  same  projection.  It  is 
obvious,  in  the  first  place,  that  the  lines  of  one  figure  must  not  only 
be  related  to  one  another  in  length  in  the  same  manner  as  in  the 
other,  but  also  in  position.  Let  us  drop  for  the  present  all  the  curved 
lines  of  the  coast,  4o.,  and  consider  only  Uie  dots  which  represent  the 
towns.  Join  every  such  pair  of  dots  by  straight  lines  :  then  it  is  plain 
that  similarity  of  form  requires  that  any  two  lines  in  the  first  should 
not  only  be  in  the  same  proportion,  as  to  length,  with  the  two  corre- 
sponding lines  in  the  second,  but  that  the  first  pair  should  incline  at 
the  ssme  angle  to  each  other  as  the  second.  Thus,  if  LT  be  the  line 
which  joins  London  and  York,  and  t  c  that  which  joins  Falmouth  and 
Chester,  it  is  requisite  that  L  T  should  be  to  v  o  in  the  same  proportion 
in  the  one  map  that  it  is  in  the  other;  and  if  v  o  produced  meet  LT 
produced  in  o,  the  angle  o  o  T  in  one  map  must  be  the  some  as  in  the 
other.  Hence,  if  there  should  be  100  towns,  which  are  therefore 
joined  two  and  two  by  4950  straight  lines,  giving  about  12  millions 
and  a  garter  of  pairs  of  lines,  it  is  dear  that  we  must  have  the  means 
of  verifying  12^  millions  of  proportions,  and  as  many  angular  agree- 
ments. But  if  it  be  only  assumed  that  similarity  is  a  possible  Sing, 
T  '■.•^y'^"'^  *l»»t  wiis  large  number  is  reducible  to  twice  98. 
Let  It  be  granted  that  I  y  on  the  smaller  map  is  to  represent  L  T  on 
the  lai;ger.  Lay  down  /  and  a  in  their  proper  places  on  the  smaller 
map,  each  with  reference  to  {  and  y,  by  comparison  with  the  larger 
map :  then  ^  and  c  are  in  their  proper  places  with  reference  to  each 
other.  For  if  not,  one  of  them  at  least  must  be  altered,  which  would 
disturb  the  correctness  of  it  with  respect  to  land  y.  Either  then  there 
is  no  such  thing  as  perfect  similai-ity,  or  else  it  may  he  entirely  ob- 
tained by  comparison  with  I  and  y  only. 


We  have  hitherto  supposed  that  both  ciroumatanoee  must  be  looked 
to ;  proper  lengths  and  proper  angles ;  truth  of  linear  proportion  and 
truth  of  relative  direction.  But  it  ia  one  of  the  first  things  which  the 
student  of  geometry  learns  (in  reference  to  this  subject),  that  the 
attainment  of  correctness  in  either  secures  that  of  the  other.  If  Uie 
smaller  map  be  made  true  in  all  Us  relative  lengths,  it  must  be  true 
in  all  its  directions ;  if  it  be  made  true  in  al2  its  directions,  it  must  be 
true  in  all  iU  relative  lengtha.  The  foundation  of  this  aimplifying 
theorem  rests  on  three  propositions  of  the  sixUi  book  of  Euclid,  as 
follows : — 

1.  The  angles  of  a  triangle  (any  two,  of  course)  alone  are  enough  to 
determine  its  form  :  or,  as  Euclid  would  express  it,  two  triangles  which 
have  two  angles  of  the  one  equal  to  two  angles  of  the  other,  each  to 
each,  have  the  third  angles  equal,  and  all  the  sides  of  one  in  the  same 
proportion  to  the  corresponding  sides  of  the  other. 

2.  The  proportions  of  the  sides  of  a  triangle  (those  of  two  of  them 
to  the  third)  are  alone  enough  to  determine  its  form,  or  if  two 
triangles  have  the  ratios  of  two  sides  to  the  third  in  one  the  same  as 
the  corresponding  ratios  in  the  other,  the  angles  of  the  one  are  seve- 
rally the  same  as  those  of  the  other. 

S.  One  angle  and  the  proportion  of  the  containing  aides  are  sufficient 
to  determine  the  form  of  a  triangle  :  or,  if  two  triangles  have  one  angle 
of  the  first  equal  to  one  of  the  second,  and  the  sides  about  those  angles 
proportional,  the  remaining  angles  are  equal,  each  to  each,  and  the 
sides  about  equal  angles  are  proportional. 

From  these  propositions  it  is  easy  to  show  the  truth  of  all  that  has 
been  asserted  about  the  conditions  of  similarity,  and  the  result  ia,  that 
any  number  of  points  are  placed  similarly  with  any  other  number  of 
pomts,  when,  any  two  being  taken  in  the  first,  and  the  corresponding 
two  in  the  second,  say  A,  B,  and  a,  6,  any  thkd  point  c  of  the  first 
gives  a  triangle  a  B  c,  which  is  related  to  Uie  corresponding  triangle 
a  i  c  of  the  second,  in  the  manner  described  in  either  of  the  three  pre- 
ceding propositions.  For  instance,  let  there  be  five  points  in  each  figure : 


In  the  triangles  BAB  and  &  a  c,  let  the  angles  ABBandlBA  be  seve- 
rally equal  to  aefrand  eba.  Lithe  triangles  adb  and  ad  ft  let  da  : 
AB  :  :  da  :  ai,  and  DB:BA::ei&:6a.  In  the  triangles  Acsand 
acb  let  the  angles  abo  and  aie  be  equal,  and  AB:B0::ai:6& 
These  conditions  being  fulfilled,  it  can  be  shown  that  the  figures  are 
similar  in  form.  There  is  no  angle  in  one  but  is  equal  to  its  ooire- 
sponding  angle  in  the  other :  no  proportion  of  any  two  lines  in  one  but 
is  the  same  as  that  of  the  corresponding  lines  in  the  other.  Kveiy  con- 
ception necessary  to  the  complete  notion  of  similarity  is  formed,  and 
the  one  figure,  in  common  language,  is  the  tame  as  the  other  in  Jigure, 
but  perhaps  on  a  different  scale. 

The  number  of  ways  in  which  the  conditions  of  similarity  can  be 
expressed  might  be  varied  almost  without  limit ;  if  there  be  n  points, 
they  are  twice  (»— 2)  in  number.  It  would  be  most  natural  to  take 
either  a  sufficient  number  of  r»tioe,  or  else  of  angles :  pei^ps  the 
latter  would  be  best.  Euclid  confines  himself  to  neither,  in  which  ha 
is  guided  by  the  following  consideration  : — He  uses  only  salient  or 
convex  figures,  and  bis  lengths,  or.  sides,  are  only  those  lines  which 
form  the  external  contour.  The  internal  lines  or  diagonals  he  rarely 
consideis,  except  in  the  four-sided  figure.  He  lays  it  down  as  the 
definition  of  similarity,  that  all  the  angles  of  the  one  figure  (meaning 
only  angles  made  by  the  sides  of  the  contour)  are  equal  to  those « 
the  other,  each  to  eadi,  and  that  the  sides  about  those  angles  are  pro- 
portionaL  This  gives  2n  conditions  in  an  n-sided  figure,  and  con- 
sequently four  redundancies,  two  of  which  are  easily  detected.  In  the 
above  pentagons,  for  instance,  if  the  angles  at  A,  B,  D,  o,  be  severally 
equal  to  these  at  a,  e,  d,  c,  there  ia  no  occasion  to  say  that  that  at  B 
must  be  equal  to  that  at  b,  for  it  ia  a  necessary  consequence:  also,  if 
Ba  :  AB  :  :  ia  :  as,  and  so  on  up  to  D  o  :  OB  :  :  d  e  :  eft,  there  is  no 
occasion  to  lay  it  down  as  a  condition  that  CB  :  ba  :  :  eft  :  ia,  for  it  is 
again  a  consequence.  These  points  being  noted,  the  definition  of 
Euclid  ia  admirably  adapted  for  tua  object,  which  ia,  in  thia  as  in  every 
other  case,  to  proceed  straight  to  the  establishment  of  his  propositions, 
without  casting  one  thought  upon  the  connection  of  his  preliminaries 
with  natural  geometry. 

Let  US  now  suppose  two  similar  curvilinear  figures,  and  to  simplify 
the  question,  i»lte  two  arcs  a  b  and  aft.  Having  already  detected  the 
test  of  similarity  of  position  with  reference  to  any  number  of  points,  it 


*» 

,^^. 


will  be  eoqr  to  settle  the  conditions  under  which  the  ore  a  B  is 
altogether  similar  to  aft.  _  By  hypothesiB,  a  and  B  are  the  pointa  corre- 
sponding to  a  and  ft.    Join  a,  »,  and  a,  ft;  and  in  the  arc  ab  take  any 
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pointp.  Hake  the  angle  &aj>  equal  to  BAP.and  abp  equal  to  abp; 
and  let  ap  and  bp  meet  in  p.  Then,  if  the  curres  be  Bimilar,  p  must 
be  on  the  aro  ai ;  for  every  point  on  a  b  is  to  have  a  correspondibg 
point  on  ab.  Hence  the  definition  of  similarity  is  as  follows : — Two 
curves  are  similar  when  for  every  polygon  which  can  be  inaoribed  in  the 
first,  a  similar  polygon  can  be  inscribed  in  the  second. 

It  is  easily  shown  that  if  on  two  lines,  A  and  a,  be  described  a  first 
pair  of  polygons,  p  and  p,  and  a  second  pair,  Q  and  q,  the  proportion  of 
the  first  and  second  pain  is  the  same,  or  P  :  j)  :  :  Q  :  ^.  The  simplest 
similar  polygons  are  squares  {  consequently,  any  sunilar  polygons 
described  on  A  and  a  are  to  one  another  in  the  proportion  of  the 
squares  on  A  and  a.  This  is  also  true  if  for  the  polygons  we  sub- 
stitute similar  curves ;  and  it  must  be  proved  by  the  method  of  ex- 
haustions [Oeometbt],  or  by  the  theory  of  limits  applied  to  the 
proportion,  that  any  curve  may  be  approaohad  in  magnitude  by  a 
polygon  within  any  degree  of  nearness. 

The  theory  of  similar  solids  resembles  that  of  similar  polygons,  but 
it  is  necessary  to  commence  with  three  points  instead  of  two.  Let 
A,  B,  0,  and  a,  i,  e,  be  two  sets  of  three  points  each,  and  let  the 
triangles  A  b  O  and  aie  be  similar :  let  them  also  be  plaoed  so  that  the 
sides  of  one  are  parallel  to  those  of  the  other.  If  then  any  number  of 
similar  pyramids  be  described  on  abc  and  a &e,  the  vertices  of  these 
pyramids  will  be  the  comers  of  similar  solids.  If  F  and  p  be  the 
vertices  of  one  pair,  then  the  pyramids  P  A  B  o  and  pabe  are  similar  if 
the  vertices  Putdj)  be  on  the  same  side  of  abc  and  a&e  [Stvmstbt], 
and  one  of  the  triangles,  say  fab,  be  rimilar  to  its  corresponding 
triangle  j)  a&,  and  so  plaoed  that  the  angle  of  the  planes  fab  and  cab  is 
the  same  as  that  of  the  planes  j>ai  and  eab.  The  simplest  similar  solids 
are  cubes  ;  and  any  similar  solids  described  on  two  straight  lines  are 
in  the  same  proportion  as  the  cubes  on  those  lines.  Similar  curve 
surfaces  are  those  which  are  such  that  evety  solid  which  can  be 
inscribed  in  one  has  anoUier  similar  to  it,  capable  of  being  inscribed  in 
the  other. 

It  is  worthy  of  notice  that  the  great  contested  element  of  geometry 
[Faballkm]  wotUd  lose  that  chataoter  if  it  were  agreed  that  the 
notion  of  form  being  independent  of  size  is  as  necessary  as  that  of  two 
Btratght  lines  being  incapable  of  enclosing  a  space ;  so  that  whatever 
form  can  exist  of  any  one  size,  a  similar  form  must  exist  of  every 
ottier.  There  can  be  no  questicm  that  this  universal  idea  of  similarity 
involves  as  much  as  this,  and  no  more ;  that  in  the  passage  from  one 
size  to  another,  all  lines  alter  their  lengths  in  the  same  proportion,  and 
all  angles  remain  the  same.  It  is  the  subsequent  mathematical  treat- 
ment of  these  conditions  which  first  points  out  that  either  of  them 
f oUoWB  from  the  other.  If  the  whole  of  this  notion  be  admissible^  so 
in  any  thing  leas;  that  is,  the  admission  implies  it  to  be  granted  that 
'whatever  figure  may  be  described  upon  any  one  line,  another  figure 
bavins  the  same  angles  may  be  described  upon  any  other  line.  If  tiien 
-we  tue  a  triangle  abc,  and  any  other  line  oo,  there  can  be  drawn 
upon  ab  a  triangle  having  angles  equal  to  those  of  ab  a  This  can  only 
lie  done  by  drawing  two  lines  from  a  and  6,  making  an^^es  with  ab 
equal  to  B  A G  and  abc.    These  two  lines  must  then  meet  in  some 

Kmt  e,  and  the  angle  aeb  will  be  equal  to  A  a  B.  If  then  two  triangles 
ve  two  angles  of  one  equal  to  two  angles  of  the  other,  each  to  etuch, 
the  third  angle  of  the  one  must  be  equal  to  the  third  angle  of  the 
other ;  and  this  much  being  established,  it  is  well  known  that  the 
ordinary  theory  of  parallels  follows.  The  preceding  assumption  is  not 
without  resemblance  to  that  required  in  the  methods  of  Legendre. 
[Paballxls.] 

SIMILE  is  defined  by  Johnson  to  be  "  a  comparison  by  which  any- 
thing is  illustrated  or  aggrandised,"  a  definition  which  has  been  often 
neglected  by  poets.  A  metaphor  differs  from  a  simile  in  expression, 
inasmuch  as  a  metaphor  is  a  comparison  without  the  words  indicating 
the  resemblance,  and  a  simile  is  a  comparison  where  the  objeots  oom- 
pared  are  kept  as  distinct  in  expression  as  in  thought  The  metaphor 
is  only  a  bolder  and  more  elliptical  simile.  When,  we  speak  of  the 
rudeness  of  a  man,  and  say, "  Mr.  Jones  is  as  mde  as  a  bear,"  we  use 
a  simile,  for  the  rudeness  of  the  two  are  kept  distinct  but  likened ; 
when  we  say  "  that  btctr  Mr.  Jones,'  we  use  a  metaphor,  the  pouits  of 
resemblance  being  confounded  in  the  identification  of  rudeness  with 
•  bear.  So,  "  brave  as  a  Uon"  is  a  simile — the  "  lion  Achilles"  a  meta- 
phor. Where  the  resemblance  is  obvious,  it  may  be  more  forcibly 
and  as  intelligibly  expressed  by  a  simple  metaphor;  but  when  the 
resemblance  is  not  so  obvious,  it  requires  fuller  elucidation,  and  then 
it  must  be  expressed  by  a  simile.  Similes  therefore,  from  tiieir  ten- 
dency to  detul,  are  usually  misplaced  in  passionate  poetry,  but  meta- 
phors constitute  the  very  language  of  passion ;  for  the  mind,  when 
moved,  catches  at  eveiy  aught  association  to  express  itself,  but  never 
dwells  on  them  with  the  deliberateness  of  a  comparison. 

SIMILOR.    A  kind  of  gold-coloured  brass.     [Bbabs.] 

SIMONY.    [BKHBnc&J 

SIMOOM.    rSAiaiEU.1 

SIMPLE  BODIES.    [Atomic  Thbobt.] 

SIMPLE  CONTRACT  debts  are  those  which  are  contracted  with- 
out any  engagement  under  the  seal  of  the  debtor  or  of  his  ancestor 
g)EEDj,  and  which  are  not  of  record  by  any  judgment  of  a  court, 
oney  due  for  goods  bought  by  the  debtor  is  the  most  usual  of 
simple  contract  debts ;  and  the  declaration  against  a  defendant,  in  an 
action  fur  goods  sold,  usually  alleges  that  the  dafendant  undertook 


(or  contracted)  to  pay  the  plaintiff  the  sum  due.  Simple  contract 
debts  are  the  last  which  are  payable  out  of  a  deceased  person's  estate, 
when  the  assets  are  insufficient. 

SIN.  One  of  the  few  passages  of  Scripturs  in  which  we  have  some- 
thing which  approaches  to  the  character  of  a  definition  relates  to  this 
word  :  "  Sin  is  the  transgresuon  of  the  law."  (1  John  iii.  4.)  Within 
this  definition  would  be  comprehended  all  actual  sins,  when  the  word 
law  is  interpreted  to  mean  the  Christian  law,  the  rule  by  which  the 
minds  of  all  who  profess  Christianity  are  bound ;  not  merely  open 
palpable  offences  against  the  law,  such  as  murder,  theft,  lying,  and  the 
like,  but  sinful  omissions  of  duty,  and  those  sins  whidh  are  only  those 
of  contemplation  and  thought :  since  the  Christian  rule  commands  us 
not  to  n^leot  the  performance  of  our  duties,  and  to  keep  a  watch  over 
the  thoughts  as  well  as  over  the  actions  and  words. 

It  was  this  comprehensive  and  most  excellent  law  which  was  in  the 
mind  of  the  Aportle  when  he  said  that  "  sin  was  tranigression  of  the 
law,"  or  at  least  that  other  divine  law  which  bound  the  conscience  of 
the  Jews.  But  the  expression  may  be  taken  to  express  more  generally 
any  law  which  a  person  holds  in  his  conscience  to  be  bindmg  upon 
him,  whether  it  be  a  law  of  nature  only,  or  a  law  in  which  the  natural 
perception  of  right  and  wrong  is  modified  by  and  mixed  with  what  is 
received  as  the  will  of  Ood  concerning  us  by  direct  revelation  from 
him. 

When  tiie  word  sin  is  applied  to  any  act,  it  is  always,  among  correct 
writers  or  speakers,  used  with  reference  to  religious  obligation,  and  to 
the  reeponsibility  in  which  we  stand  to  Gkid,  and  the  liaMUty  in  which 
we  are  to  future  punishment.  "  To  do  wrong"  would  express  the 
same  act  as  "  to  ;oommit  sin ; "  but  we  use  the  former  phrase  without 
thinking  of  the  offence  which  U  done  against  God  in  any  act  of  the 
kind ;  not  so  when  we  use  the  other  phrase. 

Under  this  definition  it  is  evident  that  there  may  be  degrees  in  sin : 
and  we  mention  this  to  remove  what  we  deem  an  erroneous  opinion  on 
this  subject,  which  goes  the  length  of  saying  that  there  is  really  no 
difference  between  the  sli^test  violation  of  any  moral  obligation  and 
the  more  heinous  transgressions.  The  error  on  this  point  arises  out  of 
one  of  tiie  commonest  mistakes  in  respect  of  language — confounding 
words  in  their  abstract  with  words  in  their  concrete  state.  It  is  true 
that  sin  in  the  abstract  is  one  and  indivisible,  and  there  are  no  degrees 
in  it;  it  expresses  that  which  is  most  offensive  in  the  sight  of  a  pure, 
holy,  and  judging  Ood.  But  when  we  say  "  a  sin,"  we  refer  to  some 
particular  act ;  and  common  sense  tells  us  that  in  all  acts  in  which 
the  law  is  trangressed  there  a  not  the  some  amount  of  moral  turpitude, 
not  the  same  amount  of  defiance  to  the  Divine  Power,  nor  the  same 
injury  to  society  or  to  our  nei^bour,  and  consequently  not  the  same 
amount  of  offence  in  the  sig^t  of  Gtod.  But  a  watchful  guard  should 
be  kept ;  for  nothing  is  more  certain  in  the  philosophy  of  mind,  than 
that  small  offences  lead  imperceptibly  to  the  toleration  of  greater,  so 
that  the  man  who  thinks  little  of  small  offences  may  become,  before  he 
is  aware,  guilty  of  those  of  the  most  heinous  nature. 

Here  is  ^ao  what  divines  call  Original  Sin ;  a  phrase  which  is 
differently  interpreted  by  different  persons.  By  some  it  is  considered 
as  being  the  act  of  sin  committed  by  our  first  parents  when  they  trans- 
gressed the  law  which  had  bound  them  not  to  eat  of  the  fruit  of  a 
certain  tree;  and  this  act  of  sin  is  regarded  as  partaken  in  by  all  the 
posterity  of  Adam,  fixing  upon  them  all  the  ^uilt  of  his  sin,  and 
exposing  them  to  punishment  which  would  be  mflicted  for  this  par- 
ticular sin,  to  say  nothing  of  their  own  sin,  but  for  the  great  redemp- 
tion. There  are  many  modifications  of  this  notion  and  many  shades  of 
opinion;  and  some  dasses  of  professing  Christians  do  not  use  the 
phrase  original  sin,  though  tiiey  admit  the  proneness  of  msn  to  sin ; 
attributing  it  to  his  ignorance  and  imperfection,  to  the  violence  of  his 
appetites  and  passions,  and  in  general  referring  it  to  that  state  of  pro- 
bation in  whidi  it  seems  to  them  to  have  been  the  intention  of  the 
.Creator  to  place  us. 

SINAMINE.    [THSismAMisB.] 

SINAPIC  ACID  (2H0,C„H,„0,).— A  product  of  the  action  of 
caustic  potadi  on  Sivapinb.  The  HnaptUe  of  potath  (2K0,  C,,H,oO^ 
thus  pitxluced  is  decomposed  by  hydrochloiio  acid,  and  the  preci- 
pitated nnapic  acid  crystiJlised  from  hot  diluted  alcohoL  Sinapic  acid 
forms  small  prisms  which  are  insoluble  in  ether  and  only  slightiy 
soluble  in  water.  Both  itself  and  its  salts  are  somewhat  unstable. 
It  fuses  above  300°  Fahr. 

SINAPINE.  (C„H,,NO,j).  The  hydrosulpho-cyanate  of  rinapine 
occurs  in  white  musbod.  After  the  mustard  fiour  has  been  suo- 
cessively  treated  with  ether  and  with  absolute  alcohol  to  remove 
fatty  and  colouring  matter,  it  is  boiled  in  alcohol  of  sp.  gr.  0826,  and 
the  filtered  liquid  concentrated  till,  on  cooling,  it  deposits  crystals. 
Sinapine  reduces  the  salts  of  copper,  silver  and  gold.  Its  solutions 
are  very  liable  to  decompose  into  Sinafio  Acid  and  Sinkalihk;  a 
change  that  is  rapidly  effed»d  by  ebullition  with  solution  of  potsah : — 

C„  H„NO„  +  »{KO,HO)  =  JKO,  0.,H,,0,  +  Ci.H,,NO.  +  SHO 

< ^ /  * V '        ' V — ■' 

Sloapint.  Binapatc  of  potiuh.        Binkaline, 

Sinapine  was  formerly  called  iulphoimapinne. 
SINA'PIS.    Two  species  of  this  genus  are  used  in  this  country  to 
yield  the  mustard  of  commerce,  &  alia  and  -S.  nijfra,  or  white  mustard 
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and  blade  mustard.  Both  are  aiiTumlii,  the  latter  exteiuirely  ciiltivatsd 
in  Torfcshlre  and  Durham.  Of  the  former  the  aeeda  are  large,  smooth, 
not  veined  or  reticulated,  and  when  bruised  and  mixed  with  water,  do 
not  evolve  a  pungent  odour.  The  integument  or  skin  is  also  thin,  and 
the  quantity  of  fixed  oil  obtained  from  it  is  leu  than  from  that  of  the 
black  mustard.  White  mustard  is  of  alight  colour  externally  (but  one 
variety  is  blackish),  and  when  reduced  to  powder,  is  of  a  light  yellow 
colour. 

The  aeeda  of  black  mustard  are  about  the  size  of  the  bead  of  a 
common  pin,  ovato-globoae,  of  a  reddish-brown,  beautifully  veined, 
internally  ydlow,  oily,  and  yielding  a  yellowish-green  powder.  The 
chemical  constitution  of  the  two  is  essentially  cUJBerent,  as  it  is  only 
the  black  mustard  which  evolves,  when  bruised  and  mixod  with  water, 
the  pungent  principle  which  initates  the  eyea,  noatrils,  and  skin.  The 
white  mustard  poesesses  a  non-volatile  acrid  principle,  which  is 
developed  by  the  addition  of  water ;  also  a  peculiar  principle,  sulpho- 
sinapisin.  It  is  the  young  plants  from  this  spedea  which  are  eaten 
with  cress  as  a  salad. 

The  fixed  oil  is  perfectly  bland,  Uke  that  of  olive  or  rape,  which  last 
it  greatly  resembles.  It  exists  to  the  extent  of  20  per  cent  in  white, 
and  about  28  per  cent,  in  black  mustard-seed.  To  obtain  it  the  seeds 
are  crushed  in  a  mill  or  between  rollers,  and  the  skins  should  be 
subjected  to  pressure  as  well  as  the  farina  or  flour.  The  cake  may 
then  be  sifted  and  reduced  to  a  fine  powder,  as  it  retains  all  the 
pungent  properties.  In  France  the  oil  is  generally  left  in  the  seeds, 
which  renders  them  very  di£Scult  to  powder,  and  makes  it  expensive. 
It  is  also  less  potent  than  English  mustard  in  equivalent  quantity. 
The  marc  or  cake  is  sometimes  used  as  manure,  but  this  is  a  waste. 
It- has  been  supposed  to  be  anthelmintic  as  well  as  purgative,  but  its 
medicinal  properties  are  insignificant. 

Pure  flour  of  mustard  ought  alone  to  be  used  for  medical  purpoees, 
but  it  is  seldom  to  be  met  with ;  the  mustard  of  the  shops  is  a  mixture 
of  the  flour  of  both  black  and  white  mustard  with  wheat  flour  and 
capsicum. 

Flour  of  mustard,  mixed  with  watw,  forms  the  well-known  condi- 
ment so  much  used  with  all  the  more  indigestible  artides  of  food,  the 
solution  of  which  it  seems  to  favour  by  rousing  the  powers  of  the 
stomach.  A  tea  or  table-spoonful  of  mustard  in  a  tumbler  of  water 
forms  a  ready  and  useful  emetic  in  many  cases  of  poisoning,  especially 
when  narcotic  poisons  have  been  taken ;  also  in  cholera.  Added  to  foot- 
baths, mustard  has  a  revulsive  action,  which  is  often  serviceable  in  the 
commencement  of  colds,  and  when  gout  has  seized  the  stomach  or 
brain;  also  when  cutaneous  diseases  have  suddenly  receded.-   (BuBS- 

PACIBNTS.) 

Sinapisms  are  generally  directed  to  be  made  with  vinegar,  but 
water  of  the  temperature  of  about  100°  Fahr.  is  preferable,  and  less 
expensive.  French  mustard  for  the  table  is  often  prepared  with 
vinegar. 

&  nigra  difPers  from  the  white  mustard  in  the  flowers  bemg  much 
smaller,  and  in  the  seeds  being  black.  The  great  purpose  for  which 
the  black  mustard  is  grown  is  for  the  seeds.  "  To  raise  the  seed  for 
flour  of  mustard  and  other  o£ScinaI  occasions,  sow  either  in  March 
or  April  in  an  open  compartment,  or  large  sowings  in  fields,  where 
designed  for  public  supply.  Sow  moderately  thiuc,  either  in  drills 
■is  or  twelve  inches  asunder,  or  broad-cast,  after  the  ground  has 
been  properly  ploughed  and  harrowed,  and  rake  or  harrow  in  the 
seed.  When  the  plants  are  two  or  three  inches  high,  hoe  or  thin  them 
moderately  where  too  thick,  and  clear  them  from  weeds.  They  will 
soon  run  up  to  stalks,  and  in  July,  August^  or  September  return  a  crop 
of  seed  ripe  for  gathering ;  being  tied  up  in  sheaves  and  left  three  or 
four  days  on  the  stubble."  (Don's  Miller.)  Bain  damages  Ae  crop  very 
much.  Black  mustard  exhausts  the  soil  rapidly]  When  once  grown 
It  ia  difficult  to  extirpate  on  account  of  the  great  vitality  of  the  seeds, 
which,  if  buried  at  almost  any  depUi  and  for  any  length  of  time,  will 
germinate  when  brought  to  the  surface.  In  prepumg  the  flour  of 
mustard  in  this  countiry,  the  black  husk  of  the  seed  is  separated  by 
delicate  sifting.  This  process,  which  is  not  gone  throu^on  the 
Continent,  makes  the  British  mustard  so  mu<^  lighter  and  mora 
agreeable  in  colour. 

SINAFOLINE.    [Mustaiid,  On,  op.] 

SINDOC,  or  SINTOC  (a  word  not  to  be  confounded  with  Sind- 
hooka,  or  Sinduya,  the  Indian  name  of  the  Titex  Negunda),  is  the  bark 
of  a  species  of  cinnamomum  (C.  tintoe,  Blume),  a  native  of  the  forests 
of  Java.  It  greatly  reeembles  the  bark  of  Oinnamommn  euUlamin, 
Blume,  and  partakes  of  the  qualities  of  Ceylon  cinnamon  in  a  very 
inferior  degree.  The  bark  is  in  thick  flat  pieces,  not  in  thin  quill-like 
inpes.    Its  oil  is  like  that  of  cassia.    The  bark  is  used  as  a  spice;  the 

oil  as  a  medicine  and  perfume  by  the  natives.  It  is  seldom  brought  to 
Europe  m  any  shape. 

SINE  wd  COSINE.  We  separate  from  the  article  Tbioonomktrt 
toe  mere  deaonptaon  and  properties  of  the«e  fundamental  terms,  which, 
though  originally  derived  from  simple  trigonometry,  are  now  among 
aie  most  useful  foundations  of  mathematical  expression.  For  what  we 
have  to  say  on  their  history,  we  refer  to  the  article  just  cited. 

According  to  the  ancient  system  of  trigonometry,  the  sine  and 
•^°e«*  only  names  given  to  the  abedasa  and  ordinate  of  a  point,  not 
with  reference  to  the  position  of  that  ixrint  in  space,  but  to  the  radius 
T»ctor  of  that  point  and  its  angle.    Thus,  measuring  angles  from  the 


lino  o  N,  and  in  the  direction  of  the  arrow,  the  angle  N  o  f  has  aii  iufiulte 
number  of  sines  and  cosines.    With  reference  to  the  nutiw  o  r,  r  n  it 


the  sine  and  ON  the  cosine  of  ^  HOP;  but  with  reference  to  the  ndiw 

0  Q,  Q  B  is  the  sine  and  o  B  the  cosine.    The  fundamental  relatioa 

(line  Sf  +  (codne  Sf  =  (radius)* 

is  obvious  enough. 

The  student  always  began  trigonometry  with  this  multiplicitjr  <A 
definitions,  and  with  the  idea  of  some  particular  radius  being  neceBtaiy 
to  the  complete  definition  of  the  sine  and  cosine.  But  as  he  proceeded, 
he  was  always  taught  to  suppose  the  radius  a  unit ;  that  is,  alwsjn  to 
adopt  that  line  as  a  radiua  which  was  agreed  upon  to  be  represcDted 
by  1.  Hence  he  gradually  learned  to  forget  his  first  definition ;  and, 
passing  from  geometry  to  arithmetic,  to  nse  the  following :  F  o  being 
unity,  the  sine  of  hop  is  FN,  which  is  therefore  in  arithmetic  the 
fraction  which  P  N  is  of  P  o ;  and  the  cosine  is  the  fraction  which  o  j  ia 
of  F  o.  If  Q  o  had  been  used  as  a  unit,  the  result  would  have  been  tlie 
same;  for  by  similar  triangles,  bq  ia  the  same  fraction  of  go  which 
H  F  ts  of  F  o. 

In  the  most  modem  trigonometry,  and  for  oogent  reasons,  theitudent 
is  never  for  a  moment  allowed  to  Imagine  that  the  sine  and  cosine  an 
in  any  manner  representatives  of  lines.  In  a  practical  point  of  view, 
the  final  definition  of  the  old  trigonometry  coincides  exactly  with  that 
of  the  new;  but  tiie  latter  has  this  advantage,  that  all  Bubnqueit 
geometrical  formula)  are  seen  to  be  homogeneous  in  a  much  nxire 
distinct  manner.  The  definition  is  this :  Tlw  sine  of  N  o  F  ii  not  R  ?, 
nor  any  number  to  represent  N  P ;  it  ia  the  fraction  which  s  ?  ii  of  po, 
considered  as  an  abstract  number.  Thus  if  o  N^,  N  F,  F  o,  be  in  the  pro- 
portion of  3,  i, and  6,  fnIb  >  of  of  :  tIus{iB  the  sine  of  mop, not 

1  of  any  line,  nor  any  Ihie  considered  as  t  of  a  unit ;  but  simply  {,  foiu- 
fifths  of  an  abstract  unit.  Similarly  the  cosine  is  the  fiaction  vhidi 
ON  is  of  OF.  In  just  the  same  manner  the  abstract  number  t,  or 
3-141S9  . .  .,  is  not  styled  (as  it  used  to  be)  the  cireumferenoe  of  a 
circle  whose  diameter  is  a  unit,  but  the  proportion  of  the  drcnmfemK 
to  the  diameter,  the  number  of  times  which  any  cireumferenoe  cmtaios 
its  diameter.  We  cannot  too  strongly  reoommend  the  unirenal 
adoption  of  this  change  of  style,  a  sli^^t  matter  with  reference  to  moe 
calculation  of  results,  but  one  of  considerable  importanoe  to  a  sona^ 
understanding  of  the  meaning  of  formulm. 

The  line  o  F  being  considered  as  positive  [Sion],  the  signs  of  r  s  and 
N  o  determine  those  of  the  sine  and  cosine ;  and  the  manner  in  which 
the  values  of  these  functions  are  determined  when  the  angle  in  nothing. 
or  one,  two,  or  three  right  angles,  is  easy  enough.  The  following  ahurt 
table  embraces  all  the  results  of  sign  : — 

0      I      II    III    IV 
Bine       O  +  l-t-O  —  1  —  0 
Cosine   1  +  0-—  1  —  0  -i-  1. 

Bead  this  as  follows: — When  the  angle  =0,  the  sine  =0;  fr*"!" 
thenoe  to  a  right  angle  the  sine  is  positive :  at  the  right  angle  th«  tisu 
is  -f  1 ;  from  thence  to  two  right  angles  the  sine  is  positive,  Ac. 

The  fundamental  theorems  of  the  aine  and  oosine,  from  which  all 
their  properties  may  be  derived,  are, 

sin  (a  -f  6)  =  sin  a  cos  h  +  oos  a  sin  & 
sin  (a—b)  =  sin  a  cos  b—  cos  a  ain  6 

cos  (a  -h  fi)  =  cos  a  cos  i  —  sin  a  sin  6 
cos  (a—b)  =  cos  a  cos  b  +  sin  a  sin  i 

all  which  theorems  are  in  fact  contained  in  any  one  of  them,  so  fwa 
as  that  one  is  shown  to  be  universally  true.  It  frequently  hapiien^ 
however  that  the  student  is  allowed  to  assume  the  umveraal  truth  vi 


these  theorems  upon  too  slight  a  foundation 'of  previous  proof:  dn'- 
ing  a  figure  for  instance  in  which  both  angles  are  leas  than  a  right 
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angle.  We  give,  u  an  instance,  the  proof  of  the  fint  fonnula  when 
both  angles  are  greater  than  two  right  angles.  Let  X0F=a,  POQ=i, 
both  angles  being  measured  in  the  direction  of  revolution  indicated  by 
the  arrow.  The  sum  is  four  right  angles  ■«■  x  o  Q,  which  luu  the  same 
sine  and  cosine  as  x  o  q.  From  any  point  <l  in  o  Q  draw  perpendiculars 
on  o  z  and  o  F,  an  !  complete  the  figure  as  shown.  Then  sin  (a  ■•■  i)  is 
positive,  and  is  tiie  fraction  which  (iuisof  QO,  or  <))l:<)o;  411  and 
I)  o  being  expressed  in  numbers.    But 


QM 


NH 


go  ""  «jo  ^  go 


By  similar  triangles  ■■ 


Qs  QN   KB  wo 
gK  go  '*'  MO  go 

OT  gN    PT  HO 

Fo  go  "*"  po  go 


]7ow,  remembering  the  ma|[nitudes  of  a  and  b,  and  the  rule  of  signs 
estabUihed,  we  have 


PT 
PO' 


Ot 
'  PO 


■•  —  — • ,  aini  3=  — 


gif  ,  HO 

--,cce6--  —  ; 


and  substitution  immediately  gives  the  first  formula.  Wo  shall  not 
here  dwell  on  the  minor  consequences  of  these  formulae,  but  shall 
refer  to  the  collection  in  TKiaoNOMETRT. 

The  connection  of  the  sine  and  angle  depends  in  great  part  upon 
the  following  theorem : — if  x  may  be  made  as  small  as  we  please, 
ma  X  :  X  may  be  made  as  near  to  unity  as  we  please.  Observe  that 
this  theorem  supposes  the  angle  x  to  be  measured  by  the  theoretical 
unit  [Ancle],  or  the  angle  1  to  be  the  angle  of  which  the  arc  aud 
radius  are  equal.  The  proof  depends  upon  the  assumption  that  in  the 
adjoining  obvious  figure  the  arc  a  b  is  less  than  its  containing  contour 
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..-m 


O  MA 

AC-l-OB.  If  the  radius  o  B  be  r,  we  see  that  z  must  be  sa«AB:r,or 
AB—rx.  Also  BM=r  sin  x,  BO=AM=r— r  ooa  x,  by  definition. 
Now  the  arc  a  sis  greater  than  B  M,  and  less  than  bk+xa,  or  relies 
between  r  sin  x  and  r  sin  x+r~r  oos  x,  or  x  lies  between  sin  x  and 
•in»+l— coBx/ 

sin' a; 
or  between  sin  x  and  tiax  +  T7^^^  J 

X  tinx 

''^"'"  STS  ^^  between  1  and  1  +  ^T^^' 

Hence,  x  diminishing  without  limit,  the  difbrenoe  between  1  and  x : 
sin  X  diminishes  without  limit,  and  therefore  that  between  1  and  sinx 
:  x*  which  was  to  be  proved.  ITrom  henoe  it  follows  that  I  —  cos  x 
aud  ix>  approach  tu  a  latio  of  eqaalify,  as  may  he  readily  proved  from 
the  equation 

a?    /  sinx  \»        2 
l-eosx-  Y-^— ^;-i  +  coex 

in  which  the  second  and  third  factors  have  unity  for  their  limit. 
Hence  then,  when  x  is  very  small,  x  and  1  — 4x*  ore  very  near 
representatives  of  the  sine  and  cosine ;  and  the  goodness  of  the 
representation  may  be  increased  to  any  extent  by  diminishing  x. 

The  complete  theory  of  the  sine  and  cosine,  from  and  after  the  two 
theorems  just  established,  depends  upon  the  introduction  of  the 
square  root  of  the  n^ative  quantity.  If  we  take  ordinary  algebra 
only,  in  which  the  impossible  quantity  is  unexplained,  we  have  the 
most  common  mode  of  proceeding.  The  explanations  afterwards  given 
would  make  this  theory  the  most  simple  imaginable,  to  a  student  who 
had  learned  Alqkbra  from  the  beginning  in  the  manner  pointed 
out.  To  take  the  middle  course,  let  us  assume  the  rules  of  algebra 
[Upkbatioh]  independently  of  the  meanings  of  the  symbols.  Let  sin  x 
and  cos  X  be  defined  as  "such  functions  of  x  that  sin  (x -I- y) gives 
sin  X.  COS  y  +  cos  x.  sin  y,  and  cos  (x  +  y)  =  cos  x.  cos  y— sin  x.  sin  y." 
Observe  that  we  do  not  in  thus  defining  say  there  are  such  functions ; 
we  only  say,  if  there  be  such,  let  them  have  these  names.  Then,  as  in 
Alokbba  cited  above,  we  see  that  if  ^=co8  z -h  V~  I  •  sin  x,  the 
relation  ^(x-t'y)=^x^  follows;  whence  [Bikomial  Tbeouem]  4>.c 
can  be  nothing  but  K*,  where  K  is  independent  of  x.  I^etx^l, 
whence  ^(1)=K,  or  we  have 

coexf  V— l.sinx=  (cos  1+ V— 1  •""!)'•  ••(!) 

and  similarly  it  is  shown  that 

cosx  — V— I-omx=(cos  1— V— 1  .sin  1)» . . .  (2). 

From  these  we  get,  by  multiplication, 

co^z4-ain<x=(cos^l-t-siii<l)':  (8) 

if  it  be  possible, let  cos^  1  -l-sin'  1  =  1>  then  cos*  x+sin*x  is  always=:l, 
or  at  Icxnt  [Root]  we  may  always  take  one  pair  of  forms  satisfying  this 


condition.    Hence,  making  cos  1  t-  V'  1  .sin  Is e,  we  have  ooe  1 

V~  1*  sin  1  >E  e  ~',  and  the  two  equations  give 


e'  +  o-» 


'  sinx= 


2V^     W 


which  will  be  found  to  satisfy  all  the  conditions  used  in  defining  tiiem, 
namely, 


•  ■+  +  e- 


e»+e-»    e'+e-*        e»-e-*    e*— a-» 


e'-t-y-e-*-" 
2V-1 


2 

e»+e-» 


2V-1. 
e»+er-» 


2^-1 


2v'-l 

er—e-* 

■2V-I 


(— 2~j    +  (-2V-1-)    -  1 

To  determine  what  algebraical  formula  e  must  be,  take  the  univenal 
formula 

«•  a* 

••-il+lcge.«+(loge)*-2    +  (log  e)»  ^-5  +... 

whence  we  easily  get  from  (4) 

loge  Qog  e)»    id 


aiiix= 


V-1 


.«+ 


_^  (log«)' 

V-1    2.8  ■*■    V-1 


2.8.4. 


1  +  (loge)«   -J    +  (loge)<  jyj-^    + 


Now  e,  as  far  as  our  definitions  have  yet  extended,  is  wholly  unde- 
termined, every  value  of  e  being  applicable.  Let  us  add  to  our 
conditions  that  sin  x :  x  shall  approach  to  unity  as  x  is  diminished 
without  limit :  but  sin  x  :  x  i^proaches  to  log  e :  V—  1 ;  therefore 
loj5  e  =  V— 1.  or  • = t*'"'. 

The  preceding  is  purely  symbolical ;  we  merely  ask  how  are  pre- 
vious symbols,  used  under  certain  laws,  to  be  put  together  so  as  to 
represent  certain  new  symbols  which  are  to  have  certain  properties. 
Let  us  now  take  the  real  geometrical  meaning  of  sin  x  and  cos  x,  and 
the  complete  system  of  algebra,  in  which  V'l  >^  explained.  In  that 
qratem,  if  a  line  equal  to  the  unit-line  be  inclined  to  it  at  an  angle  x, 
it  is  obviously  represented  by  cos  x  +  V~I  •  Bin  z,  and  any  power  of 
it,  whole  or  fractional,  can  be  obtained  by  changing  x  into  mx,  so  that 

cos  mx+  V- 1  •  sin  nix=(cos  x+  y/—l .  sin  z)" 

is  an  immediate  consequence  of  definition;  and  making  z=l,  tlie 
equation 

eoBm+'\/—l.»iam''{coB  ^-^  V— 1  •■'»  I)" 

follows  at  once.  To  prove  that  «^~*  and  cos  1  ■<-  y/—l  sin  1  are 
identical,  in  the  most  logical  manner,  requires  a  previous  definition  of 
on  exponential  quantity,  in  a  sense  so  general,  that  exponents  of  the 
form  a-t-&V~I  BhaJl  be  included  :  without  this  the  new  algel>ra  just 
referred  to  is  not  free  from  the  results  of  Intebpretation. 

However  we  may  proceed,  the  series  above  given  for  the  sine  and 
cosine  of  z  become 


8mz=z- 


2.8 


008  X—1—  -g- 


2.8.4.S 

a* 


2.8.4.6.S.7 

x» 

+ 


^  +. 


.3.4        2.8.4.6.0 


and  these  scries  are  aln-ays  convci^gent.  Their  pretent  form  depends 
entirely  on  the  unit  chosen;  if  however  by  z  we  mean  x°,  of,  or  z',  we 
must  write 

<^x»  o«z» 

•m  X— az—  ,7-5-  + 


co««=l— 


where  [Aholb]  a  is  •01745.82925 ...'.,  •00029,08882, •00000,48481. 

....  according  as  x  means  a  number  of  degrees,  of  minutes,  or  of 
seconds. 

The  preceding  is  enough  on  the  fundamental  meanings  of  these 
terms,  and  on  their  oonnecUon  with  algebra.  Soma  applications  will 
be  seen  in  Tbiooroiibtbt. 

SINE  and  COSINE,  CURVES  OF.  By  the  curve  of  mnes  is 
meant  that  which  has  the  equation  y  ^^  sin  z,  and  by  the  curve  of 
cosines,  that  which  has  the  equation  y  =  cos  x ;  it  being  understood 
that  X  stands  for  as  many  angular  units  as  there  are  linear  units  in  the 
abscissa.  The  undulatory  forms  of  these  curves  are  easily  established; 
and  if  the  ordinate  of  a  curve  consist  of  several  of  them,  as  in 
y  =  a  sin  X  ■•■  i  ooex  ■•■  e  sin  2z,  the  several  parts  of  the  compound 
ordinate  may  be  put  together  in  the  same  manner  as  that  in  which 
the  simple  undulations  are  compounded  in  Acoustics.  Except  aa 
expressing  the  most  simple  form  of  undulating  curves,  these  equations 
are  of  no  particular  use  in  geometry. 

SINE-UURE.  Sinecures  are  ecclesisatical  benefices  without  oiura. 
of  souls,  and  on  of  three  lorta:—!.  Where  the  benefice  is  a  donative 
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[Benefice],  and  ia  committed  to  the  incumbent  by  the  patron  expreaaly 
irithout  cure  of  souls,  the  cure  either  not  ezistiog  or  being  entrusted 
to  a  vicar ;  this  is  the  strictest  sine-cure.  2.  Certein  cathnlral  ofiSces, 
namely,  the  canonries  and  prebends,  and,  according  to  some  authori- 
ties, the  deanery.  8.  Where  a  parish  is  destitute,  by  some  accident, 
of  parishioners ;  this  last  kind  has  been  called  depopulations,  rather 
than  sine-cures. 

Rectors  of  a  parish  in  irhich  vicars  were  likewise  established  with 
cure  of  souls  have  often  by  degrees  exempted  themselves  from  their 
ecclesiastical  functions,  and  so  have  obtained  sine-cures ;  but  thia  is 
rather  by  abuse  than  legitimately.  Sine-cures  are  exempt  from  the 
statute  of  pluralities. 

SINETHYLAMINE.    [Thkisikaionb.] 

SIKKALINE.  (C,oH,  K0«)— This  alkaloid  is  a  derivative  of  Sjsjl- 
FIMB.  It  la  best  obtained  byneating  hydro-sulphocyanate  of  sinapine 
with  baryta  water  until  precipitation  of  sinapate  of  baryta  ceasee  ;  then 
taking  out  hydrosulphocyanio  acid  by  the  sulphate  of  copper  and  iron ; 
again  adding  excess  of  baryta  water,  and  lastly  separating  baryta  by  a 
current  of  carbonic  acid.  From  the  solution  of  carbonate  of  sinkaline, 
thus  obtained,  the  other  salts  may  be  formed  by  double  decomposition. 
The  alkaloid  itself  is  produced  by  the  action  of  oxide  of  ulver  on 
hydrochlorate  of  sinkalme. 

Solution  of  sinkaline  ia  very  unstable.  Evaporated  in  vacuo,  a 
crystalline  mass  of  the  alkaloid  is  obtained,  soon  becoming  brown  in 
contact  with  air.  OJUoroplatinate  of  rinkaline  contains  (CuJB[,,NO,, 
HCl,PtC!l,). 

SINKING  F0ND.    [National  Debt,  col.  878.] 

SIOUX  INDIANA    [North  Akshioak  Indians.] 

SIPHON  (al^my),  a  tube  or  pipe  by  which  a  liquid  can  be  decanted 
from  one  vessel  to  another  without  inverting  or  disturbing  the  vessel 
from  which  the  liquid  is  withdrawn.  This  machine  was  probably 
invented  in  the  second  century  B.C.,  by  Hero  of  Alexandria,  who,  in  the 
'Spiritalia/  or '  Pneumatics,'  mentions  its  employmeut  for  the  purpose 
of  conveying  water  from  one  valley  to  uiother  over  the  intervening 
ground. 

The  siphon  is  a  bent  tube  the  arms  of  which  are  of  unequal  length : 
one  of  de  'arms  being  immersed  in  the  liquid  which  is  to  be  drawn 
from  a  vessel  or  reservoir,  and  the  air  being  removed  by  suction,  or  by 
means  of  a  syringe,  or  by  previously  filling  the  siphon,  the  liquid  in 
the  vessel  immemately  rises  in  the  immened  arm,  in  consequence  of 
the  pressure  of  the  atmosphere  on  that  which  surrounds  Uie  tube ; 
then  passing  over  the  bend,  it  flows  from  the  open  oiifice  at  the  lower 
extremity  of  the  other  arm.  When  the  fluid  to  be  raised  is  water,  the 
vertical  height  of  the  bend  in  the  tube,  above  the  surface  of  the  water 
in  the  vessel,  must  not  exceed  about  33  feet,  because  a  column  of 
water  of  that  height  would  be  in  equilibrium  with  the  pressure  of  the 
atmosphere,  and  could  not  by  the  latter  be  forced  over  the  bend.  If 
mercury  were  to  be  raised,  the  height  of  the  bend  in  the  siphon  must, 
for  a  similar  reason,  be  leffi  than  30  inches.  The  external  arm  of  the 
siphon  must  be  longer  than  that.which  is  immersed  in  the  fluid,  or  its 
orifice  must  be  on  a  lower  level  than  the  surface  of  that  fluid,  in  order 
that  the  weight  of  the  column  of  fluid  in  the  former  may  exceed  that 
in  the  latter,  and  thus  a  continual  stream  be  produced. 

The  siphon  is  sometimes  furnished  with  a  suction  or  exhausting  pipe 
at  the  side,  by  means  of  which  the  air  can  be  conveniently  removed 
and  the.  liquid  be  made  to  rise  over  the  bend  into  the  longer  limb. 
In  the  Wtartemberg  tiphon  the  two  ends  are  turned  up,  so  that  when 
once  filled  it  will  always  remain  so,  snd  act  at  once  when  one  end  ia 
immersed  into  a  liquid. 

A  siphon  maybe  made  to  discharge  water  at  the  upper  extremity  by 
means  of  an  air-vessel  at  that  pUce.  Thus,  while  the  tube  is  filled 
with  water,  if  the  communication  between  the  descending  branch  and 
the  lower  part  of  the  air-vessel  be  closed  by  the  shutting  of  a  valve, 
the  water,  which  would  have  otherwise  descended,  rises  in  the  vessel, 
where  it  condenses  the  air ;  and,  from  the  reaction  of  the  latter,  it  is 
made  to  escape,  ss  in  a  forcing-pump,  through  an  open  pipe  whose 
lower  extremity  is  under  the  sm^ace  of  the  water  in  the  vessel.  This 
was  the  invention  of  M.  Hachette,  and  is  denominated  the  mm  ripJum. 

In  order  that  a  fluid  may  issue  from  that  branch  of  a  siphon  whidi  is 
on  the  exterior  surface  of  the  vessel  containing  it,  it  is  necessary,  as  has 
been  stated  above,  that  the  extremity  <rf  the  branch  should  be  below  the 
level  of  the  surface  of  the  fluid  in  the  vessel ;  but  it  may  be  observed 
that  there  is  an  exception  to  the  rule  when  the  interior  diameter  of 
that  blanch  is  very  small ;  for  example,  when  it  is  less  than  1-lOth  of 
an  inch,  iha  interior  diameter  of  the  branch  in  the  vessel  being  etxa- 
siderably  greater.  For  if  such  a  fluid  as  water  or  wine  be  intr^uced 
into  a  bent  tube  having  one  branch  only  very  small,  and  the  open  ends 
be  uppermost,  the  top  of  the  fluid  in  the  more  slender  branch  will,  by 
the  effect  of  capillary  attraction,  stand  higher  than  the  top  of  that  in 
the  other  branch.  It  would  follow  therefore,  that  if  the  bent  tube 
were  inverted,  and  the  orifice  of  its  lai-ger  branch  were  placed  under 
the  sur&ce  of  the  fluid  in  a  vessel,  the  fluid  would  begin  to  issue  from 
the  other  branch,  though  the  orifice  of  the  latter  were  a  little  above 
the  level  of  that  sur&ce. 

The  efl'ect  of  a  siphon  may  be  produced  by  capillary  attraction 
alone ;  for  if  a  piece  of  cotton  doth  have  one  of  its  extremities  in  a 
vessel  of  water,  and  part  of  it  be  made  to  hang  over  the  edge  of  the 
TMsel,  the  water  will  be  attracted  along  the  threads  of  the  cloth,  and 


will  descend  from  thence  in  drope,  provided  the  extremity  of  the 
part  thus  hanging  over  be  below  the  sur&ce  of  the  water  in  the  vessel. 

The  phenomena  presented  by  springs  of  water  are  explained  by 
supposing  that  the  rain  which  is  absorbed  in  the  earth  occasionally 
finds  its  way  by  small  channels  to  some  interior  cavity,  and  from  thenoe 
by  other  channels,  which  may  be  considered  as  natural  sipLons,  to  an 
orifice  on  a  lower  level  at  the  siuface  of  the  ground.  At  this  orifice  it 
issues  in  a  stream  of  water,  which  continues  to  flow  till  the  aur&ce  of 
the  water  in  the  cavity  has  descended  below  the  tops  of  the  vertical 
bends  in  the  channels :  the  water  then  ceases  to  flow  till  the  raina 
again  ndse  the  water  in  the  cavity  above  those  bends.  But  it  some- 
tunes  happens  that  a  spring,  without  ceasing  to  flow,  discharges 
periodically  greater  and  smaller  quantities  of  water  in  given  times ; 
and  this  is  accounted  for  by  supposing  the  existence  of  two  cavities 
either  unconnected  or  communicating  with  one  another  by  small 
channels.  The  channels  lesding  from  one  of  these  cavities  to  the  point 
of  efSux  are  supposed  to  be  below  the  level  of  the  water  in  both 
cavities,  so  that  the  water  flows  through  them  continually ;  but  if  the 
channels  from  the  other  have  vertical  bends,  so  that  they  act  as 
siphons,  and  at  the  same  time  these  channels  cany  off  the  water  in 
them  faster  than  it  can  flow  from  the  first  cavity  to  the  second,  it  will 
be  only  when  the  water  in  the  latter  cavity  is  above  the  levd.  of  all 
such  bends  that  a  discharge  will  take  place  from  thence.  As  the  water 
in  that  cavity  may  only  attain  the  neoessaiy  height  in  consequence  of 
periodical  falls  of  rain,  it  will  follow  that  corresponding  increasea  lathe 
total  quantity  of  water  discharged  can  only  then  take  place. 

For  the  amusement  of  young  persons,  several  philosophical  toys  have 
been  constructed,  in  which  the  effects  are  produced  by  means  of  con- 
cealed siphons.  The  siphon  is  sometimee  placed  within  a  figure  in  the 
middle  or  on  the  edge  of  a  cup,  and  sometimes  between  ite  exterior 
and  interior  sides.    Such  are  Tantalui't  Cup  and  the  Syahon  /Wntoia. 

SIPHON  OAUOE,  in  pneumatics,  is  a  tube  of  glass  bent  so  as  to 
form  two  branches  equal  and  parallel  to  one  another,  and  each  from  6 
to  8  inches  in  length ;  the  tube  ia  hermetically  closed  at  one  end  and 
left  open  at  the  outer.  One  of  the  branches  is  filled  with  mercury ; 
and,  both  of  them  bdng  in  vertical  positions,  with  the  closed  and  open 
ends  upwards,  they  are,  by  means  of  a  brass  stem  terminating  in  a 
screw,  aflSxed  generally  to  the  under  surface  of  the  table  carrying  the 
plate  of  an  air-pump.  The  sifdion  is  contained  in  a  cylindrical  glass 
vessel,  a  little  exceeding  it  in  length,  which  is  closed  at  the  lower  and 
open  at  tim  upper  extremity ;  and  the  open  end  of  the  cylinder  is 
screwed  to  the  table  of  the  air-pump  immediately  about  the  orifice  of  a 
brsss  tube  which  passes  through  the  pump-plate  and  opens  into  the 
receiver  placed  upon  the  plate,  so  that  there  is  a  free  communication 
between  the  air  in  the  cylinder,  in  the  open  leg  of  the  siphon,  and  in 
the  receiver.  This  gauge  has  a  acile  of  inches,  decimally  subdivided. 
While  the  pressure  of  the  air  in  the  receiver  and  in  the  open  branch  of 
the  gauge  is  more  than  a  counterbalance  to  the  weight  of  the  column 
of  mercury  in  the  closed  branch,  the  gauge  presents  no  indications  : 
from  the  time  however  that,  by  continuing  the  process  of  exhausting 
the  receiver,  the  pressure  of  the  air  in  the  open  branch  becomes  less 
than  the  weight  of  the  column  of  mercury  in  the  other,  that  column 
descends  in  the  latter  branch  and  rises  in  the  former;  and  then  the 
degree  of  raie&ction  in  the  receiver  is  indicated  by  the  difference 
between  the  heighte  of  tite  columns  of  mereury  in  the  two  branches  of 
the  siphon.    [Aib-Pdhp;  PKAB-OAnoE.] 

SIRENS  {i€iprjns)  are  described  in  the  '  Odyssey'  aa  two  maidens 
who  sat  by  tiie  sea  and  so  charmed  with  their  music  all  who  sailed  by, 
that  they  remained  on  the  spot  till  they  died.  Ulysses,  by  the  direc- 
tion of  Circe,  had  himself  tied  to  the  mast,  and  stopped  the  ears  of  his 
companions  with  wax,  l^  which  means  he  was  able  to  hear  their  muac, 
and  escape  from  its  influence.  ('  Od.'  xii.  89,  Ac.,  169.)  The  ship  of 
Ulysses,  with  himself  tied  to  the  mast,  is  frequentiy  represented  on 
gems,  and  aQier  works  of  ancient  art  The  number  of  the  Sirens  was 
afterwards  increased  to  tiiree,  who  are  variously  named  by  different 
writen,  Parthenope,  Ligeia,  and  Leuoosia;  or  Aglaope,  Peisinoe,  and 
TheLdepia.  They  were  usually  called  the  daughten  of  Melpomene 
and  AdidouB  (Apollod.,  i.  8,  §  t),  and  were  represented  1^  artists  mth 
the  feathoB  snd  wings  of  birdk  (Compare  Ovid, '  Met.,'  v.  622,  &e.) 
According  to  the  later  writera  they  were  uiged  by  Hera  to  contend  with 
the  Muses,  who  oonquered  them,  and  tore  off  their  wings.  (Pftus.,  ix. 
84,  §  2.) 

SIRIUS  and  PROCTON  (Xdaitt  and  UpmeAw),  the  Greek  names  of 
the  bright  stan  in  tiie  constellations  of  the  Great  and  Littie  Dog 
[Canis  Majob  and  Minor].  These  are  Orion's  doga,  according  to 
some,  and  those  of  minor  personages,  according  to  oUien ;  the  whole 
of  tl:^r  mythic  explanations  form  a  strong  proof,  in  addition  to  those 
already  noticed,  that  the  constellations  are  not  Greek  in  their  origin. 
The  Egyptians  called  the  dog-star  Sothis  [Sotbiao  Period],  and  from 
its  heliacal  rising  had  warning  that  the  overflow  'of  the  Nile  was 
about  to  commence.  Now  the  overflow  of  the  Nile  follows  tht 
summer  solstice ;  whereas,  by  the  precession  of  the  equinoxes,  the 
heliacal  rising  of  Sirius  ia  now  about  the  tenth  of  August  This 
heliacal  rising  is  a  very  indefinite  phenomenon,  and  will  serve  any 
system :  by  it  Bailly,  from  Bainbrid^'s  calculations,  was  able  to  cany 
back  the  settiement  of  Egypt  2800  yean  before  Christ :  while  Newton, 
by  a  reckoning  made  on  the  same  principles,  made  many  ancient 
events  seem  later  than  was  generally  suppoa«d. 
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The  greatest  heat!  of  (ummer  gemenlly  follow  the  Bummer  Bolitioe, 
kod  in  the  Mediterranean  latitudes,  and  in  ancient  times,  it  was 
observed  that  the  unhealthy  and  oppressive  period  coiuoided  with  the 
heljaotl  liaing  of  the  dognatar.  We  say  Ae  dog-star,  without  specifying 
whether  it  was  Sirius  or  Prooyon  ;  it  is  uncertain  which  it  was,  and 
may  have  been  both,  for  the  heliaca]  risings  do  not  differ  by  many 
days.  All  antiquity  attributed  an  evU  influence  to  tiie  star;  and 
though  Oeminus  among  the  ancients,  and  Petavius  among  the  modems, 
thought  that  the  effects  were  to  be  attributed  to  the  sim  alone,  they 
had  hardly  any  followen  until  the  fall  of  judicial  astrology.  Even  at 
this  day,  when  the  heats  of  the  latter  pert  of  the  summer  are  excessive, 
we  are  gravely  told  that  we  are  in  the  dog-days;  and  most  of  the 
almanacs,  in  which  an  absurdity  has  the  lives  of  a  oat,  persist  to  this 
Teiy  year  in  informing  us  that  the  dog-days  begin  on  iixe  3rd  of  July, 
and  eoid  on  the  11th  of  August.  Now  as  the  heliacal  rising  of  Sirius 
takes  place  about  the  veiy  aid  of  this  period,  it  is  dear  that  the  cart 
has  got  before  the  horse,  or  the  mischief  before  the  dog.  Moreover,  it 
is  notorious  that  in  our  island  the  oppressive  heats  of  the  summer, 
during  which  dogs  are  apt  to  run  mad  (which  is  what  many  people 
think  the  name  arises  from,  as  indeed  it  was  anciently  recorded  among 
the  effects  of  the  star),  generally  fall  about  the  middle  or  end  of 
August.  The  real  claaBi(»l  dog-days  are  the  twenty  days  preceding 
ami  the  twenty  days  following  the  heliacal  rising  of  whichever  star  it 
was,  Sirius  orFrocyon.  It  is  perfectly  useless  to  retain  this  period : 
■urely  these  dogs  have  had  their  day. 

SIBOCCO  is  the  name  given  to  a  hot  and  sufibcating  wind  which 
ippem  to  originate  with  the  rarefied  air  in  the  sandy  deserts  of 
iunbia,  about  the  season  that  the  overflowing  of  the  Nile  oommences ; 
it  extends  eastward  over  Arabia,  Persia,  and  some  parts  of  Hindustan, 
and  it  is  felt,  but  with  less  inconvenience,  in  Italy  and  Spain.  This 
wind  is  probably  only  one  of  the  modiiScationa  of  that  which,  in 
d^eient  countries,  is  oJIed  lamoom,  wmooin,Mm»  or  ituiMi,  khanuin, 
and  hamaltan.    [Saueu.] 

SISSOO  (Dalia^  Sittoo),  a  tree  well  known  throughout  the  Bengal 
pnaideney,  and  highly  valued  on  account  of  its  timber.  It  is  common 
chiefly  in  the  forests  and  beds  of  rivers  which  extend  aU  along 
the  foot  of  the  Himalayas  up  to  80°  N.  lat.  The  trunk  is  generally 
more  or  less  crooked,  lofty,  and  often  from  three  to  four  feet  in 
diameter.  The  Sissoo  yields  the  Bengal  diipbailden  their  crooked 
timbers  and  knees.  Dr.  Bozburgh  describes  it  as  being  tolerably  light, 
remarkably  strong,  but  not  so  durable  as  could  be  wiuied;  the  colour 
is  light  grayish-brown,  with  daik  veins :  he  says  that  upon  the  whole 
he  scarcely  knows  any  other  tree  more  deserving  of  attention,  from  its 
rapid  growth  in  almost  every  soil,  its  beauty,  and  uses.  Captain 
Baker,  m  his  '  Ezperimoits  on  the  Elasticity  and  Strength  of  Indian 
Timbers,'  describes  the  Sissoo  in  structure  somewhat  resembling  the 
finer  species  of  teak,  but  as  being  tougher  and  more  elastic,  and  as 
employed  by  the  natives  for  house  funiiture,  beams,  cheeks,  spokes, 
naves  and  felloes  of  wheels,  keels  and  frames  of  boats,  blocks,  and 
printing-praises.  It  is  universally  employed  both  by  Europeans  and 
natives  of  the  north-west  provinces  where  strength  is  required.  8. 
Datbergia  Ouganenni,  found  in  central  India,  is  also  hiriily  valued  for 
timber :  the  pillars  of  Sindia's  palaoe  at  Ougein  are  made  of  it. 

8ISTBUM,  a  musical  instrument  of  percussion,  of  great  antiquity, 
oonstrueted  ci  brass,  and  shaped  like  the  frame  and  handle  of  a  racket, 
the  head  part  of  widch  had  tnree,  and  sometimes  fovir,  horizontal  bars 
placed  loosely  on  it,  which  were  tuned,  most  probably,  by  some  scale, 
and  allowed  to  play  freely,  so  that  when  the  mstrument  was  shaken, 
piercing,  ringing  sounds  must  have  been  prodxiced.  Some  writers 
have  confounded  the  sistrum  with  the  cymbals,  though  the  instru- 
ments could  have  had  nothing  in  oommon  ezoept  their  harsh  metallic 
sounds. 

SIVA,  the  personification  of  the  destroying  principle,  forms,  with 
the  two  other  gods,  Brahma  and  Vishnu,  the  Triml^rti,  or  triad,  of  ^e 
Hindus;  and  although,  in  allusion  to  his  offioe  as  destroyer,  he  is 
classed  third,  yet  he  is  genetally  allowed  to  occupy  the  second  place 
among  the  Hindu  deities,  or  even  (according  to  some)  the  first,  as  his 
supremacy  appeon  to  have  obtained  more  general  assent  than  that 
of  Vishnu.  Indeed  the  worship  of  Siva  is  so  predominant,  that  Brahma, 
who  is  the  only  one  of  the  three  mentioned  by  Mann,  and  who  seems 
to  have  enjoyed  a  lai:ger  share  of  adoration  in  ancient  times,  has  now 
only  one  temple  in  India,  wbUe  Mohtdeva  (a  name  of  Siva)  and  the 
adventurous  Vishnu,  whose  ineainationB  ottmot  so  much  of  the  vene- 
ration of  the  Hindus,  are,  in  &ot,  the  only  gods  of  the  whole  Hindu 
pantheon  who  have  numerous  worshippers.  The  present  popular  form 
of  Siva  worship  in  all  probability  sssimied  its  actaal  state  before  the 
great  Saiva  reformer,  Sankara  Acharya,  who  lived  in  the  eighth  or 
ninth  centurv.  ('Viahnu  Pur&na,'prel,  p.  z.)  This  opinion  is  sup- 
ported by  the  well-founded  assertion  that  the  Saiva  faith  was  insti- 
tuted by  FlMainata  Kallaala,  who  is  described  in  the  'Sankara  Vijava' 
of  Aaonda  Gin  as  t<»nhing  at  Benares,  and  assuming  the  <n«igni«  that 
characterise  the  Dandis,  a  sect  of  Ssivas  of  modem  tmies.  ('  As.  Bes.,' 
xvi.  22.)  No  allusion  is  made  in  the  Purftnas  to  the  original  power  of 
this  god  OS  destroyer;  that  power  not  being  called  into  exercise  till 
after  the  expiration  of  ^elve  millionw  of  yeais,  when,  aooording  to 
Puiaoic  aoooonta,  the  Kal^uga  will  oome  to  a  dose  together  with  the 
universe ;  and  Mah&deva  is  rather  the  representative  of  regeneration 
than  of  dsfrtruetion.    The  linga  is  the  on^  form  under  which  Siva  is 


now  odpred  in  most  parts  of  India.  According  to  Professor  Wilson 
('  Vishnu  Porftna,'  xliv.), "  There  is  nothing  like  the  phallic  orgies  of 
antiquity;  it  is  all  mystical  and  spiritual"  The  Imga  is  twofold, 
external  and  internal.  The  ignorant,  who  need  a  visible  sign,  worship 
Siva  through  "  a  mark  "  or  "  type,"  which  is  the  proper  meaning  of  the 
word  "  linga,"  of  wood  or  stone ;  but  iht  'wi'e  look  upon  this  outwaid 
emblem  as  nothing,  and  contemplate  in  tiheir  minds  the  invisible  inscru- 
table type,  which  is  Siva  himself.  But  his  other  forms  are  many,  and 
they  vary  in  so  far  as  they  attribute  to  him  the  qualities  of  creator, 
preserver,  destroyer,  and  r^^nerator,  and  represent  him  in  his  various 
avatdroM  (incarnations),  ei^ht  of  which  are  called  by  the  common 
name  of  Bhairava,  all  olludmg  to  terrific  properties  of  mind  or  body. 
He  is  sometimes  seen  with  two  hands,  at  others  with  four,  eight,  or 
ten,  and  with  five  faces ;  he  has  a  third  eye  in  his  f  ordiead,  the  comss 
of  which  are  perpendiciUar,  which  is  peciUiar  to  him ;  a  cissoent  in  his 
hair,  or  on  his  forehead,  encircling  the  third  eye ;  he  wears  ear-rings  of 
snakes,  and  a  collar  of  skulls.  Mahftdeva,  when  represented  thus,  but 
with  one  head,  has  four  hands,  in  one  of  which  he  holds  a  pAsa,  the 
useof  which  is  to  extract  the  souls  out  of  Uie  bodies  of  men,  when 
their  time  is  come,  and  is  a  common  attribute  of  Yama,  the  god  of 
death  ('  S.  Sivitiyupakhyana,'  ed.  Bopp.),  a  tris'ula  is  upheld  by  the 
other,  and  the  two  other  hands  are  in  a  position  of  benediction.  As 
Bhairava  (the  lord  of  dread)  he  is  frightful  to  behold;  great  tusks 
burst  through  his  thick  lips;  the  hair,  which  is  stiff  and  erect,  gives 
his  faoe  a  dreadful  aspect ;  the  fall  of  the  necklace  is  impeded  by 
numerous  snakes  which  twine  round  his  body.  This  is  also  the  idol 
which  shows  him  as  MahA-kUa,  or  god  of  time.  It  is  in  this  character 
that  he  is  supposed  to  delight  in  bloody  saorifices,  and  that  the  Saiva 
Sannyfttis  (followers  of  Siva  who  practice  the  yoga  to  the  highest 
degree)  inflict  on  themselves  the  cruelties  which  have  rraidered  so  oon- 
smcuouB  the  temple  of  Jaggemaut  (Jagannfttha,  the  lord  of  ^e  world). 
[VooA.]  A  veiy  minute  account  of  the  fortitude  and  self-denial  of 
the  deluded  Yogis  is  given  in  Ward's  'View  of  the  Beligion  of  the 
EUndus.'  His  consort  Sakti,  who  in  her  corresponding  character  is 
celebrated  as  the  goddess  Duig&  or  Kftll,  participates  in  these  horrible 
SRcrifioes,  and  has  of  late  years  become  more  notorious  by  the  expceon 
of  the  homicidal  practices  of  the  Thugs,  who  recognise  in  her  their 
tutehuy  divinity.  Siva  is  also  the  god  of  justice.  In  that  character 
he  rides  a  white  bull,  the  symbol  of  divine  justice  (Manu,  viii  16),  and 
is  often  seen  with  the  jKiras&»  (batUe-aze)  in  his  hand,  and  the  sacred 
string.  On  pictures  he  is  often  represented  as  if  rubbed  over  with 
ashes,  and  with  a  blue  neck;  the  epithet  of  Nll^anta  (blue-necked) 
was  given  to  him  in  commemoration  of  his  having  drunk  the  poison 
which  arose  from  the  sea,  snd  tiueatened  to  destroy  mankind.  But 
the  character  in  which  he  is  more  generally  known,  and  which  his 
followers  imitate,  is  that  of  the  Ka^da-bhrit  (skull-bearer).  Skanda- 
PiuAna  makes  him  describe  himself  in  the  following  words  : — "  PArvstt 
(lus  bride)  must  be  foolish  to  practise  so  severe  a  penance  in  order  to 
obtain  me,  Budra  (one  of  his  1000  names),  a  wandering  mendicant,  a 
bearer  of  a  human  skull,  a  cklighter  in  cemeteries,  one  ornamented 
with  bones  and  serpents,  covered  with  ashes  and  wiUi  no  garments  but 
on  elephant's  skin,  riding  on  a  bull,  and  accompanied  by  ghosts  and 
goblins."  Now  this,  except  that  the  unearthly  beings  who  follow  him 
are  rmresented  by  a  crowd  of  dirty  people,  is  exacuy  the  description 
of  a  Saiva  digambara  (sky-clad,  utat  ia^  naked — a  kind  of  religious 
mendicants),  i^  inst<<ad  of  the  god's  third  eye,  we  add  a  round  dot  on 
the  nose,  made  of  clay  or  cow-dung,  and  a  mark  on  the  forehead,  com- 
posed of  three  curved  lines,  instead  of  the  ehandra  (half  moon)  which 
Budra  obtained  at  the  churning  of  the  ocean. 

To  continue  the  aooount  of  l^  adventures :  Siva  msrries  PArvatt, 
and  lives  with  hat  in  the  midst  of  the  eternal  snows  of  Mount  g*"*— 
His  heaven  is  however  one  of  the  most  spleinlid  in  Hindu  mythology, 
and  a  description  of  it  may  be  found  in  Ward's  '  View ; '  it  is  a 
translation  from  the  Ktitftk  Totwa.  There  also  are  his  two  sons; 
Oaneaa,  the  leader  of  the  haayenly  dioristers,  and,  as  Vigneswara,  the 
god  of  difBcultiss,  whose  head  is  thai,  of  on  dephant ;  and  Kartikeya, 
the  six-faced  god  of  war.  It  is  there  that  he  was  tiius  addressed  by 
Brahma  and  ue  other  gods : — "  I  know  that  thou,  0  Lord,  art  the 
eternal  Brahm,  that  seed  which,  being  received  in  the  womb  of  thy 
Sakti  (aptitude  to  conceive),  produced  tins  universe ;  that  thou,  united 
with  thy  Sakti,  dost  in  sport  create  the  imiverse  from  thy  own 
substance,  like  the  web  from  the  spider."  Here  it  was  that  he 
reduced  to  ashes  the  "  flowery-bowed  mind-bewitcher  "  KAma  (the  god 
of  love),  pierced  l^  whose  arrows  he  had  neglected  to  avenge  the 
wrong  done  to  him  and  his  consort  by  his  father-in-law  Daksha.  On 
the  top  of  EailAsa  it  is  that  the  worshippers  of  Biva  will  be  admitted 
to  the  sports  of  the  inhabitants,  where  Mahfldeva  invented  for  the 
amufiement  of  his  bride  the  heavenly  dance,  to  which  his  faithful 
attendant  Nandi  plays  the  musical  accompaniment.  There  lie  before 
the  door  his  vehicle,  the  white  bull,  snd  the  tiger  on  whidi  his  consort 
rides.  Though  wanting  all  the  splendoun  of  the  Swarga  (Indra's 
heaven),  the  abode  of  Siva,  when  dravm  in  the  glowing  ooloura  of  the 
East,  is  no  less  gratifying.  From  thenoe  he  is  supposed  to  bless  his 
wordiippers,  "  when,  with  PtrvatI  on  his  knees,  he,  the  lord  of  the 
world,  on  whose  brow  shines  the  moon  throwing  its  beams  over  the 
mountain  of  the  ncrth,  deigns  to  allow  the  Suras  snd  Asuras  (gods  and 
dtemons)  to  wear  for  then:  frontal  ornament  the  reflection  of  the 
radiance  of  the  nails  of  his  feet,  and  the  Qanga,  rushing  from  the  top 
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of  bis  head,  refresheB  the  air  of  hi«  ncred  dwelling "  {KaAd  Sarit 
Sdgara).  This  in  a  favourite  subject  among  the  Hindu  painters,  and 
we  must  allow  that  their  conception  of  it  is  generally  well  ezecutod. 

The  numerous  names  of  Siva  have  led  Kuropeans  into  a  notion  con- 
trary to  that  which  induced  the  Hindus  to  moke  the  linga  the  general 
typo  for  all  the  forma  of  this  god ;  they  naturally  enough  supposed 
each  of  his  numerous  names  and  pagodas  to  belong  to  a  distinct  and 
separate  deity.  Hence  the  erroneous  notion  about  polytheism  in  India, 
whilst  it  is  evident  that  the  original  monotheism  of  Hindu  religion  had 
in  the  progress  of  time  become  pantheism,  which  is  prevalent  all  over 
tiie  East.  Even  at  present  the  follower  of  Siva  denies  the  divinity  of 
VishQU,  and  vice  vend ;  although  both  these  gods,  now  representing 
the  Supreme  JBeing,  were  only  types  of  divine  qualities  attributed  to 
the  Tmntaii.  But  the  allegory  eventually  acted  too  strongly  on  the 
imagination  of  the  people.  Brahma,  as  creator,  had  finished  his  work, 
and  oonid  not  with  propriety  act  any  more.  Siva  therefore  and 
Vishnu  were  destined  to  do  all  that  fancy  could  suggest;  but  still 
MahAdeva  is  the  only  god  to  the  Saivas,  whilst  Narftyona  is  the  one 
chosen  by  the  Vaishnavas.  For  this  we  have  the  express  words  of  the 
Badha  Tantra,  which  says  that  the  form  of  Arddhanareswara  (half  man, 
half  woman)  was  assumed  by  Siva  in  order  to  prove  that  he  was  the 
one  Brahm,  in  whom  both  the  female  and  male  powers  ore  united. 
This  notion  of  the  animating  and  recipient  principles  being  united  in 
one,  has  been  embodied  in  the  statue  termed  Arddhanarl;  one  half  of 
Siva,  from  head  to  foot,  bears  all  the  ornaments  of  P&rvatt  or  BhAvanl ; 
'  the  other  is  exactly  the  same  as  that  iu  which  he  is  usually  exhibited. 

The  rage  for  identifying  the  gods  of  the  Eastern  nations  with  those 
of  the  West  has  not  spared  Siva.  He  was  Bacchus,  and  Saturn,  and 
Pluto;  in  fact,  he  was  said  to  be  almost  the  entire  pantheon  of  Greece 
and  Rome  and  ]^ypt.  Neither  is  this  to  be  wondered  at,  seeing  that 
the  Oreeka  and  Latms  ascribed  different  attributes  to  different  deities. 
The  Hindus  have  only  one  to  whom  to  ascribe  all  attributes.  Siva  is 
also,  and  it  appears  originally,  the  representative  of  fire.  This  element 
penetrates  earth  and  water,  represented  by  Brahma  and  Vishnu, 
imports  to  them  some  of  its  vigour,  develops  thw  qualities,  and 
brings  everything  in  nature  to  that  state  of  increase,  maturity,  and 
perfection  which  they  would  not  attain  without  it.  But  ceasing  to 
act  beneficially  on  the  created  things,  they  perish :  this  agent  of  repro- 
duction, when  free  and  visible,  consumes  the  body,  the  composition  of 
whioh  he  himself  had  effected :  to  this  quality  he  owes  his  title  of  god 
of  destruction. 

The  reader  who  may  wish  to  see  the  connection  of  the  Hindu  gods 
with  those  of  Greece  and  Rome  will  find  ample  materials  in  the  papers 
which  Col.  Wilford  inserted  in  the  earlier  volumes  of  the  '  Asiatic 
Besearches : '  they  cannot  however  be  implicitly  relied  on. 

(Vans  Kennedy,  Bmardut  into  Ancient  and  Hind*  MyAology ; 
Maurioe,  Indian  Antiqvitie$  ;  Ward,  View  of  the  Xdigion,  UteraUtni,  &c. 
of  India  ;  Wilson,  F«Aii»  Purdnor— Oxford  Zectvra  ;  Bolle,  Jte^erehes 
lur  Bacchv*  tt  la  Myttiret ;  P.  von  Bohlen,  Dat  AUe  Indien  ; 
Kinderaley,  Specimen  of  Hindu  Literature. •  Moore,  Hindu  PcmAeon  ; 
Anatic  Baettrchu  ;  Dubois,  Itceuri,  Ac  da  PeujUei  de  Ilnde.) 

SIVAN  (in  Hebrew,  ]J"<p)  is  the  ninth  month  of  the  Jewish  civil 

;year.  The  name  is  mentioned  in  the  Kble,  at  Esther  viiL  9.  In  the 
oopiea  of  the  calendar  of  Heliopolis  (Balbek)  we  find  E{i?f>,  0(ip,  and 
0(1^;  but  Uiese  words  are  evidently  intended  to  represent  the  Syrian 
month  Heziran.  Ifo  probable  Hebrew  etymology  nas  been  suggested 
for  the  word  Sivan;  but  Benfey  proposes  the  Persian  month  Sefan- 
darmed,  which  the  analogous  Zend  form  shows  to  be  compounded  of 
two  words,  the  first  of  wUch, '  spenta,'  signifies  pure.  Sivan  has  thirty 
days,  and  it  ooinddea  with  our  May  or  June ;  in  the  year  1860  it 
began  on  the  22sd  of  May  and  ended  on  the  20th  of  June;  in  18S1  it 
b^ins  on  tl>e  lOth  of  May  and  ends  on  the  8th  of  June.  On  the 
6th  of  this  month  Pentecost  begins,  and  some  festivals  are  mentioned 
OS  held  on  the  16th,  leth,  and  17th  of  the  month,  in  commemoration 
of  victories  gained  by  the  Maccabees  j  but  they  do  not  appear  to  be 
generally  observed.  The  same  may  be  said  of  certain  fasts  set  down 
for  the  25th  and  27th,  in  remembrance  of  the  death  of  oelebrsted 
rabbis. 
SIX  CLERKS.    The  office  of  Six  Clerks  was  an  office  of  great  anti- 

Suity  connected  with  the  Court  of  Chancery,  probably  as  ancient  as 
to  court  itself.  The  number  of  the  Six  Clerks  was  limited  to  six  as 
long  %^  as  the  I2th  Rich.  II.  The  history  of  this  office  illustimtes  the 
mischief  of  attempting  to  regulate  the  supply  of  legal  services  to  the 
client.  It  exhibits  an  instance  of  the  prmciples  ofinterferenoe  and 
monopoly  deetroyfaa;  two  successive  classes  of  officers,  in  spite  of  the 
■•^R**  »»PPort  which  the  low  and  the  courts  could  give  to  them. 

The  Six  Clerks  were  originally  the  only  attorneys  of  the  court. 
By  the  common  law,  any  person  who  was  impleaded  in  any  of  the 
oourta  of  law  was  boimd  to  appear  in  person,  unless  he  obtained  the 
king's  warrant,  or  a  writ  from  Chancery  enabling  him  to  appear  by 
attorney,  'by  reason  whereof,"  says  Lord  Coke  (1  '  Inst.,'  128),  "there 
were  but  few  smts.  There  are  many  early  statutes  still  in  force 
*™"**^"'  PUTX**  of  empowering  the  subject  to  appoint  an  attor- 
ney. The  earliest  statute  is  that  of  Merton  (i..D.  1286),  whereby  it  is 
■'^ZrSv.  F"**"  *•»*  •»«Tr  freeman  which  oweth  suit  to  the 
ooun^  Mhing,  hundred,  and  wapentake,  or  to  the  court  of  his  lord, 
may  frssly  make  his  attonicy  to  do  those  suite  for  him. "    Subsequent 


Acte  extended  this  privilege  to  other  parties  and  other  courts ;  but  ^ 
this  day  it  would  appear  that,  by  the  strict  law  of  the  land,  except  ^ 
far  as  it  has  fallen  into  desuetude,  prrsons  in  good  health,  in  ple^" 
relating  to  m<niey,  are  bound  to  appear  in  person.  .None  of  thus 
statutes,  however,  extended  to  courts  of  equity ;  but,  as  &kr  as  apimn, 
every  person  who  was  desirous  of  relief,  or  compelled  to  defend  him- 
self in  the  Court  of  Chancery,  was  obliged  to  employ  one  of  the  Six 
Clerks  as  his  representative. 

In  «arly  times  great  exertions  were  made  to  limit  the  number  of 
attorneys  who  were  allowed  to  practise  in  each  court.  The  inereue  of 
litigation  which  accompanied  the  increose  of  property  was  looVisd  ou  u 
an  evil  to  be  checked  in  every  possible  method ;  and  the  method  most 
relied  on  was  tlwb  of  limiting  the  number  of  l^;al  practitioners.  The 
well-known  statute  of  1455  ^  Hen.  VI.,  o.  7,  which  is  still  in  force) 
may  be  referred  to  as  an  instance.  It  recites  a  practice  of  contentiouj 
attorneys  to  stir  up  suita  for  their  private  profite,  and  enacts  that  there 
shall  be  but  six  common  attorneys  in  Norfolk,  six  in  Suffolk,  and  two 
in  Norwich,  to  be  elected  and  admitted  by  the  chief-justioe:  As  lite 
as  the  year  1616  a  rule  was  made,  "  that  the  nomber  of  attorney  of 
each  court  be  viewed,  to  have  them  drawn  to  a  competent  number  in 
each  court,  and  the  superfluous  number  to  be  removed."  Tbew 
various  regulations,  so  far  as  they  were  enforced,  could  only  have  been 
detrimental  to  the  public ;  and  as  regards  the  courts  of  King's  Bencli 
and  Common  Pleas,  they  seem  not  to  have  been  long  insisted  on.  A< 
to  the  Exchequer,  the  principle  of  monopoly  was  continued  in  force 
down  to  the  year  1830,  until  which  time  eighteen  attorneys  only  were 
admitted  to  practise  in  itk  As  a  consequence,  that  court  was,  befon 
the  year  1830,  scorcdy  at  lU  resorted  to.  Since  that  lime  more  actions 
are  commenced  in  it  than  in  any  other  court.  In  the  year  1632  a  new 
principle  was  introduced  into  the  common-law  courts,  and  all  peranns 
wishing  to  be  attorneys  were  required  to  serve  an  attorney  under 
articles  for  six  years  (since  reduced  to  five).  The  Six  Clerks'  OIBce, 
however,  did  not  adopt  this  method  \mtil  long  after.  They  got  orer 
the  difficulty  by  admitting  under-olerks,  afterwards  called  sworn  clerts, 
to  practise  in  their  names,  and  they  shared  in  some  way  or  other  Uie 
prcmts  with  them.  In  1548  an  inquisition  wa?  appointed,  to  inquire 
into  the  supposed  exactions  and  abuses  of  the  Court  of  Chancer}-,  ml 
the  fees  then  payable  for  the  business  of  this  office.  The  presentment 
shows  that  all  the  fees  payable  for  business  done  in  this  oilier  nvre  st 
that  time  payable  to  the  Six  Clefks ;  and  it  contains  no  allusion  wiiaterer 
to  the  under-clerks  as  Veing  in  any  way  known  as  officers  of  the  court 
They  seem  at  that  time  to  have  held  a  position  with  regard  to  the  Six 
Clerks  quite  analogous  to  that  which  the  solicitors  for  a  long  period 
were  under  with  regard  to  the  sworn  clerks,  and  to  have  been  the  real 
persons  who  prosecuted  the  causes.  They  must  have  been  numerous, 
as  in  1696  an  order  was  made  limiting  the  number  that  each  Six-Clerk 
ahould  be  allowed  to  have  under  him.  Soon  after  this  the  Six  Oleiis, 
instead  of  taking  clients  according  to  the  clients'  choice,  agreed  to  divide 
the  business  coming  from  time  to  time  into  court  among  themselm 
alphabetically.  This  arrangement  shows  that  the  scheme  of  a  limited 
number  of  legalised  attorneys  for  the  Court  of  Chancery  hod  now 
entirely  ceased  to  opeiste,  and  had  been  converted  into  a  mere  legal 
pretext  to  enaUe  these  officers  to  tax  all  who  were  driven  to  such 
Chancery  Court  for  justice.  This  regulation  for  dividing  the  business 
was,  after  some  yean,  set  aside  on  petition  of  the  Master  of  the  Bulls  to 
the  crown,  as  a  monopoly  and  a  breach  of  the  liberty  of  the  subject 
In  1680  the  office  of  Six-Clerk  was,  if  not  a  sinecure,  at  least  an  aepoiot- 
ment  of  great  value.  From  a  ridiculous  story  told  about  Sir  Jnlins 
Ctssar,the  Master  of  the  Bolls,  in  Clarendon's  '  RebelUoD,' it  sppein 
that  tiie  appointment  at  that  time  sold  for  so  large  a  sum  as  6om. 
About  this  time  the  under  or  sworn  clerks,  or  detks  in  court  (for  all 
these  names  apply  to  them),  began  to  be  fiiequently  mentioned  in  the 
orders  regulating  the  court,  and  soon  grew  into  a  veiy  important  body. 
The  under-clerks  were  the  parties  who  knew  the  merits  of  the  diflerrat 
causes,  and  were  interested  in  getting  the  work  done,  so  as  to  gain  the 
fees  from  the  clients:  The  Six  Clerks  had  begun  t<i  sink  into  the 
lethargy  of  sinecurista.  Many  orders  were  made  to  spur  them  into 
activity,  but  all  in  vain. 

The  Six  Clerks,  in  a  paper  given  in  by  them  to  the  Chancery  Com- 
missioners of  1826,  state  that, "  From  the  first  estabhshment  of  the  bix 
aerks,  up  to  the  rebellion  in  the  reign  of  King  Chariea  I.,  many  other 
important  duties  were  attached  to  their  office.  During  the  usurp»tn»i 
however,  a  part  of  the  duties  was  assigned  to  certain  new  ofhcers 
entitled  the  sworn  clerks,  who  have  ev«r  smce  continued  the  execution 
thoreot"  The  Six  Clerks  in  this  statement  have  fixed  rather  too  earlT 
a  date  to  the  legal  transfer.  Great  efforts  were  made  for  reform  ot 
legal  procedure  during  the  Commonwealtii.  Among  others  there  wm 
an  ordinance  for  abolishing  the  office  of  Six-Clerk  in  1654,  but  it 
termmated,  with  the  other  ordinances  of  the  Commonwealth,  at  tne 
Restoration,  and  the  judges  endeavoured  vigorously  to  reinstate  tn 
Six  Clerks  in  their  old  position.  Lord  Clarendon,  in  1605,  lm>'« 
the  under-clerks  to  twelve  to  each  Six-Clerk;  these  under-clerks  are 
sometimes  referred  to  incidentally  as  the  "  attorneys  of  the  paitJM. 
though  it  is  strongly  repeated  that  "  the  SU  Clerks  are  the  only  atwr- 
neys  of  this  court."  In  1668  the  Six  Clerks  submitted  to  their  tsM, 
an  order  was  made  fully  recognising  the  under-clerks,  and  drnoing 
office-fees  between  them  and  the  Six  Clerks.  The  Six  Clfflta.  »™« 
secured  their  own  monopoly,  hod,  by  the  yeor  1688,  b«oni« 
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nggrp^sorSj  and  hod  schemed  to  increase  their  income  hj  admitting 
otiier  jwrsons,  as  well  as  the  sworn  or  under-clerks,  to  practise  in  their 
names.  This  was  a  bone  uf  contention  for  many  yeai-s.  Before  1693 
the  under-clerks  had  obtained  the  privilege  of  filling  up  all  the  vacancies 
in  the  ofSce  by  taking  articled  clerks  themselves.  fVom  this  time  till 
their  abolition,  the  office  of  Six-Clerk  became  a  complete  sinecure,  and 
the  Six  Clerks  were  only  mentioned  in  the  court's  annals  with  respect 
to  the  fees  that  they  are  entitled  to  demand  from  suitors.  The  ofSce 
was  abolished  by  Lord  Brougham's  Act,  which  enacted  that  vacancies 
should  not  be  filled  up  till  the  number  of  Six  Clerks  was  reduced  to 
two.  Nearly  the  same  story  has  to  be  told  over  again  with  reference 
to  the  sworn  clerks.  For  a  long  time  these  under-clerks  were  the  prin- 
cipal solicitors  of  the  com-t ;  and  until  the  middle  of  the  last  century 
the  chief  business  of  the  court  was  transacted  by  them  without  the 
intervention  of  a  solicitor.  The  same  principle  of  monopoly  led  with 
them  to  nearly  the  results  that  it  did  with  their  titular  superiors.  A 
vested  right  to  fees  in  the  various  stages  of  equity  proceedings  brought 
about  an  inattention  to  business,  which  has  led  to  the  transfer  of  the 
prosecution  of  suits  to  the  sohcitors. 

An  efibrt  was  made  in  1825  to  get  the  ofiSces  of  Six-Clerk  and  clerk 
in  court  abolished.  It  was  broadly  stated  at  this  time  by  a  solicitor  of 
celebrity,  that  Mr.  S.  (a  gentleman  whose  mind  hod  faUed  him)  was 
"  quite  as  good  a  clerk  in  court  after  he  was  a  lunatic ; "  and  the  expense 
of  the  office  to  the  suitor  was  insisted  on.  Lord  Eldon,  however,  saw 
no  reason  to  interfere  with  these  offices,  and  they  remained  condemned 
by  the  unanimous  voice  of  the  whole  profession  for  many  years  longer. 
Ultimately  they  were  abolished,  the  then  holders  of  the  offices  receiving 
compensations  so  extravagant,  that  frequent  attempts  hftve  benn  made, 
though  unsuccessfully,  to  reopen  the  question. 

For  further  information  as  to  this  office,  the  reader  is  referred  to  the 
case  "Ex-parte  the  Six  Clerks,"  3  Vesey's  'Reports,'  519;  to  the 
'  Reports  of  the  Commissioners  on  the  Offices  of  Courts  of  Justice '  of 
1 81  (i ;  to  the '  Report  of  1 82  5  of  the  Chancery  Commission ; '  to  Beames's 
'  Orders  of  the  Court  of  Chancery ' ;  to  pamphlets  by  Mr.  Spence, 
Mr.  Field,  Mr,  Merivale,  and  Mr.  Wainewright ;  and  to  a  powerful 
speech  on  Equity  Reform,  made  in  the  end  of  the  session  of  1840,  by 
Mr,  Pemberton  (now  Lord  Elingadown),  which  was  afterwards  published 
in  a  separate  form. 

SIXTH,  a  musical  interval,  a  concord,  the  ratio  of  which  is  5  :  S. 
[Concord;  Harmony.] 

.Of  the  Sixth  there  ore  three  kinds  .■  the  Minor  Sixth,  the  Sfajar 
Sixth,  and  the  Extreme  Sharp  Sixth.  The  first  (E,  o),  is  composed  of 
three  tones  and  two  semitones;  the  second  (c,  a),  of  four  tones  and 
one  semitone;  the  third  (c,  aS),  of  four  tones  and  two  semitones. 
Ex.  :— 


•pan  so  wide  as  to  allow  the  stream  to  pass  under  it  without-  being 
diverted;  or  by  building  the  arch  square  with  the  stream,  iwid  of 


sufficient  length  to  allow  the  upper  passage  to  take  an  obHque  course 
over  it;  but  either  of  these  is  a  clumsy  expedient,  although  well 
adapted  for  some  situation&  The  arches  or  tunnels  by  which  the 
North- Western  railway  is  conducted  under  the  Hampstead  Road  and 
Park  Street,  near  the  London  terminus,  are  instances  of  the  latter  kind 
of  construction ;  the  length  of  the  arches  being  such  that  they  present 
faces  square  with  the  line  of  railway,  notwithstanding  the  oblique 
direction  of  the  roads  over  them.  A  similar  case  occurs  at  Denbigh 
Hall,  on  the  same  line,  where  the  railway  crosses  over  the  London  and 
Holyhead  road  at  such  an  angle  that  the  difference  of  direction  is  only 
^6°.  In  this  case  a  long  gallery  is  constructed  under  the  railway,  con- 
sisting of  iron  ribs  or  gmlers,  resting  upon  walls  built  parallel  with  the 
turnpike  road ;  the  ribs,  and  consequently  the  faces  of  the  bridge, 
being  at  right  angles  with  it.  This  gallery  is  about  two  htmdred  feet 
long  and  thirty-four  feet  wide ;  and  by  its  adoption,  the  necessity  of 
building  an  oblique  arch  of  eighty  feet  span  was  avoided.  The 
necessity  of  increasing  the  span  of  an  arch  according  to  its  degree  of 
obliquity,  by  which  the  expense  and  difficulty  are  materially  increased, 
is  illustrated  by  fig.  8,  the  ground-plan  of  an  oblique  aich  across  a 


Fiif.  S.' 


Irt.       2nd. 8rd. 


SIZAR,  a  term  used  in  the  University  of  Cambridge  for  a  class  of 
students  who  are  admitted  on  easier  terms  as  to  pecuniary  matters 
than  others.  These  pecuniary  advantages  arise  from  different  sources 
in  different  colleges,  and  are  of  different  value.  Originally  certain 
duties  were  required  of  the  students  so  admitted,  approaching  to  the 
character  of  menial,  but  these  have  been  long  discontinued.  A  similar 
class  of  students  at  Oxford  ore  called  Servitors.  The  word  Sizar  is 
supposed  to  be  derived  from  »ia,  which  is  used  in  the  University  to 
denote  an  allowance  of  provisions  at  the  college  buttery;  and  that 
from  the  verb  to  amu,  which  is  much  the  same  as  the  modem  aueta, 
which  means  apportion. 

SIZE.     [Qlue  Manufacturk] 

SKEW-BACK,  in  civil  engineering,  the  course  of  masoniy  forming 
the  abutment  for  the  voussoirs  of  a  segmental  arch,  or,  in  iron  bridges, 
for  the  ribs.  In  the  latter  case  a  plate  of  cast-iron  is  usually  laid  upon 
the  stone  skew-backs,  extending  the  whole  width  of  the  bridge,  and 
forming  a  tie  to  the  masonry.  On  account  of  the  expansion  and  con- 
traction of  iron  under  changes  of  temperature,  the  ribs  should  not, 
especially  in  large  arches,  be  fixed,  to  their  abutments.  The  ribs  of 
Southwark  Bridge,  over  the  Thames,  were  originally  bolted  to  the 
masonry  of  the  piers ;  but  it  was  found  necessary,  on  this  account,  to 
detach  them,  during  the  progress  of  the  works. 

SKEW-BRIDQE,  a  bridge  in  which  the  passages  over  and  under  the 
arch  intersect  each  other  obliquely.  In  conducting  a  road  or  railway 
through  a  district  in  which  there  are  many  natural  or  artificial  water- 
courses, or  in  making  a  canal  through  a  country  in  which  roads  are 
frequent,  such  intersections  very  often  occur.  As,  however,  the  con- 
struction of  an  oblique  or  skew  arch  is  more  difficult  than  that  of  one 
built  at  right  angles,  skew-bridges  were  seldom  erected  before  the 
general  introduction  of  railways;  it  being  more  usual  to  build  the 
bridge  at  right  angles,  and  to  divert  the  course  of  the  road  or  of  the 
stream  to  accommodate  it,  as  represented  in  fig.  1,  in  which  a  i  is  a 
stream  crossed  by  the  road,  the  general  direction  of  which  is  Indicated 
by  the  dotted  line  c  d.  In  a  railway,  and  sometimes  in  a  common 
road  or  a  canal,  such  a  deviation  from  the  straight  line  of  direction  is 
inadmissible,  and  it  therefore  becomes  necessary  to  build  the  bridge 
obliquely,  as  represented  in  the  plan,  fig.  2,  Where  space  and  neatness 
do  not  require  to  be  considered,  an  oblique  arch  may  be  avoided,  either 
by  building  the  bridge  square  with  the  upper  passage,  and  making  the 
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stream  a  h.  Here  it  is  evident  that  e  g  \b  the  actual  span  of  the  arch ; 
although  e  d,  the  breadth  of  the  stream,  would  be  the  span  of  a  straight 
arch,  leaving  the  same  width  of  passage  underneath. 

Very  little  is  known  respecting  the  origin  of  skew-bridges.  It  luui 
been  repeatedly  asserted  that  those  built  by  Qeorge  Stephenson  on  the 
Liverpool  and  Manchester  railway  were  the  first  erections  of  the  kind  ; 
but  this  is  certainly  incorrect,  there  being  some  of  earlier  date  even  in 
Lancashire.  A  paper  in  the  '  Transactions  of  the  Institution  of  Civil 
Engineers,'  vol.  i.,  p.  185,  alludes  to  an  oblique  arch  erected  about  the 
year  1530  by  Nicold,  called  "  II  Tribolo,"  over  the  river  Mugnone, 
near  Porta  Sangallo,  at  Florence.  It  appears  however  that  the 
principle  upon  which  such  bridges  should  be  constructed  was  too  little 
understood  to  render  an  attempt  at  constructing  them  on  a  large  scale 
advisable.  The  next  information  the  writer  has  met  with  on  the 
subject  is  contained  in  the  article  '  Oblique  Arches,'  in  Rees's '  Cyclo- 
psedia ; '  an  article  which  appears  to  have  escaped  the  notice  of  modem 
writers  on  this  branch  of  engineering  science.  It  is  written  by  an 
engineer  named  Chapman,  who  mentions  oblique  bridges  as  being  in 
use  prior  to  1787,  when  he  introduced  a  great  improvement  in  their 
construction.  Down  to  that  time,  as  far  as  he  was  informed,  such 
bridges  had  always  been  built  in  the  same  way  as  common  square 
arches,  the  voussoirs  being  laid  in  courses  parallel  with  the  abutments. 
How  veiy  defective  such  an  arch  would  be  may  be  seen  by  reference 
to  fig.  8,  in  which  lines  are  drawn  to  indicate  the  direction  of  the 
courses.  It  is  evident  that  here  the  portion  cdfe  is  the  only  port  uf 
the  arch  supported  by  the  abutments ;  the  triangular  portions  cdg  and 
efh  being  sustained  merely  by  the  mortar,  aided  by  being  bonded 
with  the  rest  of  the  masonry.  This  plan  could  therefore  only  be 
adopted  for  bridges  of  very  slight  obliquity,  and  even  then  with  con- 
siderable risk.  About  the  time  mentioned  above,  Mr.  Chapman  was 
employed  as  engineer  to  the  Kildore  canal,  a  branch  from  the  Grand 
Canal  of  Ireland  to  the  town  of  Naas,  on  which  it  was  desired  to  avoid 
diverting  certain  roads  which  hod  to  be  crossed.  He  was  therefore 
led  to  look  for  some  method  of  constructing  oblique  arches  upon  a 
sound  principle,  of  which  he  considered  that  the  leading  feature  must 
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be  that  the  jomts  of  the  vouasoin,  whether  of  brick  or  stone,  should 
he  rectangular  with  the  abutmeot,  instead  of  being  parallel  with  the 
iace  of  the  arch.  Thus  the  courses,  instead  of  taking  the  direction 
Bbnwn  in  Jiff.  S,  were  laid  in  the  manner  indicated  in  Jig.  4.    One  of 


the  first  bridges  built  on  this  plan,  the  Finlay  bridge,  near  Naas, 
crossed  the  canal  at  an  angle  of  only  39°;  the  oblique  span  being  25 
feet,  and  the  height  of  the  arch  S  feet  6  inches.  Mr.  Chapman  observes 
that  the  lines  on  which  the  beds  of  the  voussoirs  lie  are  obviously 
spiral  lines,  and  to  this  circumstance  may  be  attributed  much  of  the 
■ingnlar  appearance  of  oblique  arches.  The  Finlay  bridge  stood  well, 
but  the  ingenious  designer  did  not  think  it  prudent  in  any  other  case 
to  attempt  so  great  a  degree  of  obliquity,  although  he  built  several 
other  bridges  on  the  same  principle,  over  the  Grand  Canal  in  Ireland, 
and  over  some  wide  drains  in  the  East  Riding  of  Yorkshire.  He 
recommends  carrying  up  the  masonry  as  equally  as  possible  from  each 
abutment,  in  order  to  avoid  unequal  strains  on  the  centering. 

On  the  Liverpool  and  Manchester  railway,  out  of  rather  more  than 
sixty  bridges,  about  one-fourth  were  built  on  the  skew ;  one,  built  of 
stone,  conducting  the  turnpike-road  across  the  line  at  Kainhill,  being 
at  an  angle  of  only  34°,  by  which  the  width  of  span  is  increased  from 
80  feet,  the  width  of  the  railway  from  wall  to  wall,  to  64  feet,  tho  width 
on  the  oblique  face  of  the  arch.  Skew-bridges  have  since  become  very 
common,  and  some  have  been  erected  of  even  greater  obliquity.  That 
at  Box-moor,  on  the  London  and  North- Western  railway,  was  for  long 
unrivalled  for  obliquity  by  any  other  brick  aroh.  Its  angle  is  32°, 
the  square  span  21  feet,  and  the  oblique  span  S9  feet.  There  are  also 
brick  arches  of  great  obliquity  on  the  Greenwich  and  Blackwall  rail- 
ways, but  with  their  precise  angles  we  are  unacquainted  j  on  the  Paris 
and  Rouen  railway  there  is  a  skew-bridge  of  brickwork  wiUi  stone 
bond  courses  of  28  of  obliquity. 

From  Mr.  Buck's  treatise  on  oblique  bridges,  it  appears  that  the 
difficulty  of  building  skew-bridges  increases  with  the  obliquity  of  the 
angle  from  90'  to  46°,  which  is  supposed  to  be  the  most  hazardous 
angle  for  a  semicircular  arch  ;  but  that  beyond  that  point,  instead  of 
increasing,  it  rather  diminishes  to  about  26",  which  appears  to  be  about 
the  natural  limit  for  a  semi-cylindrical  aroh.  Mr.  Buck,  whose  ex- 
perience renders  his  opinion  highly  valuable,  considers  that  oblique 
arches  of  the  elliptical  form  should  not  be  attempted,  aa  they  are 
deficient  in  stabiUty,  more  difficult  to  execute,  and  more  expensive 
than  semicircular  or  segmental  arches. 

The  construction  of  skew-bridges  of  iron  or  timber  is  comparatively 
simple,  the  ribs  or  girders  of  which  such  bridges  are  composed  being 
of  the  usual  construction,  laid  parallel  with  each  other,  but  the  end  of 
each  being  in  advance  of  that  next  preceding  it    Fig.  6  represents  the 


Fig.  i. 


ground-plan  of  such  a  bridge,  the  dotted  lines  indicating  the  situation 
of  the  ribs  upon  which  the  platform  is  supported.  The  extraordinary 
bon  bridge  by  which  the  Manchester  and  Birmingham  raUway  is  con- 
ducted over  Fairfield-street,  Mauchester,  at  an  angle  of  only  244°,  is  a 
Bne  example  of  this  kind  of  skew-bridge.  It  consists  of  six  ribs,  of 
rather  more  than  128  feet  span,  although  the  width  of  the  street  is 
only  48  feet,  resting  upon  very  massive  abutments  of  masonry.  The 
total  weight  of  iron  in  this  bridge,  which  is  considered  to  be  one  of 
the  finest  iron  arches  ever  buUt,  is  640  tons.  It  was  erected  from  the 
design  of  Mr.  Buck,  who  has  constructed  several  other  obUque  bridges 
of  great  size  and  very  acute  angles.  Timber  bridges,  formed  of  trussed 
wr  "  Birders,  are  built  on  the  same  principle.  One  of  very  great 
obhquiy  on  the  SechiU  raUway,  is  represented  in  the  second  series  of 
Brees  8  Railway  Practice.'  A  somewhat  similar  mode  of  constructing 
Jkew-bridges  m  brickwork  was  mtrodueed  by  Mr.  Qibbs  on  the  Croydra 


railway.  The  JoUy  Sailor  bridge,  which  crosses  over  this  line  near 
Norwood,  consisted  originally  of  four  separate  ribs  of  brickwork, 
each  forming  an  elliptical  arch  of  60  feet  span,  with  a  versed  sine  of 
12  feet  6  inches,  supporting  a  flat  viaduct  of  Yorkshire  flagstones. 
Each  of  these  ribs,  which  were  three  feet  wide  on  tho  transverse  face, 
was  built  square,  so  that  the  brickwork  was  of  the  simplest  kind; 
but  by  malQng  the  respective  abutments  project  beyond  each  other 
acconUng  to  the  oblique  direction  of  the  railway,  tho  ribs,  taken 
collectively  formed  a  skew-arch.  In  a  bridge  erected  by  Mr.  Wood- 
house  on  the  line  of  the  Midland  Counties  railway,  the  same  principle 
is  adopted,  but  the  ribs  are  placed  close  together,  so  that  no  platform 
of  flagstones  is  required. 

SKIN,  DISEASES  OF.  Most  of  the  diseases  of  the  skin  are 
described  in  this  work  under  their  particular  namea  In  this  article  we 
shall  supply  an  arrangement  of  them,  and  a  description  of  those  which 
are  not  described  under  special  heads.  The  following  arrangement  is 
that  adopted  by  Rayer  in  his  work  on  diseases  of  the  skin : — 

Class  I.  Inflammation  or  the  Skin. 

Order  1.  £niR(ftematotu.— Rubeola,  Roseola,  Scarktina,  Urtdcaris, 
Erythema,  Erysipelas. 

Order  2.  -Sti/tous.— Vesication,  AmpulUe,  Pemphigus,  Rupia,  Zaax 

Order  3.   Veitculma. — Herpes,  Psora,  Eczema,  Miliaria. 

Order  4.  Pustuloui.—V aiiceilA,  Variola,  Vaccinia,  Vaccinella,  Ec- 
thyma, Cuperosa  or  Acne,  Mentagra,  Impetigo,  Tinea,  Artificial 
pustules. 

Order  6.  Furunculma. — Hordeolum,  Furuncle,  Anthn«. 

Order  6.  Papuhut. — Strophulus,  Lichen,  Prurigo. 

Order  7.  Taberculous. — Lupus,  Cancer,  Elephantiasis  of  the  Greeks. 

Order  8.  iSiyuomoiu.  —  Lepra,  Psoriasis,  Pityriasis  [SotTRp]. 

Order  9.  Linear. — Fissures. 

Order  10.  Qangreruna, — Malign  pustules.  Carbuncle  of  plague. 

Order  11.  Multiform. — Bums,  Frost-bite,  Syphilitic  eruptions. 

Class  II.  COTAMKOUB  AND   SuBODTANEODS   COHQKSTIOKS,  ASD 
HfMORRHAOEB. 

Cyanosis,  Vibices,  Petechise,  Purpura  Hemorrhagica,  Ecchymosis, 
Dermatorrhagia. 

Class  III.  Nervous  Diseases  of  the  Skin. 

Exaltation,  Diminution,  Abolition  of  the  sensibility  of  the  akin, 
without  appreciable  alteration  in  the  texture  of  this  membrane. 

Class  IV.  Alteratioss  m  the  Coloor  of  the  Skin. 

Order  1.  Decoloration. — Leucopathia,  partial,  general ;  Chlorosis. 
Order  2.  Accidental  Colorationi. — Ephelis,  Lentigo,  Chloasma,  Hela- 
dermis.  Icterus,  Neevus  maoulosus,  Argentism. 

Class  V.  Morbid  Secretions. 
Ephidrosis,  Acne,  Folliculous  Tumours, 

Class  VI.  Defects  of  Conformation  and  Texture. 

Distention  of  the  Skin,  Cicatrices,  Vegetations,  Nsevus  hEenutodes, 
Subcutaneous  vascular  tumours,  waits,  pearly  granulaUank ;  Corns, 
Ichthyosis,  Homy  appendages. 

Diseases  of  the  skm  are  very  numerous  and  prevalent,  but  in  the 
case  of  the  majority  which  occur  they  arise  from  the  neglect  of  some 
of  the  conditions  necessary  for  the  'health  of  the  skin.  Theee  oon- 
ditiona  in  general  are,  good  nutritious  food,  which  should  be  properly 
digested ;  a  due  amount  of  warm  clothing,  especially  during  changeable 
and  cold  weather ;  constant  and  regular  exercise,  so  as  to  keep  tlie 
skin  as  an  excretory  organ  in  perfect  order ;  and  daily  ablution  of  every 
part  of  the  body,  without  which  and  the  occasional  use  of  soap  it  is 
vain  to  expect  to  be  free  from  many  forms  of  skin  disease. 

The  following  are  the  diseases  which  appear  to  demand  furthor 
notice : — 

Eczema,  Heat-eruption,  is  an  inflammation  of  the  skin,  characterised 
at  the  outset  by  small  non-contagious  vesicles,  the  fluid  of  which  is 
finally  reabsorbed ;  by  superficial  excoriations,  attended  by  a  serous 
discharge,  or  by  a  squamous  condition  of  the  skin.  This  disease  may 
be  confined  to  one  particular  part  of  the  body,  or  it  may  attack  the 
whole  surface.  It  may  arise  from  a  local  cause,  as  from  the  direct 
rays  of  the  sun,  or  from  some  general  disturbance  of  the  system.  The 
vesicles  may  be  only  f  ew,and  the  surrounding  skin  only  slightly  inflamed 
and  confined  to  a  very  limited  surface,  or  the  vesicles  may  be  nume- 
rous, the  excoriations  peunful,  the  surface  attacked  extensive,  and  the 
tendency  to  inflammatory  action  in  the  skin  so  strong  as  to  produce 
pustules  instead  of  vesicles.  Such  are  the  charactera  of  the  three  forms 
of  eczema  usually  described  by  writers  on  diseases  of  the  skin. — £. 
iolarit,  E.  rabrum,  B.  impeliginoides.  Eczema  is  more  likely  to  be  con- 
founded with  itch  than  any  other  disease,  from  which  it  may  be  dis- 
tinguished by  its  non-contagiousness  and  the  very  different  parts  of 
the  tegumentary  system  which  it  occupies. 

There  is  a  form  of  eczema  which  comes  on  from  the  exhibition  of 
mercury  and  the  external  application  of  other  medicines,  and  which 
frequentiy  arises  from  the  carelessness  of  the  person  attacked,  which  is 
called  E.  merturitUe. 
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The  treatment  of  eozems  maat  he  adapted  to  the  causes  which  have 
produced  it.  According  to  the  general  state  o{  health  of  the  person 
attaoked,  the  disease  will  be  either  acute  or  chronic.  Slight  cases  of 
acute  eczema  require  only  a  simple  treatment ;  a  light  diet,  saline  pur- 
gatives, and  cooling  or  emollient  applications  to  the  part  being  all  tiiat 
is  required.  In  some  cases  the  inflammation  is  ffeat  and  the  pain 
intense,  and  where  this  occurs  bleeding  and  a  more  active  general 
treatment  should  be  had  recourse  to.  Chronic  eczema  is  much  more 
difficult  to  treat.  The  general  health  demands  attention,  and  altera- 
tives and  tonics,  according  to  circumstances,  are  demanded.  Astringent 
lotions  and  oinbnents,  such  as  the  preparations  of  silver,  zinc,  alum, 
&o.,  may  be  used;  sulphurous  baths,  and  various  mineral  waters  have 
also  been  recommended  in  old  chronic  cases  of  this  disease.  The 
tincture  of  cantharides  and  the  preparations  of  arsenic  have  also  been 
employed  in  the  chronic  forms  of  eczemsk 

Miltaria  (Febris  miliaria.  Miliary  Eruption)  is  also  a  veaiouloua  disease 
of  the  skin,  and  is  described  as  contagious.  '  It  is  accompanied  with 
inflammation  of  the  gastro-intestinal  mucous  membrane,  and  is  aooom- 
patued  by  profuse  sweating.  Miliaria  as  an  epidemic  and  independent 
disease  is  only  seen  brtween  the  48rd  and  49&  degrees  of  latitude,  and 
its  existence  has  been  doubted  by  some  nosologists.  It  frequently 
accompanies  other  diseases,  and  retires  with  the  cessation  of  the  disease 
which  it  attends.  When  the  fever  accompanying  it  is  slight  it  requires 
little  treatment.  Gentle  purgatives  and  demulcents  will  be  found 
sufficient.  In  the  epidemio  form,  however,  it  is  often  a  formidable 
disease,  and  requires  the  same  treatment  sa  other  epidemic  contagious 
fevers. 

Rupia  is  a  bullous  disease  accompanied  with  small  bulks,  the  bases 
of  which  are  inflamed.  The  buUra  are  not  numerous  but  flat  and  full 
of  a  serous  fluid,  which  becomes  thick,  puriform,  or  suiguinolent,  and 
drying  up  forms  blackish  thin  or  prominent  crusts.  It  is  commonly 
developed  on  the  legs,  sometimes  on  the  loins  or  thighs.  It  attacks 
children  that  are  of  a  delicate  constitution,  and  persons  weakened  by 
other  diseases.  The  scrofulous  are  peculiarly  liable  to  it,  and  it  comes 
on  after  hard  living,  insufficient  food,  exposure  to  cold,  and  vicious 
courses  of  life.  It  is  generally  indicative  of  an  imperfect  state  of 
nutrition,  and  the  treatment  consists  not  so  much  in  applications  to  the 
diseased  skii>>  as  in  giving  tone  to  the  system  by  nutritious  food,  and 
tonic  and  alterative  medicines. 

Ecthyma  (Pustulous  Scale)  is  a  non-contagious  inflammation  charao- 
terised  by  large  pustules  raised  upon  a  hard  circular  base  of  a  bright 
red  colour.  The  pustules  are  of  the  lai^gest  size,  the  phlytacue  of 
Willan,  so  that  ecthyma  bears  the  same  relation  to  pustular  diseases 
that  rupia  does  to  vesicular  ones.  In  some  stages  in  ^t  it  is  difficult 
to  distinguish  one  of  these  diseases  from  another.  Willan  describes 
four  varieties  of  ecthyma,  but  Rayer  recognises  but  two,  acute  ecthyma 
and  chronic  ecthyma.  Acute  ecthyma  is  a  comparatively  rare  disease ; 
it  generally  appears  on  the  neck  and  shoulders,  and  runs  ifa  course  in 
a  few  days.  This  form  requires  little  treatment ;  light  diet,  diluent 
drinks,  mild  purgatives,  and  warm  or  cold  applications  to  the  part  will 
suffice. 

In  chronic  ecthyma  the  same  kind  of  pustules  appear,  which  dis- 
charge their  contents  in  the  course  of  two  or  three  days,  leaving  behind 
them  thick  brown  adherent  crusts,  which  sometimes  all  off,  leaving  an 
ulcer  behind,  but  more  frequent^  leaving  a  cicatrix.  This  form  of 
the  disease  comea  on  in  scrofulous  and  debilitated  subjects,  and  ia 
frequently  modified  by  a  syphilitic  taint,  Jiist  in  proportion  to  the 
intensity  of  the  constitutional  derangement  will  be  the  duration  and 
extent  of  the  disease.  In  its  treatment  the  general  health  must  be 
especially  attended  to ;  it  is  more  a  disease  indicating  a  want  of  action 
than  increased  action,  and  alteratives,  tonics,  nutritious  diet,  change 
of  air,  and  sea-bathing  ore  more  beneficial  than  the  opposite  kind  of 
treatment. 

Acne  (Qutta  rosacea.  Rose-drop)  is  a  chronic  inflammation  of  the 
skin  chuscterised  by  an  eruption  of  small  pustules  surrounded  by 
a  hard  and  inflamed  base.  They  ore  generally  observed  on  the 
cheeks,  nose,  and  forehead,  and  sometimes  on  the  ears  and  neck.  The 
pustules  are  sometimes  single,  constituting  the  simple  'form  of  the 
disease ;  at  other  tinftes  they  become  hardened  and  the  whole  skin 
becomes  red,  when  the  disease  has  different  designations.  Tliis  disease 
has  its  origin  in  the  atl-tubes,  and  arises  from  an  obstruction  to  the 
performance  of  their  functions,  which  produces  inflammatitm.  The 
oil-tubes  of  the  face  are  very  liable  to  obstruction  from  exposure 
to  the  air  and  other  causes,  and  may  be  frequently  observed  tipped 
with  a  littie  black  spot,  and  when  pressed  they  give  out  a  quantity 
of  their  oily  secretion  in  tile  form  of  a  littie  maggot.  They  were 
at  one  time  supposed  really  to  possess  an  independent  animal  life. 
Although  this  is  not  the  case  with  the  masses  of  oil  in  question, 
it  is  now  known  that  a  littie  acarus  takes  up  its  abode  in  these  oil 
tubes,  and  is  well  known  to  zoologists  under  the  name  of  Demodez 
FoUiculorum.  This  littie  insect  may  then  in  some  instances  be  the 
exciting  cause  of  acne. 

In  the  treatment  of  acne,  regard  must  be  had  to  the  general  health. 
It  is  frequentiy  connected  with  a  diseased  state  of  the  gastro-intes- 
tinal mucous  system,  which  requires  attention.  Where  it  is  connected 
with  general  debility  from  a  rapid  growth,  or  with  a  scrofulous  constitu- 
tion, tonics  and  altmatives  with  sea-bathing  and  regular  exercise  will 
he  found  of  aervioe.    As  external  applications,  the  preparstions  of 


copper,  zinc,  and  mercury,  have  been  found  most  efficient.  Where  tha 
face  is  much  swelled  and  inflamed,  fomentations  will  be  of  Hrvios  pN- 
viouB  to  the  use  of  the  astringents. 

Lichen  is  a  papulous  disease,  characterised  by  the  simalianeous  or 
successive  eruptions  of  red  itching  pimples,  scattered  or  disposed  in 
groups  over  the  whole  body.  It  is  in  the  adult  what  Strophulus  is  in 
thediild. 

Zupui  is  a  disease  of  the  skin  which,  although  it  usually  attiu^ 
the  face,  may  appear  on  any  other  port  of  the  body.  It  is  generally 
attended  with  inflammatory  action  and  with  mors  or  less  enlarge- 
ment of  the  parts  attacked.  It  terminates  in  ulceration,  which  on 
account  of  its  tendency  to  destroy  the  tissues  which  it  attacks  has  got 
for  this  disease  the  name  of  "  wolt"  The  ulcer  is  also  called  the 
"  rodent  ulcer,"  and  the  term  noli  me  ttmnen  has  been  applied  to  it. 
The  disease  may  be  superficial  or  it  may  penetrate  mora  or  lest 
deeply,  destroying  whatever  tissuse  it  attacks.  There  is  no  doubt 
about  the  resemblance  of  this  disease  to  cancer,  espedally  that  form 
called  epithelial.  It  is,  nevertheless,  so  strongly  separated  that  it 
would  be  utterly  inconsistent  with  the  present  knowledge  of  the 
nature  of  cancer  to  re^rd  it  as  originating  in  the  same  state  of  the 
system.  [Caitokb.]  The  condition  of  the  system  and  the  nature  of 
the  ulceration  raUier  point  to  the  scrofulous  diathesis  as  the  originator 
of  this  disease. 

In  lupus  no  pathological  elements  can  be  discovered  resembling 
those  of  cancer.  If  removed  it  does  not  recur,  and  there  is  no  ten- 
dency to  the  production  of  the  same  disease  in  the  lymphatics  as  in 
cancer.  It  is  therefore  a  much  less  formidable  disease.  Nevertiieless, 
the  progress  of  the  ulceration  in  many  cases  of  lupus  is  suffidenUy 
alarming  and  demands  constant  attention. 

The  treatment  must  be  both  local  and  general.  In  the  looal  toeat- 
ment  removal  by  the  knife  is  mostiy  out  of  the  questicai,  on  aooount 
of  the  extent  of  surface  involved.  According  to  the  tendency  exhibited 
by  the  ulceration  to  spread  a  severe  or  mild  system  of  oauterisatioa 
should  be  pursued.  Sometimes  the  application  of  sulphate  or  acetate 
of  zinc  or  nitrate  of  silver  ia  sufficient  to  stimulate  the  parts  to 
assume  a  healthy  action ;  whilst  at  others  more  violent  applioations,  as 
the  chloride  of  zinc  and  tannic,  nitric,  or  hydrochloric  acids,  are  to  be 
recommended.  General  treatment  is  frequently  very  efficacious,  and 
this  according  to  circumstances.  In  cases  of  tuberculosis  of  the 
system  cod  liver  oil  and  quinine  and  iron  may  be  used  with  advantage. 
In  another  set  of  cases  arsenic  has  been  found  efficacious,  whiLst 
perhaps  a  larger  number  are  benefited  by  preparations  of  iodine. 

SKIN-DRESSING.    [Leathsb  Mandvaotdbe.] 

SKY  is  the  name  commonly  applied  to  the  infinite  space  which 
buiTounds  the  earth,  and  of  which  the  visible  portion,  above  tiie 
horizon  of  a  spectator  on  any  part  of  the  earth's  surface,  appetffS  to 
have  the  form  of  a  concave  segment  less  than  a  hemisphere. 

The  earth  is  surrounded  by  the  atmosphere,  which  is  charged  with 
vapours'  and  terrestrial  particles ;  and  by  the  reflections  which,  in  con- 
sequence, the  rays  of  light  sxperienoe  in  passing  to  the  spectator,  and 
the  absorption  which  they  undergo  in  their  long  transit  of  the  atmo- 
sphere when  the  sun  is  near  the  horizon,  the  sky  assumes  the  variously- 
coloured  tints  under  which  it  is  seen. 

It  is  known  from  many  experiments  that  pure  air  is  devoid  of  colour ; 
and  the  observations  of  M.  da  Saussure  ('Voyages  dans  les  Alpes/ 
torn.  4,  p.  2S9)  have  established  the  fact,  that,  in  an  atmosphere  free 
from  vapours,  such  objects  as  mountains  covered  with  snow,  when 
seen  by  a  spectator  at  a  distance  of  20  or  80  leagues  from  them,  by 
light  which  is  merely  transmitted  tiirougfa  the  air,  appear  to  be  white  : 
the  same  philosopher  has  observed,  however,  that  at  times  when  the 
sun  is  seen  to  set  behind  a  mountain  so  covered,  the  blue  rays  reflected 
from  the  sky  to  the  mountain,  and  from  thence  to  the  spectator,  cause 
the  mountun  to  assume  a  blue  colour,  the  other  light  with  which 
the  mountain  is  illuminated  not  being  strong  enough  to  overpower 
the  blue  reflected  rays. 

When  the  sun  has  considerable  elevation,  the  isys  of  light  which  pass 
through  the  earth's  atmosphere  almost  perpendicularly  to  its  aartace, 
undergo  scarcely  any  change  of  direction ;  but,  with  respect  to  the 
light  from  the  sun  which  enters  obliquely  into  the  atmosphere,  the 
violet  and  blue  rays  are  partially  arrested  in  their  course,  and  are  re- 
fleeted  in  abundance  to  the  earth ;  they  thus,  when  the  atmosphere  ia 
nearly  free  from  clouds,  give  to  the  parts  of  the  sky  which  are  remote 
from  the  apparent  place  of  the  sun  an  acure  tint. 

The  blue  colour  of  the  sky  about  the  zenith  increases  in  proportion 
as  the  sun  is  nearer  the  horizon ;  and,  at  the  same  time,  the  blue  rays 
in  the  beams  of  light  which  traverse  the  atmosphere  in  directions 
nearly  parallel  to  the  horizon  are  absorbed,  so  tiiat  it  is  chiefly  those 
of  less  refrangibility,  such  as  the  yellow  and  the  ted,  that  arrive  at 
the  eye  of  the  spectator :  in  consequence  of  this  the  sky  near  the 
horizon,  on  the  side  which  is  towanls  the  sun,  appears  to  be  highly 
tinted  with  those  colours. 

Many  of  the  blue  rays,  after  reflection  from  the  upper  parts  of  the 
atmosphere,  are,  however,  absorbed  in  passing  down  to  the  e,irth; 
and  further,  it  seems  probable  that  in  that  portion  of  the  reflection 
which  takes  place  at  a  great  elevation  the  blue  rays  are  reflected  in 
larger  proportion  compared  with  other  colours  than  lower  down; 
and  hence  it  is  that  the  blue  tint  of  the  sky  is  foimd  to  increase  in 
intensity  as  the  spectator  ascends  above  the  general  surfiuie  of  the 
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earth.  On  the  top  of  high  mountaing,  or  in  balloons  at  great  eleva- 
tions,  the  proportion  of  blue  rays  which,  after  reflection  in  the  atmo- 
aphere,  enter  the  eye  is  reiy  great ;  and  the  blueneas  at  length  becomes 
a  deep  black  ground  on  which  the  stars  appear  to  shine  at  all  times 
with  as  much  lustre  as  at  midnight  on  the  earth,  during  the  absence  of 
the  moon.  It  is  hence  evident  that  if  it  were  not  for  the  innumerable 
reflections  of  the  light  from  the  sun  or  moon,  which  take  place  in  the 
atmosphere,  total  darkness  would  prevail  from  the  instant  of  sun-set 
to  that  of  sun-rise ;  and  even  during  the  day,  darkness  would  ensue, 
so  that  the  stars  would  become  visible,  every  time  that  the  sun  is 
obscured  by  a  doud  of  sufficient  density. 

That  the  blue  tint  of  the  sky  is  caused  by  light  reflected  in  the 
atmosphere,  is  abundantly  evident  from  the  &ct  l^t  the  light  of  the 
sky  is  found  to  be  polanzed,  this  quality  in  light  being  a  result  of  its 
refleoUon.  Sir  David  Brewster,  who  firat  made  the  observation,  has 
moreover  ascertained  that  the  light  of  the  sky  consists  of  two  ports, 
one  blue  and  the  other  nearly  without  colour ;  and  he  discovered  that 
these  lights  are  polarized  in  different  directions.  ('  Treatise  on  New 
Philosophical  Instruments,'  p.  349.) 

The  hypothesis  that  the  azuie  colour  of  the  sky  is  caused  by  re- 
flections of  blue  rays,  was  at  one  time  objected  to  on  the  ground  that 
the  shadows  of  opaque  objects,  placed  on  white  paper  and  exposed  to 
the  sun's  light,  should  always  appear  to  be  blue,  since  the  part  of  the 
paper  which  is  in  shadow  can  only  be  visible  by  the  light  of  the  sky 
reflected  from  thence.  This  phenomenon  is,  in  fact,  frequently 
.observed ;  but  M.  de  Ssusaure,  while  admitting  that  he  has  often  per- 
^Ived  the  shadows  of  objects  to  be  bluish  in  the  mornings  and 
leveningB  on  the  general  surboe  of  the  earth,  states  that  in  Alpine 
regions,  where  the  sky  is  intensely  blue,  the  shadows  of  objects  never 
appear  to  be  so  :  he  aidds  that,  of  fifty-nine  observations  msde  for  the 
.purpose  of  ascertaining  the  colours  of  shadows  on  the  mountains, 
thirty-four  showed  them  to  be  a  pole  violet,  eighteen  showed  them  to 
be  black,  six  a  pale  blue,  and  onoe  they  appeiured  to  be  yellowish.  It 
may  be  iufeired,  therefore,  that  shadows  cast  by  opaque  objects  are 
jBO  much  affected  by  the  colours  of  the  neighbouring  objects  that  a 
right  judgment  can  scarcely  be  formed  of  the  colour  which  they 
receive  from  the  light  of  the  sky.  [Accidental  Coloubs.]  To  the 
like  interference  must  be  ascribed  the  variously-coloured  shadows 
which  were  observed  by  M.  Bouguer  (' Essai  d'Optique;'  and  M. 
Buffon, '  Hdmoires  de  I'Acad^mie  des  Sciences,'  1743.) 

Between  the  tropics  the  transparency  of  the  atmosphere  is  far 
greater  than  it  is,  in  general,  in  regions  beyond  them  towards  the  north 
or  south ;  hence  the  sky  there  is  almost  always  serene  and  intensely 
blue,  while  the  clouds  near  the  setting  sun  are  brightly  tinted  wim 
the  prismatic  colours.  The  skies  of  tiie  south  of  Europe  and  some 
parts  of  North  America  are  distinguished  for  their  serenity  and 
beauty ;  but,  in  these  respects,  they  are  said  to  be  inferior  to  the 
skies  over  the  islands  in  the  Pacific  Ocean. 

For  the  description  of  an  instrument  invented  in  order  to  measure 
the  intensity  of  the  blue  colour  in  the  sky,  see  Ctanoueteb. 

SKYLIQUT.  In  the  arts,  the  word  tkyliaht  is  sometimes  used  to 
express  the  frame  or  the  window  by  which  the  direct  light  from  the 
upper  regions  of  the  atmosphere  is  allowed  to  enter  a  room  ;  at  other 
times,  and  especially  in  cases  connected  with  architectural  jurispru- 
dence, tkylight  is  understood  to  mean  the  view  of  a  portion  of  the 
atmosphere  Itself,  or,  in  other  words,  an  uninterrupted  view  of  the 
portion  of  space  to  which  a  house  proprietor  is  entitled.  In  this 
notice,  attention  will  principdly  be  du-ected  to  the  former  meaning  of 
the  word ;  for  the  latter  meaning,  and  the  various  conditions  attaching 
to  it,  see  the  articles  Easeuebt,  and  Lights,  Ancient. 

Skylights,  in  the  ordinary  sense,  may  be  divided  into  those  which 
are  pla(»d  in  the  roof  or  covering  of  the  building,  and  into  those  which 
are  placed  in  lanterns  rising  above  the  line  of  the  roof  j  the  former 
transmitting  the  light  directly,  the  latter  by  means  of  vertical  openings 
in  their  sides.  In  some  cases,  also,  a  buildiiig  may  be  lighted  by  means 
of  inclined  skylights  on  the  respective  sides  of  the  inclined  roof  over 
the  flat  ceiling  of  the  room, and  by  a  horizontal  skylight  in  that  ceiling; 
or,  in  other  words,  by  a  double  skylight,  as  at  the  Madeleine  at  Paris ; 
and  in  the  enormous  rooms  of  the  spinning-factories  a  species  of 
imperfect  lantern  skylight  is  used,  in  which  one  vertical  glazed  side 
and  three  obscure  sides  of  a  half  pyramid  are  introduced.  Small 
vertical  windows,  or,  as  they  are  technically  called,  "  dormers,"  are 
occasionally  used  for  the  purpose  of  lighting  domical  or  other  buildings 
from  the  sky ;  but,  strictly  speaking,  they  must  come  under  the  cate- 
gory of  windows.  The  hall  of  the  Middle  Temple  of  London,  the 
dome  of  St  Paul's,  and  the  Law  Coxata  at  Westminster,  are  illus- 
Nations  of  the  use  of  lantern  lights;  the  Pantheon  at  Rome,  and  the 
Pantheon  in  Oxford  Street,  London,  are  illustrations  of  the  use  of 
smiple  skylights;  the  other  classes  of  skylights  are  principally  used  in 
commercial  or  manufacturing  establishments,  although  the  double 
ones_  are  susceptible  of  being  treated  so  as  to  produce  very  striking 
wchitectural  effects.  In  medieaval  structures,  such  as  Westminster* 
Hall,  a  portion  of  the  light  is  obtained  from  the  sky  by  means  of 
dormers ;  but  clerestory  windows  are  much  more  frequently  resorted 
to  in  the  buildings  of  this  period,  when  all  the  Ug^t  cannot  be 
obtained  from  the  lower  side  walls. 

The  practical  advantages  of  the  respective  kinds  of  skylights  seem  to 
be  aa  follows  :-^ln  lantern  lights,  it  is  easy  to  provide  for  effecting 


ventilation  at  the  same  time  and  by  the  same  means  as  those  u%d 
for  the  admission  of  light.  The  windows  in  these  cases  are  on  ths 
vertical  sides  of  the  lantern,  and  the  top  is  covered  by  an  opaque 
roof,  usually  formed  of  imperfectly  conducting  materi^;  an;  con- 
densation of  moisture  from  the  internal  atmosphere  takes  place,  under 
these  circumstances,  on  the  vertical  glass  of  the  sides,  and  it  cm 
thence  be  easily  removed.  Skylights  placed  on  the  slope  or  at  the  top 
of  a  roof  are  exposed  to  considerable  inconvenience  from  the  candena- 
tion  thus  alluded  to ;  and  if  they  must  be  resorted  to,  it  should  be  the 
object  of  the  andiitect  to  keep  them  within  the  wid&  susceptible  o{ 
being  covered  by  one  sheet  of  glass;  because  if  the  length  of  the  panes 
be  such  as  to  require  the  use  of  two  sheets,  the  drops  of  water  amm; 
from  condensation  are  likely  to  accumulate  at  the  line  of  junction,  and 
either  to  fall  from  thence  or  to  remain  under  the  lap,  and  if  a  fnict 
should  occur  whilst  water  is  there,  it  is  very  probable  that  the 
expansion  of .  the  water  passing  into  ioe  may  crack  the  ^ass.  The 
introduction,  by  Sir  J.  Faxton,  of  the  ridge  and  furrow  system,  hai 
enabled  modem  architects  to  execute  large  plane  surfaces  of  skylight ; 
and  it  has,  moreover,  the  advantage  of  being  equally  i^pUcable  to 
lantern  or  to  flat  lights  of  this  description.  Lantern  lights  muit,  it 
may  be  added,  be  placed  upon  the  axis  of  the  roof  covering  the  room 
so  lighted ;  skylights  may  be  placed  wherever  it  may  be  desired  eo  to 
do  ;  and  in  the  large  domes  of  modem  buildings  it  is  found  that  the 
lanterns  are  invariably  placed  over  their  centres,  whilst  the  akylifihti 
let  into  the  sides  of  roofs  are  disposed  in  the  panels  or  segmentil 
divisions  in  such  wise  as  to  cause  the  light  to  foil  in  the  desired 
manner  on  the  side  walls.  Lanterns  difliise  light  more  equally  om 
the  areas  they  serve  than  lights  let  into  the  sides  of  the  roof,  but  not 
more  so  ,than  central  skylights,  such  as  those  of  the  Pantheon ;  ud 
for  this  reason  it  seems  that,  in  sculpture  galleries  lifted  from 
above,  it  would  be  preferable  to  introduce  lanterns ;  whilst  in  piotuie 
galleries  plane  skylights  on  the  slopes  of  the  roof  are  the  moet 
advantageous,  provided  always  that  they  do  not  receive  the  direct  nja 
of  the  sun. 

There  are,  indeed,  few  positions  in  which  it  is  desbable  to  admit  the 
sun's  rays  in  rooms  lighted  from  above ;  and  wherever  it  is  possible  so 
to  do,  the  light  should  be  admitted  from  the  north  exclusively,  because 
the  glare  and  the  reflection  of  the  sun's  rays  affects  the  purity  of  colour 
of  the  objects  exposed  to  them.  In  factories,  and  in  show  rooms,  this 
law  of  excluding  the  direct  sun's  rays  is  carefully  observed,  aad  the 
skylights  formed  over  them  are  usually  made  of  the  form  abon 
described ;  that  is  to  say,  as  a  section  of  a  square  pyramid,  receinii; 
light  from  its  base  which  faces  the  north.  The  proportion  of  the 
surface  for  the  transmission  of  light  to  the  opaque  part  of  the  ceiling 
should  be  at  least  as  1  :  20 ;  for  in  the  Pantheon  the  diameter  of  the 
rotunda  is  about  141  feet,  and  that  of  the  central  light  is  30  feet  (or 
in  the  ratio  of  their  areas  as  1  to  22  nearly),  and  the  light  in  that 
building  would  not  be  sufficient  for  the  purposes  of  conmierce  or  of 
manufacture;  The  height  of  Uie  room  wiU,  however,  affect  this  «^ 
sideration ;  for  the  pencil  of  rays  admitted  through  the  skylight  must 
be  able  to  reach  every  portion  of  the  inclosed  area,  and  in  a  well-lighted 
room  there  should  be  no  necessity  for  trusting  to  reflected  rays.  In 
the  Pantheon,  the  height  from  the  floor  to  the  under  side  of  the  sky- 
light a  precisely  equal  to  the  diameter  of  the  rotunda ;  and  Fontasa, 
in  his  '  Descrizione  del  Tempio  Vaticano,'  states  that  an  examination  of 
the  most  important  buildings  lighted  by  lanterns  showed  that  the  best 
proportions  of  the  diameters  of  those  structures  to  the  diameten  of 
the  cupolas  on  which  they  rested  were  as  1  to  6,  and  that  the  height 
of  such  lanterns  should  be  equal  to  half  the  diameter  of  the  cupola; 
the  whole  of  this  height  is  not,  however,  devoted  to  the  glazed  part  of 
the  structure. 

SLAKED  LIME.    [Calcium.] 

SLANDER  consists  in  the  malicious  speaking  of  such  words  •■ 
render  the  party  who  speaks  them  in  the  hearing  of  others  liable  to 
an  action  at  the  suit  of  the  party  to  whom  they  apply.  The  mere 
speaking  of  the  defomatory  words  in8t<vtd  of  the  writing  of  them  u 
that  which  constitutes  the  difference  between  libel  and  slander. 
[Libel.]       '  '  • 

Slander  is  of  two  kinds :  one,  which  is  actionable,  as  necegsaiuy 
importing  some  general  damage  to  the  party  who  is  slandered ;  the 
other,  which  is  only  actionable  where  it  has  actually  caused  some 
special  damage,  tha  first  kind  includes  all  such  words  as  impute  to 
a  party  the  commission  of  some  crime  or  misdemeanor  for  which  he 
might  legally  be  convicted  and  suffer  punishment,  as  where  one  asserts 
that  another  has  committed  treason,  or  felony,  or  perjury.  ^^^ 
includes  such  words  spoken  of  a  party,  with  raference  to  his  omos, 
profession,  or  trade,  as  impute  to  him  malpractice,  incompetence,  or 
bankruptcy ;  as  of  a  magistrate,  that  he  is  partial,  or  oorrypt ;  of  a 
clergyman,  that  "  he  preaches  lies  in  the  pulpit ;"  of  a  banister,  that 
"  he  18  a  dunce,  and  will  get  nothing  by  the  law  ;"  and  so  on :  or  ~* 
tend  to  the  disherison  of  a  party,  as  where  it  is  said  of  one  who  holds 
lands  by  descent,  that  he  is  illegitimate.  Where  a  party  is  in  poss* 
sion  of  lands  which  he  desires  to  sel^  he  may  maintain  an  action 
against  any  one  who  slanders  his  title  to  the  lands ;  as'  by  ■'''^°^ 
that  he  is  not  the  owner.  With  respect  to  the  second  kiiid  of  staider, 
the  law  will  not  allow  damage  to  be  inferred  from  words  which  a« 
not  in  themselves  aotionable,  even  although  the  words  are  untrue  and 
spoken  malidously.    But  i^  in  oonsequenoe  of  such  wonis  being  >° 
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spoken,  a  party  has  actually  miatained  some  injury,  he  may  maintain 
an  action  of  slander  against  the  person  ivlio  has  uttered  them.  In 
such  case  the  injury  must  be  some  certain  actual  loss,  and  it  must 
also  arise  as  a  natural  and  lawful  consequence  of  speaking  the  words. 
Ho  unlawful  act  done  by  a  third  person,  although  he  really  was 
moved  to  do  it  by  the  words  spoken,  is  such  an  injury  as  a  party  can 
recover  for  in  this  action.  Thus,  the  loss  of  the  society  and  entertain- 
ment of  friends,  of  an  appointment  to  some  office,  the  breach  of  a 
marriage  engagement  caused  by  the  slanderer's  statement,  are  injuries 
for  which  a  party  may  recover  damages.  But  he  can  have  no  action 
because  in  consequence  of  such  statement  certain  persons,  to  use  an 
illustration  of  Lord  EUenborough's,  "  have  thrown  him  into  a  horse- 
pond  by  way  of  punishment  for  his  supposed  transgression." 

With  respect  to  both  kinds  of  slander,  it  is  immaterial  in  what  way 
the  charge  is  conveyed,  whether  by  direct  statement,  or  obliquely,  as 
by  question,  epithet,  or  exclamation. 

Two  cannot  join  in  bringing  one  action  of  slander,  except  in  the 
case  of  husband  and  wife,  or  of  partners  for  an  injury  done  to  their 
joint  trade;  nor  can  an  action  be  brought  against  two,  except  a 
husband  and  wife,  where  slanderous  words  hare  been  spoken  by  the 
wife. 

In  answer  to  an  action  of  slander  the  defendant  may  plead  that  the 
words  spoken  were  true,  or  that  they  were  spoken  in  the  course  of  a 
trial  in  a  court  of  justice,  and  were  pertinent  to  the  case ;  or  formed 
the  subject  of  a  confidential  communication,  as  where  a  party  on 
application  bond  fide  states  what  he  believes  to  be  true  relative  to  the 
character  of  a  servant,  or  makes  known  facts  merely  for  the  purpose 
of  honestly  warning  another  in  whom  he  is  interested,  (Com.,  big., 
'  Action  on  the  Cose  for  Defamation,'  D.  I,  &c.) 

SLATE-WORKING.  Referring  to  Slats,  in  Nat.  Hist.  Dit.,  for 
an  account  of  the  geological  formation  and  structure  of  this  valuable 
rock,  we  here  add  a  few  words  concerning  its  practical  working. 

The  quarrying  of  slate  is  comparatively  easy,  seeing  that  the  lamel- 
lated  structure  enables  the  substance  to  split  easily  into  layers.  The 
usual  processes  are  adopted  for  sawing  and  smoothing  the  slabs ;  but 
improved  machines  for  these  purposes  have  been  introduced  within 
the  last  few  years.  Ope  machine  has  been  invented  for  hollowing  out 
thick  blocks  of  slate  into  sinks  and  vessels,  by  means  of  cutters  screwed 
to  the  ends  of  revolving  shafts.  By  the  use  of  peculiar  tools,  slate  is 
now  turned  in  the  lat£e.  Mr.  Mathews's  apparatus  for  cutting  and 
dressing  slate  oonsists  of  a  frame,  provided  with  arms,  cutters,  levers, 
toothed  wheels.  Sue,  in  such  a  way  that  the  cutters  may  be  raised  by  a 
lever,  and  let  &U  with  a  sudden  blow ;  and  tiiis  in  such  a  manner  as  to 
work  the  slate  either  into  plain  or  &noy  surfaces.  Ordinary .  slate 
cannot  very  Veil  be  polished  like  other  kinds  of  hard  stone ;  it  is 
rubbed  smooth  with  an  iron  plate,  sand,  or  gritstone,  and  water. 
Within  the  last  quarter  of  a  century,  there  has  been  a  tendency  to  use 
slate  for  many  purposes  for  which  other  substances  used  to  be  em- 
ployed. The  alate  top  of  a  billiard  table  is  perhaps  the  best  kind  of 
work  in  this  material.  The  best  tables  measure  12  feet  by  6  feet ;  the 
top  consists  of  four  slabs  of  slate  6  feet  by  3  feet,  and  one  inch  thick, 
ground  on  the  lower  surface,  planed  on  the  upper,  and  adjusted  edge 
to  edge  with  the  most  scrupulous  care.  Pavements,  cisterns,  walls, 
partitions,  &c.,  are  now  largely  made  in  this  material.  "  Enamelled 
slate  "  is  used  for  table  tops,  chimney  pieces,  wash-stand  tops,  columns, 
pilasters,  door  furniture,  monuments,  mural  tablets,  &c. 

What  are  called  slate  peneib  are  simply  narrow  slips  of  a  soft  kind 
of  slate.  Some  of  them  are  made  to  slide  in  wooden  tubes  or  holders, 
by  a  propelling  apparatus  sunilar  in  character  to  that  of  certain  of  the 
ever-pointed  pencils.  Artificial  slate  pencils  have  been  introduced, 
made  of  a  mixture  of  alumina,  French  chalk,  and  soapstone. 

The  largest  slate  quarries  in  the  United  Kingdom  are  the  Penrhyn, 
belonging  to  Colonel  Pennant.  These  are  briefly  noticed  under  Banoob, 
in  Geoo.  Dit. 

M.  Raphael  Carmana  has  recently  proposed  the  use  of  slate  as  a 
substitute  for  box-wood  in  wood  engraving.  He  states  that  it  is  easily 
penetrated  by  the  g^ver ;  that  the  finest  lines  are  producible ;  and 
tliat  slate  is  more  durable  than  box  under  the  action  of  the  printing- 
press. 

SLAVE,  SLAVERY,  SLAVE-TRADE.  The  word  slavery  has 
various  acceptations,  but  its  complete  meaning  is  the  condition  of  an 
individual  who  is  the  property  of  another  or  others.  Such  was  the 
condition  of  the  "  servi,"  or  slaves  among  the  Romans  and  Greeks ; 
such  is  still  that  of  the  slaves  in  Eastern  countries,  and  that  of  the 
negro  slaves  in  many  ports  of  Africa  and  America.  A  mitigated  form 
of  this  condition  has  existed  up  to  the  present  time  in  the  case  of  the 
serfs  in  Russia  and  Poland,  though  in  the  former,  at  least,  it  is  about 
to  be  abolished ;  and  still  exists  among  a  similar  class  in  India  and 
some  other  parts  of  Asia.  The  Russian  and  Polish  serf  is  bound  to 
the  soil  on  which  he  is  bom ;  he  may  be  sold  or  let  with  it,  but  can- 
not be  sold  away  from  it  without  his  consent ;  he  is  obliged  to  work 
three  or  four  days  a-week  for  his  master,  who  allows  him  a  piece  of 
land,  which  he  cultivates.  He  can  marry,  and  his  wife  and  ehildren 
are  under  his  authority  till  they  are  of  age.  He  can  bequeath  his 
chattels  and  savings  at  his  death.  His  life  is  protected  by  the  law. 
The  slave  of  the  Greek  and  Roman  nations  had  none  of  these  advan- 
tages, any  more  than  the  negro  slave  of  our  own  times;  he  was  bought 
and  sold  in  the  market,  and  was  transferred  at  his  owner's  pleasure ; 


he  could  acquire  no  property;  all  that  he  had  was  his  master's;  all 
the  produce  of  his  labour  belonged  to  his  master,  who  could  inflict 
corporeal  punishment  upon  him;  he  could  not  marry;  and  if  he 
cohabited  with  a  woman,  he  could  be  separated  from  her  and  his 
children  at  any  time,  and  the  woman  and  children  sold.  The  distinc- 
tion therefore  between  the  slave  and  the  serf  is  eesentiaL  The  villeins 
(villani)  of  the  middle  ages  were  a  kind  of  serfs,  but  their  condition 
seems  to  have  varied  considerably  according  to  times  and  localities. 
In  the  present  article  we  treat  oi^y  of  the  real  slave  of  ancient  and 
modem  times. 

Slavery,  properly  so  called,  appears  to  have  been,  from  the  earliest 
ages,  the  condition  of  a  large  proportion  of  mankind  ia  almost  every 
country,  until  times  oomparatively  recent,  when  it  has  been  gradually 
abolished  by  all  Christian  states,  at  least  in  Europe.  The  condition 
of  slavery  constitutes  one  great  difference  between  ancient  and  modem 
society.  Slavery  existed  among  the  Jews ;  it  existed  before  Moses,  in 
the  time  of  the  Patriarchs;  and  it  existed,  and  still  continues  to  exist, 
in  many  parts  of  Asia.  The  "servants"  mentioned  in  Scripture 
history  were  mostly  slaves  :  they  were  strangers,  either  taken  prisoners 
in  war  or  purchased  from  the  neighbouring  nations.  They  and  their 
offipring  were  the  property  of  their  masters,  who  could  sell  them,  and 
inflict  upon  them  corporeal  punishment,  and  even  in  some  cases  put 
them  to  death.  But  the  Hebrews  had  also  slaves  of  their  own 
nation.  These  were  men  who  sold  themselves  through  poverty,  or 
they  were  insolvent  debtors,  or  men  who  had  committed  a  theft,  and 
had  not  the  means  of  making  restitution  as  reqiured  by  the  law,  which 
was  to  double  the  amount,  and  in  some  cases  much  more.  (Exod. 
xxii.)  Not  only  the  person  of  the  debtor  was  liable  to  the  claims  of 
the  creditor,  but  his  right  extended  also  to  the  debtor's  wife  and 
children.  Moses  regulated  the  condition  of  slavery.  He  drew  a  wide 
distinction  between  the  alien  slave  and  the  native  servant.  The  latter 
could  not  be  a  perpetual  bondman,  but  might  be  redeemed ;  and  if 
not  redeemed,  he  became  free  on  the  completion  of  the  seventh  year 
of  his  servitude.  Again,  every  fifty  years  the  jubilee  caused  a  general 
emancipation  of  all  native  servants. 

The  sources  of  the  supply  of  slaves  have  been  the  same  both  in 
ancient  and  modem  times.  In  ancient  times  all  prisoners  were 
reduced  to  slavery,  being  either  distributed  among  the  officers  and 
men  of  the  conquering  army,  or  sold.  When  the  early  ./£olian  and 
Ionian  colonies  settled  in  the  islands  of  the  .£gean  Sea,  and  on  the 
coast  of  Asia  Minor,  it  was  a  frequent  practice  with  them  to  kill  the 
adult  males  of  the  aboriginal  population,  and  to  keep  the  women  and 
children.  As,  however,  dealing  in  slaves  became  a  profitable  trade, 
the  vanquished,  instead  of  being  killed,  were  sold,  and  this  was  so  &r 
an  improvement.  Another  source  of  slavery  was  the  practice  of  kid- 
napping men  and  women,  especially  young  persons,  who  were  seized 
on  the  coast,  or  enticed  on  board  by  the  crews  of  piratical  vessels. 
The  Phoenicians,  and  the  Etruscans  or  Tyrrhenians,  had  the  character 
of  being  men-stealers ;  and  also  the  Cretans,  Cilicians,  Rhodians,  and 
other  maritime  states.  Another  source  was,  sale  of  men,  either  by 
themselves,  through  poverty  and  distress,  or  by  their  relatives  and 
superiors,  as  is  done  now  by  the  petty  African  chiefs,  who  sell  not 
only  their  prisoners,  but  their  own  subjects,  and  even  their  children, 
to  the  slave-dealers.  Herodotus  (v.  6)  states  that  some  of  the  Thracian 
tribes  sold  their  children  to  foreign  dealers. 

Among  the  Greeks  slavery  existed  from  the  heroic  times,  and  the 
purchase  and  use  of  slaves  are  repeatedly  mentioned  by  Homer.  The 
labours  of  husbandry  were  performed  in  some  instances  by  poor  free- 
men for  hire,  but  in  most  places,  especially  in  the  Doric  states,  by  a 
class  of  bondmen,  the  descendants  of  the  older  inhabitants  of  the 
country,  resembling  the  serfs  of  the  middle  ages,  who  lived  upon  and 
cultivated  the  lands  which  the  conquering  race  had  appropriated  to 
themselves;  they  paid  a  rent  to  the  respective  proprietors,  whom 
they  also  attended  in  war.  They  could  not  be  put  to  death  without 
trial, nor  be  sold  out  of  the  country,  nor  separated  from  their  families; 
they  could  acquire  property,  and  were  often  richer  than  their  masters. 
Such  were  the-  Clarotn  of  Crete,  the  Penestae  of  Thessaly  Proper,  and 
the  Helots  of  Sparta,  who  must  not  be  confounded  with  the  Perioeci, 
or  country  inhabitants  of  Loconica  in  general,  who  were  political  sub- 
jects of  the  Doric  community  of  Sparta,  without  however  being 
bondmen.  In  tiie  colonies  of  the  Dorians  beyond  the  limits  of 
Greece,  the  condition  of  the  conquered  natives  was  often  more 
degraded  than  that  of  the  bondmen  of  the  parent  states,  because  the 
former  were  not  Greeks,  but  barbarians,  and  they  were  reduced  to 
the  condition  of  slaves.  Such  was  the  case  of  the  Kallirioi  or  Kalli- 
kurioi  of  Syracuse,  and  of  the  native  Bithynians  at  Byzantium.  At 
Heraclca  in  Fontus,  the  Mariandyni  submitted  to  the  Greeks  on  con- 
dition that  they  should  not  be  sold  beyond  the  borders,  and  that  Uiey 
should  pay  a  fixed  tribute  to  the  ruling  race. 

The  Doric  states  of  Greece  hod  few  purchased  slaves,  but  Athens, 
Corinth,  and  other  commercial  states  had  a  large  number,  who  were 
mostly  natives  of  barbarous  countries.  The  slave  population  in  Attica 
has  been  variously  estimated  as  to  numbers,  and  it  varied  of  course 
considerably  at  diflerent  periods ;  but  it  appears  that  in  Athens,  at 
least  in  the  time  of  its  greatest  power,  they  were  much  more  numerous 
than  the  freemen.  From  a  fragment  of  Hyperides  preserved  by  Suidas 
(r.  iarii^iptiraTo),  the  number  of  slaves  appears  to  have  been  at  one 
time  160,000,  who  were  employed  in  the  fields  and  mines   of  Attica 
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alone.  Even  the  poorer  citizens  luid  a  Blare  for  their  household 
affairs.  The  wealthier  citizeDB  had  as  many  aa  fifty  slaves  to  each 
family,  and  some  had  more.  We  read  of  philoeopherg  keeping  ten 
slaves.  There  were  private  slaves  belonging  to  fwiiliee,  and  public 
slaves  belonging  to  the  community  or  state.  The  latter  were  employed 
on  board  the  fleet,  in  the  docks  and  arsenal,  and  in  the  construction  of 
public  buildings  and  roads. 

Slaves  were  dealt  with  like  any  other  property :  they  worked  either 
on  their  master's  account  or  on  their  own,  in  which  latter  case  they 
paid  a  certain  sum  to  their  master ;  or  they  were  let  out  on  hire  as 
eervants  or  workmen,  or  sent  to  serve  in  the  navy  of  the  state,  the 
master  receiving  payment  for  their  services.  Mines  were  worked  by 
slaves,  some  of  whom  belonged  to  the  lessees  of  the  mine,  and  the  rest 
were  hired  from  the  great  slave  proprietors,  to  whom  the  lessees  paid 
a  rent  of  so  much  a  head,  besides  providing  for  the  maintenance  of 
the  slave,  which  was  no  great  matter.  They  worked  in  chains,  and 
many  of  them  died  from  the  effect  of  the  unwholesome  atmosphere. 
Nicias  the  elder  had  1000  slaves  in  the  mines  of  Lauiium ;  others  had 
several  hundreds,  whom  they  let  to  the  contractors  for  an  obolus  a- 
day  each.  At  one  time  the  mining  slaves  of  Attics  murdered  their 
guards,  took  possession  of  the  fortifications  of  Sunium,  and  ravaged 
the  surrounding  country.  (Fragment  of  Posidomus's  Continuation  of 
I'olybius;  see  Boeckh's  'Public  Economy  of  Athens,'  b.  L)  The 
thirty-two  or  thirty-three  iron-workers  or  sword-cutlers  of  Demos- 
thenes annually  produced  a  net  profit  of  thirty  minse,  their  purchase 
value  being  190  minES ;  whilst  his  twenty  chair-makers,  whose  value 
was  estimated  at  iO  minro,  brought  in  a  net  profit  of  12  min«e. 
(Demosthenes  '  Against  Aphobus,'  i.) 

The  ancients  were  so  habituated  to  the  sight  of  slavery,  that  none  of 
the  Greek  philosophers  make  any  objection  to  its  existence.  Plato,  in 
his '  Perfect  State,'  desires  only  that  no  Greeks  should  be  made  slaves. 

The  Etruscans  and  other  ancient  Italian  nations  had  slaves,  as  is 
proved  by  those  of  Vulsinii  revolting  againt  their  masters,  and  by  the 
tradition  that  the  Bruttii  were  runaway  slaves  of  the  Lucanians.  The 
Campanians  had  both  slaves  and  gladiators  previous  to  the  Roman  con- 
quest. But  the  Romans,  by  their  system  of  continual  war,  caused  on 
enormous  influx  of  slaves  into  Italy,  where  the  slave  populiition  at  last 
nearly  superseded  the  free  labotu^rs. 

The  Roman  system  of  slavery  bad  peculiarities  which  distinguished 
it  from  that  of  Greece.  The  Greeks  considered  slavery  to  be  founded 
on  permanent  diversities  in  the  races  of  men.  (Aristotle, '  Polit.,'  i.  6.) 
The  Romans  admitted  in  principle  that  all  men  were  originally  free 
('  Instit.,'  i.,  tit.  2)  by  natural  law  (jiure  naturali),  and  they  ascribed 
the  power  of  masters  over  their  slaves  entirely  to  the  will  of  society,  to 
the  "jus  gentium,"  if  the  slaves  were  captives  taken  in  war,  whom  the 
conquerors,  instead  of  killing  them,  aa  they  might  have  done,  spared 
for  the  purpose  of  selling  them,  or  to  the  "  jus  civile,"  when  a  man  of 
full  age  sold  himself.  It  was  a  rule  of  Roman  law,  that  the  offspring 
of  a  ^ve  woman  followed  the  condition  of  the  mother.  ('  Instit.,'  i., 
tit.  3.)  Emancipation  was  much  more  frequent  at  Home  than  in 
Greece :  the  emancipated  slave  became  a  freedman  (libertus),  but 
whether  he  became  a  Roman  citizen,  a  Latanus,  or  a  Dediticius, 
depended  on  circumstances.  If  the  manumitted  slave  was  above  thirty 
^eara  of  age,  if  he  was  the  Quiritarion  property  of  his  manumittor,  and 
if  he  was  manumitted  in  due  form,  he  became  a  Roman-citizen.  (Qaius, 
i.  17.)  At  Athens,  on  the  contrary,  emancipation  from  the  dominion 
of  the  master  was  seldom  followed  by  the  privileges  of  citizenriiip  even 
to  a  limited  extent,  and  these  privileges  could  only  be  conferred  by 
public  authority.  It  is  true,  tjiat  at  Rome,  under  tile  empire,,  from 
the  enactment  of  the  Lex  JEUa  Sentia,  passed  in  the  time  of  Augustus, 
there  were  restrictions,  in  point  of  number,  upon  the  master's  power  of 
freeing  his  bondmen  and  raising  them  to  the  rank  of  Roman  citizens ; 
still  in  every  age  there  was  a  prospect  to  the  slave  of  being  able  to 
obtain  his  freedom. 

Slaves  were  not  considered  members  of  the  community :  they  had 
no  rights,  and  were  in  moat  respects  considered  as  things  or  chattels. 
They  could  neither  sue  nor  be  sued.  When  an  alleged  slave  claimed 
his  freedom  on  the  plea  of  unjust  detention,  he  was  obliged  to  have  a 
free  protector,  to  sue  for  him,  until  Justinian  ('  Code,'  vii.,  tit  1,  7, 
'  De  adsertione  toUenda ')  dispensed  with  that  formality,  fflsves  haid 
no  connubium,  that  is,  they  could  not  contract  a  Roman  marriage; 
their  union  with  a  person  of  their  own  rank  was  styled  contubemium ; 
and  even  the  Christian  church  for  several  centuries  did  not  declare  the 
validity  of  slave  marriages.  At  last  the  Emperor  Basilius  allowed 
slaves  to  marry  and  receive  the  blessing  of  the  priest,  and  Alexius 
Comnenus  renewed  the  permission.  As  slaves  had  no  connubium, 
they  had  not  the  parental  power  (patria  potestas)  over  their  o&pring, 
no  ties  of  blood  were  recognised  among  uiem,  except  with  respect  to 
incest  and  parricide,  which  were  considered  as  crimes  by  the  law  of 
nature.  Though  slaves  were  incapable  of  holding  property,  they  were 
not  incapacitated  from  acquiring  property,  but  what  they  did  acquire 
belonged  to  their  masters.  They  were  allowed  to  enjoy  property  as 
their  own,  "  peculium,"  consisting  sometimes  of  other  slaves ;  but  uiey 
held  it  only  by  permission,  and  any  legal  proceedings  connected  with 
it  could  only  be  conducted  in  the  name  of  the  master,  who  was  the 
only  legal  proprietor.  Until  the  latter  period  of  the  republic,  slaves, 
and  even  freedmen,  were  not  admitted  into  lie  ranks  of  Oye  army.  In 
cases  of  urgent  public  danger,  such  as  after  the  defeat  of  Canute,  slaves 


were  purchased  by  the  state  and  sent  to  the  army,  and  if  they  behaved 
well  they  were  emancipated.     (Livy,  xxii  67,  and  xxiv.  14-16.) 

They  were  not,  however,  denied  the  rites  of  burial,  and  numeroiu 
inscriptions  attest  that  monuments  were  often  erected  to  the  memory 
of  deceased  slaves  by  their  masters,  their  fellows,  or  friends,  some  of 
which  bear  the  letters  D.  M.,  "  Diis  Manibua."  Slavea  were  often 
buried  in  the  family  burying-place  of  their  masters.  The  "  sepulchre- 
turn  "  or  burial-vault  of  the  daves  and  freedmen  of  Augustus  and  his 
wife  Livia,  discovered  in  1726  near  the  Via  Appia,  and  which  has  been 
illustrated  by  Bianchini  and  Oori,  and  another  in  the  same  neighbour- 
hood also  belonging  to  the  household  of  the  early  Csesais,  and  contain- 
ing at  least  3000  urns,  with  numerous  inscriptions,  whidi  have  been 
illustrated  by  Fabretti,  throw  much  light  upon  the  conditioQ  and 
domestic  habits  of  Roman  slaves  in  the  service  of  great  families. 

With  regard  to  the  classification  and  occupations  of  slavea,  the  firet 
division  was  into  public  and  private.  Public  slaves  were  those  which 
belonged  to  the  state  or  to  publip  bodies,  such  ss  provinces,  municipit, 
collegia,  decuries,  &c.,  or  to  the  emperor  in  his  sovereign  o^>acit7,  and 
employed  in  pubUc  duties,  and  not  attached  to  his  household  or  pri;ite 
estate.  Public  slaves  were  eit&er  derived  from  tie  share  of  captives 
taken  in  war  which  was  reserved  for  the  oommunity  or  state,  or  vea 
acquired  by  purchase  and  other  civil  process.  Public  slaves  of  an  inferior 
description  were  engaged  ss  rowers  on  board  the  fleet,  or  in  the  con- 
struction and  repair  of  roads  and  national  buildings.  Those  of  a 
superior  description  were  employed  as  keepers  of  pubUc  buildingi^ 
prisons,  and  other  property  of  the  state,  or  to  attend  magiatntes, 
priests,  and  other  pubUc  officers,  as  watchmen,  lictois,  ezecutionen, 
watermen,  scavengers,  ius. 

Private  slaves  were  generally  distributed  into  urban  and  rustie;  the 
former  served  in  the  to?7n  houses,  and  the  others  in  the  country.  Long 
lists  of  the  different  duties  performed  by  slaves  of  each  class  are  giTes 
by  Pignorius, '  De  Servis  et  eorum  apud  Veteres  Ministeriis,'  Asiiter- 
dam,1674;  Popma, ' De  Operis  Servorum,' ibid,  1672;  andBUir.'An 
Inquiry  into  the  State  of  Slavery  amongst  the  Romans/  Edinbuigfa, 
1833,  which  is  a  very  useful  little  book.  For  all  the  necessities  of 
domestic  life,  agriculture,  and  handicraft,  and  for  all  the  imaginable 
luxuries  of  a  refined  and  licentious  people,  there  was  a  corresponding 
denomination  of  slaves.  Large  sums  were  occasionally  paid  for  akvea 
of  certain  peculiar  kinds,  some  of  which  we  should  consider  the  least 
useful.  Eunuohs  were  always  very  dear.  A.  "  morio,"  or  fool,  vu 
sometimes  sold  for  20,000  nunimi,  or  about  1601.  Dwarfs  and  gianli 
were  also  in  great  request.  Marcus  Antonius  paid  for  a  pair  of  hand- 
some youths  200  sestertia,  or  16001.  Actors  and  actrcsaes,  and  danceis, 
sold  very  dear,  as  well  as  females  of  great  persoiial  attractions  who 
were  likely  to  bring  in  great  gains  to  their  owners  by  prostitution.  A 
good  cook  was  v^ued  at  four  talents,  or  7722.  Medical  men,  gnim- 
morians,  amanuenses,  ansgnoetee,  or  resdsrs,  and  short-hand  writen, 
were  in  considerable  request.  With  regard  to  ordinary  slavea,  the 
price  varied  from  601.  to  202.,  according  to  their  abilities  and  other  cir- 
cumstances. After  a  victorious  campaign,  when  thousands  of  csptirea 
were  sold  at  once  on  tie  spot  for  the  purpose  of  prize-money,  to  the 
slave-dealers  who  followed  the  armies,  the  price  sack  very  low.  Thus, 
in  the  camp  of  LucuUus  in  Pontus  (Plutareh, '  Lucullua,'  c.  H)  slaTea 
were  sold  for  four  drachmee,  or  two  shillings  and  sevenpence,  a  head; 
but  the  some  slaves,  if  brought  to  the  Roman  market,  would  fetch  a 
much  higher  price.  Home-bom  slaves,  distinguished  by  the  name  of 
"vemse,"incontradiBtinationto"aerviempti,"  or  "  venales,"  or  imported 
slaves,  were  generally  treated  with  greater  indulgence  by  their  masten 
in  whose  families  they  had  been  brought  up ;  and  they  generally  weie 
considered  of  inferior  value  to  the  imported  slaves,  being  considered  K 
spoilt  and  troublesome.  The  number  of  slaves  bom  in  Roman  famihea 
appears  at  all  times  to  have  been  far  inferior  to  that  of  the  imported 
slaves. 

There  was  a  brisk  trade  in  slaves  carried  on  from  the  coasta  of 
Africa,  the  Euxine,  Syria,  and  Asia  Minor.  The  island  of  Deloe  waa  at 
one  time  a  great  mart  for  slaves,  who  were  imported  thither  by  the 
CUician  pirates.  (Strabo,  p.  668,  Casaub.)  The  Ulyrians  procured  nunw- 
rouB  slaves  for  the  Italian  market,  whom  they  bought  or  stole  from  the 
barbarous  tribes  in  their  neighbourhood.  But  the  chief  supply  oi 
slaves  was  derived  from  Asia  and  Africa.  In  most  countries  it  was 
customary  for  indigent  parents  to  sell  their  children  to  slavs^iealeB. 
Criminals  were  also  in  certain  cases  condemned  to  slavoy,  like  the 
galley-slaves  of  our  own  times. 

Both  law  and  custom  forbade  prisoners  taken  in  dvil  wars,  especially 
in  Italy,  to  be  dealt  with  as  slaves ;  and  this  was  perhaps  one  reason 
of  the  wholesale  massacres  of  captives  by  Sulla  and  the  Triumviri.  In 
the  war  between  tie  party  of  Otho  and  Vitelliua,  Antonius,  who  com- 
manded the  army  of  the  latter,  having  taken  CrtmooA,  ordered  that 
none  of  the  captives  should  be  detained,  upon  which  the  soldien  began 
to  kill  those  who  were  not  privately  ransomed  by  tieir  biends. 

In  the  later  period  of  the  empire  free-bom  persons  of  low  """"l^ 
were  glad  to  secure  a  subsistence  by  labour  on  the  estates  of  the  gre»« 
landowners,  to  which,  after  a  continued  residence  for  thirty  yeara,  tnej 
and  their  families  became  bound  by  a  tacit  agreement  under  the  uune 
of  Coloni,  Rustici,  Adscriptitii,  &o.  The  phrase  "  servi  tarre,'  whicn 
is  applied  to  them,  shows  their  connection  with  the  soil.  Th^  com 
marry,  which  slaves  could  not,  Though  they  bear  a  oonsideraws 
resemblance  to  the  serfs  and  villeilis  (TiUani)  of  the  middle  sgM>  J" 
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there  are  gome  imporbuit  points  of  difference,  and  there  la  no  eridence 
of  any  historical  connection  between  the  Coloni  and  Villani.  The  aubjeot 
of  the  Colon!  is  discussed  bySavigny, '  Ueber  den  Romischen  Colonat; 
Zeitschrift  fiir  Geschicht.  Rechtswissenschaft,'  vol.  vi. 

The  customary  allowance  of  food  for  a  slave  appears  to  have  been 
four  Roman  bushels,  "  modii,"  of  com,  mostly  "  far,"  per  month  for 
country  slaves,  and  one  Roman  libra  or  pound  daily  for  those  in  town. 
Salt  and  oil  were  occasionally  allowed,  as  well  as  weak  wine.  Neither 
meat  nor  vegetables  formed  part  of  their  regular  allowance ;  but  they 
got,  according  to  seasons,  fruit,  such  as  figs,  olives,  apples,  peats,  fto. 
(Cato,  Columella,  and  Varro.)  Iiabourers  and  artisans  in  the  country 
were  shut  up  at  night  in  a  house  ("  ergastulum  " ),  in  which  each  slave 
appears  to  have  had  a  separate  cell.  Columella  adverts  to  some  dis- 
tinction between  the  ergastulum  for  ordinary  labourers  and  that  for 
ill-behaved  slaves,  which  latter  was  in  fact  a  prison,  often  under  ground ; 
but  generally  speaking  the  crgastula  in  the  later  times  of  the  republic 
and  under  the  empire  appear  to  have  been  no  better  than  prisons  in 
which  freemen  were  sometimes  confined  after  being  kidnapped.  The 
men  often  worked  in  chains.  The  overseers  of  fsoins  aad  herdsmen 
had  separate  cabins  allotted  to  them.  Slaves  enjoyed  relaxation  from 
toil  on  certain  festivities,  such  as  the  Saturnalia. 

The  number  of  slaves  possessed  by  the  wealthy  Romans  was  enor- 
mous. Some  individuals  are  said  to  have  possessed  10,000  slaves. 
Scaurus  possessed  above  4000  domestic  and  as  many  rustic  slaves.  In 
the  reign  of  Augustus,  a  frcedman  who  had  sustained  great  losses 
during  the  civil  wars  left  4116  slaves,  besides  other  property. 

A  master,  had,  as  a  general  rule,  the  power  of  manumitting  his  slave, 
and  this  he  could  efiect  in  several  forms,  by  vindicta,  census,  or  by 
testamentum.  The  Lex  .£lia  Sentia,  as  already  mentioned,  laid  various 
restrictions  on  manumission.'  Among  other  things  it  prevented 
persons  under  twenty  years  of  age  from  manumitting  a  slave  except  by 
the  vindicta,  and  with  the  approbation  of  the  consilium,  which  at 
Rome  consisted  of  five  senators  and  five  Roman  equites  of  legal  age 
(puberes),  and  in  the  provinces  consisted  of  twenty  recuperatores,  who 
were  Roman  dtizeus.  (Gains,  i.  20,  88.)  The  Lex  ^lia  Sentia  also 
made  all  manumissions  void  which  were  effected  to  cheat  creditors  or 
defraud  patrons  of  their  rights.  The  Lex  Furia  Caninia,  which  was 
passed  about  A.D.  7,  limited  the  whole  number  of  slaves  who  could  be 
manumitted  by  testament  to  100,  and  when  a  man  had  fewer  than 
COO  slaves,  it  determined  by  a  scale  the  nimiber  that  he  could  manu- 
mit. This  lex  only  applied  to  manumission  by  testament.  (Gaiua, 
i  42,  Ac.) 

In  the  earlier  ages  of  the  Republic,  slaves  were  not  very  numerous, 
and  were  chiefly  employed  in  household  offices  or  as  mechanics  in  the 
towns.  But  after  the  conquests  of  Rome  spread  beyond  the  limits  of 
Italy  the  influx  of  captives  was  so  great,  and  their  price  fell  so  low, 
that  they  were  looked  upon  as  a  cheap  and  easily  renewed  commodity, 
and  treated  as  such.  The  condition  of  the  Roman  slave,  generally 
Bpeaking,;became  worse  in  the  later  ages  of  the  republic ;  and  many 
of  the  emperors,  even  some  of  the  worst  of  them,  interfered  on  behalf 
of  the  slave.  Augustus  established  courts  for  the  trial  of  slaves  who 
were  charged  with  serious  offences,  intending  thus  to  supersede  arbi- 
trary punishment  by  the  masters,  but  the  law  was  not  made  obligatory 
upon  the  masters  to  bring  their  slaves  before  the  courts,  and  it  was 
often  evaded.  By  alaw  passed  in  the  time  of  Claudius,  a  master  who 
exposed  his  sick  or  infirm  slaves  forfeited  all  right  over  them  in  the 
event  of  their  recovery.  The  Lex  Petronia,  probably  passed  in  the 
time  of  Augustus,  or  in  the  reign  of  Nero,  prohibited  masters  &om 
compelling  their  slaves  to  fight  with  wild  beasts,  except  with  the  con- 
sent of  the  judicial  authorities,  and  on  a  sufficient  case  being  made  out 
against  the  slave.  Domitian  forbade  the  mutilation  of  slaves.  Hadrian 
suppressed  the  ergastula,  or  private  prisons  for  the  confinement  of 
slaves;  he  also  restrained  proprietors  from  selling  their  slaves  to 
keepers  of  gladiators,  or  to  brothel-keepers,  except  as  a  punishment, 
in  which  case  the  sanction  of  a  judge  (judex)  was  required.  Antoninus 
Pius  adopted  an  old  law  of  the  Athenians  by  which  the  judge  who 
should  be  satisfied  of  a  slave  being  cruelly  treated  by  his  owner,  had 
power  to  oblige  the  owner  to  sell  him  to  some  other  person.  The 
judge,  however,  was  left  entirely  to  his  own  discretion  in  determining 
what  measure  of  harshness  in  the  owner  should  be  a  proper  ground  for 
judicial  interposition.  Scptimius  Severus  forbade  the  forcible  subjection 
of  slaves  to  prostitution.  The  Christian  emperors  went  further  in  pro- 
tecting the  persons  of  slaves.  Constantine  placed  the  wilful  murder 
of  a  slave  on  a  level  with  that  of  a  freeman ;  and  Justinian  confirmed 
this  law,  including  within  its  provisions  cases  of  slaves  who  died  under 
excessive  punishment.  Constantine  made  also  two  la-^s,  both  nearly 
in  the  same  words,  to  prevent  the  forcible  separation  of  the  members 
of  servile  families  by  sale  or  partition  of  property.  One  of  the  laws, 
dated  A-S.  334,  was  retained  by  Justinian  in  his  code.  The  chiu%;h 
also  powerfully  interfered  for  the  protection  of  slaves,  by  threatening 
excommunication  against  ownen  who  put  to  death  their  slaves  with- 
out the  consent  of  the  judge ;  and  by  affording  asylum  within  sacred 
precincts  to  slaves  from  the  anger  of  unmerciful  masters.  A  law  of 
Theodosius  I.  authorised  a  slave  who  had  taken  refuge  in  a  church  to 
call  for  the  protection  of  the  judge,  that  he  might  proceed  unmolested 
to  his  tribunal  in  order  that  his  case  might  be  investigated.  After 
Christianity  became  the  predominant  religion  in  the  Roman  world,  it 
«zerciied  in  various  ways  a  beneficial  influenoe  upon  the  condition  of 


the  slaves,  without,  however,  interfering,  at  least  for  centuries,  with 
the  institution  of  slavery  itself.  Even  the  laws  of  the  Christian 
emperors  which  abolished  the  master's  power  of  life  and  death  over 
his  slave  were  long  evaded.  Solvianus  ('  De  Gnbematione  Dei,'  iv.) 
informs  us  that  in  the  provinces  of  Gaul,  in  the  6th  century,  masters 
still  fancied  that  they  had  a  right  to  put  their  slaves  to  death. 
HacrobiuB  ('  Satiun.',  i.  11)  makes  one  of  his  interlocutors,  though 
a  heathen,  expatiate  with  great  eloquence  on  the  cruel  and  unjust 
treatment  of  slaves.  In  Spain,  in  the  early  period  of  the  Visigothio 
kings,  the  practice  of  putting  slaves  to  death  still  existed,  for  in  the 
'  Foro  Judicum  '  (b.  vi,  tit.  S)  it  is  said  that  as  some  cruel  masters  in 
the  impetuosity  of  their  pride  put  to  death  their  slaves  without  reason, 
it  is  enacted  that  a  public  and  regular  trial  shall  take  place  previous  to 
their  condemnation.  Several  laws  and  ecclesiastical  canons  forbade 
the  sale  of  Christians  as  slaves  to  Jews  or  Saracens  and  other 
unbelievers. 

The  northern  tribes  which  invaded  the  Western  empire  had  their 
ovra  slaves,  who  were  chiefly  Slavonian  captives,  distinct  from  the 
slaves  of  the  Romans  or  conquered  inhabitants.  In  course  of  time, 
however,  the  various  classes  of  slaves  merged  into  one  class,  that  of  the 
"  adscript!  glebn,"  or  serfs  of  the  middle  ages,  and  the  institution  of 
Roman  slavery  in  its  unmitigated  form  became  obliterated.  The 
precise  period  of  this  change  cannot  be  fixed ;  it  took  place  at  various 
times  in  different  countries.  Slaves  were  exported  from  Britain  to  the 
Continent  in  the  Saxon  period.  Giraldus  Cambrensia,  William  of 
Malmesbury,  and  others,  accuse  the  Anglo-Saxons  of  selling  their 
female  servants  and  even  their  children  to  strangers,  and  especially  to 
the  Irish,  and  the  practice  continued  even  after  the  Norman  conquest. 
In  the  canons  of  a  council  held  at  London,  a.d.  1102,  it  is  said,  "  Let 
no  one  from  henceforth  presume  to  carry  on  that  wicked  traffic  by 
which  men  in  England  have  been  hitherto  sold  like  bi-ute  animals. 
(Wilkin's '  Concilia,"  i.  p.  383.) 

But  although  the  traffic  in  slaves  ceased  among  the  Christian 
nations  of  Europe,  it  continued  to  be  carried  on  by  the  Venetians 
across  the  Mediterranean  in  the  age  of  the  Crusades.  The  Venetians 
supplied  the  markets  of  the  Saracens  with  slaves  purchased  from  the 
Slavonian  tribes  which  bordered  on  the  Adriatic.  Besddes,  as  personal 
slavery  and  the  traffic  in  slaves  continued  in  all  Mohammedan  countries. 
Christian  captives  taken  by  Mussulmans  were  sold  in  the  markets  of 
Asia  and  Northern  Africa,  and  have  continued  to  be  sold  till  within 
our  own  times,  when  Christian  slavery  has  been  abolished  in  Barbary, 
Egypt,  and  the  Ottoman  empire,  by  the  interference  of  the  Christian 
powers,  the  emancipation  of  Greece,  and  the  conquest  of  Algiers  by 
the  French. 

With  the  discovery  of  America,  a  new  description  of  slavery  and 
slave-trade  arose.  Christian  nations  purchased  African  negroes  for  the 
purpose  of  employing  them  in  the  mines  and  plantations  of  the  New 
World.  The  natives  of  America  were  too  weak  and  too  indolent  to 
undergo  the  luu-d  work  which  their  Spanish  task-masters  exacted  of 
them,  and  they  died  in  great  numbers.  Las  Casas,  a  Dominican, 
advocated  with  a  persevering  energy  before  the  court  of  Spain  the 
ca\ise  of  the  American  aborigines,  and  reprobated  the  system  of  the 
"  repartimientos,"  by  which  they  were  distributed  in  lota  like  cattle 
among  their  new  masters.  But  it  was  necessary  for  the  settlements  to 
be  nude  profitable  in  order  to  satisfy  the  conquerors,  and  it  was 
suggested  that  negroes  from  Africa,  a  more  robust  and  active  race  than 
the  American  Indians,  might  be  substituted  for  them.  It  was  stated 
that  an  able-bodied  negro  could  do  as  much  work  as  four  Indians. 
The  Portuguese  were  at  that  time  possessed  of  a  great  part  of  the 
coast  of  Africa,  where  they  easily  obtained  by  force  or  barter  a  con- 
siderable number  of  slaves.  The  trade  in  slaves  among  the  nations  of 
Africa  had  existed  from  time  immemorial.  It  had  been  carried  on  in 
ancient  times :  the  Garamantes  used  to  supply  the  slave-dealers  of 
Carthage,  Cyrene,  and  Egypt  with  black  slaves  which  they  brought 
from  the  interior.  The  demand  for  slaves  by  the  Portuguese  in  the 
Atlantic  harbours  gave  the  trade  a  fresh  directidn.  The  petty  chiefs 
of  the  interior  made  predatory  incursions  into  each  other's  territories, 
and  sold  their  captives,  and  sometimes  their  own  subjects,  to  the 
European  traders.  The  first  negroes  were  imported  by  the  Portuguese 
from  Africa  to  the  West  Indies  in  1508,  and  in  1611  Ferdinand  the 
Catholic  allowed  a  larger  importation.  These,  however,  were  private 
and  partial  speculations ;  it  is  said  that  Cardinal  Ximenes  was  opposed 
to  the  trade  because  he  considered  it  unjust.  Charles  V.,  however, 
being  pressed  on  one  side  by  the  demand  for  labour  in  the  American 
settlements,  and  on  the  other  by  Las  Casas  and  others  who  pleaded  the 
cause  of  the  Indian  natives,  granted  to  one  of  his  B^lemish  courtiers  the 
exclusive  privilege  of  importing  4000  blacks  to  the  West  Indies.  The 
Fleming  sold  his  privilege  for  25,000  ducats  to  some  Genoese 
merchants,  who  organised  a  regular  slave-trade  between  Africa  and 
America.  As  the  European  settlements  in  America  increased  and 
extended,  the  demand  for  slaves  also  increased;  and  all  European 
nations  who  had  colonies  in  America  shared  in  the  slave-trade.  It  is 
generally  understood  that  the  slaves  of  the  Spaniards,  especially  in 
Continental  America,  were  the  best  treated  of  all.  But  the  negro 
slaves  in  general  were  exactly  in  the  same  condition  as  the  Roman 
slaves  of  old,  being  saleable,  and  punishable  at  the  will  of  their  owners 
Restrictions,  however,  were  gradually  introduced  by  the  laws  of  the 
respective  states,  in  order  to  protect  the  life  of  the  nsgro  slave  against 
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t))e  caprice  or  brutality  of  his  owner.  In  the  British  colonies, 
enpecluly  in  the  latter  pvt  of  the  last  century  and  the  beginning  of  the 
present,  much  was  done  by  the  legislature ;  courts  were  estabhshed  to 
hear  the  complaints  of  the  slaves,  flogging  of  females  was  forbidden, 
the  punishment  of  males  was  also  limited  within  certain  bounds,  and 
the  condition  of  the  slave  population  wag  greatly  ameliorated.  Still 
the  advocates  of  emancipation  objected  to  the  principle  of  slavery  as 
being  unjust  and  unchristian ;  and  they  also  appealed  to  experience  to 
show  that  a  human  being  cannot  be  safely  trusted  solely  to  the  mercy 
of  another. 

But  long  before  they  attempted  to  emancipate  the  slaves,  tiie  efforts 
of  philanthropists  were  directed  to  abolish  the  slave  traffic,  which 
desolated  Africa,  wholly  prevented  its  advance  in  civilisation,  and 
encouraged  the  maltreatment  of  the  negroes  in  the  colonies,  by 
affording  an  unlimited  supply,  and  making  it  not  the  planter's  interest 
to  keep  up  his  stuck  in  the  natural  way.  The  attention  of  mankind 
was  first  effectually  awakened  to  the  horrors  of  this  trade  by  Thomas 
Clarkson.  His  labours,  with  the  aid  of  the  zealous  men,  chiefly 
Quakers,  who  early  joined  him,  prepared  the  way  for  Mr.  Wilberforce, 
who  brought  the  subject  before  parliament  in  1788,  and  although, 
after  his  notice,  the  motion,  owing  to  his  accidental  illness,  was  f^t 
brought  forward  by  Mr.  Pitt,  Mr.  Wilberforce  was  throughout  the 
great  parliamentary  leader  in  the  cause,  powerfully  supported  in  the 
country  by  Thomas  Clarkson  and  others,  as  Richard  Phillips,  George 
Harrison,  William  Allen,  all  of  the  Society  of  Friends,  Mr.  Stephen, 
who  had  been  in  the  West  Indies  as  a  barnster,  and  Mr.  Z.  Macaulay, 
who  had  been  governor  of  Sierra  Leone,  and  had  also  resided  in 
Jamaica.  A  bill  was  first  carried  (brought  in  by  Sir  W.  Dolben)  to 
regulate  the  trade  until  it  could  be  abolished,  and  this  in  some  degree 
diminished  the  horrors  of  the  middle  passage.  But  the  question  of 
abolition  was  repeatedly  defeated,  until  1804,  when  Mr.  Wilberforce 
first  carried  the  bill  through  the  Commons ;  it  was  thrown  out  in  the 
Lords,  and  next  year  it  was  again  lost  even  in  the  Commons.  Mean- 
while the  capture  of  the  foreign  colonies,  especially  the  Dutch,  during 
the  war,  frightfully  increased  the  amount  of  the  trade,  by  opening 
these  settlements  to  British  capital;  and  at  one  time  tiie  whole 
importation  of  slaves  by  British  vessels  amounted  to  nearly  60,000 
yearly,  of  which  about  a  third  was  for  the  supply  of  our  old  colonies. 
At  length,  in  1805,  an  order  in  council  prohibited  the  slave-trade  in 
the  conquered  colonies.  Next  year  the  administration  of  Lord 
Grenville  and  Mr.  Fox  carried  a  bill  through,  prohibiting  British 
subjects  from  engaging  in  the  trade  for  supplying  either  foreign  settle- 
ments or  the  conquered  colonies.  A  resolution  moved  by  Mr.  Fox,  the 
last  time  he  took  any  part  in  public  debate,  was  also  carried  in  1806, 
pledging  the  Commons  to  a  total  abolition  of  the  trade  early  next 
session,  and  this  was,  on  Lord  Grenville's  motion,  adopted  by  the 
Lords.  Accordingly  next  year  the  General  Abolition  Bill  was  brought 
in  by  Lord  Howick  (afterwards  Earl  Grey),  and  being  passed  by  both 
houses,  received  the  royal  assent  on  the  25th  of  March,  1807.  This 
act  prohibited  slave-trading  from  and  after  the  1st  of  January,  1808  ; 
but  as  it  only  subjected  offenders  to  pecuniary  penalties,  it  was  found 
that  something  more  was  required  to  put  down  a  traffic  the  gains  of 
which  were  so  great  as  to  cover  all  losses  by  capture.  In  1810  the 
House  of  Commons,  on  the  motion  of  Mr.  Brougham,  passed  unani- 
mously a  resolution,  pledging  itself  early  next  session  effectually  to 
prevent  "  such  daring  violations  of  the  law ;  "  and  he  next  year  caiTied 
a  bill  making  slave-trading  felony,  punishable  by  fourteen  years' 
transportation,  or  imprisonment  with  hard  labour.  In  1824  the  laws 
relating  to  the  slave-trade  were  consolidated,  and  it  was  further 
declared  to  be  piracy,  and  punishable  capitally,  if  committed  within  the 
Admiralty  jurisdiction.  In  1837  this  was  changed  to  transportation 
for  life,  by  the  acts  diminishing  the  number  of  capital  punishments. 
Since  the  Felony  Act  of  181 1,  the  British  colonies  have  entirely  ceased 
to  have  any  concern  in  this  traffic.  If  any  British  subjects  have 
engaged  in  it,  or  any  British  capital  has  been  embarked  in  it,  the 
offence  has  been  committed  in  the  foreign  trade. 

The  Duke  of  Wellington,  while  ambassador  at  Paris  in  1814,  used 
every  effort  to  obtain  from  the  restored  Bourbon  government  a  pro- 
hibition of  the  traffic  in  slaves ;  but  the  French  West  Indian  interest 
and  commercial  jealousy  of  England  frustrated  all  his  attempts.  The 
first  French  law  abolishing  the  slave-trade  was  a  decree  issued  by 
Napoleon  on  the  29th  of  March,  1816,  during  the  Hundred  Days,  after 
his  return  from  Elba.  It  prohibited  any  vessel  from  fitting  out  for  the 
trade,  either  in  the  porta  of  France  or  in  those  of  her  colonies ;  and  the 
introduction  or  sole  in  the  French  colonies  of  any  negro  obtained  by 
the  trade,  whether  carried  on  by  French  subjects  or  foreigners.  The 
influence  of  Great  Britain  was  again  strenuously  exerted  at  the  peace  in 
1815,  to  obtain  the  concurrence  of  foreign  powers  in  the  abolition ;  and 
the  object  has  been  steadily  kept  in  view  by  this  country,  and  every 
opportunity  of  forwarding  it  taken  advantage  of,  down  to  the  present 
time.  The  consequence  has  been  that  now  nearly  all  the  powers  in 
Europe  and  America  have  passed  laws,  or  entered  into  treaties,  pro- 
hibiting the  traffic. 

To  the  General  Treaty  signed  by  the  representatives  of  Austria, 
France,  Great  Britain,  Portugal,  Prussia,  Russia,  Spain,  and  Sweden, 
assembled  in  Congress  at  Vienna,  on  the  9th  of  June,  181 5,  was  annexed, 
as  having  the  same  force  as  if  textually  inserted,  a  Declaration,  signed 
at  the  some  place  by  the  Plenipotentiariea  of  certain  of  the  powers,  on 


the  8th  of  February  preceding,  to  the  following  effect : — that  seeing 

several   European  governments   had  already,  virtually,  come  to  the 

resolution  of  putting  a  stop  to  the  slave-trade,  and  that,  successively,  all 

the  powers  possessing  colonies  in  different  parts  of  the  world  had 

acknowledged,  either  by  legislative  acts,  or  by  treaties  or  other  formal 

engagements,  the  duty  and  necessity  of  abolishing  it ;  and  that  by  a 

separate  article  of  the  late  treaty  of  Paris  (30th  May,  1814),  Great 

Britain  and  France  had  engaged  to  unite  their  efforts  at  this  Congress 

of  Vienna  to  induce  all  the  powers  of  Christendom  to  proclaim  its 

universal  and  definitive  abolition  ;  the  members  of  the  Congress  now 

declared,  in  the  face  of  Europe,  that  they  were  animated  with  the 

sincere  desire  of  concurring  in  the  most  prompt  and  effectual  execution 

of  this  measure  by  all  the  means  at  their  disposal.     And  this  Declara- 

.  tion  vnis  renewed  by  the  plenipotentiaries  of  Austria,  France,  Great 

I  Britain,  Prussia,  and  Russia,  assembled  in  Congress  at  Verona,  in  re- 

I  solutions  adopteii  in  a  conference  held  on  the  28th  of  November,  182*2; 

I  in  which,  however,  it  is  admitted  tliat,  "  notwithstanding  this  declara- 

I  tion,  and  in  spite  of  the  legislative  measures  which  have  in  consequence 

'  been  adopted  in   various  countries,  and  of  the  several  treaties  uon- 

I  eluded  since  that  period  between  lire  maritime  powers,  this  commerce, 

I  solemnly  proscribed,  has  continued  to  this  very  day ;  that  it  has  gained 

in  activity  what  it  may  have  lost  in  extent ;  that  it  has  even  taken  a  still 

I  more  odious  character,  and  more  dreadful  from  the  nature  of  the  means 

I  to  which  those  who  carry  it  on  are  compelled  to  have  recourse." 

I      The  following  will  be  found,  we  believe,  to  be  a  correct  and  complete 

[  list  of  the  treaties  and  conventions  for  the  suppresHion  of  the  slave- 

I  trade  that  have  been  made  by  this  country  with  other  states  since  the 

general  peace : — 

j  In  1814,  with  France,  by  Additional  Articles  to  the  Definitive  Treaty 
of  Peace  signed  at  Paris  SUth  May  (engaging  that  the  slave-trade  should 
be  abolished  by  the  French  government  in  the  course  of  five  years) ; 
.-md  with  the  Netherlands,  by  treaty  of  London,  ISth  August.  Its 
abolition  had  also  been  sUpiUated  in  the  Treaty  of  Kiel,  concluded 
with  Denmark  on  the  14th  of  January. 

In  1815,  with  France,  by  Additional  Article  to  Definitire  Treaty 

signed  at  Paris  20th  November  (by  which  the  two  powers,  having  each 

already,  in  their  respective  dominions,  prohibited,  without  restriction, 

their  colonies  and  subjects  from  taking  any  part  whatever  in  the 

slave-trade,  engage  to  renew  their  efforts,  through  their  ministers  at 

the  courts  of  London  and  Paris,  for  its  entire  and  definitive  abolition) ; 

and  with  Portugal,  by  Treaty  signed  at  Vienna  22nd  January  (referring 

to  Treaty  of  AlUance  concluded  at  Rio  de  Janeiro  19th  February,  1810, 

in  which  the  Prince  Regent  of  Portugal  had  declared  his  determination 

I  to  adopt  the  most  efficacious  means  for  bringing  about  a  gradual  abolition 

'  of  the  slave-trade ;  and  making  it  now  unlawful  for  any  of  the  subjects 

of  the  crown  of  Portugal  to  purchase  slaves,  or  to  carry  on  the  slave- 

1  trade,  on  any  part  of  the  coast  of  Africa  to  the  northward  of  the 

'  equator). 

In  1817,  with  Portugal,  by  Convention  signed  at  London  28th  July 
(prohibiting  universally  the  carrying  on  of  the  slave-trade  by  Portu- 
guese Tessels  bovmd  for  any  port  not  in  the  dominions  of  his  Most 
Faithful  Majesty;  and  restricting  it  in  other  circumstances);  with 
Portugal,  by  Separate  Article,  signed  at  London  11th  September 
(referring  to  arrangements  to  be  adopted  "  as  soon  as  the  tobd  aboli- 
tion of  the  slave-trade,  for  the  subjects  of  the. crown  of  Portugal, 
shall  have  taken  place ") ;  with  Spain,  by  Treaty  signed  at  Madrid 
2Srd  September  (by  which  his  Catholic  Majesty  engages  that  the  slave- 
trade  shall  be  abolished  throughout  the  entire  dominions  of  Spain  on 
the  80th  of  May,  1820,  and  that  in  the  mean  time  it  shall  not  be 
lawful  for  any  of  the  subjects  of  the  crown  of  Spain  to  purchase  slaves, 
or  to  carry  on  the  slave-trade,  on  any  part  of  the  coast  of  Africa  to  the 
north  of  the  equator,  or  in  vessels  bound  for  any  port  not  in  the 
dominions  of  his  Catholic  Majesty ;  and  by  which  the  restrictions 
under  which  the  trade  may  be  carried  on  in  other  circumstances  are 
specified) ;  and  with  Radama,  king  of  Madagascar  and  its  dependencies^, 
by  Treaty  signed  at  Tamatave  23rd  October. 

In  1818,  with  the  Netherlands,  by  Treaty  signed  at  the  Hague  4Ui 
May  (specifying  restrictions  under  which  the  reciprocal  right  of 
visitation  and  search  is  to  be  exercised). 

In  1820,  with  Madagascar,  by  Additional  Artiolea  signed  at  Tanana- 
rivoux  llUi  October. 

In  1822,  with  the  Imaum  of  Muscat,  by  Treaty  signed  at  Muscat  lOtU 
September ;  with  Netherlands,  by  Explanatory  and  Additional  Articles, 
signed  at  Brussels  Slst  December ;  and  with  Spain,  by  Explanatory 
Article  signed  at  Madrid  10th  December 

In  182ii,  with  Netherlands, by  Additional  Article  signed  at  Brussela 
25th  January ;  with  Portugal,  by  Additional  Articles  signed  at  Lisbon 
15th  March ;  and  with  Madagascar,  by  Additional  Articles  signed  at 
Tamatave  Slst  May. 

In  1824,  with  Sweden,  by  Treaty  of  Stockholm,  6th  November  (ar- 
ranging reciprocal  right  of  visitation  by  the  shipe  of  war  of  the  two 
countries). 

In  1826,  with  Brazil,  by  Treaty  of  Rio  de  Janeiro,  23rd  November 
(renewing,  on  the  separation  of  that  empire  from  Portugal,  the  stipula- 
tions of  the  treaties  sifbsiating  with  the  latter  power). 

In  1881,  with  France,  by  Convention  of  Paris,  30th  November  (stipu- 
lating mutual  right  of  search,  within  certain  seas,  by  a  number  of  ships 
of  war  to  be  fixed  every  year  for  each  nation  by  special  agreement). 
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In  1833,  with  France,  by  Supplementaty  ConveDtion  of  Paris,  22nd 
March  (further  regulating  the  right  of  viBitation  by  duly  authorised 
cruisers). 

•  In  1834,  with  Denmark,  by  Treaty  of  Copenhagen,  26th  July  (con- 
taining the  accession  of  bis  Danish  Majesty  to  the  Conventiona  between 
Great  Britain  and  France  of  1881  and  1838) ;  with  Sardinia,  by  Treaty 
of  Turin,  8th  August  (containing  accession  of  that  power  to  same  con- 
ventions) ;  and  with  Sardinia,  by  Additional  Article,  signed  at  Turin, 
8th  December  (respecting  place  of  landing  of  negroes  found  in  vessels 
with  Sardinian  flag). 

In  1335,  with  Spun,  by  Treaty  of  Madrid,  28th  June  (abolishing 
slave-trade  on  part  of  Spain  henceforward,  totally  and  finally,  in  all 
parts  of  the  woAd ;  and  regulating  a  reciprocal  right  of  search) ;  and 
with  Sweden,  by  Additional  Artide  to' Treaty  of  1824,  signed  at  Stock- 
holm 15th  June. 

In  1837,  with  Tuscany,  by  Convention  signed  at  Florence  24th 
November  (containing  accession  of  the  Grand  Duke  of  Tuscany  to 
French  Conventions  of  1831  and  1833) ;  with  Hanse  Towns,  by  Con- 
vention signed  at  Hamburg  9th  June  (to  same  efTect);  and  with 
Netherlands,  by  Additional  Article  to  Treaty  of  1818,  signed  at  the 
Hague  7th  Februanr. 

In  1838,  with  the  Kingdom  of  the  Two  Sicilies,  by  Convention 
signed  at  Naples  14th  February  (containing  accession  of  his  Sicilian 
Majesty  to  Priench  Conventions  of  1831  and  1833). 

In  1839,  with  Republic  of  Venezuela,  bi^  Treaty  signed  at  Caracas 
15th  March  (abolishmg  for  ever  the  traffic  in  slaves,  so  far  as  it  con- 
sists in  the  conveyance  of  negroes  from  Africa ;  expressing  the  deter- 
mination of  Venezuela  to  preserve  in  force  the  provisions  of  a  law 
passed  in  February,  1825,  declaring  Venezuelans  found  engaged  in 
that  trade  to  be  pirates  and  punishable  with  death,  and  regulating  a 
mutual  right  of  visitation) ;  with  Chile,  by  Treaty  signed  at  Santiago 
10th  January;  with  Uruguay,  by  Treaty  signed  at  Montevideo  13th 
JiJy;  with  Argentine  Confederation,  by  Treaty  signed  at  Buenos 
Ayres  24th  May ;  and  with  Hayti,  by  Convention  signed  at  Port-au- 
Prince  23rd  December. 

In  1840,  with  Bolivia,  by  Treaty  signed  at  Sucre  25th  September; 
and  with  Texas,  by  Treaty  signed  at  London  16th  November. 

In  1841,  with  France,  by  Treaty  signed  at  Paris  20th  December, 
which  however  the  French  government  afterwards  refused  to  ratify  ; 
with  Mexico,  by  Treaty  signed  at  Mexico  24th  February ;  and  with 
Austria,  Prussia,  and  Russia,  by  Treaty  signed  at  London  20th  De- 
cember. 

In  1842,  with  the  United  States  of  North  America,  by  Treaty  signed 
at  Washington  8th  August  (stipulating  that  each  party  shall  maintain 
on  the  coast  of  Africa  a  naval  force,  carrying  in  all  not  less  than  eighty 
guna,  "to  enforce,  separately  and  respectively,  the  laws,  rights,  and 
obligations  of  each  of  the  two  countries  for  the  suppression  of  the 
slave-tnule ;  the  said  squadrons  to  be  independent  of  each  other,"  but 
"  to  act  in  concert  anid  co-operation,  upon  mutual  consultation,  as 
exigencies  may  arise");  with  the  Argentine  Republic;  and  with  the 
Republic  of  Hayti. 

In  1842,  the  Ashburton  Treaty  with  the  United  States  of  America, 
by  which  it  was  stipulated  that  each  party  was  to  maintain  a  separate 
squadron  on  the  coast  of  Africa  to  suppress  the  slave-trade,  but  if  the 
vessel  seized  on  suspicion  was  under  American  colours  she  was  to  be 
delivered  to  an  American  cruiser,  and  if  under  any  other  to  be  given 
up  to  tiie  British,  to  be  decided  upon  as  to  the  fact  of  slave  trading 
being  established,  by  the  courts  of  the  respective  countries.  [Search, 
RioHT  OF.]  This  divided  action  has  not  been  found  effective.  With 
Portugal,  by  Treaty  signed  at  Lisbon  8rd  July. 

In  1845,  with  Brazil;  and  with  France,  by  a  Convention  signed  at 
London  on  the  29th  of  May  (by  which  each  power  is  to  keep  up  an 
equal  naval  force  on  the  western  coast  of  Africa,  and  the  right  of 
visitation  is  to  be  exercised  only  by  cruisers  of  the  nation  whose  flag  is 
carried  by  the  suspected  vessel). 

The  History  of  the  Abolition  is  to  be  found  in  the  work  under  that 
title  by  T.  Clarkson,  and  the  state  of  the  law,  as  well  as  the  treatment 
of  slaves  practically  in  the  colonies,  is  most  fully  treated  of  in  a  work 
on  that  subject  by  Mr.  Stephen.  The  writings  of  the  late  Sir  John 
Jeremie  also  contain  much  useful  information  on  the  condition  of 
slavery  in  the  British  colonies  just  before  the  Emancipation  Act.  T. 
Clarkson's  other  works  on  the  nature  of  the  traffic,  which  first  exposed 
it  to  the  people  of  this  country,  were  published  in  1787. 

The  slave-trade  was  suppressed,  but  slavery  continued  to  exist  in 
the  British  colonies.  In  1834  the  British  parliament  passed  an  act  by 
which  slavery  was  abolished  in  all  British  colonies,  and  twenty  millions 
sterling  were  voted  as  compensation  money  to  the  owners.  This  act 
(3  &  4  Wm.  IV.  0.  73)  stands  prominent  in  the  history  of  our  age.  No 
other  nation  has  imitated  the  example.  The  emancipated  negroes  in 
the  British  colonies  were  put  on  the  footing  of  apprenticed  labourers. 
By  a  subsequent  act  (1  Vic.  c.  19)  all  apprenticeships  were  to  cease 
after  the  1st  of  August,  1840,  but  the  day  was  anticipated  in  all  the 
West  Indian  colonies  by  acts  of  the  colonial  legislatures.  Slavery 
exists  in  the  Spanish  and  Portuguese  colonies,  and  in  the 
southern  states  of  the  North  American  Union.  The  new  republics 
of  Spanish  America,  generally  speaking,  emancipated  their  slaves  at 
the  time  of  the  revolution.  As  the  slave  population  in  general  does 
not  maintain  its  numbers  by  natural  increase,  and  as  plantations  in 
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America  are  extended,  there  is  a  demand  for  a  fresh  annual  importation 
of  slaves  from  Africa,  which  are  taken  to  Cuba,  Puerto  Rico,  and  Monte 
Video.  Since  the  slave-trade  has  been  declared  to  be  illegal,  the 
sufferings  of  the  slaves  on  their  passage  across  the  Atlantic  have  been 
greatly  increased,  owing  to  its  being  necessary  for  masters  of  slave- 
traders  to  conceal  their  cargoes  by  cooping  up  the  negroes  in  a  small 
compass,  and  to  avoid  the  British  cruisers;  they  are  often  thrown 
overboard  in  a  chase.  There  is  a  considerable  loss  of  life  incident  to 
the  seizing  of  slaves  by  force  in  the  hunting  excursions  after  negroes, 
and  in  the  wars  between  the  chieftains  of  the  interior  for  the  purpose 
of  making  captives.  There  is  a  loss  on  their  march  to  the  sea-coast ; 
the  loss  in  the  middle  passage  is  reckoned  on  an  average  at  one-fourth 
of  the  cargo ;  and,  besides  this,  there  is  a  further  loss,  after  landing, 
in  what  is  called  the  "  seasoning  "  of  the  skves.  The  Portuguese  flag 
has  been  openly  used,  Avith  the  connivance  of  the  authorities,  for 
carrying  on  the  slave-trade.  The  Spanish  flag  has  also  been  used, 
though  with  caution,  owing  to  the  treaty  between  England  and  Spain 
which  formally  abolishes  the  slave-trade  on  the  part  of  Spain.  A 
mixed  commission  court  of  Spaniards  and  British  exists  at  Havana  to 
try  slavers;  but  pretexts  are  never  wanting  to  elude  the  provisions  of 
the  treaty.  There  seems  indeed  to  be  a  great  difficulty  in  obtaining 
the  sincere  co-operation  of  all  Christian  powers  to  put  down  the  slave- 
trade  effectually,  although  it  is  certain  that  in  all  but  the  Portuguese 
and  Spanish  settlements  the  traffic  has  now  almost  entirely  ceased. 

Besides  the  slave-trade  on  the  Atlantic,  there  is  another  periodical 
exportation  of  slaves  by  caravans  from  Soudan  to  the  Barbary  states 
and  Egypt,  the  annual  number  of  which  is  variously  estimated  at 
between  twenty  and  thirty  thousand.  There  is  also  a  trade  carried  on 
by  the  subjects  of  the  Imaum  of  Muscat,  who  export  daves  in  Arab 
vessels  from  Zanzibar  and  other  ports  of  the  eastern  coast  of  Africa,  to 
Arabia,  Persia,  India,  Java,  and  other  places.  The  Portuguese  also 
export  slaves  from  their  settiements  on  the  Mozambique  coast,  to  Qoa, 
Diu,  and  their  other  Indian  possessions. 

By  a  law  of  the  Koran,  which,  however,  is  not  always  observed  in  all 
Mohammedan  countries,  no  Mussulman  la  allowed  to  enslave  one  of  his 
own  faith.  The  Moslem  negro  kingdoms  of  Soudan  supply  the  slave- 
trade  at  the  expense  of  their  pagan  subjects  or  neighbours,  whom  they 
sell  to  the  Moorish  traders.  Mohammedan  powers  will  probably  never 
suppress  this  trade  of  their  own  accord. 

There  is  a  considerable  internal  slave-trade  in  the  United  States  of 
North  America.  Negroes  are  bred  and  sold  in  Maryland  and  Virginia, 
and  some  other  of  the  slave-holding  states,  and  carried  to  the  more 
fertile  lands  of  Alabama,  Louisiana,  and  other  southern  states.  But 
the  attempts  of  the  south,  for  some  time  successful,  to  legalise  the 
recapturing  of  their  escaped  slaves  in  the  nonslaveholding  states,  has 
at  length  led  to  a  reaction.  On  the  other  hand  the  election  of  a  presi- 
dent opposed  to  the  views  of  the  slave  states,  has  served  as  a  pretext 
for  the  southern  states  to  secede  from  the  Union,  and  form  a  new  con- 
federacy based  on  the  fullest  recognition  of  slavery  as  an  institution. 
The  issue  is  however  still  pending,  it  being  as  yet  imcertain  whether 
either  party  will  make  concessions,  or  whether  or  not  coercive  mea- 
sures will  be  employed. 

It  is  maintained  by  some  that  the  African  slave-trade  cannot  be 
effectually  put  down  by  force,  and  that  the  only  chance  of  its  ultimate 
suppression  is  by  civilising  central  Africa,  by  encouraging  agricultural 
industry  and  legitimate  branches  of  commerce,  and  at  we  same  time 
spreading  education  and  Christianity ;  and  also  by  giving  the  protec- 
tion of  the  British  flag  to  those  negroes  who  would  avail  themselves  of 
it.  It  is  certain  that  if  other  countries  will  not  exert  themselves,  the 
abolition  must  be  postponed  to  this  remote  period.  The  Africans  sell 
men  because  they  have  no  other  means  of  procuring  European  com- 
modities, and  there  seems  no  doubt  that  one  result  of  the  slave-trade 
is  to  keep  central  Africa  in  a  state  of  barbarism.  Great  hopes  are 
entertained,  and  a  prospect  has  been  afforded,  that  the  influence  of  com- 
merce will  tend  to  lessen  the  hateful  trade.  From  the  western  coast  of 
Africa  a  large  amount  of  palm-oil  is  now  exported,  and  as  the  cultiva- 
tion of  the  plant,  and  the  production  of  the  oil,  will  render  the  profit 
of  the  labour  more  productive  to  the  rulera  than  the  sale  of  the 
labourer,  it  may  induce  them  to  discontinue  the  practice  of  under- 
taking wara  for  the  purpose  of  procuring  captives  for  sale.  It  is  also 
hoped  by  many  that  cotton  may  be  successfully  raised  in  Africa. 

The  amount  of  the  slave  population  now  existing  in  America  is  not 
easily  ascertained.  In  Brazil  it  is  estimated  there  are  2,000,000 
negroes,  of  whom  three-fourths  are  slaves.  The  slaves  in  Cuba,  accord- 
ing to  the  census  of  1840,  numbered  425,521.  In  the  United  States 
the  number  of  slaves  was  3,204,313  by  the  census  of  1850,  which  is 
716,989  more  than  the  number  according  to  the  census  of  1840;  yet 
ten  states  which  returned  slaves  in  1840  returned  none  in  1850,  the 
holding  of  them  having  wholly  ^r  virtually)  ceased. 

Societies  for  the  ultimate  and  universal  abolition  of  slavery  exist  in 
England,  France,  and  the  United  States,  and  they  publish  their  reports ; 
and  a  congress  was  held  in  London,  in  June,  1840,  of  delegates  from 
many  countries  to  confer  upon  the  means  of  effecting  it.  The  American 
Society  has  formed  a  colony  called  Liberia,  near  Cape  Mesurado,  on  the 
west  coast  of  Africa,  where  negroes  who  have  obtained  their  freedom 
in  the  United  States  are  sent,  if  they  are  willing  to  go  [Liberia,  in 
Geoq.  Div.]  The  English  government  has  a  colony  for  a  similar  pur- 
pose at  Sierra  Leone,  where  negroes  who  have  been  seized  on  board 
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elavera  hj  English  cruisers  are  gettled.  [Sierra.  Leonx,  in  QEOa. 
Div.]  Several  thousanda  of  negroes  who  have  eaoaped  from  slavery 
in  the  Unitwl  States  are  now  settled  in  Canada,  earning  a  livelihuod  by 
their  own  industry. 
SLEEP;  SLEEP-WALKING.  [Somuambulism.] 
SLIDE  (or  SLIDING)  RULE.  The  sliding-rule  is  an  instrument 
for  the  meobanical  performance  of  addition  and  subtraction,  which  is 
converted  into  an  instrmuent  for  the  mechanical  performance  of  multi- 
plication and  division  by  the  use  of  logarithmic  scales,  instead  of 
scales  of  equal  parts. 

This  instrument  has  been  greatly  imdervalued  in  our  country,  in 
which  it  was  invented,  and  is  very  little  known  on  the  Continent ;  for 
though  a  French  work  on  the  subject,  published  in  1825,  which  is  fol- 
lowed by  the  writer  of  a  more  recent  matiiematical  dictionary  in  the  same 
language,  assures  us  that  in  England  the  sliding  rule  is  taught  at  schools 
at  the  same  time  with  the  letters  of  the  alphabet,  we  believe  it  would  be 
more  correct  to  say  that  nine  Englishmen  out  of  ten  would  not  know 
what  the  instrument  was  for  if  they  saw  it,  and  that  of  those  who 
even  know  what  it  is  for,  not  one  in  a  hundred  would  be  able  to  work 
a  simple  question  by  means  of  it.  For  a  few  shillings  most  persons 
might  put  into  their  pockets  some  hundred  times  oa  much  power  of 
calculation  as  they  have  in  their  heads  :  and  the  use  of  the  instrument 
is  attainable  without  any  knowledge  of  the  properties  of  logarithms,  on 
which  ita  principle  depends. 
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=:22  85,  the  truth  being  22-8.    Again,  we  find  628  (fixed)  jntt  orer 

275  (slide),  the  8  being  estimated  ;  hence,  by  the  scales  we  laain  thtt 
628-T-275  =  2-285;  tlie  truth  being  2-2886.  Thirdly,  we  estimate 
that  1726  (fixed)  falU  over  757  (slide),  and  that  276  (fixed)  bHi 
over  121   (slide).    That  is,  Uie  niler  informs  us  that  1725  :  757 : : 

276  :  121  ;  the  fourth  term  should  be  121-12,  as  found  by  com- 
putation. We  take  a  larger  scale,  having  7)  .inches  of  radius,  ud 
setting  1  on  the  slide  to  2285,  we  find  1726  appears  to  fall  over  whit 
we  should  judge  to  be  766  rather  than  767.  Now  1725-=-767=2-278;, 
and  1725-^756  =  2-2818.  Both  give  on  the  scales  3-286,  so  tiut  tlie 
advantage  is  slightly  in  favour  of  the  larger  scale,  but  not  ao  much  u 
we  should  have  expected.  We  now  try  one  of  24  inches  radios,  and 
setting  1  on  the  slide  to  2*285  on  the  fixed  ruler,  we  find  that  I'lii 
(fixed)  falls  over  754-7  (slide),  the  last  7  being  estimatioiL  Now 
1725-4-754-7  =  2-2857,  which  gives  the  advantage  again  (but  not  so 
decidedly  as  might  have  been  expected)  to  the  large  rule.  Tbe 
fact  is,  that  it  is  rather  ease  than  proportionate  accuracy  which  ii 
gained  by  the  large  rules :  the  preceding  rtsults  required  care  and 
close  attention  on  the  54-inch  rule ;  were  obtained  with  moderate  can 
on  the  7i-inch ;  and  taken  off  instantly  from  the  24-inch  rule.  Uore- 
over,  divisions  on  wood,  made  in  the  usual  way,  do  not  aUow  accO' 
racy  to  increase  with  the  size  :  if  these  rulers  were  divided  on  bian, 
and  with  the  precautions  taken  la  astronomical  instruments,  it  wouU 
be  a  very  different  thing ;  but  after  all.  the  wonder  is  that  the  common 
wooden  rules  should  be  so  accurate  as  they  are. 


We  have  before  vis  a  logarithmio  scale,  of  which  A  B,  called  the 
radiui,  may  stand  for  the  logarithm  of  10,  100,  1000,  fto. :  but  if  A  B 
should  be,  s^  the  logarithm  of  100,  then  a  e  is  that  of  20,  A.  dot  SO, 
and  so  on.    If  this  scale  be  repeated  several  times,  b^inning  agsun  at 
B,  and  if  it  be  also  large  enough  to  be  subdivided  to  a  greater  extent 
than  can  be  shown  in  the  diagram,  any  multiplication  can  be  approxi- 
mately performed  by  addition,  and  any  division  by  subtraction ;  which 
may  be  done  with  a  pair  of  compasses.     That  is  to  say,  the  figures  of 
the  product  may  be  found,  exactly  or  approximately,  and  the  meaning 
of  the  figures  must  be  settled  from  the  known  character  of  the  result 
For  example,  to  find  4  times  15  : — Fint,  let  a  b  mean  the  logarithm  of 
100,  then  A  a  is  that  of  16;  next  let  a  B  mean  the  logarithm  of  10, 
then  A  e  is  that  of  4.     Take  A  a  on  the  compasses,  and  set  it  on  to  the 
right  of  e ;  it  will  be  found  that  the  point  g  is  attained,  directly  under 
6.    But  4  times  15  must  be  tens ;  therefore  60  is  meant,  or  4  x  15  =  60. 
Next  to  divide  90  by  45 :  from  xk  take  aS,  or  set  off  At  from  I 
towards  the  left.    The  point  e  will  be  attained,  under  2,  which  is  the 
quotient.    Next  to  find  7  times  6 :  setoff  a/ from  A  towards  the  right, 
and  the  jmint  y  of  the  scale  following  B  will  be  attained,  and  85  is  the 
answer.     But  had  it  been  to  multiply  7  by  -6  or  6-tenth8,  this  35  would 
have  meant  3-5  or  3j|.    Attempts  are  mode  in  works  professing  to  ex- 
plain the  sliding-rule  to  give  rules  for  the  determination  of  the  cha- 
racter of  the  figures  in  the  answer,  but  without  any  success.     It  is  all 
very  well  for  a  few  chosen  examples,  but  an  attempt  to  do  without  the 
book  soon  shows  the  insufficiency  of  rules.     If,  on  a  lai;ge  scale,  668 
should  be  the  figures  of  an  answer,  common  sense,  applied  to  the  pro- 
blem, must  say  whether  it  is  -0653,  -663,  6-63,  663,  663,  6630,  65300, 
&a.  which  is  meant.    A  knowledge  of  decimal  fractions  is  therefore 
indispensable. 

Now  these  additions  and  subtractiooa  might  be  performed  by  a  pair 
of  rulers  made  to  slide  each  along  the  other ;  but  whether  wey  aro 
kept  together  by  the  hand,  or  whether  the  one  ruler  slides  in  a 
^ove  along  the  edge  of  the  other,  matters  nothing  to  the  explana- 
tion. The  following  diagram  represents  the  two  rulers  in  one  relative 
position.  Here  1  on  the  slide  is  made  to  match  2  on  the  fixed  ruler, 
and  the  instrument  is  now  in  a  position  to  multiply  by  2,  to  perform 
every  division  in  which  tbe  quotient  is  2,  and  to  work  every  question 
in  the  rule  of  three  in  which  the  ratio  of  the  first  term  to  eimer  the 
second  or  third  is  that  of  2  to  1,  or  of  1  to  2.  And  here  let  us  observe, 
that  much  the  best  way  of  beginning  to  use  the  sliding-rule  is  not  by 
working  given  questions,  but  by  settmg  the  slide  at  hazard,  and  learn- 
ing to  reaid  the  questions  which  are  thus  fortuitously  worked. 
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The  next  step  in  the  description  is  as  follows  : — It  matters  nothing 
whether  the  second  scale  be  really  made  consecutive  with  the  first, 
or  occupy  any  other  part  of  space  :  provided  iixiA  when  1  and  1  are 
brought  together  on  the  first  scale,  1  and  1  also  come  together  on  the 
second,  and  that  the  first  slide  and  its  continuations  slide  squall;.  We 
see  this  in  the  diagram  before  us  :  a  6  is  one  alids,  and  a  B  an  (wo 
rulers  on  opposite  sides  of  the  groove.  When  a  i  is  pushed  hom(, 
A  and  a  present  coinciding  scales,  as  do  B  and  b  :  we  should  ratbo'  saj, 
that  the  last  is  not  one  S(»le,  but  the  end  of  one  and  the  beginning  oi 
another ;  the  1  of  B  and  6  being  in  the  middle.  The  consequence  ii, 
that  so  long  as  1  of  the  scale  b  is  not  pushed  out  so  ^  as  to  fall  oat 
of  the  groove  (which  is  never  necessary,  since  there  is  a  whole  scale  op 
b),  there  is  always  the  power  of  reading  every  result  of  the  multipu- 
cation  in  hand.  In  the  diagram,  1  on  5  is  pushed  out  to  2  on  B,  aM 
on  the  upper  scales  (a  and  a)  we  see  2x2=4,  2x3=6,  2xj=o, 
2x6=10;  on  the  lower  (b  and  6),  2x4  =  8,  2x6=10,  2x6=li 
2x7  =  14,  2x8=16,  2x9  =  18,  2x10=20.  This  modification  «• 
invented  by  Mr.  Silvanus  Sevan  ( Nicholson's '  Journal,'  voL  xlir.,p.l8i)l 
but  thirty  years  before  this  Mr.  Nicholson  ('  Phil.  Trans.',  1787,  p-Slni 
had  pointed  out  how  to  divide  the  whole  radius  into  four  parts,  two  on 
each  face. 

A  simple  plan,  and  in  some  respects  the  best,  is  to  make  a  revohins 
circle  turn  upon  a  fixed  one,  in  which  case  the  scale  is  its  own  continu* 
tion,  as  in  the  following  diagram.    The  two  circles  have  a  commoa 
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In  the  cut  before  us  we  have  the  1  of  the  slide  placed  at  2  of  the  fixed 
ruler;  consequentlv  6  on  the  slide  comes  under  what  would  be  12  of 
the  fixed  ruler  if  tne  secondary  graduations  were  inserted.  Again,  4 
oumes  over  2,  and  9  over  46,  giving  4  :  2  : :  9  :  4-6,  the  decimal  point 
bein^  inserted  by  intuition.  To  show  the  sort  of  results  which  we 
obtam  from  such  a  slide  of  6i-inches  radius  (or  from  1  to  1),  we  take 
one  of  this  sort,  and  throw  1  of  the  slide  at  hazard  between  225  and 
280  on  the  fixed  ruler,  a  littie  farther  to  the  right  than  it  is  on  the 
preceding  diagram;  guessing  at  the  interval,  it  seems  228-6.  We 
detect  it  more  exactly  by  looking  at  6  on  the  slide,  which  is  hardly 
visible  in  advance  of  114  on  the  scale.  As  far  then  as  the  divisions, 
aided  by  our  judgment  of  this  interval,  inform  us,  we  have  1144-6 


pivot,  and  the  upper  one  turns  round  on  the  lower  i  the  nm  <»  ^ 
inner  circle  being  bevelled  down  to  the  plane  of  the  lower.    *  ** -jj 
plete  logarithmic  scale  is  marked  on  each  ciroumferenoe,  and 't  *' 
readily  be  seen  that  the  scales  are  placed  so  as  to  point  out  multipnra- 
tiona  by  2,  as  in  the  former  instances,  and  ahio  that  the  «?°?™^ 
ment  of  the  scale  begins  its  continuation.    Instead  of  two  "^"^' 
might  be  two  thin  cylinders,  turning  on  a  common  axis,  the  graaiau 
being  made  on  the  rim.     Thirty  years  ago,  an  instrumentmatw  ^ 
Paris  laid  down  logarithmio  scales  on  the  rims  of  the  box  and  aa  m^ 
common  circular  snuff-box  :  one  of  two  inches  diameter  *°   *  j,|j„ 
good  an  aid  to  calculation  as  the  common  engineer's  rule.    B«*  » 
calculators  disliked  snuff,  or  snuff-takers  calculation,  for  thescnew 
was  not  found  to  answer,  and  the  appantus  was  broken  up, 
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The  form  flrat  propo«ed  by  Oughtred  (presently  to  be  mentiooed) 
viaa  a  modificiitioii  of  the  preceding.  Instead  of  two  circlea,  two 
pointing  radii  were  attached  to  the  centre  of  one  circle,  on  which  a 
number  of  oonceDtrio  circles  were  drawn,  each  charged  with  a 
logarithmic  scale.  These  pointers  would  either  move  round  together, 
united  by  friction,  or  open  and  shut  by  the  application  of  pressure : 
they  were  in  fact  a  pair  of  compasses,  laid  flat  on  the  circle,  with  their 
pivot  at  its  centre.  Calling  these  pointers  antecedent  and  consequent, 
to  multiply  i.  and  B  the  consequent  arm  must  be  brought  to  point  to 
I,  and  the  antecedent  oitn  then  made  to  point  to  A.  If  the  pointers 
be  then  moved  together  until  the  consequent  arm  points  to  B,  the  ante- 
cedent arm  will  point  to  the  product  of  a.  and  B. 

It  will  be  observed  that  in  every  construction  the  logarithmic  spaces 
are  very  unequal,  those  near  the  end  of  the  scale  being  small  when 
compared  with  those  at  the  beginning.  This  is  not  so  great  a  disad- 
vantage as  might  be  supposed,  for  it  mj&es  the  liability  to  error  increase 
in  nearly  the  same  proportion  with  the  result,  so  that  the  per  eentage 
of  error  iil  the  sliding-rule  is  nearly  the  same  thing  in  all  its  parts. 
For  example,  the  scale  going  from  10  to  100,  the  interval  from  10  to 
1 1  is  to  that  from  99  to  lOU  as  207  to  22,  nearly  in  the  proportion  of 
10  to  1,  The  tendency  to  absolute  error  will  be  inversely  as  these 
intervals,  or  nearly  in  the  proportion  of  1  to  10 :  the  tendency  to 
error  is  therefore  about  10  times  as  great  precisely  when  the  result 
estimated  becomes  ten  times  as  great.  Oughtred  appropriated  two 
circles  to  his  logarithms  of  sines,  and  it  would  be  easy  in  his  construction 
of  the  '  circles  of  proportion,'  as  he  called  them,  to  distribute  the 
scale  among  different  circles  in  such  a  manner  that  the  graduations 
should  be  nearly  equal  throughout.  But  the  mathematician  will  easily 
see  that  that  the  most  perfect  mode  of  developing  this  idea  would  be 
to  lay  down  the  scale  on  a  revolution  of  a  logarithmic  spiral,  having 
the  pointers  joined  at  its  pole.  The  graduations  would  then  be  abso- 
lutely at  equal  distances  from  each  other  on  the  arc  of  the  spirsL 

Another  modification  of  the  principle  of  the  sliding-rule  is  as  follows  : 
— Let  the  divisions  be  all  made  equal,  and  the  numbers  written  upon 
the  divisions  in  geometrical  proportion.  If  this  were  done  to  a 
sufficient  extent,  any  number  might  be  found  exactly  or  nearly  enough 
upon  the  scale ;  the  only  difficulty  being  that  very  small  divisions  do 
not  give  room  enough  to  write  the  numbers.  This  modification  of 
the  principle  has  been  applied  in  two  very,  useful  modes  by  Mr. 
MacFarlane.  In  the  first,  two  cylinders  moving  on  the  same  axis,  on 
one  side  and  the  other  of  a  thini,  give  the  means  of  instantaneously 
proposing  and  solving  any  one  out  of  several  millions  of  arithmeticiU 
questions  for  the  use  of  schools  and  teachers.  In  the  second,  one 
circle  revolving  upon  another  gives  the  interest  upon  any  sum,  for  any 
number  of  days,  at  any  rate  of  interest  under  10  per  cent. 

The  rules  for  using  the  sliding-rule,  in  its  moat  simple  form,  may  be 
■ymboUcally  expressed  in  the  f  oUowing  manner : — 


1 

A 


B 

AB 


B 
B-^A 


C 

Cx  B-^A 


Thus,  if  1  on  either  ruler  be  brought  opposite  to  A  on  the  other,  b 
on  the  first  ruler  is  brought  opposite  to  a  b  on  the  other.  But  if  tlie 
slide  be  taken  out  and  inverted,  we  have  the  following  rules : — 


1     B 

A    A-fB 


A    B 
1     A-^  B 


A    C 

B    AxB-f  C 


We  now  proceed  to  some  of  the  additions  which  are  frequently  made 
to  sliding-rules,  premising  that  we  do  not  describe  any  one  in  particular, 
but  refer  for  detail  to  the  tracts  which  are  afterwards  cited.  For  the 
extraction  of  square  or  cube  roots,  or  the  formation  of  squares  or  cubes, 
the  following  method  is  adopted : — In  the  case  of  squares  and  square 
roots,  for  instance,  there  is  a  pair  of  scales,  one  on  the  slide  and  one  on 
the  fixed  ruler,  of  difTereat  radii,  the  radius  of  one  being  twice  as  long 
as  that  on  the  other  :  for  cubes  and  cube  roots  the  radius  of  one  is 
three  times  as  long  as  the  other.  On  the  former  scale  (that  of  squares 
and  square  roots)  the  rules  are  now  aa  follows  : — 


Loager  Rod.  1 
Shorter  Bad.  1 

A               VA 
AA                A 

1     B               (Vb):A 
A    AB*                 B 

A 
1 

B             aVb 
B«  .  A»  B 

A    C                AV(C:B) 
B    BC«:A«            C 

The  denomination  of  the  answer,  or  the  place  of  the  decimal  point, 
must  be  determined  by  independent  consideration,  as  before;  but  there 
is  one  circumstance  to  be  attended  to  in  every  case  in  which  two  of  the 
data  are  to  be  read  on  the  shorter  scale.  For  example,*  suppose  it  is 
required  to  estimate  V(2 : 7).  By  the  second  formula,  7  on  the  shorter 
scvle  is  placed  opposite  to  1  on  ti^e  longer,  and  2  on  the  shorter  scale  is 
then  opposite  to  1693  on  the  longer.  The  answer  from  the  scale  is 
then  '1U93,  to  all  appearance;  but  this  is  not  V(2:7),  but  '\/{2:7<i). 
The  place  on  the  longer  scale  which  should  give  the  answer  has  no 
slide  opposite  to  it,  but  only  empty  groove.  But  mark  where  1  on 
the  shorter  scale  is  opposite  to  a  part  of  the  longer  (between  119  and 
120),  and  push  the  dide  in  from  left  to  right  till  the  first  1  on  the 

*  The  reader  will  not  understand  this,  tmlen  with  the  Male  in  hi*  hand. 
The  common  carpenter's  mle  or  Bevan's  mle  will  do,  In  which  two  eonucntire 
ndll  are  on  the  ahorter  toale,  and  one  ndhu  of  twice  the  length  on  the  longer. 


shorter  scale  comes  where  the  second  now  is ;  then  look  under  the 
second  2  of  the  shorter  scale,  we  have  584 ;  and  '534  is  the  true 
answer  so  far  as  the  scale  will  give  it.  We  have  taken  the  most 
straightforward  plan  of  reading  the  rule,  and  have  not  space  for  all  the 
details  which  are  in  works  on  the  subject,  particularly  the  method  of 
using  the  slide  of  numbers  with  a  scale  of  numbers  above  and  of  square 
rooU  below.  The  following  a  the  general  principle  applicable  to  the 
preceding  case : — 

It  is  well  known  that,  whereas  in  common  division  the  place  of  the 
decimal  point  has  nothing  to  do  with  the  significant  figures  of  the 
quotient,  yet  in  extracting  the  square,  cube,  Ac,  roots,  the  figures  of 
the  root  are  altered  by  a  change  of  the  decimal  point,  unless  it  be 
changed  by  an  even  number  of  places  in  extracting  the  square  root,  by 
three  or  a  multiple  of  three  places  in  the  cube  root,  and  so  on.  In 
extracting  the  square  root,  a  number  may  either  have  two  figures  in  ita 
first  period,  or  one ;  thus  '07616  and  '7616  must  (in  the  rule  for 
extraction)  be  pointed 

•Ojeieo    and    '7618. 

Let  us  call  number*  tmtdigilal  or  bidiffUal,  according  as  there  are  one 
or  two  significant  figures  in  the  first  period.  Then  the  application  to 
the  sliding-rule  is,  that  on  the  shorter  scale  numbers  of  the  same  name 
must  be  read  either  on  the  same  radius  or  with  a  whole  radius  inter- 
vening, whUe  numbers  of  difierent  names  must  be  read  on  different 
radii.  In  the  scale  for  the  extraction  of  the  cube  root,  numbers  must 
be  distinguished  into  unidigital,  bidigital,  and  tridigital ;  and  signifying 
these  by  their  initial  letters,  and  taking  the  succession  u  B  t  u  B  T,  &a, 
there  must  be  tiie  same  relation  between  the  scales  on  which  they  are 
read  that  there  is  between  the  places  of  their  letters  in  the  preceding 
list.  Thus,  if  u  be  read  on  one  radius,  T  must  either  be  read  on  that 
immediately  preceding,  or  on  the  next  but  one.  Thus,  in  the  preceding 
question,  which  we  first  solved  wrongly,  we  have  2  and  7  to  consider  on 
the  shorter  scale,  the  pointing  of  which  is — 

2-0000    and    fOOOO, 

and  both  are  unidigital  numbers.  Bringing  7  on  the  shorter  Msle  to  1 
on  the  longer,  we  see  that  the  next  2  is  on  a  different  radius ;  it  would 
do  then  for  70,  or  '7,  or  '007,  but  not  for  7.  By  the  process  we  followed 
we  took  not  indeed  a  2  on  the  same  radius  with  our  7,  but  on  the  next 
radius  but  one,  and  thus  obtained  the  correct  answer.  These  points, 
and  others  (such  as  the  meanings  of  the  lines  of  sines,  tangents,  ko., 
annuities,  &c.,  which  are  found  on  several  rules)  can  only  be  mastered 
by  those  who  ore  acquainted  theoretically  with  logarithms,  trigono- 
metry, &c. ;  for  after  all  the  sliding-rule  will  not  teach  the  method  of 
working  any  question,  but  will  only  afford  aid  in  computation — ^in 
common  multiplication  and  division,  to  any  one ;  in  biglier  rules,  to 
those  who  imderstond  their  principles.  Oughtred,  the  inventor,  kept 
the  instrument  by  him  many  yean,  out  of  a  settled  contempt  for  those 
who  would  apply  it  without  knowledge,  having  "  onely  the  superficiall 
Bcumme  and  froth  of  instrumental!  trickes  and  practises ; "  and  wishing 
to  encourage  "the  way  of  rationall  scientiallists,  not  of  ground-creeping 
Methodicks."  A  little  distinction  between  that  portion  of  ita  use 
which  is  generally  attainable,  and  that  which  requires  mathematical 
knowledge,  would  have  been  more  reasonable. 

On  the  carpenter's  and  engineer's  sliding-rule  are  engraved  a  number 
of  numerals  in  columns  with  headings,  of  which  the  following  is  a 
specimen: — 

•QVJIBI.  eTLDIDXR.  OUBX. 
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These  divisors  (colled  gauge-pointa)  are  intended  to  convert  into 
pounds  the  weight  of  a  rectangular  prism,  cylinder,  or  globe,  of  cast- 
iron;  the  first,  on  three  suppositions,  namely,  all  dimensions  in  feet, 
one  in  feet  and  two  in  inches,  and  aU  in  inches ;  the  second,  on  the 
suppositions  that  the  length  is  in  feet  and  the  diameter  in  inches, 
and  that  both  are  in  inches ;  the  third,  on  the  supposition  that  the 
diameter  is  either  in  feet  or  in  inches.  We  shall  here  content  ourselves 
with  verif  ving  one  of  these,  say  the  first  of  those  marked  "  cylinder," 
which  will  show  the  nature  of  the  divisor. 

The  specific  gravity  of  cast-iron  is  7'207,  and  the  content  of  a  cylinder 
of  D  incka  diameter  and  t  feet  of  lengUi  is  '7864  x  d'  L  divided  by  144, 
in  cubic  feet  A  cubic  foot  of  water  weighs  62'321  pounds  avoirduiiois : 
one  of  cast-iron,  therefore,  weighs  62-321  x  7'207 ;  whence  the  weight 
of  the  cylinder  is,  in  pounds, 

62-821  X  7-207  x  •7SBI  jA.  4- 144,  or  — ; 

"•»««  »  =  62'»21  X  7-207  X  '7»64'  «•  '^'^^J 

near  enough  to  -411  to  illustrate  our  object,  but  showing  that  the 
computer  of  this  divisor  used  a  specific  gravity  slightly  differing  from 
the  above.  The  rule  in  aU  the  cases  is  to  multiply  the  three  dimensionB 
together,  diameters  or  lengths,  and  to  divide  by  the  divisor  given  in 
the  table.    The  term  gauge-point,  which  properly  beloogs  to  the  part 
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of  the  scale  on  which  the  divisor  is  marked,  has  passed  to  the  divisor 
itselL 

The  following  list  of  sUdiug-ruleB  containa  all,  or  nearly  all,  which 
can  be  useful  to  any  one : — 

1.  Common  Engineer's  Rule,  or  Carpenter's  Rule  in  its  best  form. 
A  double  12-inch  rule,  a  slide  of  two  nidii  with  the  same  scale  on  one 
side,  and  a  scale  of  one  radius  of  double  length  on  the  other,  with 
divisors.  (Sold  by  all  rule  makers.)  There  is  a  description  in  Kentish's 
'  Treatise  on  a  Box  of  Instruments,'  Ice.,  London,  1839. 

2.  Bevan's  Enf^neer's  Rule,  12  inches.  Has  slides  on  both  faces 
(which  may  be  exchanged),  and  serves  for  squares,  cubes,  square 
roots  of  cubes,  &c.  There  are  scales  on  the  backs  of  the  ^ides 
and  in  the  grooves,  for  sines,  tangents,  inverted  numbers,  compound 
interest  and  annuities  at  5  per  cent.  (Gary,  Strand,  with  an  explanatory 
treatise.) 

8.  Henderson's  Double-Slide  Rule,  12  inches.  Has  two  parallel  con- 
tiguous slides,  with  scales  of  numbers  fixed  above  and  below,  and 
solves  at  one  operation  most  sets  of  multiplications  and  divisions  not 
exceeding  five  operations.    At  the  back  are  tables  of  divisors  for  solids. 

4.  WooUgar's  Pocket  Calculator,  8  inches.  The  two  slides  work  in 
either  of  the  grooves  :  the  baclcs  and  the  grooves  have  scales  of  sines, 
tmgents,  areas  of  polygons,  circular  segments ;  interest,  annuities, 
cerUiin  and  for  lives,  at  several  rates  of  interest.  An  addition  may  be 
made  by  a  metal  slip,  giving  the  solution  of  the  same  questions  as  the 
last  rule. 

6.  WooUgar's  Pocket-Book  Rule,  6  and  8  inches.  Two  radii,  one 
under  the  other,  as  described  in  the  preceding  part  *  of  the  article ;  a 
line  for  sines  and  duplicate  proportions  at  the  back  of  the  slide.  At 
the  bottom  of  the  groove  are  sometimes  inserted  lines  for  finding  the 
relations  of  right-angled  triangles,  for  cask-gauging,  and  for  cuttings 
and  embankments. 

6.  Excise  Officer's  Sliding  Rule,  modem  form.  Sold  at  the  Excise 
Store-office,  and  by  some  of  the  instrument-makers.  The  old  Excise 
rule  was  a  thick  block,  with  a  slide  on  each  face. 

7.  Bayley's  Rule,  (Elliot,  Strand)  has  a  scale  of  numbers,  squares, 
and  cubes,  and  a  scale  of  equal  parts,  of  the  length  of  the  line  of 
squares,  from  which  the  logarithm  of  a  number  can  be  approximately 
rrad.  This  line  is  of  considerable  use  in  operations  connected  with 
higher  powers ;  it  is  found  also  in  Sevan's  rules.  The  constructor  of 
this  scale,  which  is  well  divided  and  convenient,  has  a  full  treatise  on 
the  whole  subject  in  the  press. 

Among  separate  treatises  not  yet  noted  are  Flower's,  8vo.,  London, 
1768;  Mackay's,  8vo.,  2nd  edit.,  London,  1811;  do.  Leith,  1812; 
'  Instruction  sur  la  Manifire  de  se  servir  de  la  Regie  h  Calcul.,'  petit-in- 
8to.,  Paris  et  Dijon,  1825;  'The  Universal  Ready-Reckoner,'  by  an 
Idle  Gentleman,  12mo.,  London,  1839 ;  and  Uiere  is  a  good  deal  on  the 
subject  in  Ingram's  '  Concise  System  of  Mathematics,"  12mo.,  Edin- 
burgh ;  and  Bateman's  •  Excise  Officer's  Manual,"  12mo.,  London. 

Between  the  sliding-rule  and  the  book  of  logarithms  comes  the  card 
*of  four-figure  logarithms,  published  by  Messrs.  Taylor  and  Walton 
(explained  in  the  '  Companion  to  the  Almanac  '  for  1841),  to  which  has 
been  added  a  similar  card  for  sines  and  tangents.  A  sliding-rule,  which 
would  an  all  parte  compete  with  these  tables  in  accuracy  must  have  a 
radius  of  from  8  to  10  feet,  and  would  be  unmanageable.  At  what 
length  the  card  begins  to  be  more  easily  used  than  the  rule  we  cannot 
determine,  but  we  should  suspect  that  the  former  would  be  preferable 
to  a  rule  of  four  feet  radius.  We  have  found  the  rule  of  24  inches 
extrranely  useful  in  checking  the  material  figures  of  more  minute  cal- 
culations, particularly  when  there  are  many  divisions  by  the  same 
divisor. 

The  history  of  the  sliding-rule,  had  it  ever  been  properly  given, 
would  be  matter  for  a  few  Imes  of  our  work,  in  tiie  way  of  abbrevia- 
tion and  reference.  As  it  is,  we  have  not  only  to  establish  the  main 
points,  but  also  to  point  out  a  specimen  of  the  manner  in  which  the 
account  of  early  English  science  has  been  written.  Harris's  '  Lexicon 
Technicum '  (1716)  informs  us  that  sliding-rules  'are  very  ingeniously 
contrived  and  applied  by  Gunter,  Partridge,  Cogshall,  Everard,  Hunt, 
and  others,  who  have  written  particular  treatises  about  their  use  and 
application.'  Stone's  'Mathematical  Dictionary '  (1743)  hji«  the  same 
words.  Dr.  Button  ('Math.  Diet.,  1815)  informs  us  that  they  are 
variously  (not  ingeniously)  contrived  and  applied  by  different  authors, 
jwrticuLirly  Gunter,  Partridge,  Hunt,  Everard,  and  CoggleshalL  Other 
writera  repeat  this  sentence  in  then-  own  ways,  and  the  summing  up 
is  this:— the  recognised  history  of  the  sliding-rule  consists  in  the 
names  of  five  persons;  all  our  best  English  authorities  are  unanimous 
m  statmg  that  these  men  '  contrived  and  appUed '  sliding-rules,  either 
ingeniously  or  variously ;  but  to  the  credit  of  this  century  be  it  spoken, 
that  it  was  our  historian  who  altered  the  chronological  order,  and  spelt 
Coggleshall  s  name  right :  had  it  not  been  for  the  research  of  Dr. 
Button,  it  might  have  been  Cogshall  to  this  day. 

We  now  go  on  to  something  more  like  history.  It  is  generaUy  stated 
that  Gunter  mvented  the  sUding-rule.  This  is  not  coiTect ;  Gunter 
neither  mvented  this  rule  nor  wrote  about  it;  and  though  he  was  the 
first  {On  Ous  Crout-taffe,  book  i.,  cip.  6)  who  used  a  logarithmic  scale, 
it  was  in  the  manner  described  at  the  beginning  of  this  article,  com- 
passes bemg  used  to  make  the  additions  and  subtractions.    Qunter's 

*  The  maker  of  this  slide  bos  them  of  various  lengths  up  to  34  Inches. 


rule  is  used  up  to  the  present  time,  under  that  name,  in  the  navy, 
without  any  slides. 

The  real  inventor  of  the  slide  was  Ocohtbed  [Bigg.  Drv.l,  who  was 
al^  the  first  writer  upon  it.  He  was  a  man  who  set  but  little  value 
upon  instrumental  aids,  unless  in  the  hands  of  those  who  had  pre- 
viously learned  sound  principles,  which  (as  we  have  seen)  he  himself 
testifies.  In  the  year  1630  he  showed  it  to  his  pupil  William  Forster, 
who  obtained  his  consent  to  translate  and  publi^  his  own  description 
of  the  instrument,  and  rules  for  using  it.  This  was  done  under  the 
following  title  : '  The  Circles  of  Proportion  and  the  Horizontal  Instru- 
ment,' London,  1632 ;  followed,  in  1633,  by  an  '  Addition,  &c,'  with 
an  appendix,  having  title, '  The  Declaration  of  the  two  Rulers  for  Od- 
culation.'  "The  following  extract  from  W.  Forster's*  dedication  to  Sir 
Kenelm  Digby  will  explain  the  whole  : — 

"  Being  in  the  the  time  of  the  long  vacation  1630,  in  the  Country,at 
the  house  of  the  Reverend,  and  my  most  worthy  friend,  and  Teache', 
nil.  William  Oughtred  (to  whose  instruction  I  owe  both  my  initiation, 
and  whole  progresse  in  these  Sciences),  I  upon  occasion  of  speech  tuld 
him  of  a  Ruler  of  Numbers,  Sines,  and  Tangents,  which  one  had  be- 
spoken to  be  made  (such  as  is  usually  called  Mr.  Gunter's  Ruler),  6  feet 
long,  to  be  used  with  a  payre  of  betune  compasses.  He  answered  that 
was  a  poore  invention,  and  the  performance  very  troublesome  :  Bat, 
said  he,  seeing  you  are  taken  with  such  mechanicall  wayes  of  Instru- 
ments, I  will  show  you  what  devises  I  have  had  by  mes  these  many 
yeares.  And  first,  hee  brou^t  to  mee  two  Rulers  of  that  sort,  to  be 
used  by  applying  one  to  the  other,  without  any  compasses :  and  after 
that  he  shewed  mee  those  lines  cast  into  a  circle  or  Rmg,  with  another 
moveable  circle  upon  it,  I  seeing  the  great  expeditenease  of  both 
those  wayes,  but  especially  of  the  latter,  wherein  it  farre  excelleth  any 
other  Instrument  which  hath  bin  knowne ;  told  him,  I  wondered  that 
he  could  so  many  yeares  conceale  such  usefull  inventions,  not  onely 
frova  the  world,  but  from  my  selfe,  to  whom  in  other  parts  and  mvB- 
teries  of  Art  he  had  bin  so  liberaU.  He  answered.  That  the  true  way 
of  Art  f  is  not  by  Instruments,  but  by  Demonstration  :  and  that  it  is 
a  preposterous  course  of  vulgar  Teachen,  to  begin  with  Instruments, 
and  not  with  the  Sciences,  and  so  instead  of  Artists,  to  make  their 
Schollera  only  doera  of  tricks,  and  as  it  were  Juglers  :  to  the  despite 
of  Art,  losse  of  precious  time,  and  betraying  of  willing  and  industrious 
wits  unto  ignorance,  and  idlenesse.  That  the  use  of  Instruments  is 
indeed  excellent  if  a  man  be  an  Artist :  but  contemptible,  being  set 
and  opposed  to  Art.  And  lastly,  that  he  meant  to  commend  to  me 
the  skiU  of  Instruments,  but  first  he  would  have  me  well  instructed  in 
the  Sciences.  He  also  shewed  me  many  notes,  and  Rules  for  the  uu 
of  those  circles,  and  of  his  Horizontall  Instrument  (which  he  had  pro- 
jected about  30  yeares  before)  the  most  part  written  in  Latine.  All 
which  I  obtained  of  him  leave  to  tramilate  into  English,  and  make  pub- 
lique,  for  the  use  and  bene&t  of  Buch  as  were  studious,  and  loven  of 
these  excellent  Sciences." 

Oughtred  gave  his  right  in  the  invention  (so  soon  as  it  was  settled  to 
be  published)  to  Elias  Allen,  a  well-known  instrument-maker,  near 
St.  Clement's  Church,  in  the  Strand.  In  walking  to  and  fro  from  his 
shop,  he  communicated  his  invention  to  one  Richard  Delamain,  a 
mathematical  teacher  whom  he  used  to  assist  in  his  studies.  This 
Delamain  not  only  tried  to  appropriate  the  invention  to  himself,  but 
wrote  a  pamphlet  of  no  small  scurrility  against  Oughtred,  which  the 
latter  answered  in  an  ' Apologeticall  Epistle'  fully  as  vituperative; 
which  epistle  was  printed  at  the  end  of  W.  Forater's  translation.  It 
contains  some  quantity  of  biographical  allusion,  and  must  not  be  for- 
gotten by  a  mathematical  historian  of  the  times.  W.  Forster's  work 
was  republished  in  1660,  by  A.  H.  (Arthur  Haughton,  another  pupil  of 
Oughtred),  with  Oughtred's  consent,  but  the  dedication  and  epistle 
wera  omitted. 

The  next  writer  whom  we  can  find  is  Seth  Partridge,  in  a  '  Descrip- 
tion, &o.  of  the  Double  Scale  of  Proportion,'  London,  1685.  He 
studiously  conceals  Oughtred's  name :  the  rulera  of  the  latter  were 
separate,  and  made  to  keep  together  in  sliding  by  the  hand ;  perhaps 
Partridge  considered  the  invention  his  own,  in  right  of  one  ruler 
sliding  between  two  othere  kept  together  by  bits  of  brass.  Coggle- 
shall's  filler  was  made  in  both  ways,  that  is,  with  the  rulers  attached 
and  unattached ;  it  appeara  to  have  come  in  at  the  end  of  the  17th 
century.  Since  that  time  several  works  have  been  written,  and 
various  modifications  of  the  ruler  proposed.  Ward  ('  Lives  of  Gresham 
Frofessora')  is  incorrect  in  saying  that  Wingate  carried  the  sliding  rule 
into  France  in  1624 :  it  was  Uunter's  scale  which  he  introduced  thereu 
In  fact  the  slide  was  little  used  and  little  known  till  the  end  of  the 
century.  Leyboum,  himself  a  fancier  of  instruments,  and  an  improver 
(as  he  supposed)  of  the  sector,  has  30  folio  pages  of  what  he  calls 
instrumental  arithmetic  in  his  '  Curaus  Mathematicus'  (1690),  but  not 
one  word  of  any  sliding-rule,  though  he  puts  fixed  lines  of  squares  and 
cubes  against  his  line  of  numbers  in  his  version  of  Gunter's  scale. 

Finding  so  meagre  an  account  on  this  matter  in  publications  pro- 
fessedly mathematical,  we  did  not  at  fint  think  of  having  recourae  to 
any  others.    When  we  had  finished  the  preceding  however,  we  thought 

*  This  ^an  must  not  bo  confonnded  with  the  Grcaham  profecaor  of  his 
name;  nothing  more  than  his  connection  with  Onghtred  1b  known  of  him. 
The  one  irhote  name  ia  ao  mnch  connected  with  Gunter  is  Samnci  Foster  (died 
16d3),  Gresham  professor  of  astronomy, 

t  Here  is  the  old  use  of  the  word  art;  we  shonU  now  say  scieBoe.  [Scisso.] 
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of  consulting  the '  Biognphia  Britannica/  and  there  we  fovind,  in  the 
middle  of  a  Teiy  fuU  life  of  Oughtred,  the  whole  account  of  the 
invention  of  the  sliding-rule,  exactly  at  above,  and  from  the  same 
authorities.  On  looking  at  Dr.  Hutton's  account  in  the  Dictionary, 
we  perceive  that  he  has  either  used  this  memoir  or  some  copy  of  it ; 
but  witiiout  giving  any  information  on  the  subject  of  the  present 
article. 

We  shall  condude  this  article  by  some  account  of  a  new  species 
of  aliding-rule,  invented  by  Dr.  Roget  ('  Phil.  Trans.'  for  1816),  which 
would  be  very  useful  in  the  hands  of  writers  on  statistics,  and  would 
sometimes  save  much  trouble  to  the  mathematician.  The  slide  con- 
tains a  common  logarithmic  line  of  two  radii,  each  10  inches  in  length. 
The  fixed  ruler  has  not  logarithms,  but  logarithms  of  logarit&ns 
denoted  by  its  spaces.  For  instance,  reckoning  from  10  (remembering 
that  log  log  10  =  0),  the  space  from  10  to  100  is  log  log  100,  or  log  2, 
the  same  space  as  from  1  to  2  on  the  slide.  And  since  log  log  x  is 
positive  or  negative,  according  as  z  is  greater  or  less  than  10,  we 
have  the  logclogaritKnu  laid  down  on  the  left  for  numbers  less  than 
10,  and  on  the  rig^t  for  numbers  greater.  This  instrument  is 
constructed  by  Mr.  Rooker,  and  in  this  manner:  10  is  on  the 
middle  of  the  upper  ruler,  which  ends  on  the  right  at  10'°,  or 
ten  thousand  millions ;  and  on  the  left  at  1'25.  At  the  ex- 
treme right  of  the  lower  ruler  we  find  1*25  again,  from  which  we 
recede  to  1'002S  on  the  extreme  left.  The  upper  and  lower  rulers 
are  so  adjusted  that  from  the  end  of  one  to  iJie  beginning  of  the 
other  it  is  exactly  two  radii,  so  that  a  setting  on  the  upper  ruler 
applies  also  to  the  lower,  but  it  may  be  necessary  first  to  slip  the  slide 
a  whole  radius  forwards  or  backwards,  in  the  manner  described  in  the 
preceding  part  of  the  article.  And  here  a^n  the  meaning  of  the 
reading  on  the  slide  must  frequently  be  determined  by  common  sense 
applied  to  the  problem. 

When  1  on  the  slide  is  placed  opposite  to  a  on  the  ruler,  we 
have  h  on  the  slide  opposite  to  a'  on  the  ruler.  Or  using  the  pre- 
ceding rotation — 


Rule     a    a* 
SUde    1    h 


% 


h     1 


a    %• 

h     c 


The  approximationB  of  this  rule  ore  equally  easy  whether  applied 
to  fractional  or  integer  exponents,  aud  J)r.  Roget  justly  observes 
that  it  gives  a  much  better  idea  of  the  rapid  increase  of  powers 
than  simple  reflexion.  It  is  so  little  known  even  to  mathematicians, 
that  we  put  down  some  of  its  results  as  specimens  of  its  powers. 
Set  1  on  the  slide  opposite  to  3*11  on  the  rule,  and  we  find  for 
the  sspproximate  powers  of  this  number  by  simple  inspection  9*85,  81, 
97,  &00, 960,  3000,  9500, 29,500, 93,000,  &c.  The  square  root  is  1772, 
the  «ube  root  1-463,  the  fourth  root  1-331,  the  fifth  root  1-257.  We 
must  now  change  the  slide,  as  above  directed,  so  as  to  put  it  in  con- 
nection with  the  lower  scale,  and  the  proceeding  roots  are  1'215, 1'178, 
&c.  All  questions  of  increase  of  money,  population,  &,c,  are  in  this 
manner  reduced  to  simple  inspection,  and  very  easy  trial  gives  that 
approximate  solution  of  exponential  equations  which  the  mathema- 
tician must  find  before  he  applies  his  more  extensive  methods. 
Thus,  to  form  the  table  of  logarithms  in  Scale  the  base  of  which 
is  'V^ : — Set  12  on  the  slide  opposite  to  2  on  the  ruler,  and  the 
table  is  ready,  as  far  as  the  instrument  will  give  it.  Thus,  oppo- 
site to  8,  4,  5,  &0.,  we  find  19-0,  24,  279,  81-0,  38-7,  360,  ate., 
almost  exactly  as  in  the  table  cited.  It  is  also  worth  notice  that  each 
division  of  the  upper  fixed  ruler  answers  to  the  hundredth  power  of 
the  division  directly  beneath  it  on  the  lower  fixed  ruler.  Thus, 
wishing  to  know  what  efieot  would  be  produced  in  100  years  upon 
a  population  which  increases  3*46  per  cent.,  we  set  unity  to 
1-0846  on  the  lower  scale,  and  find  at  once  30-025  on  the  upper 
ruler,  being  the  number  by  which  the  present  population  must  be 
multiplied. 

The  late  Mr.  Woollgar  (to  whom  we  were  indebted  for  much  infor- 
mation in  this  article,  and  who  made  a  particular  study  of  the  slid- 
ing-rule)  carried  to  a  considerable  extent  the  principle  of  making  the 
slide  or  the  rule  (no  matter  which)  bear,  not  the  logarithms  of  the 
numbers  marked  on  its  graduation,  but  those  of  the  values  of  a  func- 
tion of  those  numbers  ('  Mechanics'  Magazine,'  No.  849,  voL  xxxii.) 
Let  a  slide  be  so  graduated  that  the  interval  from  a  given  point  to  the 
graduation  x  repreaents  log  ^.  When  x  is  then  ascertained  (by  the 
common  scale,  if  necessary),  the  formula  o^  is  immediately  deduced 
from  the  common  scale  and  the  new  slide.  Nor  need  there  be  a  new 
slide  :  for  any  scale  being  laid  down  in  the  groove,  the  common  slide, 
by  having  its  end  made  to  coincide  with  one  or  another  division  of  the 
8c:ile  in  the  groove,  may  be  rendered  capable  of  answering  the  pui> 
pose  of  a  new  slide. 

We  long  since  obtained  from  Paris  a  circular  logarithmic  scale  in 
brass,  altogether  resembling  the  one  figured  and  described  in  the  pre- 
ceding part  of  this  article,  with  the  addition  only  of  a  clamping 
screw.  This  instrument,  the  scale  of  which  is  i\  inches  in  diameter, 
is  so  well  divided  that  it  will  stand  tests  which  the  wooden  rules 
would  not  bear  without  showing  the  error  of  the  divisions.  But  here  arise 
disadvantages  which  we  had  not  contemplated.  In  the  first  place,  no 
Bubdlviiiion  can  be  well  made  or  read  by  estimation,  tmless  the  part  of  the 
scale  on  which  it  eomes  is  uppermost  or  undermost,  which  requires  a 


continual  and  wearisome  turning  of  the  instrument.  In  the  next 
place,  to  make  the  best  use  of  it,  and  bring  out  all  its  power,  requires 
(we  should  rather  say  renders  worth  while)  such  care  in  setting  and 
reading,  as,  unless  a  microscope  and  tangent  screw  were  used,  makes 
the  employment  of  the  four-figure  logarithm  card  both  shorter  and 
less  toilsome.  For  rough  purposes,  then,  a  wooden  rule  is  as  good ; 
for  more  exact  ones,  the  card  is  better.  We  mode  a  fair  trial  of  both 
on  the  tables  in  Solar  Ststem,  aud  ore  perfectly  satisfied  that  though 
the  French  brass  arithmometer  did,  with  great  care,  bring  out  we 
results  required,  the  four-figure  card  did  the  work  mora  easUy.  But, 
had  we  wished  to  abandon  two  or  three  units  in  the  last  places  of 
figures,  there  would  then  have  been  no  doubt  that  the  instrument 
would  have  been  the  easier  of  the  two :  but  then  a  straight  wooden 
rule  of  the  same  radius  would  have  done  quite  as  well,  and  been  more 
convenient  still.     ('  Mechanics'  Magazine,'  No.  949.) 

SLIDING  SCALE.     [Slide  or  Sliding  Rule.] 

SLINQ,  an  instrument  with  which  stones  or  other  missiles  may  be 
thrown  to  a  great  distance.  In  its  simplest  form  the  sling  consists  of 
a  thong  of  leather,  or  a  piece  of  cord  or  some  woven  fabric,  both  ends 
of  which  are  held  in  the  hand  of  the  slinger.  The  stone  or  missile  is 
placed  in  the  fold  or  double  of  the  thong,  which  is  made  wide  at  that 
part,  and  sometimes  furnished  with  a  slit  or  socket  for  the  piu-pose  of 
holding  it ;  and  the  sling  is  then  whirled  round  to  gain  an  impetus. 
When  a  sufficient  degree  of  centrifugal  force  is  thus  generated,  the 
slinger  allows  one  end  of  the  thong  to  escape,  and  the  stone,  being 
thereby  released,  files  off  with  considerable  velocity.  In  the  hands  of 
an  expert  slinger,  this  instrument  may  be  made  to  project  missiles  to  a 
great  distance,  and  with  surprising  accuracy. 

The  simplicity  and  portability  of  the  sling,  and  the  &cility  with 
which  supplies  of  ammunition  for  it  might  be  obtained,  led  to  its 
extensive  use  among  the  ancients  as  a  weapon  of  war,  as  well  as  for 
other  purposes.  Its  common  use  among  the  Jews  is  intimated  by 
several  passages  of  scripture.  Several  ancient  paintings  represent  the 
use  of  the  slmg  at  an  early  period  by  the  Egyptians.  Some  of  these 
are  given  by  Wilkinson.  In  the  Greek  and  Roman  armies  the  light 
troops  consisted  in  great  part  of  slingers,  who  were  called  o-^fcSiii^Tax, 
01  funditores,  from  <r<j>tySiyri,  and  funda,  the  Greek  and  Latin  names  of 
the  weapon.  The  Carduclii,  according  to  Xenophou,  annoyed  the 
retreating  army  of  the  Ten  Thousand  by  their  powerful  slings. 
(' Anah.',  iv.  1,  tus.)  There  are  no  slingers  mentioned  in  Homer;  and 
the  word  which  usually  means  sling  ((rpfyS6yri)  occurs  only  once 
('  Iliad,'  book  xiii,  line  699),  and  then  not  in  the  sense  of  sling,  but  in 
the  primary  sense  of  the  word,  which  means  a  broad  bond  or  t^ndage. 
This  passage  has  sometimes  been  strangely  misunderstood.  The  slmg 
is  not  mentioned  by  Herodotus ;  and  it  is  an  error  to  assign  the  use  of 
it  to  the  Persians,  for  which  there  appears  no  evidence  but  a  loose 
expression  in  Diodorua  (xviii.  61),  where  he  speaks  of  'Persians, 
bowmen  and  slingers,  five  hundred."  The  natives  of  the  Baleorio 
Islands  attained  the  highest  reputation  for  their  skill  in  its  manage- 
ment ;  which  is  attributed  to  their  custom  of  teaching  their  children, 
while  very  young,  to  wield  it,  and  forbidding  them,  it  is  said,  to  taste 
their  food  until  they  had  dislodged  it  from  a  post  or  beam  by  means  of 
a  sling.  Besides  stones,  leaden  plummets,  cast  in  moulds,  were  used 
as  projectiles  for  the  sling.  These,  which  were  called  glanda,  or 
lu>X.v0SiS*s,  were  of  an  elongated  spheroidal  form ;  somewhat  resembling 
that  of  olives  or  acorns.  They  have  been  often  discovered  in  various 
parts  of  Greece,  and  frequently  bear  on  one  side  a  figure  of  a  thunder- 
bolt, and  on  the  other  side  either  the  word  AEHAI  (take  this),  the 
name  of  their  owner,  or  some  other  inscription  or  device.  Some  of 
these  were  of  considerable  size,  weighing  as  much  as  an  Attic  pound, 
or  100  drachmEe.  Fireballs  also  have  been  thrown  by  slings.  Some  of 
the  slings  used  by  the  ancients  were  managed  by  more  than  one  cord ; 
one,  two,  or  three  being  used,  according  to  the  size  of  the  missiles  to 
be  thrown. 

The  sling  was  long  used  in  England.  The  Saxons  certainly  used  it, 
and  seem  to  have  been  skilful  in  its  management.  Besides  the 
ordinary  sling,  they  used  one  attached  to  a  staff  or  truncheon  three  or 
four  feet  long,  wielded  with  both  hands.  This  kind  of  sling,  with 
which  large  stones  were  thrown,  appears  to  have  been  used  }vincipally 
in  sieges  and  in  naval  warfare.  It  is  represented  in  an  old  drawing, 
supposed  to  be  by  Matthew  Paris.  Slingers  formed  a  port  also  of  the 
Anglo-Norman  soldiery ;  and  the  sling  had  not  fallen  into  disuse  as  a 
military  weapon  at  the  commencement  of  the  15th  century  The  use 
of  the  sling  may  now  be  considered  obsolete  in  this  country  as  an 
offensive  weapon. 

(Wilkinson's  ifannan  and  Onttom*  of  ike  AnaaU  EgypUant,  first 
series,  vol.  i. ;  Strutt's  Sport*  and  Pattimea.) 

SLIP,  Eartiiwork.  When  in  an  embankment,  or  cutting,  the 
materials  move  laterally  in  consequence  of  some  dynamical  acUon,  they 
are  said  to  slip,  and  they  do  so  occasionally  imder  circumstanoee  whi(£ 
can  only  be  overcome  with  great  difficulty,  and  at  great  expense. 
Slips  occur  either  when  heavy  loads  are  placed  on  incoherent  materials, 
which  imder  such  circumstances  are  simply  displaced ;  or  they  occur 
when  the  earth  is  of  such  a  nature  as  to  absorb  bo  much  water  as  to 
become  a  semi-fluid  mud ;  or  when  there  are  intercallated  between 
more  impermeable  strata  beds  of  sand,  or  other  open  materials  suscep- 
tible of  being  removed.  The  former  of  these  sources  of  danger  can 
easily  be  avoided  by  carrying  the  foundations  of  the  intended  load  to 
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such  a  depth  aa  to  ensure  their  not  exerting  any  detruuve  force ) 
the  latter  gourcee  of  danger  are  far  more  complicated,  and  the;  require 
to  be  dealt  with  very  carefully,  on  account  of  the  numerous  con- 
sidenitioni  attached  to  the  change  of  state  the  mateiiala  often  aastune 
before  they  get  into  motion. 

Uuifomily  permeable  materiale,  such  as  broken  stones,  gravel,  or 
shingle,  are  not  exposed  to  slip  after  they  have  once  taken  their  angle 
of  repose,  because  the  gravity  of  the  separate  stones  is  sufficient  to 
keep  them  in  their  places  whilst  the  vater  falling  upon  their  exposed 
surfaces  is  percolating  through  them.  Very  fine  sands,  however,  are 
able  to  be  rendered  semi-fluid  under  some  conditions,  and  they  then 
have  no  angle  of  repose,  and  are  able  to  spread  in  every  direction. 
Some  clays,  such  as  the  Oxford  clay,  the  gault,  and  the  London  clay, 
which  seem  to  have  originally  been  the  alluvial  muds  of  marine 
estiuiries,  subsequently  dried  and  consolidated,  are  susceptible  of 
absorbing  again  quantities  of  water  able  to  bring  them  into  their  original 
state ;  and  it  seems,  from  the  experience  of  our  railway  and  canal 
engineers,  that  many  years  must  pass  before  cuttings  executed  in  those 
formations  attain  permanent  conditions  of  stability.  Instances  have 
been  known  in  which  slips  have  taken  place  in  the  Oxford  clay  forma- 
tion when  the  slopes  have  been  even  10  to  1  (10  base  to  1  in  vertical 
height) ;  and  the  New  Cross  cutting  of  the  Brighton  Railway,  in  the 
London  clay,  slipped  in  the  winter  1860-61,  although  it  had  formed 
part  of  the  cutting  for  the  old  Croydon  canal  executed  nearly  sixty 
years  since.  Blips,  it  may  be  added,  occur  in  undisturbed  natural 
deposits  exposed  to  the  action  of  the  sea,  or  of  running  water,  and  the 
same  class  of  accidents,  above  described  as  occurring  in  the  cuttings 
and  embankments  executed  by  the  hand  of  man,  occasionally  happen 
in  consequence  of  the  action  of  the  ordinary  laws  of  nature.  When 
they  do  happen  in  coal  mines,  or  in  analogous  positions,  owing  to  the 
interference  with  the  lateral  support  of  the  strata  worked  through,  the 
slips  are  technically  known  under  the  name  of  "  creeps,"  and  they 
constitute  by  far  the  most  dangerous,  because  the  most  irresistible, 
of  t^e  accidents  to  which  coal  mining  is  exposed. 

As  slips  are  principally  attributable  to  the  effects  of  water  upon  the 
materials  concerned,  it  must  be  evident  that  the  only  method  of 
preventing  or  remedying  them  must  be  to  establish  a  perfect  system 
of  drainage  in  order  to  carry  off  superficial  waters  without  allowing 
them  to  soak  into  the  ground  so  as  to  dilute  the  soluble  materials,  or 
to  set  in  motion  the  more  minute  particles  of  the  intercallated 
permeable  strata.  The  mode  usually  adopted  near  London  in  dealing 
with  the  earthworks  to  be  formed  around,  or  -for  the  support  of,  water- 
works, where  of  course  slips  would  be  of  very  serious  importance,  is  to 
carry  up  the  embankment  in  layers,  alternately  of  the  clay  in  its 
natural  state,  and  of  the  clay  iJter  having  been  burnt  in  a  heap; 
vertical  dykes  or  trenches  filled  in  with  burnt  clay  are  carried  from  the 
top  to  the  bottom  of  the  bank ;  and  the  top  is  dressed  off  with  the 
longitudinal  and  transverse  inclinations  required  to  throw  the  rain- 
water into  a  series  of  surface  drains.  Theoretically  this  system  is  the 
one  to  be  aimed  ot  in  all  such  works,  but  it  is  too  often  the  case  that 
the  cost  of  the  precautions  it  involves  induces  constructors  to  neglect 
some  of  them ;  and  again  it  may  happen  that  the  materials  of  the  Iwinks 
are  exceptionally  impermeable,  and  thus  justify  amore  economical  mode 
of  treatment,  llevertheless,  it  must  be  considered  that,  especially 
upon  ground  having  a  transverse  fall,  an  embankment  formed  of  the 
London  clay  is  always  exposed  to  slip,  unless  it  should  have  been 
executed  in  some  such  manner  as  the  one  above  mentioned.  Broken 
stone  or  broken  chalk  may  be  used  instead  of  the  burnt  clay ;  but  the 
condition  to  be  aimed  at  in  the  application  of  those  materials  is  that 
they  should  be  perfectly  permeable,  and  that  the  water  they  may 
remove  should  have  a  free  outlet.  In  deep  cuttings,  the  experience  of 
the  Now  Cross  section  of  the  Brighton  line  proves  that  the  London 
clay,  as  it  exhibits  itself  there,  will  not  stand  with  slopes  of  less  than 
4  to  1 ,  even  when  a  good  system  of  superficial  drains  has  been  executed. 
In  no  case  will  the  stiff  blue  clays  stand  with  slopes  of  less  than  2  to  1, 
without  giving  rise  to  numerous  slips ;  and  those  accidents  can  hardly 
be  prevented,  unless  the  inclination  of  the  slopes  is  made  in  the  ratio 
of  3  to  1.  An  essential  precaution  to  be  taken  before  establishing  an 
embankment  of  clay  is  to  clear  its  seating  from  the  vegetable  mould 
which  might  be  originally  there,  and  to  provide  efficient  lateral  drains, 
in  order  to  prevent  any  land  waters  from  finding  their  way  under  the 
embankment.  In  order  to  prevent  lateral  displacement,  or  slipping  on 
the  bed,  on  sloping  ground,  it  is  frequently  the  case  that  toothings  are 
cut  in  the  natural  surface,  for  the  purpose  of  increasing  the  friction, 
and  thus  of  opposing  the  tendency  to  slip. 

The  earthwork  at  the  Uick  of  retaining  walls  is  frequently  so  much 
saturated  with  water  that  it  has  very  little  more  consistency  than  that 
fluid  itself  has ;  and  it  is  therefore  necessary,  in  order  to  resist  its 
tendency  to  slip,  to  calculate  the  strength  of  the  wall  upon  the  suppo- 
sition that  the  wall  is  intended  to  resist  the  pressure  of  a  semi-fiuid 
mass  denser  than  water.  In  many  places  near  London,  and  in  sea- 
ports upon  alluvial  deposits,  the  best  rule  seems  to  be  to  make  the 
thickness  of  the  walls  equal  on  the  average  to  half  their  height.  This 
rule  will  hold  good  with  most  deliquescent  ckys,  such  as  the  gault, 
Oxford  clay,  the  clays  of  the  carboniferous  series,  Ac. ;  all  of  these  are 
in  fact  as  much  exposed  to  slip  as  the  London  clays,  from  which  the 
previous  illustrations  have  been  principally  derived. 

SLIP,  Skip-Building.    The  slips  used  for  ship-bnildlng  are  inclined 


surfaces  (the  upper  ports  of  which  are  kept  constantly  above  the  water- 
line,  and  the  lower  parts  are  carried  to  the  requisite  depth  below  the 
water)  for  the  purposes  of  building  and  launching  the  hull,  cither  iuto 
tidal  or  constantly  deep  water.  They  may  be  pLiced  either  in  an 
inclined  direction  to  the  line  of  the  shore  or  normally  to  it,  accoriling 
to  the  width  of  the  piece  of  water  into  which  the  ship  is  to  be  launrlicl, 
to  the  set  of  the  currents,  or  to  the  exposure  of  the  situixtion ;  and  there 
must  always  be  a  clear  space  of  deep  water  beyond  the  lower  end  of  the 
slip,  equal  to  at  least  twice  the  length  of  the  vessels  to  be  built  on  it. 
In  most  government  ship-building  yards  several  slips  are  grouped 
together,  in  which  case  they  must  be  separated  by  level  platfomu  of 
sutiicient  width  to  allow  the  carpenters  to  prepare  the  timber  required 
for  the  framing,  or  by  platforms  of  60  to  100  feet  in  width,  inasmuch 
as  from  30  to  SO  feet  are  required  on  each  side  of  a  ship  for  this  pur- 
pose. Wherever  it  is  possible  so  to  place  a  series  of  slips,  they  should 
be  so  arranged  as  to  ensure  an  equal  degree  of  light  and  heat  to  the 
sides  of  the  shiiw  built  upon  them;  for,  on  account  of  the  length  of 
time  a  ship  is  usually  upon  the  stocks,  the  materials,  which  might 
happen  to  be  exposed  to  a  considerable  excess  of  either  of  those  actions, 
would  be  likely  to  have  marked  differences  in  their  specific  gravities  st 
the  period  of  launching ;  or,  in  other  words,  the  weights  of  the  tiro 
sides  of  the  ship  might  be  very  different*  The  depths  of  water  it  has 
been  fovmd  advisable  to  secure  over  the  extremity  of  the  slips  at  the 
moment  of  lauuching  a  vessel  are  considered  to  be  as  follows : — 

For  a  first  rate  tUree-decker .       .       .  18  ft.  0  in. 

For  a  two-decker 14  ft.  9  in. 

For  a  frigate 10  ft.  6  m. 

For  a  corvette  or  small  craft    .        .    .  8  ft.  3  in. 

But  in  all  cases  it  is  assumed  that  the  hulls  are  launched  "  Vght"  The 
depths,  moreover,  are  calcuUited  by  measuring  fi-om  the  under  side  of 
the  keels ;  and  as  the  latter  are  usually  placed  in  a  groove  of  ubout 
8  feet  wide  by  16  or  18  inches  deep,  in  the  centre  of  the  slip,  it  is  onlj 
upon  the  line  of  this  groove  that  the  above-mentioned  depths  an 
indispensable. 

The  sides  of  a  building-slip,  respectively  on  the  right  and  left  of  the 
groove  for  the  keel,  must  in  all  cases  be  precisely  similar;  and,  wherever 
possible,  they  should  be  made  rectilineal  in  their  transverse  section. 
The  longitudinal  section  should  also  be  rectilineal ;  and  it  would  appear 
that  the  angle  of  inclination  should  vary  with  the  weight  of  the  vessel 
upon  the  stocks  :  thus,  for  three-deckers,  an  inclination  of  ^  is  neces- 
sary, whereas,  for  frigates,  an  inclination  of  ^,  or  even  of  ^,  would 
suffice.  Very  small  craft— such  as  sloops,  yachts,  &a — are  most  con- 
veniently launched,  however,  from  slips  having  very  steep  inolinations. 
It  is  usual  to  make  the  lower  immersed  ends  of  the  slips  for  the 
construction  of  large  vessels  about  ISO  or  160  feet  long  beyond  the 
end  of  the  portion  devoted  to  the  stocks  and  hull,  the  latter  portion 
being  at  the  present  day  mode  about  300  feet  long ;  so  that  a  building- 
slip  for  a  large  man-of-war  is  now  usually  from  450  to  500  feet  long  at 
a  maximum.  The  width  of  the  sides  of  the  slips,  measured  trans- 
versely to  the  line  of  the  keels,  should  never  be  less  than  from 
one-third  to  one-half  of  the  maximum  breadth  of  the  vessels  to  be 
built  upon  them,  and  in  practice  it  seems  to  range  between  22  and  33 
feet.  The  platforms  on  which  the  timber  is  worked  by  the  sides  of 
these  planes  are  raised  above  theur  level ;  but  in  so  doing  it  is  essential 
to  observe — 1,  tli.it  any  rain-water  falling  upon  them  muift  be  carried 
away  from  the  Blip  ;  2,  that  no  interference  must  be  allowed  with  the 
free  circulation  of  air  round  the  hull ;  3,  that  the  shores,  either  fur 
building  or  for  launching,  should  have  a  sufficient  width  of  base ;  and 
4,  that  the  vessel,  in  leaving  the  ways,  should  have  sufficient  spice  to 
be  able  to  sway  freely  within  moderate  limits. 

The  majority  of  the  building-slips  in  English  dockyards  are  at  the 
pre.ient  day  covered,  at  least  in  the  length  occupied  by  the  vessels  onli- 
uarily  built  on  them.  Of  course  the  dimenaions,  in  length,  breadth, 
and  height,  of  such  structures  must  be  regulated  by  the  dimensions  of 
the  vessels  themselves;  and  as  naval  architecture  appears  at  the  present 
day  to  be  in  course  of  change  in  all  these  respects,  it  may  be  dangeroni 
to  pretend  even  to  state  any  general  laws  on  the  subject.  It  may 
suffice,  then,  to  mention  that,  lor  the  old  class  of  120-gun  ships,  the 
roofs  over  the  slips  were  usually  made  about  300  feet  long  by  110  feet 
clear  span  between  the  points  of  support,  and  the  ridge  was  usually 
kept  at  about  120  feet  above  the  depression  for  the  keel ;  the  franimg 
of  the  roof  must  be  kept  about  6  feet,  at  least,  above  the  lofti«t 
portion  of  the  vessel ;  and  the  opening  at  the  end,  through  which  she 
lias  to  be  launched,  must  have  at  least  the  same  amount  of  clear  sp.^^ 
in  all  directions ;  the  side  supports  of  the  roof  must  be  placed  at  sudi 
distances  apart  as  to  allow  the  framing  which  may  be  put  together  on 
the  side  platforms  to  be  set  on  end  before  being  carried  to  their  dehuit* 
positions,  and  in  some  of  the  best  slips  they  are  placed  at  intervals  " 
from  30  to  40  feet.  In  fact,  the  conditions  to  be  attained  by  f"*/""'! 
erected  over  building-slips  are,  that  the  work  and  the  workmen  sho'"" 
be  at  all  times  protected  from  the  inclemencies  of  the  wither,  whi'' 
there  must  be  an  efficient  ventilation  and  a  good  distribution  of  h,^lit, 
together  vrith  facilities  for  the  transport  and  hoisting  of  the  materia  s. 
The  use  of  iron  for  ship-building  will  no  doubt  greatly  modify  «'« 
details  to  be  adopted  in  all  these  matters;  but  the  princiiJes  .l_ 
effectually  protecting  the  whole  structure,  and  of  admitting  the  unui* 
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turbed  execution  of  the  Tarions  manipulations,  must  remiun  unchange- 
able. It  would  seem,  indeed,  that  iron  ships  required  to  be  protected 
from  the  efibcta  of  the  atmosphere  during  their  construction  even  more 
carefully  than  wooden  ones  ;  and  "  the  fleet  of  the  future"  may  tax  the 
skill  of  our  oonstruotors  to  cover  their  hulls  whilst  on  the  slips  even 
more  than  the  old  liners  have  done.  Amongst  the  most  important  and 
the  moet  successful  covered  building-elips,  those  erected  at  Woolwich 
and  Deptford  may  be  specially  cited. 

Some  years  since.  Captain  Morton  patented  what  he  called  "the 
patent  slip,"  for  the  purpose  of  hauling  vessels  on  shore  in  positions 
and  under  circumstances  wherein  it  was  requisite  to  examine  and 
repair  their  bottoms,  and  wherein  it  was  either  impossible  or  inex- 
pedient to  take  the  vessels  into  graving-docks.  This  slip  consisted  of 
the  usual  inclined  way  passing  down  under  the  high-water  line.  Upon 
this  way,  a  platform  on  rollers,  with  proper  stops,  ratchets,  and  brakes, 
bearing  also  iron  cradles  adapted  to  receive  the  ship's  sides,  was  made 
tu  work,  by  means  of  a  steam-engine,  in  such  a  manner  as  to  allow 
the  platform  to  pass  under  the  ship  at  high-water.  The  ship  subsided 
into  the  cradles  with  the  falling  tide ;  and  being  then  carefully  wedged 
into  them,  it  was  hauled  up  upon  dry  land  to  be  treated  as  required. 
Slips  of  this  description  have  been  found  to  answer  remarkably  well  for 
ves.sels  of  less  than  400  or  500  tons  burden ;  beyond  those  dimensions, 
the  weight  of  the  hulls  becomes  too  great  to  be  economically  dealt 
with  in  this  manner,  and  it  becomes  necessary  either  to  resort  to  the 
use  of  the  hydrostatic  or  floating  docks,  or  to  take  the  vessel  into  a 
graving-dock,  if  it  should  require  repairs.  Morton's  slips  are  to  be 
found  at  most  of  the  second-rate  ports  on  our  coast,  and  they  are  of 
extreme  utility  for  our  coasting-trade. 

The  most  important  consideration  with  respect  to  the  construction 
of  building-slips  ia,  that  the  floor  should  remain  rigid  under  any  possible 
load  brought  upon  it;  for  any  inequality  in  the  rate  of  settlement 
would  not  only  increase  the  difficulty  of  launching,  but  it  might  very 
possibly  produce  a  deformation  of  the  lines  of  the  vessel  As  ship- 
building almost  necessarily  takes  place  on  the  sea-shore,  or  on  the 
banks  of  rivers  flowing  over  alluvial  deposits,  there  are  very  few 
occasions  in  which  the  natural  foundations  are  sufficiently  resisting ; 
and  it  therefore  becomes  necessary  to  resort  to  the  use  of  artificial 
foundations  of  some  of  the  descriptions  already  mentioned.  It  is 
under  the  line  of  the  keel  that  the  greatest  strain  occurs,  and  that 
portion  of  the  foundations  must  be  treated  with  the  greatest 
attention. 

SLUICES.  A  contrivance  used  in  hydraulic  engineering  for  the 
purpose  of  closing,  or  pf  r^ulating  the  passage  of  water  from  one 
level  to  another,  is  properly  speaking  called  a  iluice,  although  occa- 
sionally when  the  door  itself  is  upon  hinges,  or  is  made  to  work  by 
machinery,  the  closing  door  is  called  a  vane,  or  a  valve,  and  the  leading 
passage  only  is  called  the  sluice.  By  extension,  the  word  iluicing  has  also 
been  applied  to  the  ojwration  of  allowing  a  large  body  of  water  to 
escape  through  a  sluice  with  great  velocity,  for  the  purpose  of 
removing  the  light  alluvial  matters  which  may  accumulate  in  the 
outer  harbours  of  a  sea-port,  or  in  any  analogous  position.  Properly 
speaking  a  lock-gate  is  a  species  of  sluice ;  but  the  usages  to  which 
tliat  class  of  machinery  is  applied  are  of  so  great  importance  as  to  have 
rendered  it  advisable  to  treat  of  its  construction  and  details  under  the 
head  of  Cakax,. 

As  was  said  under  that  article,  the  discharge  through  a  sluice  of  the 
ordinary  form,  (that  is  to  say,  of  a  rectangular  section,  and  without  any 
provision  for  the  effect  of  the  contraction  of  the  fluid  vein,)  is  usually 

calculatedby  the  formula 4= mBt''^B,  in  which  i»»a  coefficient  of 
0*625,  when  only  one  sluice  is  used,  and  of  0'548,  when  two  sluices  are 
used  and  their  streams  con  meet  within  a  short  distance  of  their  points 
of  outlet.  This  formula,  it  must  also  be  added,  only  applies  when  the 
sluice  discharges  into  the  open  sir,  and  there  ia  no  head  of  water  on  the 


down  side,  and  it  becomes  Q=nisV^i/  (H— H')when  there  is  such  a 
head ;  H  representing  the  depth  of  water  on  the  up  side,  and  h'  the 
depth  on  the  down  side ;  in  both  formulis  s  represents  the  area,  and  g, 
the  accelerating  force  of  gravity.  By  forming  the  commencement  of 
the  sluice  in  the  manner  described  by  Venturi  in  his  remarks  on  the 
efiect  of  ajutage*,  the  discharge  of  single  sluices  may  be  increased  to 
such  an  extent  as  to  moke  the  value  of  t»=0'984;  but  unless  the 
mouth  of  the  sluice  be  executed  in  ashlar  masonry,  or  in  cast  inm,  it 
would  be  difficult  to  efiect  this  improvement ;  and  in  practice  it  is 
rarely  attempted.  Canal  sluices,  or  sluices  for  the  irrigation  or 
drainage  of  land,  rarely  work  imder  great  heads  of  water,  aud  they  do 
not  therefore  require  any  very  extraordinary  precautions  in  the  con- 
struction of  their  channels,  or  of  their  machinery ;  but  in  the  sluices 
used  for  scouring  harbours,  and  occasionally  in  those  used  for  drawing 
off  the  water  for  town  supplies,  the  velocity  of  efflux  renders  it 
necessary  to  build  some  portions  with  particular  core.  For  instance, 
it  is  by  no  means  rare  to  meet  with  scouring-sluices  working  with  a 
head  of  water  equal  to  16  or  18  feet,  and  the  variable  head  usually 
allowed  upon  the  outlet  of  town  reservoirs  is  equal  to  14  feet;  under 
these  circumstances  the  water  rushes  out  with  such  force  as  to  be  able 
to  tear  up  the  surfaces  it  comes  immediately  in  contact  with,  and  it  is 
therefore  indispensable  that  the  toil  walls  of  open  sluices,  or  the 
amterials  of  closed  ones,  should  be  of  the  most  resisting  character. 
The  apron  at  the  tail  end,  and  the  leading  passage  of  theuuice  up  to 


the  valves,  are  in  almost  all  oases  executed  either  in  solid  masonry, 
or  in  iron  pipes,  to  which  the  framework  of  the  valves  is  fixed. 

In  small  land  sluices,  discharging  water  into  tidal  rivers,  the  outlets 
are  frequently  closed  by  flaps  hung  in  such  a  manner  as  to  open  when 
the  head  of  water  on  the  inside  exceeds  that  upon  the  outside,  but  to 
close  directly  the  outside  head  preponderates.  These  flaps,  however, 
ore  easily  liable  to  derangement  by  the  interposition  of  extraneous 
bodies  ;  and  they  are  not  therefore  used  when  it  is  important  to  shut 
out  external  waters  under  all  circumstances.  In  the  latter  cases  valves 
working  in  close  grooves,  and  raised  by  machinery  worked  by  hand,  or 
self-acting,  must  be  resorted  to ;  and  if  the  area  of  the  water-way 
should  be  large — as  in  the  case  of  scouring-sluices — doors  must  also 
be  employed.  Valves,  in  fact,  are  the  most  suited  for  closed  channels, 
or  aqueducts ;  turning  doors  for  large  areas  of  water :  the  former 
description  of  machinery  is  well  illustrated  in  the  various  works 
mentioned  under  Water  Supply  ;  and  the  latter,  in  Sganzln's  '  Cours 
de  Construction,'  and  Minord's  '  Travaux  Hydrauliques  des  Ports  de 
Mer.' 

The  question  as  to  the  advantages  of  scouring-sluices  for  the  pur- 
pose of  removing  accumulations  in  harbours,  is  one  upon  which 
opinions  are  much  divided :  for  although  when  the  water  from  the 
scouring  reservoirs  is  allowed  to  escape  with  considerable  velpcity,  it  is 
able  to  act  very  energetically  upon  Oie  materials  it  may  meet  in  the 
confined  part  of  the  channel ;  yet  directly  the  stream  passes  the  heads 
of  the  jetties  it  must  lose  its  velocity,  and  consequently  its  transport- 
ing power.  Unless,  therefore,  there  should  exist  a  littoral  current 
able  to  carry  forward  the  matters  scoured  out  from  the  inner  harbour, 
a  bar  must  eventually  be  formed  in  the  zone  of  still  water  caused  by 
the  interferences  of  the  respective  forces  of  the  sluice-waters  and  of 
the  tides.  At  the  present  day,  the  tendency  of  modem  engineering  is 
to  abandon  the  use  of  scouring-sluices,  and  to  tmst  entirely  to  dredging 
for  the  removal  of  the  alluvial  matters  carried  into  the  ports  exposed 
to  that  inconvenience.  But  as  there  are  many  occasions  in  which  it 
might  still  be  advantageous  to  resort  to  the  use  of  sluices,  it  may  be  as 
well  to  add  that  the  principles  to  be  observed  in  their  construction 
ore : — 1st.  To  moke  the  impounding  reservoirs  of  such  forms  as  to 
insure  the  prompt  discharge  of  the  whole  quantity  of  water  they  may 
contain,  for  which  purpose  a  semicircular  basin,  with  the  outlet  upon 
the  centre  of  the  chord  line,  is  the  most  advantageous ;  2ad.  To  make 
the  outlets  as  large  as  possible,  and  to  continue  the  outfall  channel  as 
far  as  may  be  necessary  to  conduct  the  stream,  with  its  full  force, 
against  the  obstacle  to  be  removed ;  and  Srd.  To  place  the  outlet  of 
the  sluices  as  near  to  the  head  of  the  jetties  as  may  be.  The  scouring- 
sluices  of  Dover,  Calais,  Dunkirk,  Ostend,  and  the  great  sluices  of 
Catwyck,  through  which  the  waters  of  the  old  Rhine  are  dis- 
charged into  the  German  Ocean,  are  perhaps  the  most  remarkable 
works  of  their  several  descriptions  in  existence.  The  reader  will  find 
much  infonnation  on  this  subject,  as  also  upon  the  construction  of 
sluices,  sluice-gates,  valves,  lus.,  in  Wiebeking,  '  Allgemeine  Wosser- 
baukunst ; '  Rennie, '  On  Harbours ; '  in  Weale's  '  Quarterly  Papers  on 
Architecture ; '  Sim's '  Public  Works  of  Great  Britain ; '  D'Aubuiseon's 
'  HydrauUque,'  &c. 

SLUK,  in  Music,  a  curved  line  (-- --)  more  or  less  extended,  as 

may  be  required,  drawn  over  two  or  many  notes.  If  placed  over  two 
notes  on  the  same  line  or  space,  it  signifies  that  the  second  is  not  to  be 
repeated,  though  to  be  held  out  its  due  time.  When  drawn  over  notes 
on  different  degrees,  it  signifies  that  they  are  to  be  ^ato„that  is,  tied 
— played  in  a  smooth  blending  manner.  This  character  is  sometimes 
called  a  iiW,  and  also  a  tie. 

SMALL-POX  ( Vai-wia).  It  is  a  subject  of  dispute  whether  this 
disease  was  known  to  the  ancients,  or  whether  it  has  originated  at  a 
comparatively  recent  date.  Those  who  contend  for  its  antiquity  refer 
us  to  the  account  of  the  plague  of  Atiiens  by  Thucvdides  (ja.  46,  jtc) 
which,  they  say,  is  as  accurate  a  description  of  the  leading  symptoms 
of  variola  as  could  possibly  be  expected  from  any  historian  who  is  not 
a  physician.  Those  who  hold  the  opposite  opinion  call  in  etymology 
to  their  aid ;  the  word  pock  or  pox,  Uiey  say,  is  of  Saxon  origin,  and 
signifies  a  bog  or  pouch ;  the  epithet  BtnaU  in  England,  and  petite  in 
France,  were  added  in  the  16th  century.  The  term  variola  is  derived 
from  the  Latin  word  vanu,  a  pimple,  or  variut,  spotted ;  and,  according 
to  Moore,  the  first  authentic  passage  in  which  it  occurs  is  to  be  found  in 
the  '  Bertinian  Chronicle'  of  the  date  961.  The  fii-st  author,  however,  who 
treats  expressly  of  small-pox  is  Rhazes,  an  Arabian  physician  [Rhazes, 
in  Bios.  Dit.J  but  even  he  confounded  it  with  measles,  and  these 
two  diseases  continued  to  be  cooaidered  as  modifications  of  the  same 
disorder  till  the  time  of  Sydenham.  Small-pox,  when  it  occurs  naturally, 
is  preceded  by  the  usual  premonitory  symptoms  of  eruptive  fevers, 
such  as  rigors,  pains  in  the  back  and  loins,  prostration  of  strength,  loss 
of  appetite,  nausea,  and  sometimes  vomiting,  and,  in  young  children, 
frequently  convulsions.  About  forty-eight  hours  after  the  commence- 
ment of  these  symptoms  an  eruption  of  small,  hard,  red-coloured 
pimples  makes  its  appearance  about  the  face  and  neck,  and  gradually 
extends  downwards  over  the  trunk  and  extremities.  The  primary  fever, 
as  it  is  called,  now  lessens;  but  the  pimples  increase  in  size,  and 
become  converted  into  whey-coloured  pustules  with  a  depression  in 
their  centre.  On  the  eighth  day  they  are  at  their  height,  aiid  on  the 
eleventh  the  matter  oozes  from  them  and  concretes  into  crusts,  which 
fall  off  about  the  fourteenth  day,  leaving  the  skinof  a  biowui^-red 
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colour,  and  studded  with  slight  depressions  or  pita.  As  the  eruption 
travels  from  above  downwards,  Uie  parts  of  the  body  successively 
attacked  by  it  become  affected  with  swelling,  the  mouth  waters,  and 
the  voice  is  hoarse;  when  the  incrustation  has  taken  place,  these 
symptoms  subside,  but  a  secondary  fever  commences,  which  is  some- 
times more  severe  than  that  which  preceded  the  outbreak  of  the 
eruption.  Smallpox,  according  to  its  severity,  is  distinguished  by 
authors  into  two  varieties,  the  dis'inct  and  the  confluent,  variola  ditertta 
and  conjluent.  In  the  former,  the  pustules  are  few  in  number,  well 
formed,  and  do  not  touch  each  other,  and  the  fever  is  inflammatory, 
but  mild ;  in  the  latter,  the  disease  altogether  is  more  violent,  the 
eruption  more  general,  and  the  pustules,  small  and  unhealthy,  run  one 
into  another.  The  fever  likewise  is  greater,  and  rather  of  the  typhoid 
character,  is  not  mitigated  on  the  appearance  of  the  eruption,  and  is 
much  aggravated  at  its  termination ;  there  is  delirium,  considerable 
prostration  of  the  vital  powers,  ptyalism,  inflammation  of  the  fauces, 
and  frequentiy  diarrhcea.  Petechia!  and  an  unhealthy  exudation  fi«m 
the  body  often  accompany  this  form  of  the  disease.  Among  the 
mucous  mpmbranes,  the  larynx  and  trachea  suffer  much,  and  children 
often  die  of  sufibcation  from  this  cause ;  the  extent  of  mucous  and  of 
cutaneous  inflammation,  however,  are  not  always  necessarily  propor- 
tioned to  each  other.  Small-pox  rarely  attacks  the  same  incUvidual 
more  than  once,  and,  like  measles  and  scarlatina,  its  consequences  are 
sometimes  more  to  be  dreaded  than  the  disease  itself.  During  the 
secondary  fever,  an  intense  form  of  ophthalmia  frequently  sets  in, 
which  rapidly  involves  all  the  structures  of  the  eye,  and  in  the  course 
of  a  few  days  destroys  its  entire  orgam'sation.  Although  it  is  not 
common  to  have  both  eyes  thus  affected,  still  a  large  proportion  of  the 
blind  at  our  public  institutions  owe  their  misfortune  to  this  disease. 
Pleurisy,  consumption,  scrofula,  obstinate  diarrhcea,  and  a  fetid  dis- 
charg:e  from  the  ears  attended  with  more  or  less  deafness,  are  the 
principal  diseases  liable  to  result  from  a  severe  attack  of  small-pox. 
The  immediate  cause  of  this  disease  is  a  peculiar  miasm  or  poison 
received  into  the  system  from  an  individual  labouring  under  the  same 
affection,  and  it  is  said  to  make  its  appearance  in  from  twelve  to  four- 
teen days  after  exposure  to  the  contagion ;  when,  however,  it  is  com- 
municated by  inoculation,  it  appe.irs  on  the  seventh  or  eighth  day. 
Instances  are  recorded  of  motbeia  who  were  exposed  to  the  infection 
of  small-pox,  communicating  the  disease  to  the  Kctus  in  utero,  without 
being  themselves  affected  by  it;  and,  what  is  equally  remarkable, 
women  suffering  from  small-pox  during  pregnancy,  have  brought  forth 
healthy  children,  who  did  not  take  the  disease  till  they  were  inoculated. 
Small-pox  is  frequently  epidemic,  especially  in  the  spring,  and,  like  all 
other  epidemics,  those  who  are  first  attacked  by  it  suffer  the  most 
severely :  it  is  observed  also  to  be  greatly  influenced  by  certain  con- 
ditions of  the  atmosphere. 

Small-pox  can  be  communicated  by  inoculation  with  the  matter  of 
its  pustules,  and  the  resulting  disease  being  rendered  milder  by  this 
operation,  it  was  formerly  much  practised  to  guard  the  individual  against 
a  spontaneous  attack ;  since,  however,  the  introduction  of  vaccination 
by  Dr.  Jenner,  the  practice  has  been  deservedly  abandoned.  Vaccination 
was  supposed  by  its  discoverer  to  secure  the  individual  permonentiy 
and  effectually  from  the  contagion  of  the  small-pox;  more  extended 
experience  has  proved,  that  although  it  does  not  idways  prevent  it, 
yet  it  so  shortens  its  duration  and  moderates  its  violence,  that  a 
death  from  small-pox  after  vaccination  is  a  rare  occurrence.  A  dif- 
ference of  opinion  prevails  respecting  the  character  of  the  eruption 
which  occasionally  appears  after  exposure  to  variolous  infection  in 
persons  previously  vaccinated.  Acconling  to  many,  it  is  nothing  more 
than  chicken-pox;  while  others  affirm  that  it  is  really  small-pox, 
although  modified  by  the  controlling  influence  of  the  cow-pox.  The 
truth  appears  to  be,  that  "mo£fied  smidl-poz"  resembles  the 
chicken-pox  in  its  mildness  and  duration,  but  differs  from  it  in  its 
originating  from  the  "  variolous  germ,"  and  in  its  power  of  commu- 
nicating the  true  small-pox  to  others,  as  well  by  inoculation  as  by 
infection. 

The  history  of  the  different  epidemics  of  sroall-pox  shows  the  mor- 
tality to  be  one  in  four  of  those  attacked  who  had  not  been  vaccinated ; 
whilst  of  those  who  had  undergone  vaccination  tiie  proportion  was 
not  one  in  460.  From  the  register  kept  at  the  Small-Pox  Hospital  in 
London,  it  appears  that  the  mortality  at  this  institution  is  consider- 
ably greater  than  one  in  four,  having  averaged  during  the  last  fifty 
years  30  per  cent,  the  extremes  being  18  and  41.  From  the  same 
source  we  learn  that  the  greatest  number  of  desiths  occurs  on  the 
eighth  day.  Of  168  fatal  cases,  there  died  in  the  first  week  32  ;  in  the 
second,  99 ;  in  the  third,  21  ;  and  in  the  fourth  and  after,  16.  The 
causes  of  death  at  these  different  periods  are  the  following  :— 1st  week, 
malignant  fever ;  2nd  week,  affections  of  the  throat,  and  consequent 
suffocation  ;  .3rd  week,  or  during  the  secondary  fever,  febrile  excite- 
ment, mortification  of  large  portions  of  the  integuments,  pneumonia, 
pleurisy,  or  laryngitis;  4Q»,  and  following  weel^,  exhaustion,  erysi- 
pelas, or  some  of  the  diseases  before  enumerated  as  liable  to  result 
from  small  pox.  It  was  formerly  supposed  that  the  eruption  of  variola 
was  not  confined  to  the  skin,  but  invaded  also  the  internal  parts ;  this 
is  not  the  case,  the  internal  affections  are  simply  inflammatory,  and  do 
not  partake  of  the  specific  charjicter  of  the  cutaneous  disease. 

.No  peculiar  plan  of  treatment  is  required  for  small-pox ;  it  is  that 
of  ordinary  feyer:   cleanliness,  free  ventilation,  an  attention  to  the 


strength  of  the  patient,  and  a  watchfulness  agiunst  accidental  compli- 
cations, are  the  principal  points  to  be  kept  in  view.  During  the 
eruptive  stage  of  the  disorder,  the  bowels  ^ould  be  kept  moderately 
open  by  saline  aperients,  and  the  occasional  exhibition  of  a  mild  mer- 
curial. The  temperature  of  the  skin  may  be  regulated  by  cool  air,  or 
by  sponging  it  with  tepid  vinegar  and  water ;  if  there  should  be  much 
unpleasant  efifluvium  from  the  surface  of  the  body,  washing  it  with  a 
■waik  solution  of  one  of  the  chlorides  will  be  found  to  correct  this.  It 
has  been  recommended  by  some  writers,  and  has  been  long  a  practice 
in  Eastern  countries,  to  pierce  the  pustules  with  a  fine  needle ;  this 
procedure,  it  is  said,  lessens  the  violence  of  the  secondary  fever,  and 
prevents  pitting.  M.  Series,  with  the  same  object,  directs  the  impli- 
cation of  lunar  caustic  to  the  pustules  on  the  fourth  day.  As  a  general 
rule,  we  should  say  that  venesection  is  not  admissible  at  any  period  of 
small-pox ;  indeed  we  have  no  hesitation  in  affirming  that  some  of  the 
severest  consequences  of  the  disease  may  be  averted  by  a  judicious 
employment  of  measures  of  an  opposite  tendency  to  blood-letting. 
The  sloughing  of  the  integuments,  and  the  intense  ophthalmia,  rapidly 
terminating  in  entire  loss  of  vision,  are  eminentiy  connected  with  an 
enfeebled  and  cachectic  state  of  body ;  and  the  best  mode  of  averting 
these  evils  is  to  have  recourse  early  to  those  remedies  which  are  most 
efficacious  in  arresting  their  progress.  Hence  quinine,  combined  with 
the  mineral  acids,  sarsaparilla,  wine,  brandy,  if  the  powers  are  much 
reduced,  and  animal  food,  if  the  patient  can  eat  it,  must  be  pene- 
veringly  administered.  It  may  not  be  out  of  place  here  to  mention 
that  the  character  of  the  ophthalmia  termed  rariuloiu  has  only  Litely 
been  pointed  out  to  the  profession  by  Mr.  Marson  of  the  Small-Pox 
HospitaL  It  had  been  supposed  that  the  eye  was  lost  in  small-pox 
from  one  or  more  of  the  pustules  of  this  disease  forming  on  the  cornea. 
Mr.  Marson  has  shown  not  only  that  this  never  takes  place,  but  that  the 
loss  of  vision  is  attributable  to  ulceration  or  sloughing  of  the  cornea, 
which  comes  on  generally  about  the  eleventh  or  twelfth  day  of  the 
disease.  The  patient  is  nearly  always  in  a  state  of  great  debility,  and 
requires  tonic  medicines  and  nutritious  diet  to  give  him  a  chance  of 
escaping  from  the  destructive  effects  of  this  ophthalmia.  - 

SMALT.  A  silicate  of  potash  coloured  by  means  of  oxide  of  cobalt 
in  various  shades  of  blue,  which  being  reduced  to  powder  is  used  in 
painting  and  varnishing  porcelain  and  earthenware,  for  imjnrting  a 
blue  colour  to  glass,  and  in  various  other  applications  in  the  useful 
arts.  The  manu&cture,  which  is  a  curious  one,  is  minutely  described 
by  Mr.  Tomlinson,  in  a  paper  read  before  the  Society  of  Arts,  London, 
and  inserted  in  the  '  Pharmaceutical  Journal'  for  April,  1851.  The 
materials  are  carefully  prepared,  and  are  melted  in  pots  in  the  glass 
furnace,  with  occasionid  stirring.  The  combination  of  the  materials 
by  melting  or  smelting  gives  the  origin  of  the  word  smalt  from  the 
Oerman,  tchmehen,  "  to  melt,"  or  the  substantive  ichmcU,  which  means 
"  enamel."     Smalt  or  smalts  is  called  also  tchmdz  or  schmaU-blau. 

When  the  glass  attaches  itself  to  the  workman's  rod,  and  can  be 
drawn  out  into  threads,  it  is  ready  for  pouring.  The  glasa  gall  or 
sandiver  is  skimmed  off,  and  the  several  metallic  impurities  of  the 
cobalt  subside ;  the  latter  being  afterwards  separated,  form  an  article 
which  is  known  in  commerce  by  the  name  of  tpeim.  It  is  variable  in 
its  composition ;  but  may  contain  cobalt,  nickel,  iron,  arsenic,  bismuth, 
and  silver.  The  blue  glass  is  taken  out  of  the  glass  pots  in  iron  ladles, 
and  poured  into  water  in  order  that  it  may  be  readily  pulverised. 
After  this  it  is  crushed  at  a  stamping  mill,  sifted  to  the  size  of 
ordinary  sand,  and  then  ground  in  a  mill  between  horizontal  granite 
stones  for  from  four  to  six  hours.  The  powder  thus  produced  is  trans- 
ferred to  large  vats  of  water,  and  in  a  few  minutes  a  separation  of 
particles  takes  place,  the  heaviest,  or  those  richest  in  cobalt  form  a 
deposit,  which  constitutes  one  of  the  commercial  varieties  ot  smalt, 
known  as  azarc,  coarte  blue,  or  ttreu  Mau.  The  number  of  minutes 
required  to  form  this  deposit  varies  with  the  season,  it  being  some- 
what longer  in  winter,  when  the  water  is  colder  and  denser  than  in 
summer.  The  water  above  the  deposit,  holding  finer  particles,  is 
drawn  off  into  other  vats  and  allowed  to  subside  for  a  time,  varying 
from  three-quarters  of  an  hour  to  an  hour  and  a  half,  according  to  tho 
quality  of  powder  required.  The  term  farbe  or  "  colour"  is  applied  to 
these  deposits.  The  water  is  again  drawn  off  into  reservoirs  and 
allowed  to  remain  for  an  indefinite  length  of  time,  the  deposit  being 
known  by  the  name  of  achel  or  "  blue  sand." 

The  colours  thus  obtained  are  all  again  subjected  to  the  action  of 
water — vxuhing  over  or  clutriatiim,  as  it  is  called, — before  they  are  fit 
for  the  market.  "  Each  deposit  is  agitated  in  tubs  abundantiy  sup- 
plied with  water,  and  is  then  left  to  subside  for  a  length  of  time,  which 
experience  has  taught  will  produce  the  particular  variety  required. 
During  the  subsidence,  any  floating  impurities  are  separated  by  means 
of  a  fine  horse-hair  sieve.  The  water  is  then  carefully  decanted  o9 
into  another  vessel ;  the  deposit  just  formed  is  treated  with  fresh 
water  if  necessary ;  and  all  these  waters  in  their  turn,  on  being  drawn 
off,  deposit  different  varieties  of  smalt,  either  in  the  form  of  brbe  or 
escheL"  The  various  precipitates  being  taken  out  of  the  vats  and 
drained  are  placed  on  shelves  in  a  warm  room  or  they  are  dried  spon- 
taneously in  an  airy  loft.  The  hard  masses  thus  formed  are  crmJiod 
and  sifted,  placed  in  a  hot  room  with  occasional  stirring,  and  when 
dry  are  taken  to  a  room  in  which  are  arranged  a  number  of  squarts 
containing  tho  different  shades  of  smalt  with  their  numbers.  The 
sorting  is  followed  by  a  final  sifting,  and  the  smalt  is  packed  in  small 
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casks  of  half  a  hundred  weight  each.  The  powder  is  moistened  with 
a  little  water  to  prevent  waste,  and  the  cask  is  marked  with  the  name 
of  the  shade. 

It  may  be'  remarked  that  artificial  ultramarine  [ULTRAliABinE] 
has  superseded  some  of  the  uses  for  which  smalt  was  formerly  in  large 
demand. 

SHELLIKQ  SALTS.    [Auuohia.] 

SMELTING.  The  processes  of  smelting,  or  extracting  metals  from 
their  ores,  are  described  under  the  names  of  the  prindpat  metals,  such 
as  Copper  ;  Lkui  ;  Metals  ;  Iron  ;  &c. 

SMILACIN.  (C„H,,0,  or  C„H.,0,).  SaUeparin.  Pareglia.  A 
peculiar  principle  found  in  sarsapuilla  (SmUax  SanapariUa).  It  exists 
in  the  form  of  colourless  needles,  is  inodorous,  very  soluble  in  water 
and  in  alcohol,  when  boiling,  but  less  so  when  cold.  It  dissolves  in 
ether  and  volatile  oils ;  the  &ed  oils  dissolve  it  sparingly. 

Smilacin  dissolves  in  weak  acids  and  alkaline  solutions,  and  separates 
from  them  unaltered  when  they  are  neutralised.  Nitric  add  partly 
decomposes  it.  Sulphuric  add  colours  it  first  deep  red,  then  violet, 
and  afterwards  yellow ;  water  predpitatee  it  unaltered. 

SMILAX,  Medical  Propartia  of.  Though,  according  to  Dr.  Hancock, 
but  one  species  of  this  rather  extensive  genus  yields  the  genuine  sarsa- 
parilla,  it  is  quite  certain  that  the  roote  of  many  are  collected,  and 
pass  under  that  name  in  commerce.  Most  spedes  of  smilax  are  pro- 
vided with  spines,  which  has  given  origin  to  the  first  half  of  the  name 
in  the  Spanish  languMe,  tarza,  a  bramble,  and  parilla,  a  vine,  from  its 
climbing  or  tumingbabit,  Sorza  has  been  adopted  as  the  familiar 
name  in  the '  London  Pharmacopoeia,'  which  indicates  S.  officinalit 
(Humbt., '  Nova  Genera  et  Species,'  i)  as  the  source  of  the  officinal 
artide.  This  view  is  ably  maintained  by  Dr.  Berthold  Seemann  in 
the  '  Botany  of  the  Voyage  of  H.M.S.  Herald,'  London,  1862-57.  The 
different  kinds  of  sarsaparilla  are  better  known  by  the  coune  they 
follow  in  their  progress  towards  European  consumption,  than  by  their 
botanical  history.  In  describing  them  it  seems  best  therefore  to  adopt 
their  commercial  names. 

1.  Jamaica,  or  Red,  SartapariUa. — This  occurs  in  bundles  formed  of 
the  root  alone,  folded  in  a  roundish  mass,  about  a  foot  or  more  in 
length,  and  four  or  five  inches  broad.  Each  bundle  ia  formed  by  the 
roots  and  rootlets  (fibrillse,  or  beards,  as  they  are  technically  termed), 
without  any  portion  of  the  rhizoma  (or  chimip)  or  of  tlie  aerial  stem. 
The  roots  are  long,  slender,  about  the  thickness  of  a  small  quill,  with  a 
dark-brown  furrowed  or  wrinkled  bark.  The  bark  is  thick,  easily 
separable  from  the  ligneous  part  beneath.  The  ligneous  part  is  of  a 
light  red,  which  assumes  a  deeper  hue  when  moistened.  It  is  easily 
split  longitudinally,  and  has  a  whitish  centre  or  medulla,  containing 
more  or  less  starch.  But  for  the  absence  of  medullary  rays  and  of 
nodi,  this  root  might  be  taken  for  the  twigs  of  an  exogenous  plant,  to 
which  the  structure  of  .the  smilaceee  approximates  m  seventl  other 
points.  A  transverse  section  exhibits  the  cuticle  and  epidermis,  which 
are  separated  from  the  inner  or  ligneous  cirde  by  a  zone  of  cellular 
tissue ;  then  the  duramen,  which  presents  the  cut  or  open  extremities 
of  numerous  ducts;  and  lastly,  the  medulla,  or  pith,  in  the  centre. 
The  duramen,  though  porous,  is  of  a  denser  texture  than  that  of  the 
Honduras  sarza.  The  taste  is  at  fint  sweetish  or  slightly  mucilaginous, 
then  nauseous,  resembling  ipecaotunha,  but  not  very  acrid  or  bitter. 
No  variety  of  sarza  has  any  odour,  but  dirty  or  unwashed  qiedmens 
have  a  faintly  earthy  smell. 

The  powder  is  a  light  reddish-brown,  which,  when  triturated  with 
water  and  tincture  of  iodine,  changes  to  a  blue,  but  of  less  intense 
deptii  than  the  Honduras  sarza,  indicative  of  «  smaller  proportion  of 
starch  in  the  farmer. 

According  to  Mr.  Pope  ('Trans.  Medico-Chir.  Sodety,'  xiL,  p. 
S49),  "  the  whole  mediou  efficacy  resides  in  the  bark ;  and  the  root, 
deprived  of  its  cortical  part,  contains  only  pith  and  tasteless  woody- 
fibre."  The  tasteless  character  of  the  wood  renders  this  statement 
very  probable.  He  further  says  :  "  The  cortide  part  gives  out  nearly 
the  whole  of  its  virtues  by  cold  infusion  in  distilled  water,  very  readily 
to  lime-water  or  water  slightly  impregnated  with  caustic  alkaH;  and 
that  boiling  distilled  miier  extracts  all  its  virtues."  He  deems  the 
quantity  of  extract  yielded  by  any  specimen  the  criterion  of  its  excel- 
lence. Judged  by  this  standard,  the  Jamaica  sarza  is  manifestly  the 
best.  His  experiments  have  been  confirmed  by  those  of  Mr.  Battley, 
and  by  Thubeul  Jamaica  sarsaparilla  is  the  produce  of  the  Spanish 
Main,  and  thence  sent  to  Jamaica  to  be  forwarded  to  Europe.  Some 
has  been  cultivated  in  that  island,  but  it  ia  of  inferior  quality.  The 
Smilax  officinalit  (Humbt.),  which  is  conjectured  to  be  the  parent 
plant  of  the  wild  root,  grows  in  New  Granada,  on  the  bonks  of  the 
Magdalen  river,  near  Bojorque. 

2.  Litbon,  Para,  or  Brazilian  Sara. — The  term  Lisbon  sarza  was 
also  bestowed  on  ihe  sort  just  described,  for  as  Lisbon  sarza  was  till 
lately  most  esteemed,  the  former  on  its  first  introduction  was  vended 
under  that  name.  The  true  Lisbon  saiza  is  the  produce  of  Smilax 
rjfphilitica,  which  grows  both  in  New  Granada,  on  the  river  Caasi- 
quiare,  between  Mandacava  and  San  Francisco  Solano,  and  in  Brazil, 
on  the  Yupura  and  Rio  Negro,  by  which  last  name  it  is  sometimes 
designated.  (Martins,  '  Reise,'  iiL,  pp.  1218,  1280.)  The  Indians 
collect  it  aU  the  year  round,  dry  it  over  a  moderate  fire,  and  tie  it  into 
bundles  with  the  flexible  stem  of  a  plant  called  Timbotitica.  To 
prevent  its  being  attacked  by  insects,  they  hang  it  up  at  the  gables  of 
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the  houses,  and  sometimes  gently  smoke  it  These  bundles  have  a 
neat  appearance  externally,  but  the  interior  is  filled  up  with  the  chumps 
and  other  rubbish.  The  fibres  vary  in  thickness  from  that  of  a  straw 
to  that  of  a  crow-quill,  with  little  beard,  and  fewer  longitudinal 
wrinkles  than  the  Jamaica  sarza ;  the  colour,  a  light,  sometimes  a 
dirty  grayish-yellow,  or  reddish-brown  colour,  internally  white;  the 
cortical  piu^  mealy,  induding  a  thin  cellular  kyer,  whioh,  with  the 
duramen,  is  also  white.  Taste  at  first  insipid,  but  on  prolonged  maati- 
cation  a  sort  of  acrid  guttural  taste,  without  bitterness,  is  experienced. 
This  kind  contains  more  starch  than  the  Jamaica  variety,  and  yields  a 
paler  infusion. 

8.  Bondarai  Sarza  was  the  kind  first  introduced  into  medical 
practice,  a  circumstance  which  still  leads  many  persons  to  prefer  it. 
It  generally  comes  over  in  very  large  bundles,  weighing  from  one 
hundred  to  one  hundred  and  fifty  pounds,  but  sometimes  in  small 
round  bundles.  Each  piece  has  the  chump  and  the  numerous  roots 
proceeding  from  it.  The  chump  is  often  two  inches  thick,  woody, 
hard,  and  insipid.  The  roots  are  from  two  to  four  feet  long,  mostly 
thidcer  than  those  of  the  Jamaica  or  Lisbon  kinds.  The  outer  part  is 
a  dirty  grayish-yellow,  sometimes  verging  to  brown  or  reddish.  The 
cortical  part  is  very  easily  separable  from  the  ligneous ;  between  the 
epidermis  and  the  duramen  is  a  thick  white  amylaceous  layer.,  whence 
a  large  quantity  of  flour  or  starch  falls  when  tile  piece  is  broken 
across;  hence  the  term  mealy,  applied  to  this  variety.  A  transverse 
section  exhibits  a  great  many  cut  extremities  of  ducts,  which  run 
parallel,  and  are  so  continuous,  that  ab  can  be  blown  from  one  end  to 
the  opposite  of  a  considerable  piece.  This  kind  has  no  odour,  and  the 
teste  is  at  first  merdy  starchy  and  insipid,  but  at  last  acrid  and 
guttural.  The  rhizoma  (or  chump)  is  altogether  tasteless.  The  fibres 
and  the  bark  are  rendered  black  by  iodine ;  while  the  rhizoma  is  not 
afiected  by  this  re-agent.  The  decoction  of  the  roots  is  changed  to  an 
intense  blue  by  a  solution  of  iodine.  "  A  strong  decoction  of  Hondu- 
ras sarza  forms  a  copious  predpitate  (starch)  on  addition  of  alcohid." 
(Pereira.) 

4.  Vera  Qna  Sarza  is  not  common  in  the  English  market,  but  is 
occasionally  sold  under  the  name  of  Lisbon  sarza.  It  is  the  proiduce  of 
Smilax  medica  (Schlecht),  which  grows  abundantly  on  the  eastern 
slope  of  the  Mexican  mountains.  Externally  the  fibres  are  more 
furrowed  than  the  Jamaica.  The  transverse  section  is  denser  in  the 
young  roots,  and  it  is  not  mealy ;  there  is  little  beard.  The  chump  is 
always  attached.  It  yidds  a  deep-coloured  decoction,  which  is  im- 
changed  by  a  solution  of  iodine.  The  sarsaparilla  of  the  Caracas  of 
French  writers  is  deemed  to  be  the  Vera  Cruz  sort 

5.  A  kind  called  Zima  Sarza  ia  brought  in  considerable  quantity  to 
this  country,  and  greatly  resembles  Jamaica  sarza,  for  whiw  it  is  said 
by  Dr.  Perdia  to  be  extensivdy  sold,  and  from  which  it  differs  chiefly 
in  yielding  a  less  quantity  of  extract. 

It  is  manifest  that  the  S,  tartapariUa  (Linn.),  which  Is  a  native  of 
the  southern  states  of  the  American  Union,  yields  none  of  the  artide 
used  at  present  in  Europe,  though  it  may  yield  a  portion  of  what  is 
used  in  the  United  States.  But  this  is  denied  to  be  used  in  the  United 
States  by  Dr.  Wood,  though  indicated  in  their  Pharmacopoeia,  and 
Willd.,  iv.,  776  referred  to. 

Besides  the  abovedescribed  varieties,  the  produce  of  different  spedes 
of  smilax,  there  are  numerous  spurious  or  false  sarsapaiillas,  some  from 
known,  others  from  unknown  sources.  Italian  sarza  is  the  root  of 
Smilax  aiptra,  the  only  spedes  native  of  Europe.  It  is  a  very  worth- 
less kind,  and  owes  its  reputation  to  a  mistake  by  which  it  was  aon> 
sidered  to  be  the  source  of  the  Indian  sarza,  a  truly  valuable  root,  but 
which  is  the  produce  of  an  asdepiadeoua  plant,  Aemidetmui  indiau. 
German  sarsaparilla  consists  of  the  rhizoma  of  one  or  more  species  of 
Carex,  C.  kirta  and  C.  araiaria.  It  may  easily  be  distinguished  from 
the  genuine  by  the  numerous  nodi,  which  are  absent  from  the  smilax. 

The  active  properties  are  mostly  due  to  the  salseparine,  the  resin, 
and,  when  present,  to  the  volatile  oU.  The  more  acrid  and  bitter  any 
specimen  of  sarza  is,  the  better. 

The  virtues  of  sarsaparilla  are  the  subject  of  much  divermty  of 
opinion;  many  practical  men  deeming  it  very  useful,  while  otheis 
consider  it  nearly  worthless.  This  diffisrence  seems  owing  partly  to  its 
being  employed  in  different  diseases  by  the  one  set,  from  those  in 
whi<m  it  IS  used  by  the  other,  and  still  more  to  inherent  difiisrences  in 
the  particular  root  used.  It  is  collected  at  all  seasons  of  the  year,  and 
in  aU  stages  of  its  growth,  circumstances  which  cannot  fail  to  influence 
its  qualities ;  as  young  roots  gathered  before  the  flower  appears  must 
differ  greatly  from  old  roots  gathered  after  flowering.  But  a  more 
important  cause  of  difference  exists  in  the  mode  of  preparing  it  for 
administration.  The  long  period  enjoined  in  the '  London  and  Edin- 
burgh Pharmacopoeias '  for  boiling  the  root  is  most  injurious,  and  in 
reality  the  order  is  never  obeyed  by  any  of  the  chemists  or  druggists 
who  have  obtained  a  reputation  for  their  preparations.  They  dther 
use  water  of  a  temperature  far  bdow  that  of  boiling,  or  perfectly  cold 
water,  as  ordered  by  the  Dublin  Pharmacopoeia,  and  recommended  by 
all  the  most  eminent  continental  pharmaceutists.  The  powder  is  not 
thus  injured,  but  its  bulk  and  taste  are  obstades  to  its  full  employ- 
ment. The  compound  syrup  of  the  latest  edition  of  the  American 
Pharmaoopoeia  b  a  most  excdlent  form  as  an  addition  to  some  of  the 
watery  preparations.  A  mixture  of  preparations  made  with  both  hot 
and  cold  water  seems  beet,  as  these  menstrua  dissolve  out  different 
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principles.  Preparations  made  in  vaaa  ate  also  commendable,  and  for 
keeping  long  either  a  hydro-alcoholic  compound  fluid  extract  is  good, 
or  the  same  broaght  to  a  solid  litate,  which  diminishes  the  bullc,  aiid 
80  fits  it  for  exportation. 

The  eCBeac^  is  sometimes  hdghtfened  by  the  intl^duction  of  i  small 
quantity  of  bichloride  of  mercury — a  Tery  objectioilable  proceeding,  as 
a  person  talcing  mercury  igtiorantly,  may  etpoM  biiiiseU  to  cold  and 
rtin  extreme  risk  df  life. 

The  curative  powers  of  sarsaparilla  are  often  very  much  heightened 
by  combination  either  with  alkalies,  especially  Ubie-wate)-,  or  in  bthtir 
cases  with  acids,  particularly  the  nitric.  When  properly  prepared,  and 
administered  in  suitable  cases,  no  one  can  doubt  the  efficacy  bf  sana- 
parilla.  From  the  high  price  of  it,  and  the  great  consamption, 
attempts  have  been  made  in  many  of  the  great  hospitals  to  dispense 
with  it  or  discover  a  cheaper  substitute,  but  without  Success.  In  the 
worn-out  or  debilitated  systems  so  common  in  the  pati^ts  hf  whom 
these  establiskments  are  crowded,  Its  Utility  is  daily  manifested.  This 
is  partly  owing  to  the  care  taken  to  procUre  the  best  kinds,  ind  paHly 
to  the  appropriate  usb  nlade  of  it,  for  the  sake  of  teonomy.  tt  is 
chiefly  used  In  chronic,  sy|)hilitic,  rheumatic,  gouty,  and  cutatteoiis 
diseases,  tia  idost  obvious  aHion  is  diaphoretic,  but  ii  the  patient  be 
kept  cool,  diuretic.  In  cases  where  an  acid  is  indicated,  the  Hetaida- 
mu>  indimi,  which  is  possessed  of  a  natural  ilcid  (hemidesmic  add), 
will  be  found  a  useful  substitute  for  the  artificial  preparations. 

If  any  European  plant  ever  prove  a  proper  substitute  for  sarsaparilla, 
it  will  probably  be  the  Taimva  comnlttna,  or  black  bryony  of  our  hedges, 
the  root  of  wmch,  when  scraped  and  applied  externally  as  a  poultice, 
rapidly  promotes  absorption  of  effused  blood.  This  is  well  known  to 
bruisos,  gypsies,  and  others,  who  to  remove  ecchymosea  of  the  eye 
apply  a  poultice  of  this  root,  and  geuerallt  i«move  tiie  blacknesti  in 
twelve  or  twenty  hours.    (Tyrrell '  On  the  Eye,'  vol.  i,  p.  200.) 

A  long  list  ot  ))liint«  used  as  substitutes  is  given  by  Th.  BlartiuB  in 

^his  '  Ptenliakognosie.    In  many  cutaneous  diseases  petroleum  Will  be 

found  quite  as  efficacious.     It  is  far  cheaper  and  taken  in  Smaller 

doses.    Pariglin,  or  smilacin  has  been  recomihended  bjr  Fklotta,  but 

t  has  not  come  into  much  use. 
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SMOKE;  SMOKE-PREVENTIOiT.  Binoke  ill  the  vapour  aristag 
fttjm  substances  in  a  state  of  combustion.  In  its  more  extended  sense 
{he  word  is  applied  to  all  the  tolatile  products  of  combustion,  which 
consist  of  gaseoils  exhalations  charged  with  mlnUte  portions  of  carbon- 
aceous matter  .or  soot  ;  but  the  term  is  frequently  employed  to  express 
the  carlxinaceous  matter  only.  It  is  important  to  ijear  this  distinction 
in  mind,  as  it  involves  a  &ct  which  appears  to  have  been  sometimes 
overlooked :  namely,  that  howevet  completely  the  Sbot  may  be 
destroyed,  and  the  smoke  be  theteby  rendered  Invlsiblfe,  it  still  temaiils 
necessary  to  provide  means  of  fiBfl  exit  tot  the  deleterious  gslses. 
The  action  of  an  ordinary  chimney  in  conveyihg  tile  smoke  froM  a 
fire  situated  at  its  lower  extremity  is  vbry  shnme.  The  air  in  the 
chimney,  being  rarefied  by  the  heat,  becomes  lighter  in  proportion  to 
its  bulk  thsii  the  surrounding  atmosphere,  and  therefore  titiea :  ita 
place  being  supplied  by  fresh  tit  fbrced  in  iit  the  lower  end  by  the 
pressure  of  the  comparatively  heavy  cold  air  outside  the  chimney.  A 
constant  risiBg  curreiit  is  thus  cfeatcd,  the  foi-ce  of  which  is  sufficient 
to  carry  up  with  it  any  light  bodies,  such  as  the  pirticle*  of  soot  which 
escape  from  the  fire.  The  intensity  ot  this  euh-eril  depends  Inuch 
upon  the  height  of  th*  chjinney ;  for  it  is  evideht  thht  the  hi^er  a 
chimiley  is,  within  reasonable  litnitS,  this  greatet'  iUust  be  the  difibrence 
between  the  weight  of  the  column  of  hot  air  tvhich  it  contAiilB,  and 
that  of  a  colutnta  of  cold  air  ot  equal  elevation.  It  is  also  evident  that 
the  hottei' the  air  In  the  chitnney  is  kbpt,  the  more  rapidly  it  will  rise. 
Hence  dhimneys  act  better  when  built  in  stacks,  or  when  in  the 
interior  ot  a  house,  than  whbn  sinele,  or  wheh  outside  the  walls. 

The  circumstances  which  impede  the  proper  action  of  chimneys,  and 
occasion  the  annoyance  of  smoke  ill  houses  warmed  by  common  open 
stoves,  have  excited  the  attention  of  many  individuals,  and  tormbd  the 
Subject  of  several  treatises.      Franklin  analysed  the  Subjfect    very 

iudiciously,  and  published  a  pamphlet  pointing  out  nine  causes,  or 
inds  of  cause,  for  the  evil  1 .  The  want  of  a  free  Supply  ot  air  to 
the  bottom  of  the  chimhejr.  It  is  ot  little  consequBnoe  how  spadoua 
the  room  may  be  into  which  the  chimney  opebs,  if  the  access  of  fresh 
air  to  the  room  be  cut  ofiF.  As  the  hot  air  escapes  from  th*  top  of  the 
diimney,  its  place  inUst  be  filled  by  fresh  air  taken  from  the  room. 
But  if  the  entkatice  of  the  external  atmosphere  be  ihsufflcient,  every 
chimney-fuU  of  air  abstracted  from  the  room  lessebS  the  density  ot  what 
remains,  bo  that  the  draught  will  decrease  until  the  air  ih  the  chimney 
and  that  m  the  room  are  of  equal  density ;  after  which  it  will  cease 
altogetlier,  and  «ie  smoke  will  no  longer  nacend.  This  inconvenience 
ran  only  be  remedied  by  providing  openings  for  air  commensurate  to 
Uie  demands  of  the  fire.  Whoever  it  is  pj-acticable,  the  best  situation 
for  them  IS  Hear  the  top  of  the  room,  and  oVer  the  flre-placo ;  because 
the  entenng  air  is  then  warined  by  the  warm  air  which  rises  to  the  top 
of  the  room,  and  becomes  pretty  genel^lly  diffused.  The  object  may 
be  attirined  by  leaving  a  window  a  little  open  at  the  top,  or  by  pro- 
vwing  long  narrow  openings  above  the  window  or  immediately  beneath 
Wi^JSiT™;..  ^"O**""  PJ™  i*  tl'B  use  of  a  ])ane  of  glass  in  the  window, 
wnged  to  the  frame  at  ite  lower  edge,  and  capable  of  bang  opened 
mote  or  lets  ak  required;  side-pieces  of  gUss  being  added  to  prevent 


the  dir  from  entering  laterally.  Sometimes  a  number  of  strips  of 
plate-glass,  so  Arranged  as  to  resemble  a  Venetian  Uiod,  are  used ; 
these  being  so  placed  as  to  throw  the  air  upwards.  The  eommon 
ventilator,  or  mhiriigi^,  answers  the  same  purpose,  and  diSiisea  the  air 
iti  some  degr^  by  its  rapid  revolution,  occasioned  by  the  action  of  the 
current  upon  its  inclined  vanes.  2.  Many  chimneys  smoke  beeauas 
the  opening  at  the  lower  end  is  too  large.  While  a  small  opening  to  a 
tall  chimney  iticreases  th?  draught  to  an  improper  degree,  and  causes  a 
wastefill  consuinptibn  of  fuel,  a  large  opening  to  a  short  funnel  will 
allow  the  smoke  to  escape  into  the  room ;  because  all  the  air  iequir»i 
by  the  chitnney  may  enter  at  one  side  ot  the  opening,  leaving  the  other 
sidfe  freb  from  current,  and  therefore  allowing  the  smoke  to  puff  oat, 
Ih  such  a  case  the  draught  is  weakencid  l^  the  Coldness  of  the  air 
which  enters  the  chihihey  at  such  a  distance  from  the  fire  as  to  be 
very  little  affected  Jay  it.  This  defect  must  bb  remedied  1^^  contiactiiig 
thb  ofieiiing.  8.  A  tUrS  cause  of  defective  adjon  is  the  funnel  or 
chimney  being  too  short.  The  same  effect  is  produced  when  the  flue 
from  ari  upper  fctory  is  turned  into  oab  from  a  lower  room.  The 
inconvenience  of  Such  liti  arrangement  may  be  somewhat  diminished 
by  a  bbnttivahcb  foi-  closing  the  collateral  flue  when  not  in  use.  The 
shorliiess  of  a  chiinney  fuay  sbmetimes  be  rendered  harmless  by  con- 
tracting the  bntrancei,  so  thai  all  the  air  entering  it  Bhall  be  highly 
heated,  by  passing  itilmedlately  over  the  fire.  4.  Different  chimneys 
in  thri  same  house  occasionally  overpower  each  other.  If  we  suppose 
two  stoves,  each  having  a  distinct  chimney,  in  a  room  witiiout  a 
sufficient  supply  of  air  from  withbut,  we  may  conceive  that  one  fire 
becoming  stronger  thaii  the  other,  may  overpower  it,  and  obtain  a 
supply  of  air  down  the  chimney  of  weakest  draught ;  the  desoending 
current  of  course  blowing  the  smoke  of  the  weaker  flue  into  the  room. 
Precisely  the  same  effect  will  take  place  if  the  stoves  are  in  different 
roonlB ;  prbvided  there  be,  owing  to  the  opening  of  the  doors,  a  com- 
mudicatioil  between  them.  This  will  account  for  the  common  case  of 
a  parloUr  bhimney  smoking  whenever  the  room-door  is  opened, 
although  it  may  act  properly  when  the  room  is  dosed,  and  thereby 
cut  off  from  the  effect  Uf  the  kitchen  chimney.  The  prtper  cure  is 
dear;  it  every  room  have  a  fr«e  supply  of  air  from  withont,  thete 
will  cease  to  be  any  probability  of  the  chimney  of  one  apartment  over 
powering  that  of  another.  S.  Another  cause  arises  from  the  situation 
ot  the  house.  If  a  houte  stand  under  the  brow  of  a  hill,  or  in  the 
vicinity  of  a  much  higher  building,  the  wihd,  passing  over  the  higher 
obstacle,  beats  doWn  into  the  chimneys  of  the  sheltered  house,  and  so 
prevents  the  exit  of  smoke.  This  may  sometimes  be  remedied  by 
raising  the  chitnney,  and  in  other  cases  l^  means  of  a  cowl,  or  turning- 
cap,  the  opetling  of  which  always  turns  frdm  the  wind.  The  ordinaiy 
cowl  is  turned  by  means  of  a  vane  attached  to  its  upper  part;  but  one 
patented  by  Hr.  Pollttrd  is  turned  by  wheels  set  in  moUon  by  the 
action  ot  the  wind  upon  the  oblique  vanes  of  a  rotatory  flyer.  Another 
contrivance  consists  of  a  square  box  placed  on  the  top  of  the  chimney, 
each  side  of  which  is  a  door,  hinged  at  one  edge,  and  connected,  fay 
meails  of  ah  irbn  rod,  with  the  door  on  the  opposite  side  of  the  box : 
in  such  i  ^y  tiiU  when  one  door  is  dosed  by  th4  fores  of  the 
wind,  this  oppusitb  ohe  opens,  ihid  Kllows  the  smoke  to  escape. 
6.  Chimnevli  occasloilally  stuoke  from  a  cause  just  the  reverse  ot  that 
last  descrined.  This  occurs  when  the  chinmeys  are  low,  and  stand 
between  the  wind  afad  a  high  building,  or  neighbouring  edifice,  so  tliat 
tlie  air  is  dammed  up,  as  it  were,  round  about  them.  Raising  the 
chimneys  appeahi  to  be  almost  the  only  altertaativa  7.  Another  cause 
of  fimokihg  is  tht)  injudicious  arrangement  of  the  door  or  doors  of  a 
room.  If  the  door  be  oh  the  same  side  as  the  flre-plaoe,  abd  occsgsicn 
it  to  smoke  by  sending  a  current  across  the  front  of  the  stove,  either  it 
must  be  altered  so  as  to  open  in  the  opposite  direction,  or  a  screen 
must  be  used  between  it  and  tiie  stove.  8.  Smoke  is  sometimes  blown 
dowh  a  chimney  which  is  out  of  use.  This  arises  from  the  drcum- 
stance  that  a  stack  of  chimneys  usually  maintains  a  more  uniform 
tem])eratul-e  than  the  suri-ounding  air.  When  ih  the  middle  of  the 
day,  the  aii-  g^hertklly  becomes  warmer  that!  that  in  the  chimneys,  the 
current  moves  dowhvmrd,  carrying  with  It  smoke  that  may  happen  to 
be  passing  over,  or  eeenplng  from  a  neighbouring  flua  A  pUte  ot 
register,  closing  the  bottom  of  the  chimney  when  out  of  use,  obviates 
this  Inconvenience.  9.  Chimneys,  which  under  oidlnary  circtunstances 
perform  very  well,  occasionally  smoke  in  consequence  of  the  passage  of 
a  strong  Vivai  over  them)  whidi  the  fotce  of  the  rising  vapour  is 
insufficient  tb  cope  with.  Among  various  modes  of  cure  adopted,  one 
is  to  make  the  top  of  the  fine  funnel-shaped,  with  a  view  to  focUitate 
the  escape  of  the  smoke  Under  Such  citxium stances ;  another,  to  reduce 
the  opening  at  the  top  to  a  long  ttairoW  sht.  Probably  a  cowl  might 
be  of  use  in  such  a  case. 

The  huisance  occasioned  by  the  smoke  of  coal-fires  has  formed  a 
subject  of  complaint  from  the  earliest  times  in  which  mineral  fuel  was 
extensiviriy  used;  aUd  the  great  increase  of  steam-engine  and  other 
furnaces,  eoAeequeikt  on  the  extension  of  manufactures,  has  afibrded,  of 
late  yesln,  edditdoUid  gVoUhd  for  attempts  to  abate  the  nuisance.  Sudi  | 
attempts  be  important,  not  only  for  the  purification  of  the  air,  but 
also  for  the  economy  of  f ud ;  since  the  matter  wfaioh  gives  smoke 
objectioiuible  densl^  and  colour  is  unconsumed  fuel  in  a  finely-divided 
state.  It  appears,  thetefoie,  that  if  a  supply  of  air  could  be  thrown  I 
into  a  fire  in  such  a  way  as  to  occasion  the  combustion  of  the  carbona- 
ceous matter,  tiie  result  would  be  that  a  greater  amount  of  heat  would 


O" 


6!!» 


SMOKE;  SMOKE-PEEVENTIOX. 


SNOW. 


ew 


be  obtained  from  a  given  quantity  of  fuel,  at  the  same  time  that  the 
nuisiuice  of  smoke  would  be  abated.  It  may  be  obsftrved,  that  the 
quantity  of  smoke  emitted  from  fumace-chimneyB  varies  much  with 
the  state  of  the  fire,  being  greatest  when  a  mass  of  fresh  fuel  is  thrown 
on,  and  least  when  the  fire  has  burned  clear  or  the  fuel  is  fully  ignited. 
Attention  to  this  circumstance,  on  the  part  of  the  stoker,  will  greatly 
diminish  the  nuisance  ;  because,  if  he  throw  on  the  fresh  fu^l  in  a  thin 
layer,  it  will  the  sooner  become  perfectly  ignited ;  and,  by  laying  it  in 
the  fore  part  of  the  furnace,  the  dense  smoke  arising  aom  it  has  to 

Cover  that  part  of  the  fire  which  is  in  a  state  of  more  perfect  com- 
ion,  and  is  thereby  in  a  great  measure  consumed.  Many  of  the 
contrivances  introduced  or  suggested  as  smoke-consuming  furnaces  act 
on  these  principles ;  arrangements  being  adopted  to  insure  the  right 
feeding  of  the  fire  without  much  attention  on  the  part  of  the  firemen. 

James  Watt  was  one  of  the  first  to  obtain  a  patent  for  a  smoke- 
consuming  or  smoke-preventing  apparatus.  He  caused  the  smoke  of 
the  fresh  fuel,  in  its  way  to  the  chimney,  to  pass,  together  with  a 
current  of  fresh  air,  over  fiiel  which  had  already  ceased  to  smoke,  and 
was  intensely  hot ;  by  which  means  the  smoke,  by  coming  into  close 
contact  with  the  hot  fuel,  and  being  mixed  with  the  current  of 
fresh  air,  was  converted  into  pure  flame,  free  from  smoke.  Since 
that  time  innumerable  plans  have  been  brought  forward  for  intro- 
ducing the  necescary  supply  of  air  to  the  furnace ;  but  while  many 
of  them  accomplish  the  purification  pf  the  smoke  as  coippletely 
as  could  be  desired,  many  others  increase  the  consumptioi)  of  fuel 
or  weaken  the  draught  of  the  furnace.  If  the  qii  admitte4  to  the 
furnace  be  cold,  it  diminishes  the  heat  of  the  fire ;  aqd  if  hot,  expense 
ia  incurred  in  heating  it,  whether  this  be  eSected  by  a  separate  fire  or 
by  passing  the  air  in  pipes  through  the  chimney.  Most  railway  com- 
panies are  required,  by  their  acts  of  incorporation,  to  avoid  the  emission 
of  smoke  from  their  engines ;  and  this  is  usually  done,  at  great  expense, 
by  the  use  of  coke.  To  lessen  this  expense,  Mr.  Chanter  devised  a  plan, 
consisting  in  the  introduction  of  a  dejleclor  dipping  into  the  burning 
fuel,  which  compels  the  smoke  from  the  crude  coed  to  pass  through  a 
mass  of  burning  coke,  supplied  through  a  small  (^oor,  and  conducted  at 
once  to  the  back  of  the  furnace.  By  this  means  three  parts  of  coal 
may  be  used  to  one  of  coke,  with  veiy  little  risk  of  much  smoke. 

Another  mode  of  destroying  smoke  is  by  injecting  steam  into  the 
f  lunace.  The  plan  has  been  tried  by  several  inventors,  among  others 
by  Mr.  Iveson.  In  his  apparatus,  the  steam  is  thrown  into  the  fire  in 
several  minute  jets,  from  a  fan-shaped  distributor  in  the  fore  part  of 
the  furnace.  The  steam  not  only  destroys  the  smoke,  but  also  greatly 
increases  the  intensity  of  the  fire.  Thus  the  necessity  for  a  large 
chimney  is  obviated,  it  being  only  necessary  to  provide  a  small  passage 
for  the  escape  of  the  gaseous  products  of  combustion.  Experiments 
on  the  same  funwce,  with  and  without  the  injection  of  steam,  indicate 
a  saving  of  fuel  to  the  amount  of  33  per  cenji. ;  the  consumption  in 
five  hours  being  respectively  S5S  and  812  lbs.  As  a  drawback  from 
this  saving,  the  plan  requires,  in  a  steam-engine  furnace,  about  one- 
tenth  of  the  steam  generated,  and  in  other  furnaces  renders  necessary 
the  erection  of  a  small  boiler.  It  is  proposed,  in  hi^h-pressurp  engines, 
to  make  use  of  the  waste  steam  for  ue  purpose  of  injection. 

Besides  the  numerous  plans  for  the  oombustion  of  smoke,  various 
ptethods  have  been  tried  on  a  limited  scale  for  conducting  it  to  »  dis- 
tance from  the  buildings  in  which  it  is  formed,  by  means  of  sub^rra- 
neons  channels ;  and  for  condensing  it  by  means  of  a  shower  of  water, 
to  that  the  sooty  matter  might  be  conveyed  away,  by  the  sewers. 

In  1819,  a  committee  of  the  House  of  Commons  was  appointed  "^ 
inquire  how  far  it  may  be  practjicable  to  compel  persons  who  use 
steam-engines  and  furnaces  in  their  different  ytorka  to  erect  them  in  a 
manner  less  prejudicial  to  public  heallji  and  comfort."  The  committee, 
iu  their  Beport,  noticed,  among  other  plans,  that  of  Ur.  Steel,  in  which 
the  fuel  was  supplied  in  a  constant  stream,  by  means  of  an  inclined 
hopper ;  the  quantity  of  cool  supplied  in  a  given  time,  and  the  size  of 
the  pieces,  being  regulated  by  a  grooved  roller.  Tb^  fuel  was  distri- 
buted over  the  bed  of  the  furnace  by  the  moticin  of  the  grate  itself, 
^hich  was  of  a  circular  form,  and  turned  on  a  central  pivot  The 
committee,  after  much  investigation,  reported  that  efficient  means  for 
.destroying  smoke  had  been  "  satisfactory  and  effectually  obtained." 
An  act  of  parliament  was  passed  to  enforce  the' use  of  smoke-consuming 
apixu-atus ;  but  it  was  very  little  attended  to,  and  the  smoky  ponditioi) 
of  our  great  towns  increased  quite  as  rapidly  as  the  increase  of  popu- 
lation and  manufactures.  After  many  years  lu^  passed,  the  Commops 
appointed  another  com^xittee  of  ipquixy  in  1343.  Thjs  committee 
examined  a  large  number  of  scientific  and  practical  men,  awong  yyhom 
were  Dr.  Faraday,  Dr.  Arnott,  Professor  Brande,  Dr.  IJre,  Admiral 
Parry,  Dr.  Beid,  Mr.  Jukes,  Mr.  Solly,  Ur.  Muntz,  and  Mr.  Houldsworth. 
Kearly  all  concurred  in  opinion  that  smoke  may  be  nearly  preveptcd, 
either  by  existing  methods  or  by  apparatus  easy  to  devjsp.  Voluntary 
associations  had  been  formed  in  many  large  mj^;ufact^ting  towns, 
including  Leeds,  Bnulford,  and  Manchester,  to  put  down  the  nuis^ce. 
{n  numerous  factories  there  was  a  positive  saving  o^  fuel  effected  by 
ihe  avoidance  of  smoke ;  but  most  of  the  manufacturers  declared  that 
UuB  apjuratus  hitbefto  employed  had  not  fulfilled  the  promises  mode, 
tae  cgmmittee  recommejide.d  an  act  of  parliament,  but  none  was  passed 
1^  th  it  time.  In  1 84  4,  before  the  Health  of  Towns  Commission,  Mr.  Thos. 
Cubitt(thrn  whom  few  men  were  more  thoroughly  versed  in  the  philo- 
sophy pf  bpufe-building)  advocated  i)moke-preveQtiaa  yenr  energeti- 


cally, 08  being  practically  attainable,  morally  obligatonr,  and  financially 
profitable.  Another  committee  sat  in  1846,  followed  by  an  attempt  to 
pass  a  smoke-prevention  act  j  but  this  was  frustrated  by  certain 
influential  manufacturers,  who  did  not  like  the  trouble  attending  the 
adoption  of  new  apparatus.  When  the  Health  of  Towns'  Act  wa« 
passed,  clauses  were  introduced  wbich  empowered  town-counc^  to 
attack  the  smoke  nuisance  jn  their  own  way,  and  witiiin  the  limits  of 
their  own  towns ;  and  many  places  availed  themselves  of  this  power. 
After  other  minor  attempts  at  legislation,  acts  were  passed  in  1858, 
1866,^  and  1857,  rendering  it  compulsory  to  adopt  smoke-preventing 
contrivances.  Twp  pf  these  acts  related  to  the  metropolis  and  one  tQ 
Scotland.  Certain  trades  were  exempted  from  thp  operation  of  tba 
statutes,  and  certain  dates  were  named  on  \yhich  Uie  penalties  for  non- 
observance  would  begin  to  be  enforced.  IS^ot  only  furnaces  employed 
in  trades  wd  manufactures,  but  also  steam-boats  working  above  London 
Bridge,  were  brought  within  the  scppe  of  the  acts  relating  to  the  metro- 
polis. The  police  received  certain  powers  in  relation  to  this  matter, 
and  the  provisions  of  the  acts  were  sought  to  be  enforced  by  penalties. 
Improvements  have  resulted  from  these  legislative  enactments ;  but 
the  evil  is  still  far  from  being  removed.  There  seem  tq  be  diificuItiM 
attending  the  enforcement  of  the  law.  Thosq  niapufacturers,  whose 
furnopss  are  arranged  on  the  old  plan,  protest  against  the  expense 
necessary  for  iid^pting  the  smokp-preventing  apparatus ;  and  they  are 
not  slow  to  declare  that  the  several  inventions  fail  in  some  or  other  of 
the  requisite  conditions.  On  the  other  hu^d,  the  statements  are  most 
plear  ^nd  positive  that  t|^  ev^  ean  be  prevented,  and  that  »  saving  in 
fuel  rewards  those  who  resolutely  niake  the  atteo^pt.  Printers,  wooUoo: 
spinners,  builders,  metal-founders,  button-makers,  sugar-refiners,  steam 
corn-millers,  pprter  brewers— all  have  placed  upon  record  the  declsra- 
tipn  that  gain  as  yrell  as  cleanliness  results  frpm  the  adoption  of 
^njoke-prevepting  apparatus. 

We  shall  m^e  no  atteqipt  to  describe  t)M  ntt|nen>us  forms  pf  appftr 
r^tus  patented  within  the  last  few  years.  All  ot  them  belong  to  one 
or  other  pf  two  classes.  I'hey  attempt  either  amdk»-contumptum,  l» 
supplying  the  heated  smoke,  at  a  particular  spot,  with  fresh  air  enpugn 
to  kindle  and  consume  it ;  or  ttaoke-preveniwn,  by  so  supplying  fuel 
that  it  may  ignite  without  forming  smoke  at  aU.  Jnkes'  apparatus 
belongs  to  the  latter  class. 

The  inventions  of  Dr.  Arnott  would  call  for  some  attention  here, 
were  it  not  for  the  £sct  that  his  ingenious  stovss  and  Tentilating  appa- 
ratus bad  better  be  described  under  Wabmiko  ahd  Ve5tilatio», 
in  counection  with  many  other  kinds  of  iq)paratus  for  similar 
purposes, 

SlIUGrQLIITG  is  the  clandestine  introduction  of  prohibited  goods, 
or  the  illicit  introduction  of  goods  by  the  evasion  of  the  legal  duties. 
Excessive  duties  present  an  overwhelming  temptation  to  men  to  evade 
them ;  an4  the  law  loses  a  great  part  of  its  mpral  influence  whep  it 
first  tempts  tp  violation  of  it  and  then  punishes  the  offence.  Tiie  tru^ 
remedy  is  a  wise  tariff.  It  annihilates  at  once  a  traffic  which  no  inge- 
nuity can  ever  put  down ;  for  all  experience  proves  that  so  long  as  a 
profit  can  be  made  by  smuggling  sufficiently  high  to  counterbiUance 
the  necessary  risk,  it  will  not  fail  to  flourish.  The  decrees  of  Berlin 
and  Milan,  instead  of  annihilating  conimerce,  only  forced  it  into  extra- 
ordinary channels.  Silk  from  Italy,  for  example,  instead  of  being 
receivea  in  England  by  the  most  direct  means,  often  arrived  by  ^vay  of 
Archangel  and  Smyrna ;  in  the  former  instance  being  two  y^rs,  and 
in  the  latter  twelve  months,  on  its  passage.  Sugar,  coffee,  tobacco, 
and  cotton-twist  were  despatched  from  England  to  S^onica,  and  thence 
copveyed  by  horses  and  mul^  through  Servia  and  Hungary  to  Vienna, 
from  which  place  they  >fere  distributed  pver  the  Continent,  in  defiance 
of  the  rigorous  decrees  of  Napoleon  ;  it  might  happen  that  coffee  wsf 
consumed  at  Calais  which,  instead  of  being  sent  direct  froin  London, 
arrived  by  the  above  circuitous  route. 

We  have  only  to  examine  the  tariff  of  any  country  to  kqow  if 
smuggling  |s  practised ;  and  if  a  bad  system  of  commerciidpoUcy  has 
been  long  pursued,  there  Uie  sinuggler  will  be  found.  Tlie  contr<f- 
banditta  of  Spain  figures  in  novels  and  tales  of  adventure.  Jn  n9 
country  is  the  illicit  trade  so  general  and  extensive.  The  exports  to 
Gibraltar  from  llngland  are  very  large,  and  a  great  proportion  Is  Intrp- 
duced  by  smuffilera  into  the  interior.  Nearly  the  whole  of  the  tobacco 
imported  into  Gibraltar  is  smuggled  into  Spain,  where  the  article  is  one 
of  the  royal  monopolies.  On  the  French  frontier  the  illicit  trade  is 
equally  active. 

The  vicinity  of  France  and  England,  and  the  injudicious  character 
of  their  respective  tariffs,  long  encouraged  smuggling  to  a  large  extent 
on  both  sides  of  the  Channel. 

The  reduction  of  the  duties  on  silks,  tea,  spirits,  wines,  and  numerous 
other  articles^  has  done  more  to  repress  smuggling  than  all  the  efibrts 
of  the  revenue  officers  aided  by  a  large  armed  force. 

The  present  acts  relating  to  smuggling  are  8  ft  4  Wm.  IV.  c  <>3,  and 
4  ft  S  Wm.  IV.  c.  13. 

SNOW.  It  has  been  stated  [IUin,  vol  vi.  col.  925]  that  rain,  snow, 
an4  hail  are  fprpied  by  the  precipitation  of  vaponr  when  pfra  Tolpmes 
of  air  of  different  temperatures,  and  saturated  with  nioisture,  become 
mixed  together;  the  nature  of  the  precipitation  depending  on  the 
resultant  teniperature  and  on  that  of  the  region  of  the  atmosphere 
through  which  the  aqueous  particles  descend  towards  the  ground. 
Kow  when  the  precipitating  water  fa  frozen  into  cry^l^  pf  ice^ 
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united  together  in  Bach  a  manner  as  to  reflect  light  to  the  eye  in  great 
abundance  from  all,  thus  producing  a  sensation  of  vhiteness,  the 
assemblages  of  crystals  constitute  snow.  In  all  probability  it  is  formed 
by  the  immediate  freezing  of  aqueous  vapour,  without  the  sensible 
intervention  of  the  liquid  state.  Proximity  to  the  earth's  surface  is 
not  required  for  its  production ;  Mr,  Qreen,  the  aeronaut,  met  with  a 
severe  snow-storm  at  the  height  of  a  mile  and  a  quarter.  The  forma- 
tion of  snow  through  a  considerable  tract  of  the  atmosphere  appean 
at  a  distance  as  a  bluish,  sometimes  indigo-blue,  haze. 

M.  Monge  observes  ('Annales  de  Chimie,'  vol.  .v.,  p.  I),  that  the 
eiTstallisation  of  gal-ammoniac  presents  phenomena  similar  to  those 
trhich  are  observed  in  the  formation  of  snow.  If  a  saturated  solution 
of  sal-ammoniac  in  a  warm  state  be  allowed  to  cool  in  a  tranquil  air, 
the  surface  of  the  liquid  is  that  which  first  arrives  at  a  state  of  super- 
saturation,  and  there  the  first  crystals  are  formed ;  these  sink  imme- 
diately, and  in  descending  they  unite  with  similar  crystals  formed  in 
the  liquid  itself,  so  that  they  artlTe  at  the  bottom  of  the  vessel  in 
white  flakes. 

The  flakes  of  snow  usually  consist  of  brilliant  spicular  icicles,  which 
diverge  from  a  centre  in  six  directions,  and  resemble  stars  having  so 
many  rays,  upon  each  of  which  small  crystals  are  sometimes  formed ; 
but  if  the  atmosphere  is  agitated,  the  original  flakes  strike  against  each 
other,  and  uniting  in  groups  by  regelation  [Ice],  in  consequence  of 
small  quantities  of  moisture  adheriag  to  them,  they  descend  in 
irreguUu-  forms.  In  r^ons  of  the  earth  far  to  tiie  north  or  south, 
the  air,  when  allowed  to  enter  through  a  small  aperture  into  a  heated 
apartment,  has  frequently  caused  the  warm  vapour  to  be  converted 
into  snow.    ('  Biblioth^ue  Universelle,'  1830.) 

Beccaria  observed  that  his  apparatus  for  ascertaining  the  electrical 
state  of  the  atmosphere  indicated  the  presence  of  electricity  in  snow 
as  well  as  in  rain ;  and,  according  to  the  observations  of  Schiibler,  it  is 
more  commonly  positive  than  negative.  The  lightness  of  the  flakes, 
Inr  which  th^  float  about  in  the  air  when  agitated,  is  the  result  of 
their  sur&ce  being  great  when  compared  with  their  volume.  Thesp.gr. 
of  snow  has  been  stated  to  be  very  variable ;  and  according  to  Muss- 
dimbroek,  that  of  some,  of  the  stellifmn  kind,  was  only  ^  of  the 
qiecific  gravity  of  water,  but  this  most  have  been  tlie  speofic  gravity 
tn  the  mass,  a  mixture  in  fact  of  air  and  ice ;  and  M.  Quetelet  has  since 

found  that  the  greatest  density  is  nearly  ^  of  that  of  water,  the  tem- 
perature bein^  34'5*  (Fahr.).  He  ascertained  also  that  the  dennty  of 
fine  snow  havmg  no  determinate  form  was  about  f,  the  temperature 
being  82°,  and  that  the  least  density  varied  from  ^  to  j^  of  that  of 
water,  at  which  time  the  snow  had  the  form  of  small  stars,  and  the 
temperature  vaiied  from  29"7*  to  18*5°.  It  is,  however,  difficult  to 
understand  these  results ;  it  would  appear  that  they  also  must  relate 
to  an  aggregate  of  snow  and  air,  as  there  is  no  reason  why  the  specific 
pravity  of  crystals  of  snow  should  difier  greatly  from  that  of  ice,  which 
IS  always  crystalline,  and  has  the  sp.  gr.  0-918. 

Snow  has  been  observed  to  fall  in  a  fine  powder,  not  having  any 
appearance  of  regular  crystals,  and  sometimes  in  grains,  as  fine  as  those 
<d  what  is  called  basket  salt. 

The  flakes  have,  even  in  temperate  regions,  many  varieties  of  form, 
•ad  are  often  very  elegimt ;  but  the  polar  regions  of  the  euth  are  those 
in  which  it  lias  been  supposed  that  nature  has  displayed  her  power  in 
creating  this  species  of  beaufy  in  the  highest  degree  and  to  the  greatest 
extent.  In  the  '  PliiL  Trans.,'  177S,  may  be  seen  numerous  delineations 
of  the  figures  assumed  by  flakes  of  snow  as  they  were  observed  by  Dr. 
Nettis,  of  Uiddelburg  in  1740 ;  but  the  late  Rev.  Dr.  Scoresby,  m  his 
'  Account  of  the  Arctic  Regions,'  has  given  still  greater  varieties ;  the 
latter  gentleman,  besides  dividing  them  into  classes,  has  also  expressed 
their  magnitades,  and  the  state  of  the  barometer  and  thermometer 
when  the  snow  feU. 

Of  these  classes  the  first  is  called  "  lamellar,"  and  is  divided  into 
many  difi'erent  species :  one  of  the  latter  is  a  thin  transparent  hexagonal 
plate,  or  a  hexagonal  plate  with  white  lines  parallel  to  the  sides  of 
the  polygon,  and  sometimes  there  is  a  starlike  fiigure  in  the  centre; 
the  magnitudes  vary,  and  the  greatest  is  about  j|,  inch  diameter. 
Another  species,  and  this  is  the  most  ordinary  appearance  of  snow,  is  the 
ttelliform ;  the  figures  1, 2,  and  3  represent  some  of  the  most  remark- 
able varieties  of  this  kind ;  its  magnitude  variea,  bat  the  diameter  of  the 


greatest  is  about }  inch,  and  it  occurs  most  abundantly  when  the  tem- 
psrature  of  the  air  is  near  the  freedng  point  of  water.  Sometimes 
the  stars  appear  to  have  twelve  points,  but  Dr.  Scoresby  thinks  that 
these  are  formed  merely  of  two  stellar  plates  appUed  one  on  the  other. 
The  BIX  foUowing  figures  represent  assemblages  of  hexagonal  crystals, 
the  diameters  of  the  first  two  kinds  are  respectively  *  and  i  inch. 


and  those  of  the  rest  are  U  inch  diameter ;  they  are  usually  formed  at 
temperatuies  between  32°  and  20°  (Fahr.). 


The  second  class  is  also  lamellar,  but  it  difl'ers  from  the  former  in 
having  a  spherical  nucleus,  either  transparent  or  white,  about  J  inch 
diameter ;  and  sometimes  spicular  radii  proceed  from  thence  in  differ«:at 
directions  at  angles  of  60°  with  each  other.  The  temperature  at  which 
this  class  is  formed  varies  also  from  the  freezing-point  to  20*  (Fahr.). 

The  third  class  consists  of  spiculse  or  six-aded  prisms ;  of  these,  the 
finer  sort,  which  are  formed  at  the  temperature  of  28°,  resemble  white 
hairs  very  delicate  and  dear,  and  about  }  inch  long ;  the  coarser  kinds 
are  formed  in  the  lower  region  of  the  atmosphere,  at  about  the  freezing 
temperature. 

The  fourth  class  is  of  a  pyramidal  form  and  about  j|j  inch  high,  but 
Dr.  Scoresby  could  not  determine  whether  the  base  was  triangular  or 
hexagonal.  The  fifth  class  consists  of  hexagonal  crystals  united  together 
by  a  slender  spicular  crystal,  so  as  to  resemble  two  wheels  with  an  axle. 
Both  of  these  kinds  are  very  rarei  Dr.  Scoresby  saw  the  latter  only 
twice  and  the  former  only  once. 

M.  Huber  Bumond,  speaking  of  the  character  of  the  snow  whidi  fell 
at  Tverdun  in  1829  and  1830,  states  that  it  was  crystallised  in  stellar 
plates  with  six  rays,  along  each  of  which  were  disposed  filaments 
arranged  like  feathers,  and  these  again  supported  finer  filaments 
similarly  arranged  ;  the  plates,  which  were  extremely  thin,  were  per-  j 
fectly  plane  and  regular.  ('  Bibl.  Univ.,'  1830.)  It  is  also  rclatol 
in  the  same  work,  that  in  1829  the  frost  at  Tverdun  assumed  every 
day  a  different  form,  being  sometimes  disposed  in  parallel  groups  or 
fiUets ;  sometimes  it  resembled  leaves,  and  occasionally  spines  about  . 
an  inch  long,  which  were  terminated  by  a  flat  rosette  with  six 
divisions. 

The  severe  weather  experienced  in  the  vicinity  of  London,  and  over  i 
the  south-west  and  eastern  parts  of  England  at  the  beginning  of  the 
year  1855,  of  which  no  parallel  had  taken  place  since  that  of  1814, 
which  it  greatly  resembled,  as  well  for  depression  of  temperature  as  for 
the  duration  of  the  frost,  was  remarkable  also  for  the  peculiar  character 
and  continuous  fall  of  snow,  which  first  made  its  appearance  on 
January  16th,  and  lay  on  the  ground  till  after  the  end  of  Februaiy. 
We  are  indebted  to  Mr.  Qlaisher,  the  Secretary  of  the  British  Meteoro- 
logical Society,  for  a  porticalar  account  of  this  snow  and  its  crystals, 
which  is  annexed  to  the  Report  of  the  Society  read  at  the  fifth  annual 
meeting.  May  22,  1855.  Much  of  this  snow,  Mr.  Qlaisher  ofaeerves, 
was  "  of  that  peculiar  character  which  former  writers  designated  Polar 
Snow,  it  having  been  chiefly  composed  of  crystalline  particles,  which 
they  supposed  to  be  confined,  with  rare  exceptions,  to  the  Arctic 
regions.  This  supposition,  however,  is  not  supported  by  the  recent 
prevalence  of  innumerable  crystals,  that  have  exhibited  a  degree  of  . 
ciyBtnlline  formation  equal  to  any  that  has  been  recorded  in  colder 

latitudes. The  primaiy  figure  or  base  of  each  crystal  I  deter- 

mined  to  be  a  star  of  six  radii,  or  a  hexagon  of  laminae,  and  the  com- 
pound varieties  to  include  combinations  of  spiculae,  prisms,  cubss,  and 
rhomboids,  aggregated  upon  and  around  the  central  figure,  according 
to  the  degree  of  its  oom^exity."    The  paper  is  illustnted  by  88  small 
and  63  greatiy  enlarged  figures  of  the  snow  crystals,  the  joint  ptx>-       ' 
ductions  of  the  pencus  of  Mr.  and  Mis.  Qlaisher,  and  probably  the  most 
valuable  series  of  such  representations  extant.    The  figures  above,      , 
copied  from  Dr.  Scoresby,  6,  7,  and  8,  it  will  be  observed,  have  an 
inner  tracing  of  the  hexagon.     Similar  crystals  to  these  were  observed 
by  Mr.  Qlaisher,  who  had  not  seen  them  previously,  nor  any  figures  of      I 
them,  except  those  of  Dr.  Scoresby  of  those  seen  by  him  in  the  Arctic 
Seas.    But  the  forms  of  snow-ciystals  are  doubtiess  dependent  on  the 
temperature  of  the  air  and  the  amount  and  distribution  of  the  aqueous 
vapour  it  contains,  the  differences  in  those  respects  of  the  difTarent 
strata  of  air,  the   interchange  of  corrents,  and  other  physical   cir- 
cumstances, and  not  otherwise  upon  difference  of  locality  than  aa  that      i 
may  involve  a  difference  in  those  circumstances.    The  forms  ordinarily 
characteristic  of  the  snow  of  one  latitude  or  region  may  be  produced       i 
in  any  other,  wherever  snow  can  occur.    It  does  appear,  however,       | 
that  the  most  regular  and  complex  stellate  aggregations  aooompaoy  the 
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lowest  temperaturea.  The  eztraordiDar;  complexity  of  many  of  these 
crystals  of  snow,  when  considered  in  connection  with  the  principle  of 
rogclation  which  governs  the  union  of  separate  portions  of  ice,  leads 
to  the  suspidon  that  inflnitesimally  small  crystals  result  from  the 
solidification  of  vapour,  which  undergo  accretion  and  are  subse- 
quently incorporated  with  each  other  by  regelation,  in  directions 
accordant  with  those  of  the  crystalline  forces  to  which  the  elementary 
forms  are  due.  The  crystallography,  however,  of  solid  water,  or  ice, 
which  of  course  ia  that  of  snow,  is  at  present  in  a  condition  of  singular 
contradiction.  We  appear  not  to  know  with  certainty  to  what  system 
of  crystallisation  it  ^ould  be  referred,  or  even  whether  it  does  not 
belong  to  more  than  one  system ;  though  there  is  strong  evidence  that 
it  must  belong,  in  part  at  least,  to  the  rhombohedral  system,  to  which 
it  has  usually  been  referred.  The  facts  known  respecting  it  will  be 
stated  vrith  the  other  properties  of  ice,  in  the  article  Water. 

Snow,  in  the  form  of  cylinders  and  spheres  or  spheroids,  has  been 
occasionally  observed  in  North  America.  The  former  were  pivduced  by 
the  snow  deposited  in  a  second  shower  upon  some  which  had  pre- 
viously fallen,  and  the  surface  of  which  had  been  covered  by  a  thin 
coating  of  ice.  A  violent  wind  then  caused  the  particles  of  snow  to 
roll  on  the  ice,  and  the  masses  thus  produced  assumed  perfectly 
cylindrical  forms  of  various  sizes,  the  greatest  being  24  or  S  feet 
(Uameter ;  they  were  hollow  at  each  end.  The  spherical  balls  were 
from  1  inch  to  15  inches  in  diameter,  and  were  also  formed  chiefly  by 
rolling,  though  some  were  found  in  endosures  where  they[couId  not  have 
rolled,  and,  therefore,  they  are  supposed  to  have  been  formed  in  the 
atmosphere  itself;  they  were  very  H^t,  and  wore  composed  of  crystals 
irregularly  united.  (Silliman's  'Journal,'  vols.  ii.  and  vi.)  Similar 
balls  were  observed  in  East  Lothian,  in  1830,  by  Mr.  Sheriff;  and  this 
gentleman  relates  that  they  were  composed  only  of  snow,  for  one  of 
them  being  out  through  was  found  to  have  no  hard  body  for  its 
nudeuB.  ('  Edin.  FhiL  JnumaL,'  ii.  68.)  Mr.  Luke  Howard  records 
an  instance,  in  which,  with  the  surface  at  38°  or  Si°,  and  duringa  strong 
wind,  the  snow,  instead  of  driving  loose  before  the  wind,  was  collected 
occasionally  into  a  ball,  which  rolled  on,  increasing  till  its  weight 
stopped  it  :  thousands  of  such  balls  were  seen  lying  in  the  fields,  some 
of  them  several  inches  in  diameter.  The  balls  of  snow,  torrents  of 
which  constitute  what  are  called  rolling  avalanches  [Ayalaiichbs], 
appear  to  be  formed  in  a  similar  maimer,  though  by  means  chiefiy 
mechanical,  in  addition  to  regelation,  which  must  have  place  in  all  these 
accretions. 

When  an  extensive  tract  of  country  is  covered  with  newly-fallen 
snow,  its  glare  has  a  painful  and  injurious  effect  on  the  eyes,  from 
which  the  traveller  has  to  guard  them  by  a  crape  veil,  the  natives 
using  various  similar  means  of  protectioiL  It  is,  however,  from  such 
snow  alone  that  much  inconvenience  is  fdt,  indicating,  probably,  that 
it  is  owing  to  the  light  reflected  from  the  myriads  of  facets  which  the 
crystals  of  snow  present.  Dr.  Joseph  D.  Hooker  remarks,  that  he  has 
never  suffered  inconvenience  from  this  cause  in  crossing  beds  of  old 
■now,  or  gladens  with  weathered  surfaces,  which  absorb  a  great  deal  of 
light,  and  r^ect  comparatively  littl^,  and  that  little  coloured  green  or 
blue.  The  changes  to  which  snow  is  subject  after  descending  to  the 
ground,  according  to  the  circumstances  of  temperature,  weather,  ex- 
posure, and  the  nature  of  the  surface  upon  which  it  has  fallen,  are 
evaporation,  liquefaction,  and  conversion  into  a  compact  ice.  It  evapo- 
rates at  all  temperatures.  Mr.  Howard  found  a  circular  area,  of  five 
inches  diameter,  to  lose  160  gniaa  troy  from  sunset  to  sunrise,  and 
about  60  grains  more  by  the  following  sunset,  the  temperature  varying 
from  18*  to  30*.  This  evaporation  probably  supplies  the  vapour  which 
appears  in  the  form  of  mist  after  a  snow-&ll,  knd  also  that  which  is 
condensed  again  in  the  form  of  a  secondary  &dl  of  snow.^ 

The  process  of  conversion  of  snow  into  glacier  ice  has  been  noticed 
in  the  utiole  Qlacisbs,  in  Nat.  Hist.  Dit.  A  similar  conversion,  in 
localities  of  •  different  character,  has  been  observed  by  Dr.  Hooker, 
who  describes  the  beds  of  perennial  snow  in  the  Sikkim  Himalaya, 
which  extend  bdow  the  true  inferior  limit  of  perpetual  snow  (see  the 
following  artide),  as  having  great  resemblance  to  glaciers,  from  which, 
indeed,  he  considers  them  undistinguishable.  Though  broad  and  con- 
vex, and  occupying  mountain  slopes, — not  filling  hollows  like  gladers 
commonly  so  (»lled, — they  display  the  ribboned  structure  of  glacier- 
ice,  and  descend  at  a  rate  and  to  a  distance  depending  on  the  slope 
and  on  the  amount  of  annual  accumulation  behind.  [Cloitd  ;  Hail.] 

SNOW,  PERENNIAL,  or  PERPETUAL.  In  the  artide  Cukati 
(coL  968U70),  a  general  view  of  this  subject  has  been  given, 
toother  with  portumlars  of  the  devation  of  the  snow-line  under 
different  latitudes  and  in  different  localities,  both  as  indicated  by  theory 
and  shown  by  observation.  We  are  now  enabled  to  enter  in  a  more 
precise  maimer  into  the  consideration  of  the  varying  circumstances 
which  govern  the  position  of  the  snow-line,  and  also  into  the  spedal 
history  of  perpetual  snow  as  it  exists  about  and  upon  the  greatest  and 
highest  mountains  of  the  globe.  For  the  materials  of  uiese  we  are 
chiefly  indebted  to  Dr.  Joseph  D.  Hooker,  who,  in  the  Appendix  to  his 
'Himalayan  Journals,'  has  treated  the  subject  with  views  at  once  more 
general  and  more  philosophical,  perhaps,  than  have  been  applied  to  it 
since  the  original  investigations  of  Wahlenberg,  Yon  Buch,  and 
Humboldt ;  and  has  largely  illustrated  them  by  the  &ct8  of  the  dis- 
tribution of  snow  in  Nepaul,  Tibet,  and  tiie  Himalaya,  which  are 
stated  in  their  ^paopriate  places  in  his  '  Journals '  themselves. 


It  must  be  premised  that  three  things  are  frequently  confounded 
together  in  popular  sdence  anil  in  books  of  travels.  Plrst,  the 
elevation  in  the  atmosphere,  or  above  the  general  sur&ce  of  the  earth, 
as  defined  by  the  level  of  the  sea,  of  the  temperature  of  32°  Fahr.,  or 
the  freezing  point,  for  each  latitude,  as  afi'ected  by  the  distribution  of 
land  and  sea,  from  which,  in  union  with  the  solar  temperature,  results 
the  temperature  of  each  isothermal  line  at  tlie  surface. 

Secondly,  the  position  of 'the  inferior  limit  of  the  beds  of  perpetual 
snow — the  actual  snow-line  in  this  sense — on  mountainous  devations, 
as  dependent  on  the  cause  just  assigned,  in  oonjnnction  with  local 
causes  on  the  great  scale,  and  as  existing  if  hat  at  that  particular 
devation  for  each  region,  bdow  which  all  the  snow  that  falls  melts. 
This  may  be  considerably  below  or  considerably  above  the  line  of  82°. 

Thirdly,  the  altitude  at  which  much  snow  is  perennial,  in  the 
ordinary  sense  of  the  word — ^its  permanence  aiisiiig  from  local  and 
from  temporary  (though  recurrent)  meteorological  causes — masking, 
by  its  extension  downwards,  the  true  limit  of  perpetual  snow  as 
defined  above.  It  is  requisite,  however,  for  the  due  apprehension  of 
the  subject,  that  the  distinction  between  these  three  things  should  be 
carefully  preserved  in  the  mind. 

Dr.  Hooker  has  stated  his  belief  ('Him.  Joum.,'  vol.  ii.,  p.  894), 
"  that  the  limit  of  perpetual  snow  is  laid  down  too  low  in  all  moun- 
tain regions,  and  that  accumulations  in  hollows,  and  the  descent  of 
glacial  ice,  mask  the  phenomenon  more  effectually  then  is  generally 
allowed."  He  defines  the  limit,  "  in  general  terms  only,  as  being  that 
where  the  accumulations  are  very  great,  and  whence  they  ore  con- 
tinuous upwards,  on  gentle  dopes.  All  perpetual  snow,  however,"  he 
continues,  "  becomes  ice,  and,  as  such,  obeys  the  laws  of  glacial  motion 

;  whence  it  follows,  that  the  lower  edge  of  a  snow-bed  placed  on 

a  slope  is,  in  one  sense,  the  termination  of  a  glacier,  and  indicates  a 
position  below  that  where  all  the  snow  that  falls  melts.  ...  It  is  im- 
possible to  define  the  limit  required  with  any  approach  to  accuracy. 
Steep  and  broken  surfaces,  with  favourable  exposures  to  the  sun  or 
moist  winds,  are  bare  much  above  places  where  snow  lies  throughout 
the  year ;  but  the  oocurrenos  of  a  gentle  dope,  free  of  snow,  and 
covered  with  plants,  cannot  but  indicate  a  point  below  that  of  per- 
petual snow.*  A  carefxil  examination  of  those  great  beds  of  snow  in 
the  Alps,  from  whose  podtion  the  mean  lower  level  of  perpetual  snow, 
in  that  latitude,  has  been  deduced,  convinced  Dr.  Hooker  that  they 
are  vrinter  accumulations — of  the  k^d  alluded  to  above,  due  mainly 
to  eddies  of  wind — of  for  more  snow  than  can  be  mdted  in  the  follow- 
ing summer,  being  hence  perennial  in  the  ordinary  sense  of  the  word 
only.  It  follows  that  the  true  limit  of  perpetud  snow  is  much  higher 
in  the  Alps  than  it  is  usually  supposed  to  be.  He  proceeds  to  snow 
that  the  altitude  of  the  limit  in  the  Alps  has  been  stated  by  Professor 
James  Forbes  more  than  1000  feet  in  defect,  the  Jardin,  on  the  Mer  de 
Glace,  at  the  devation  of  9600  feet,  being  evidently  below  the  limit, 
to  which,  however.  Professor  Forbes  had  assigned  the  elevation  of 
8600  feet  only. 

Proceeding  to  the  principal  scene  of  Dr.  Hooker's  own  researches, 
we  find  that  there  are  two  secondary  considerations  which  materially 
affect  the  mdting  of  snow,  and  therefore  exert  a  material  influence  on 
the  elevation  of  the  snow-line,  but  which  have  not  been  sufficiently 
dwelt  upon,  though  they  bear  directly  upon  the  great  altitude  of  that 
line  in  the  most  elevated  regions.  From  the  imperfect  transmisdon  of 
the  heating  rays  of  the  sun  through  films  of  water,  it  follows  that  the 
direct  effects  of  the  rays,  in  dear  sunshine,  are  very  different  at  equal 
elevations  of  the  moist  outer  and  dry  inner  ranges  of  the  Himalaya. 
Secondly,  naked  rook  and  soil  absorb  much  more  heat  tium 
Burfoces  covered  with  vegetation,  and  this  heat,  radiated  from  them 
again,  is  much  more  rapidly  absosbed  by  the  white  snow  than  the 
direct  heat  of  the  sun's  rays  is.  Hence,  at  equal  elevations,  the  ground 
heats  sooner,  and  the  snow  is  more  exposed  to  the  heat  thus  radiated 
in  arid  Tibet  than  in  the  wooded  and  grassed  mountains  of  Sikkim. 
In  the  latter  region, "  the  position  and  elevation  of  the  perpetual  snow 
vary  with  those  of  the  incQviduol  ranges,  and  their  exposure  to  the 
south  wind.  The  expression  that  the  perpetud  snow  lies  lower  and 
deeper  on  the  southern  dopes  of  the  Himalayan  mountains  than  on  the 
northern  conveys  a  false  impression.  It  is  better  to  say  that  the  snow 
lies  deeper  on  the  southern  faces  of  the  individud  moimtdns  and 
spurs  that  form  the  snowy  Himalaya,  The  axis  itself  of  the  uhain  is 
generally  far  north  of  the  pouUon  of  the  spurs  that  catch  all  the 
snow,  and  has  comparatively  litUe  snow  on  it,  most  of  what  there  ia 
lying  upon  north  exposures."  Thus  appears  to  be  at  last  explained  the 
apparent  anomaly  that  the  snow-line  ascends  in  advancing  north  to 
the  coldest  Himalayan  region;  the  podtion  of  the  greatest  peaks 
and  of  the  greatest  mass  of  perpetual  snow  being  genially  assumed, 
though  erroneoudy,  ss  indicating  a  ridge  and  waterdied.  "Travellers 
arguing  from  single  mountains  done,  on  the  meridiond  ridges,  have 
at  one  time  supported  and  at  another  denied  the  assertion,  that  tiie 
snow  lies  longer  and  deeper  on  the  north  than  on  the  south  dope  of 
the  Himalayan  ridge." 

The  enormous  accumulation  of  aaov  in  Sikkim  at  16,000  feet 
exercises  a  dedded  influence  on  the  vegetation,  preventing  its  exten- 
don  upwards,  which,  in  other  dtuations,  takes  place  to  16,000  and 
17,000  feet  Qlsders  descend  to  15,000  feet  in  the  tortuous  gorges 
which  immediately  debouch  from  the  snows  of  Kinchinjunga,  but  no 
plants  grow  on  the  dibrii  they  carry  down,  nor  ia  there  any  sward  of 
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giasB  or  herbage  at  their  ba«B,  the  atmoaphere  immediately  ^couud 
being  diilled  by  the  snow%  and  the  summer  bi)u  rarely  warmiqg  iho 
soil.  In  the  vicinity  of  Kipcbinjhqw,  21,000  feet  high,  and  where  the 
mean  level  of  perpetual  snow  i»  19,000  feet,  poinoiding,  probably,  with 
a  mean  temperature  of  30°,  the  glaoaiy  do  4Qt  4£scend  below  16,000 
feet,  but  a  gieap  sward  of  vegetation  preeps  up  to  their  baaee,  and 
herba  grow  on  the  patchy  pf  e^rtb  they  carry  down,  while  dwarf 
riiododendrone  cover  the  morainee.  Sr.  Booker  concl^dea  on  this 
eubject  with  the  {olbwing  geneml  statement  :—'•■  Looking  eastward  or 
westward  on  the  map  of  India,  We  perp^ive  th^t  the  phenomenon  of 
perpetual  eziow  is  regulated  "by  the  same  ]vf»-  From  iha  longitude  of 
Upper  Assam  in  96°  B.  to  that  of  Kashmir  in  7S°  £.,  the  Iqwest  limit 
of  perpetual  snow  is  15,600  to  16,0Q0  feet,  apd  a  shrubby  vegetation 
affects  the  most  humid  lopalities  near  it,  at  13,0Q0  to  14,000  feet. 
Bscediug  from  the  plains  of  India  and  penetrating  l^e  mountains,  ^e 
climate  becomes  dner,  the  snow-Une  riaes,  fnd  yegefAtion  dinwiishee, 
whether  the  elevation  of  the  land  incfeojie^  of  decreases  j  plants 
reaching  17,000  and  18,000  feet,  and  the  snnw-line  eo,000  feet.  Wo 
mention  extreme  caees  :  th«  «no)tr-leyel  of  Sikkim  in  latitude  27°  30' 
is  at  16,000  feet,  whereas  in  latitude  3£i°  30'  Br,  Thomson  fqund  the 
snow-line  20,000  feet  on  the  mountains  ne^r  the  Ka^akoiam  pass,  and 
vegetation  up  to  18,500  feet — ^features  I  fonnd  io  be  common  alip  to 
Sikkim  in  latitude  28°." 

The  progress  of  physical  get^gy  brings  before  ijs,  fxojn  lime  to 
time,  the  conditions  of  the  earth's  surface  at  former  periods.  An 
example  of  this,  probably  involving  the  consideration  of  the  great 
extension  of  snow  and  ice  in  the  northern  hemisphere,  southward 
from  the  arctic  regions,  at  what  has  been  tei^ned  the  glapial  epoch,  as 
alluded  to  in  several  former  articles,  is  stated  by  Pr.  Hooker  nearly  in 
the  following  terms : — Were  the  snow-level  in  the  Bingchapi  province 
of  Tibet  as  low  as  it  is  in  Sikkim,  or  16,000  |eet,  the  whole  of 
Tibet,  from  the  Doukia  mountain  northwards  to  the  Yarn-Teampu 
river,  the  average  direction  of  which  is  west  and  east  nearly  in  the 
latitude  of  20°  10',  "  would  be  everywhere  intersected  by  glaciers  and 
other  impassaUe  barriers  of  snow  and  ice,  for  a  breadth  of  fifty  miles, 
and  the  country  would  have  no  parallel  for  amount  of  gnow  beyond 
the  Polar  circles.  It  is  impossible  to  conjecture  what  yfoi^d  have 
been  the  efEects  on  the  climate  of  northern  India  and  central  Asia 
fmder  these  conditions.  When,  however,  we  reflect  npon  the  evidences 
pf  glacial  phenomena  that  abound  in  all  the  Himalayan  yajleys  at  and 
above  9000  feet  elevation,  it  is  difficult  to  avoid  the  conclusion  that 
such  a  state  of  things  once  existed,  and  that  at  a  comparatively  very 
recent  period."  Valuable  information  on  this  subject,  as  well  as  on 
the  philosophy  of  the  snow-line  as  at  present  existing,  will  be  found  in 
Vr.  W.  Hopkins's  paper,  "On  the  causes  of  chj^igep  of  climate," 
Quart.  Joum.  of  Geo.  Soc.,'  yoL  viii.,p.  76-87. 

SNOW,  EED.    [See  Ni.T.  Hist.  Div.] 

SNUFF.    [Tobacco.] 

SOAP  MANUFACTURE.  Soap  originally  meant  the  compounds 
derived  from  the  union  between  fatty  bodies  and  the  alkalies  potash 
and  soda.  Although  the  name  is  still  usMsIly  thus  limited  in  its  mean- 
ing, it  has  nevertheless  been  extended  to  compounds  of  oleaginous  bodies 
with  some  earthy  and  metallic  bodies,  having  but  few  properties  is 
oommon  with  soap  properly  so  called- 

Propertiet. — It  has  been  fonnd  by  Chevreuil  that  different  varieties 
of  fatty  matter  consist  chiefly  of  two  kinds :  one  hard,  to  wbich  he 
gave  the  name  of  stearin  ;  and  the  other  soft,  which  he  termed  qlein. 
He  also  discovered  that  stearin  is  compossd  of  stearic  acid  And  a  pecu- 
liar principle  which,  on  account  of  its  sweet  taste,  he  named  glyecria  ; 
and  it  was  further  proved  by  his  experiments  that  olein  consists  of 
oleic  acid  and  glycerin.  Stearin  is  therefore  a  stearate  of  glycerin,  and 
(^ein  an  oleate  of  the  same  substance.  When,  in  the  msnufacture  of 
soap,  an  alkali  (soda,  for  example)  is  heated  with  tallow,  the  soda 
gradually  dislodges  the  glycerin  from  combination  with  the  stearic  and 
oleic  scids,  and  by  combining  jyith  them,  forms  soap,  or,  in  oUier  words, 
a  comiwund  of  stearate  and  oLe^  pf  soda,  and  jbhe  glycerin  remains  in 
solution. 

In  vegetablefatoils— olive-oil,  for  example— the  glycerin  is  eombineid 
with  margaric  and  oleic  acids,  forming  margarate  and  oleate  of  glycerin; 
and,  consequently,  soap  made  wit^  this  oil  is  a  m^rg^rate  and  oleate  of 
soda,  instead  of  a  stearate  and  oleate  of  this  bs^. 

The  soaps  which  have  the  alkalies  for  their  joaises  ere  soluble  in  water, 
though  the  solution  is  in  general  milky ;  they  are  also  soluble  in  alcplu}!, 
and  the  solution  is  used  frequently  as  a  test  of  wh^  /s  called  the 
hardncu  of  water.  [Soap-Test.]  Acids  also  depompoBe  #gaps,  and 
though  the  effect  is  apparently  similar,  yet  it  is  in  reality  .different : 
thus  when  sulphuric  acid  is  added  to  soap,  a  white  pi  ecipitateJB  formed, 
but  this  is  merely  the  fatty  acid  which  the  soap  contained,  ^nd  shows 
the  change  which  the  fat  emp).oyed  has  undergone ;  it  is  either  ste^ic, 
oleic,  or  margaric  acid,  Ik.,  or  a  mixti^re  of  two  or  more  of  them. 
Sulphate  of  soda  remains  in  solution  when  4^  soda  so^  has  been  thus 
decomposed.  There  are  certain  preparations  used  in  medicine  nnder 
the  names  of  emulsions  and  liniments,  which  are  obtained  by  inerely 
agitating  either  ammonia,  potash,  soda,  or  lime-water,  with  oil.  The 
first  of  these  is  an  ammoniacal  soap;  the  second  and  third  are  imperfect 
alkaline  soaps;  and  the  fourth  is  an  earthy  soap  to  which  barytes  and 
■trontia-water  form  compounds  nearly  analogous;  these  earthy  soaps  are 
insoluble  in  water,  or  nearly  so.    Mj^llic  so^ps  are  ionncd  by  heating 


certain  metallic  oxides,  as  those  of  lead,  mercury,  and  bismuth,  with 
fatty  matter ;  glycerin  is  sepiirated,  as  has  already  t>een  mentioned,  and 
the  metallic  soaps  formed  are  insoluble  in  water.  The  only  soap  of 
this  kind  extensively  employed  is  that  of  oxide  of  lead,  which  is  largely 
used  under  the  name  of  diachylon,  or  lefid  plaster. 

iIll^^vJact^^re. — Some  of  the  soap-factorie^  of  the  present  day  carry 
on  operations  with  the  aid  of  considerable  chemical  and  jnechanical 
^kiU.    There  is,  however,  not  mnch  that  requires  description  here- 

Mottled  soap,  a  kind  much  used  in  EngLvnd,  is  inade  of  tallow, 
kitchen  stuff,  soda,  water,  and  a  Uttle  salt  The  tallow  principally 
employed  is  brought  from  Russia,  and  arrives  in  a  solid  state  in  barrels; 
it  is  tolerably  pure,  and  is  ready  for  use  at  once.  The  impure  gr^se 
known  as  ki^tohen-stuff  requires  much  heating,  straining,  and  puiifying 
before  it  is  fitted  for  use ;  and  even  tiien  it  U)  not  employed  for  the 
better  soaps.  The  ;dk^  formerly  used,  as  h^  already  been  stated, 
was  obt^ed  from  kelp  and  bsrill^;  but  the  carbonate  of  soda  obtained 
from  common  salt  is  now  almost  exclusively  ^ised-  Ti^  soda  being 
required  almost  in  a  caustio  state,  the  carbonic  acid  is  driven  off  for 
the  soap-maker's  pnxposes.  The  caustic  soda  is  dissolved  in  water  to 
form  4  Ujl  or  Ij/f.  The  ley  is  pumped  into  boilers,  and  mixed  with  Uie 
fatty  suhsfauces.  Steam-heat  is  applied,  and  the  mixture  is  boiled 
until  the  fat  has  combined  with  all  the  a]kali  of  the  ley.  The  spent 
ley  is  pimiped  up,  fresh  ley  is  introduced,  and  the  boiling  proceeds, 
^'his  is  repeated  seyetal  times,  a  stronger  ley  being  used  each  time  than 
before.  When  the  soap  is  nearly  finished,  the  "  mottling  "  js  given  by 
sprinkling  a  small  quantity  of  very  dense  ley ;  this  percolates  alowly 
through  the  mass,  leaving  dark-coloured  veins  in  its  track.  When  the 
soap  is  finished,  it  is  laded  into  buckets,  and  thence  transferred 
to  framea.  These  frames  are  upright  oblong  boxes,  made  either  of 
wood  or  iron,  and  easily  taken  to  pieces.  The  eoap,  when  the  frames 
are  full,  19  allowed  to  cool  and  solidify.  Each  frame  being  tak.en  to 
pieces,  the  mass  of  soap,  sometimes  weighing  as  niuch  as  three  or  four 
thousand  pounds,  is  exposed  to  view.  It  is  cut  up  into  slabs  or 
layers  by  a  wire  being  drawn  through  it,  following  the  marks  pf  certain 
gauge-Unes.  The  application  pf  a  similar  wire  in  a  different  way  after- 
wards separates  the  slabs  into  bars  about  16  inches  long,  3  inclies  wide, 
and  3  inches  deep. 

Card  or  wl^itf  soap  is  made  nearly  in  the  same  way  as  niottled,  but 
with  a  more  careful  selection  of  ingredients,  and  a  better  fnanagemeut 
of  some  of  the  processes. 

Yellow  soap  is  distinguished  from  the  others  by  the  large  amoimt  of 
resin  and  palm-oil  contained  in  it.  The  casks  of  palm-oil,  as  brought 
from  Afiica,  are  placed  over  a  trough  with  the  bung-hole  downwards ; 
the  steam-pipe  is  admitted,  and  the  melted  substance  flows  out.  The 
oil  is  bleached  by  a  chemical  process,  and  then  the  soap-making  pro- 
ceeds as  before.  The  resin  and  the  palm-oil  both  serve  the  purpose  of 
tallow,  and  are  the  cause  of  the  relative  cheapness  of  yellow  soap. 

Soft  Bpap,  used  principally  in  the  woollen  manufacture,  is  made 
chiefly  pf  oil  and  potash,  'i'he  oil  may  be  whole,  seal,  olive,  liqaecd, 
or  any  that  cpmes  most  reiidily  to  hand,  and  is  combined  with  a  Utde 
toliow  to  increase  the  etiffiiess.  Soft  soap  is  not  sh^ied  in  fiances,  but 
is  poured  at  once  into  barrels  or  casks. 

Funcy  soaps,  as  they  are  called,  such  ^^  are  sold  by  perfumers,  are 
generally  made  from  good  white  soap,  remelted,  and  modified  by  the 
addition  of  perfinnes,  &e. 

Pr-  Norinandy  in  1841  patented  an  invention  for  using  up  all  kinds 
of  gums  md  resin^  in  soap  by  the  addition  of  sulphate  of  soda.  He 
made  hard  soap  cheap  by  that  means ;  ))ut  his  operations  were  checked 
by  the  Excise  insisting  qn  the  same  rate  of  duty  ae  was  p^d  for 
the  high-priced  soaps.  If  is  patent,  np^  having  been  a  pro^ble  one, 
was  renewed  in  1856  for  three  years. 

A  substsfice  palled  toap  bark  was  brpught  to  Europe  from  some 
tropical  country  in  1859.  It  is  black  without,  and  yellowish  white 
within,  very  heavy  and  densa  When  the  white  layers  are  macerated 
in  water,  they  prc^nce  an  emulsion  which,  i^hen  mixed  ygriih  oil,  may 
be  used  ss  soap. 

Soop  Trade. — The  aoap  manufacture  is  one  of  considei^le  importances 
'J'he  principal  »e^  in  England  are  Liverpool  and  Runcorn,  London, 
Brentford,  Bristol,  and  Hull.  Nearly  tliree-fourths  of  the  total  quantities 
of  soap  are  m^de  a^  these  places ;  but  there  are  also  manufactories  of 
considerable  estenjt  at  Bi-omsgrove,  Newcastle,  Gateshead,  Warrington, 
and  Plymouth.  In  Scotland,  tw^o-thirds  of  the  total  quantity  of  soa{) 
are  made  at  Glasgow  and  Lei|^. 

In  1711  an  Excise  duty  ojf  Id.  per  lb.  was  first  imposed  on  all  soap 
made  in  Crept  Britain,  which  was  rtfiscd  in  1713  to  14''.  per  lb.  In 
1/32  the  duty  was  again  Increased, and  a  distinction  w»3,for  the  first  time, 
nude  between  hard  and  s^ft  soap,  the  duty  on  the  former  being  "\d., 
and  on  the  ^tter  Hd.  per  lb.  In  1816  hard  soap  was  sijibject^  to  a 
duty  of  3(2.  per  lb.  In  1833,  the  duty  was  IM.  per  ih.  on  hai-d  soap, 
and  Id.  per  lb.  on  S0&.  The  interference  of  the  Excise  in  the  znanu- 
facture  of  soap  was,  imtil  recently,  exceedingly  arbitrary  and  vexatious; 
but  in  tlie  'Seventeenth  Report  of  the  Commissioners  of  Excise 
Inquiry,'  183$,  the  discontinuance  of  the  system  of  survey  which  then 
existed  was  recpnweuded.  The  act  3  and  i  Vict.  c.  49,  passed  in  IS  10, 
repealed  seventeen  other  acts,  so  far  as  they  concerned  the  making  of 
soap.  The  article  may  now  be  made  in  any  way  or  of  any  material 
which  the  manufacturer  thinks  most  judicious,  as  thp  Exoise  does  not 
interfere  with  the  process  of  manufacture. 
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When  the  duty  on  hard  soap  was  id.  per  lb.  j  the  sellfaig  pHoe  ttrferaged 
about  id.,  out  of  trhich  Imother  \d.  was  absorbed  in  duties  on  the 
tallow  and  other  substances  uried  in  the  mantifacture.  The  Sd.  duij^ 
aa  has  been  stated,  was  reduced  to  14d.  in  1883 ;  and  in  1858  the  duty 
was  wholly  repealed.  In  1893,  the  last  year  for  which  official  returns 
are  obtainable,  rather  more  than  200,000,000  lbs.  of  soap  were  mtvdd  in 
the  United  Kingdbm  ;  of  *hich  the  largtest  items  wete — Itdndon  and 
vicinity,  54  000,000  lbs.;  Lirerpool  and  vicinity;  47,000,000  lbs.; 
Ghm>w  and  vicinity,  Ifl.OOO.OOO  lbs.  The  eiport  of  soap  is  not  Urge; 
for  the  thrM  years,  1858,  186B,  1860,  it  Varied  frotn  160,000  lbs.  to 
190,000  lbs. 

The  increasing  use  of  palm  oil  is  perhaps  the  cbiit  commercial 
novelty  in  the  Boap  manuf^tcture. 

SOAP,  Medical  Uses  of.  In  phlumaiijr  and  medidihe  the  term  soap 
is  applied  to  combinations  hot  only  of  dily  and  fatty  mattui^  with  the 
alkalies  soda  or  potash,  but  also  with  the  volatile  alkali  (ammonia),  limb 
(an  alkaline  earth),  and  metallic  oxides,  especially  bzide  of  lead ;  like- 
wise to  solutions  of  resins  in  liquid  putash,  such  aa  gnaiaelo  [GDau- 
ccm],  called  therefore  Sapa  jritattirfntB.  The  combin^ons  of  oils  with 
ammonia  or  lime,  being  very  thlH,  artt  generally  tei-med  H»rfinrtit«  ;  the 
common  one  of  hsrtshorh  with  oil  is  an  example  of  th^  foi^er,  while 
oil  and  lime-water  Constitute  the  comnion  application  to  bums  termed 
Carron  oilj  from  its  frequeht  employment  in  the  great  irou-wurks  at 
that  place.  The  combination  of  oil  wiUi  oxide  of  lead  is  generally  termed 
a  pldatn:  Some  Combinations  tif  i  volatile  or  fixed  oil  with  dn  acid 
are  sometimes  called  sOaps,  such  as  that  of  oil  of  turpentine  with  hydro- 
chloric acid  (artificial  camphor),  ol-  of  almond  oil  with  sulphuric  acid 
(Sapo  acidiu) ;  hut  these  are  scarcely  entitled  to  be  so  regarded.  Among 
continental  pharmaceutists,  many  cerates  and  mixtures  of  metallic 
salts  with  common  soap  are  termed  toapi,  but  they  are  more  eorrectly 
called  plasters. 

Of  hard  Soaps,  thd  fine  kinds  Hn  nuLde  with  sodil  and  the  purer 
vegetable  oils,  and  the  inferior  kinds  with  animal  oils  or  th^  coarser 
vegetable  oils  or  reains.  White  soda  soap  is  prepared  with  caustic 
soda  and  olive  oil  (in  Spdn)  or  with  ilmond  oil  (in  France).  In  its 
purest  state  it  is  called  malidnal  toap ;  in  a  less  pure  state,  it  is  called 
Alicant,  Venice,  or  Spanish  Soap.  The  Castile  or  tnarbled  soap  has 
this  appearance  communicated  to  it  by  siilphate  of  iron  and  red  oxide 
of  iron  being  added  and  stirred  through  it  when  the  soap  is  nearly  made. 
These  are  impurities  which  render  it  less  fit  for  medical  use  in  many  cases 
than  the  white  soap.  When  pt-oferly  prepared,  white  soap  diould  neither 
make  an  oily  mark  oh  tiaper  not-  have  a  burning  alkaline  taste.  It 
should  be  perfectly  soluoie  In  pure  water  and  in  alcohol.  [Soap-test.] 
When  an  alcohoUo  Solution  le  evaporated,  the  residiram  constitutes 
tiantparent  soap. 

AVhite  soda  soap  Is  ihb  only  one  which  should  be  Used  interbally. 
It  is  chiefly  employed  to  form  pills,  *hich  are  gently  aperient  attd 
antacid ;  their  power  in  fUa  latter  i^pect  is  greatly  Increased  by  the 
addition  of  exsiccated  barbonate  of  soda  :  this  combination  is  of  great 
utility  in  the  treatment  of  gouty  and  calculous  disorders,  when  an 
alkali  is  indicated.  In  other  cases  it  is  used  to  pr«vent  the  ttilla 
becoming  haid  and  insoluble  ;  such  lis  compound  ihufaarb  pills.  White 
soap  furnishes  a  ready  antidote  to  the  strong  tnineral  acids,  in  cases  of 
poisoning  by  any  of  tliese. 

Soft  soitp  is  directed  by  the  London  Fhsrinacopoeia  to  bd  mode  *ilh 
potasli  and  olive  oii  ohly,  but  this  order  is  seldom  complied  *ilh.  The 
soft  soap,  in  which  both  soda  tmd  potash  are  ojed,  is  made  with  olive 
and  other  oils  and  tallow.  It  is  employed  only  to  tohn  the  compound 
sulphur  ointment.  Soft  soap  Is  of  gteat  service  in  many  cutaneous 
diseases,  several  of  which.  When  In  a  mild  form,  may  be  cured  by  it 
alone.  It  may  be  rendered  still  more  useful  by  the  addition  of  sulphur 
or  sulphuret  of  potash  (liver  of  sulphur).  In  the  treatment  of  scabies, 
porrigo  (ring-worm),  and  such  diseases,  this  application  is  far  superior 
to  the  ointments  and  other  greasy  compounds  commonly  clnployed, 
which  increase  the  filth  or  uncleanness  by  which  the  disease  Is  aggra- 
vated. It  is  alio  much  cheaper.  Many  othei'  sOaps  are  vended, 
pretending  to  special  qualities,  sUch  as  glycerine  soap,  tar  soap,  ftc. 
Soap  formed  of  cocoa-nut  oil  has  the  great  advantage  of  being  soluble 
in  salt  water,  and  so  can  be  used  at  sea. 

SOAP-TEST.  A  solution  of  white  cutd  804^)  in  proof  spirit;  it  is 
ued  in  ascertaining  the  amount  of  hatdness  of  waters. 

The  action  of  hard  water  upon  soap  has  already  been  alluded  to. 
[Calciou,  carbonatt  of  linU.]  By  using  a  solution  of  soap  of  known 
strength,  and  adding  it  to  a  given  quantity  of  hard  water  until  no  more 
of  the  familiar  curdy  precipitate  is  thrown  down,  the  amount  of  hard- 
ness will  obviously  be  at  once  indicated.  ThA  method  of  preparing  and 
applying  this  soap  test  is  as  follows  : — 

Si-tteen  grains  of  pure  carbouate  of  lime  ate  dissolved  in  pure 
hydrochloric  acid,  the  solution  evaporated  to  dryness  on  a  water  bath, 
the  residue  re-dissolved  in  water,  again  evaporated  to  dryness  to  ensure 
the  absence  of  free  acid,  and  the  rendue  now  dissolved  in  one  gallon 
of  distilled  water,  the  resulting  liquid  is  a  sohitiob  of  hydtocblorate 
of  lime,  or,  taore  cotrectly,  chloride  of  calcium,  but  the  amount  of 
lime  in  it  is  identical  With  that  in  the  sixteen  grains  of  carbonate 
of  lime,  and  inasmuch  as  all  soluble  lime  salts  act  similarly  upon 
soap,  that  is,  withodt  any  influence  of  the  acid  contained  in  theln, 
it  follows  that  the  gallon  of  ehloHde  of  calcium  solution  accttmtcly 
npreiientt  a  naturtU  water  Whose  hardness  ia  due  to  sixieeu  gtains 


of  earbohafe  of  lime  itt  a  gallon.  All  that  is  now  necessary  is  to 
ascertaiil  how  much  of  a  dilute  alcoholic  Solution  of  soap  must  be 
added  to  a  given  quantity  of  thO  chloride  of  calcium  solution  before  a 
p&l«ianefit  lather  is  produced.  This  bbing  dons  the  soap-test  has 
henceforth  a  value  giveth  to  it,  iiiasmuch  as  if  it  i)^  Added  to  any  hard 
water,  eqUal  in  volume  to  that  df  the  srtiGclAl  hard  water  previously 
experimented  with,  until  a  permanent  lather  be  {jroduced,  the  amount 
so  added  indicates  the  bumbei'  of  ^ins  of  carljonate  of  lime  present 
in  the  gallon.  The  quahtlty  of  witter  tested  Is  usually  and  conveniently 
one  thousand  grains,  and  the  soap-teat  is  used  to  greateAt  advantage 
wheh  poured  from  a  burettS  divided  by  transverse  markings  into 
measures  each  containing  ten  grains  :  the  soap-test  should,  moreover, 
be  so  diluted  by  its  proofspil-it  solvent,  that  thirty-two  measures 
require  to  be  added  to  one  thousand  grains  of  the  artificially  prepared 
stimdard  solution  of  sixteeU  degrees  of  hardness  before  cumplutd 
precibitotion  of  the  lime  i»  produced  and  a  permanent  lather  formed. 

In  applying  the  Soap-tedt  to  a  normal  water,  the  specimen  of  tile 
latter  should  be  placed  in  a  bottle  of  five  or  six  ounces'  capacity.  Tho 
solutiod  of  soap  must  then  ho  addbd  ih  small  portions  at  a  time  and 
tha  mixture  well  shaken  in  the  intet-vals.  When  indicationti  of  a 
lather  appeal'  on  the  surikce  of  tba  liqilid,  th«  Additions  of  soap-test 
must  be  very  small,  and  finally  when  a  lather  is  produced  that  does 
not  sutjside  until  after  the  bottle  has  remaitied  ilndisturtjed  on  its 
side  fur  three  ndnUtes,  the  aihount  of  boap-test  added  is  noted ;  an 
inspection  of  a  table  similar  to  the  ohe  here  ap{)ended  at  once  indicates 
the  degree  of  hardness  per  gallon. 

Cuuc's  SoAt  Iest-Tasu  roa  HAaDsias  of  Withr. 
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Bteesa  of  oai'bonii:  aeid  in  a  Watel*  is  apt  to  decompose  a  lather  once 
formed  and  an  experiment  may  be  thus  inteHered  with.  To  avoid  this 
soured  of  error  Professor  Clark,  Who  is  the  author  of  the  process  now 
deecribedt  i«oomme(ids  that  the  Water  be  violently  i^lated  before  the 
addition  of  the  soap-test,  the  superstratum  Of  air  being  two  or  three 
titnes  renewed  by  suctioh  through  a  gkss  tube.  When  a  water  is  of 
more  than  tizteen  degrees  of  hardness  it  should  be  diluted  with  itri 
own  bulk  of  distilled  water  before  prooeoding  With  the  addition  of 
Bottp-test. 

Salts  other  than  earbutlate  of  lime  OoUfbr  hardness  lipon  watef', 
moreover  an  equal  number  Of  degrees  ot  hardness  is  produced  by  very 
diderent  amounts  of  the  several  salts.  Thus,  to  produce  ten  degrees 
of  hardnees  the  annexed  qnantitioa  of  the  following  salts  are 
neoeseary : — 

Carbonate  o\  lime    .,».,.  10-0  gr,uns. 

Sulphate  of  lime        ,;»,,.  13-6  „ 

Nitrate  of  lime ICM  „ 

Chloride  of  eUeluih     .•«;,.  Il'l  „ 

Carbonate  of  magnesia    i       «       i       t       ,    8'S  „ 

Snlphata  of  magneela         i       <       .       .    :  12-1  „ 

Chloride  of  msgneddm    ,        .        {        ,        i    9-6  „ 

Inasmuch,  however,  as  it  is  only  the  relative  hardness  of  a  water 
that  is  usually  required  to  be  known,  unnecessary  complication  is 
avoided  by  representing  that  hardness  in  degrees,  the  value  of  which 
has  been  cohventiobally  agreed  upon  by  chemists.  One  degree  ia 
the  amount  of  hardness  that  would  be  produced  by  one  grain  of 
carbonate  of  lim  in  a  gallotl  of  water :  two  degrees  by  two  grains, 
and  BO  on. 

BOCAOE,  or  80CGAGE,  ia  service  rendered  by  a  tenant  to  his 
lord  for  lands,  the  principal  ingredient  of  which  is  its  iieing  fixed 
and  determined  in  its  nature  and  quality.  The  certainty  of  the  service 
distinguished  socage  from  tenvu«  in  chivalry,  or  by  knight's  service,  on 
the  one  hand,  and  from  tenure  in  pure  villeinage  by  arbitrary  service, 
on  the  other ;  and  therefore  Littleton  says,  8  118,  "  A  man  may  hold  of 
his  lord  by  fealty  only ;  and  such  tenure  is  a  tenure  in  socage ;  for 
every  tenure  which  is  not  a  tenure  in  chivalry  is  a  tenure  in  socage." 

Socage  is  said  by  old  writers  to  be  of  three  kinds  :  socage  in  frank 
tenure;  socage  in  ancient  tenure;  and  socage  in  base  tenure.  The 
propriety  of  the  last  denomination  ia  however  doubtful.  The  second 
and  third  kuids  are  now  called  re.-!poctively  tenure  in  ancient  dem- 
esnc  and  copyhold  tenutv.    The  fiist  kind  i^  called  free  and  common 
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socage,  to  distiDgiiish  it  from  the  two  others,  though  u  the  term 
socage  has  long  ceased  to  be  applied  to  the  two  latter,  socage  and  free 
and  common  socage  now  mean  one  and  the  same  thing. 

Besides  fealty,  which  the  tenant  in  socage,  like  every  other  tenant, 
is  bound  to  do  when  required,  the  tenant  in  socage,  or,  as  he  was 
formerly  called,  the  socager  or  sockman,  is  bound  to  give  his  attendance 
at  his  lord's  court-baron,  if  the  lord  holds  a  court-bsotin  either  for  a 
manor  [Marob]  or  for  a  seigniory  in  gross.  This  obligation  to  attend 
the  court,  it  is  supposed,  gave  rise  to  the  name  of  the  tenure,  but  the 
question  is  not  wiuiout  doubt. 

Both  forfeiture  and  escheat  are  incident  to  tenure  in  socage,  as  they 
were  also  to  tenure  by  knight's  service.  In  that  species  of  socage  tenure 
which  is  called  gavelkind  there  is  no  forfeiture. 

Wardship  is  also  incident  to  this  tenure.  But  this  incident  is  not, 
as  formerly  in  knight's  service,  a  benefit  given  to  the  lord,  but  a 
burden  imposed  on  the  infant's  next  friend  of  full  age,  who  must 
however  be  a  person  not  capable  of  inheriting  the  estate  upon  his 
young  kinsman's  death. 

In  particular  districts  some  of  the  incidents  of  tenure  by  knight's 
service  were  by  custom  annexed  to  the  tenure  in  socage.  Thus  in  the 
diocese  of  Winchester  the  lord  claimed  the  wardship  and  marriage  of 
his  socagers. 

Before  the  abolition  of  feudal  burdens  by  the  Commonwealth,  con- 
firmed upon  the  Restoration  by  12  Car.  II.  c.  24,  tenants  in  socage  were 
bound  to  pay  20».  upon  every  202.  of  armual  value,  as  an  aid  for  making 
the  lord's  son  a  knight,  and  the  some  for  marrying  the  lord's  eldest 
daughter.  This  tenure  was  also  subject  to  the  payment  of  fines  upon 
alienations. 

By  the  above  statute,  the  provisions  of  which  were  extended  to 
Ireland  by  the  Irish  act  of  14  ond  15  Car.  II.  c.  19,  tenure  by  knight's 
service  was  abolished,  and  all  lands,  with  the  exception  of  ecclesiastical 
lands  held  in  free  alma  [Fbankalmoione],  were  directed  to  be  held  in 
free  and  common  socage,  which,  with  the  limited  exception  in  favour 
of  lands  held  in  &ankalmoigne,  is  now  the  universal  tenure  of  real  pro- 
perty throughout  England  and  Ireland,  and  those  colonies  which  have 
been  settled  by  the  English. 

It  is  true  that  a  large  portion  of  the  soil  of  all  those  countries  is 
held  by  leaseholders,  and  in  England  also  by  copyholders ;  but  the 
freehold  of  the  land  held  by  leaseholders  and  copyholders  is  in  their 
lords  or  lessors,  who  hold  that  freehold  by  socage  tenures. 

SOCIAL  CONTRACT,  or  ORIGINAL  CONTRACT.  Locke  thus 
expounds  his  doctrine  of  the  social  contract  (•  Essay  on  Civil  Govern- 
ment,' c.  8,  •  Of  the  Beginning  of  Political  Societies') :  he  says  that 
"  men  being  by  nature  all  free,  equal,  and  independent,  no  one  can  be 
put  out  of  his  estate  and  subjected  to  the  political  power  of  another 
without  his  own  consent."  By  can  he  does  not  mean  to  say  that  it 
may  not  happen  that  one  man  shall  be  subjected  to  the  political 
power  of  another,  but  that  he  cannot  properly  or  justly  be  subjected 
without  his  consent ;  which  appears  from  what  follows :— "  Whosoever 
tiierefore  out  of  a  state  of  nature  unite  into  a  community  must  be 
understood  to  give  up  all  the  power  necessary  to  the  ends  for  which 
they  unite  in  society,  to  the  majority  of  the  community,  unless  they 
expressly  agreed  in  any  number  greater  than  the  majority.  And  this 
is  done  by  barely  agreeing  to  unite  into  one  political  society,  which  is 
all  the  compact  that  is  or  needs  be  between  uje  individuals  that  enter 
into  or  make  up  a  commonwealth.  And  thus  that  which  begins  and 
actually  constitutes  any  political  society,  is  nothing  but  the  consent  of 
any  number  of  free  men  capable  of  a  majority  to  unite  and  incorpo- 
rate into  such  a  society.  And  this  is  that,  and  that  only,  which  did 
or  could  give_  begimung  to  any  lawful  government  in  the  world." 
This  doctrine  is  open  to  obvious  objection.  The  conclusion  as  to  the 
origin  of  "lauful  government"  by  implication  contains  the  notion 
that  some  governments  are  not  lawful,  whereas  all  men  must  and  do 
admit  that  all  governments  which  can  maintain  themselves  are  govern- 
ments, and  the  term  lawful  is  not  applicable  to  that  power  which  con 
declare  what  is  lawful.  The  two  objections  which  Locke  mentions  as 
l)eing  made  to  the  theory  are,  1 — "That  there  are  no  instances  to  be 
found  in  story  of  a  company  of  men  independent  and  equal  one 
amongst  another,  that  met  together,  and  in  tWs  way  began  and  set  up 
a  government."  2.  Tliat  "  it  is  impossible  of  right  that  men  should  do 
so,  because  all  men  being  bom  under  government,  they  are  to  submit 
to  that,  and  are  not  at  liberty  to  begin  a  new  one."  Locke  replies 
to  both  objections  with  considerable  ingenuity,  but  there  are  few 
political  writers  at  present  who  irill  be  inclined  to  consider  his  answer 
conclusive. 

Hume,  in  his '  Essay  on  the  Original  Contract,'  admits  that  "  the 
people,  if  we  trace  government  to  its  first  origin  in  the  woods  and 
deserts,  are  the  source  of  all  power  and  jurisdiction,  and  voluntarily, 
for  the  sake  of  peace  ond  order,  abandoned  their  native  Uberty,  and 
received  laws  from  their  equal  and  companion.  The  conditions  upon 
which  they  were  willing  to  submit  were  either  expressed  or  were 
so  clear  and  obvious  that  it  might  well  be  esteemed  superfinouB 
to  express  them.  If  this,  then,  be  meant  by  the  original  contract,  it 
cannot  be  denied  thot  aU  government  is  at  first  founded  on  a  contract, 
and  that  the  most  ancient  rude  combinations  of  mankind  were  formed 
entirely  by  that  principle."  And  yet  he  odds, "  in  vain  are  we  sent  to 
seek  for  this  charter  of  our  liberties— it  preceded  the  use  of  writing 
and  all  the  other  civilised  arts  of  life."    Consequently  w?  capqot  trace 


"government  to  its  first  origin,"  and  therefore  we  cannot  tell  how 
government  originated.  But  we  do  know,  as  Hume  shows,  that  all 
governments  of  which  we  con  trace  the  origin  hove  been  founded  in 
some  other  way  than  by  an  original  contract  among  all  the  members 
who  are  included  in  them.  Hume  further  says,  "  that  if  the  agree- 
ment by  which  savage  men  first  associated  and  conjoined  their  force 
be  meant  (by  the  term  Original  Contract),  this  is  acknowledged  to  be 
real ;  but  being  so  ancient,  and  being  obliterated  by  a  thousand 
changes  of  government  and  princes,  it  cannot  now  be  supposed  to 
retain  any  authority.  If  we  would  say  anything  to  the  purpose, 
we  must  assert  that  every  particular  government  which  is  lawful, 
and  which  imposes  any  duty  of  allegiance  on  the  subject,  was  at 
first  founded  on  consent  and  a  voluntary  compact."  This  ia  the 
real  question.  Those  who  found  what  they  very  incorrectly  term 
"  lawful  government "  on  an  original  contract,  must  show  us  the  con- 
tract. So  far  Hume's  objection  is  good,  and  whether  there  was  a» 
original  contract  or  not  is  immaterial.  The  question  is,  what  was  the 
origin  of  any  particular  government !  Those  who  maintain  that  any 
particular  government  originated  in  a  contract  of  all  the  persons  who,  at 
the  time  of  the  formation  of  the  government,  were  included  in  it, 
cannot  prove  their  case.  Those  who  deny  the  original  contract  can 
show  that  many  particular  governments  have  originated  "  without  any 
pretence  of  a  fail  consent  or  voluntary  subjection  of  the  people^" 

But  an  original  contract,  such  as  Hume  admits,  is  as  far  removed 
from  the  possibility  of  proof  as  the  origin  of  any  particular  govern- 
ment by  virtue  of  a  contract ;  nor  have  we  any  record  of  savage  men 
associating  to  form  a  government.  If  one  set  of  savage  men  did  this, 
others  would  do  it,  and  there  must  have  been  many  original  contracts, 
which  contracts  are  the  remote  origin  of  all  particular  governments ; 
but  inasmuch  as  that  origin  of  any  particular  government,  which  we 
do  know,  was  hot  made  by  contract,  and  did  not  reoognise  the  original 
contract,  such  government  is  unlawful,  as  .those  who  contend  for  the 
theory  of  an  original  contract  would  affirm,  or  ought  to  affirm,  if  they 
would  be  consistent  Thus  the  practical  consequences  of  the  doctrine 
of  an  original  contract,  if  we  rigorously  follow  them  out,  are  almost 
as  mischievous  as  the  doctrine  that  every  particular  government  was 
founded  on  an  original  contract.  It  is  true  that  the  theory  of  an 
original  contract  of  savage  people  being  the  foundation  of  government 
is  a  mere  harmlesB  absurdity,  when  at  the  sa&e  time  we  deny  that 
any  particular  government  has  so  originated,  provided  we  admit  that 
such  particular  government  is  not  to  be  resisted  simply  because  it  is 
not  founded  on  contract.  Those  who  maintiain  that  all  existing  govern- 
ments rest  on  no  other  foundation  than  a  contract,  affirm  that  all  men 
are  still  bom  equal — that  they  owe  no  allegiance  to  a  power  or  govern- 
ment, unless  they  are  bound  by  a  promise — ^that  they  give  up  their 
natural  liberty  for  some  advantt^ — that  the  sovereign  promises  them 
these  advantages,  and  if  he  fails  in  the  execution,  he  has  broken  the 
articles  of  engagement,  and  has  freed  his  subjects  from  all  obligations 
to  allegiance.  "  Such,  according  to  these  phUosophers,  is  the  founda- 
tion of  authority  in  every  government;  and  such  is  the  right  of 
resistance  possessed  by  the  subject "  (Hume).  This  is  a  good  exposi- 
tion of  the  consequences  that  follow  from  the  theory  of  every  govern- 
ment being  founded  on  contract. 

Governments,  aa  we  now  see  them,  exist  in  various  forms,  and  they 
exist  by  virtue  of  their  power  to  maintain  themaelvea.  This  power 
may  be  mere  force  in  the  government  and  fear  in  the  governed.  Com- 
bined with  the  power  of  the  government  there  may  be  the  opinion  of 
a  majority  in  favour  of  the  government,  or  of  a  number  sufficiently 
large  and  united  to  control  the  rest ;  and  this  opinion  may  be  founded 
either  on  the  advantage  which  such  number  or  majority  conceive  that 
they  derive  from  the  actual  form  of  government,  or  the  odvant-tge 
which  they  and  all  the  rest  are  supposed  to  derive  from  such  govern- 
ments. The  opinion  of  a  considerable  number  may  be  strong  enough 
to  overthrow  a  government  or  to  maintain  it,  but  in  either  case  it  is 
not  the  opinion  of  all. 

The  r^  origin  of  government  lies  in  the  constitution  of  man's 
nature.  Man  is  a  social  animal,  and  cannot  exist  out  of  society.  He 
is  of  necessity  bom  in  a  society,  that  is,  a  family,  the  smallest  element 
to  which  we  can  reduce  a  state.  He  who  requires  not  to  live  in  a 
society,  says  Aristotle,  must  be  a  beast  or  a  god.  ('  Folitik.'  i.  2).  The 
nature  of  man  compels  him  to  seek  union  with  the  other  sex.  A  man 
by  himself  is  not  a  complete  being  :  by  the  constitution  of  their  nature 
man  and  woman  must  unite  ;  and  this  is  the  foundation  of  a  family. 
Those  who  accept  the  Mosaic  account  of  the  creation  have  there  a  clear 
statement  of  the  origin  of  a  &mily ;  and  the  father's  authority  is  as 
much  in  accordance  with  the  constitution  of  our  nature  as  the  union 
of  the  &ther  and  the  mother.  The  various  modes  in  which  the 
descendants  of  a  common  pair  might  be  detached  from  their  primitive 
seats  are  infinite ;  and  the  modes  in  which  they  might  be  formed  into 
political  societies  are  infinite  also.  But  if  we  have  no  account  of  them, 
it  is  useless  to  speculate  what  the  precise  modes  may  have  been.  Man, 
says  Aristotle,  is  by  nature  a  political  animal ;  and  by  his  nature  he 
has  an  impulse  to  political  union.  He  therefore  follows  the  law  of  his 
nature  by  living  in  political  society,  aa  much  aa  he  obeys  it  by  uniting 
himself  with  a  woman.  The  form  of  any  particular  government,  and 
the  mode  in  which  it  may  have  been  established,  are  the  accidents,  not 
the  essentials,  of  political  union,  the  real  foundation  of  which  is  iu  our 
nature.    But  inasmuch  as  ever;^  communis  exists  for  some  good  end 
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(ArUtutie),  -we  estimate  the  value  of  any  parUcular  govemment  by  its 
fitness  for  this  end,  and  the  accidents  of  its  form  are  subordinate  to 
that  for  which  pursuant  to  its  natore  it  exists.  Its  origin  may  in 
many  cases  have  been  as  obscure,  and  as  little  perceived,  as  the  origin 
of  those  oustoms  which  exist  in  such  endless  variety  in  the  world. 
Kobody  supposes  that  customs  originated  in  universal  consent,  or  that 
people  who  follow  them,  or  at  least  the  majority  who  follow  them, 
ever  consider  why  they  follow  theniL  He  who  can  trace  the  origin  of 
customs  can  trace  the  origin  of  government. 

The  theory  of  men  living  in  a  state  of  nature  and  thence  proceeding 
to  form  political  sodetiee,  has  apparenUv  derived  some  countenance 
from  the  condition  of  many  savages.  There  are  perhaps  people  who 
may  be  said  to  have  no  government,  if  it  be  true  that  among  some 
savages  there  is  no  bond  of  union  except  that  of  familiwi.  If  this  is 
so,  each  &mily  is  ruled  by  its  head,  luce  the  families  of  the  Cyclops 
(Aristotle, '  Politik.'  i.  1),  so  long  as  the  head  can  maintain  his  dominion. 
This  state,  if  it  exists  anywhere,  is  perhaps  what  some  people  call  a 
state  of  nature ;  but  it  is  in  fact  a  very  imperfect  state  of  nature,  for 
the  perfect  state  of  nature  is  a  political  society,  because  it  is  that 
state  to  which  the  nature  of  our  constitution  impels  us  as  the  best. 
The  savage  in  his  lowest  condition  bears  the  same  relation  to  the  man 
who  is  a  member  of  a  political  body,  that  the  man  who  has  not  his 
senses  bears  to  the  man  who  has  his  full  understanding.  Both  the 
savage  and  the  idiot  are  imperfect  men  :  they  are  the  deviations  from 
the  course  of  nature. 

SOCIETIES,  ASSOCIATIONS.  The  great  increase  of  Societies  or 
Associations  for  all  kinds  of  purposes  is  characteiiatio  of  the  present 
condition  of  Europeans  in  Europe  and  of  Europeans  who  have  settled 
in  other  parts  of  the  world.  Association  for  particular  objects  is  ana- 
logous to  the  great  associations  of  political  societies,  but  with  tiiis 
difference,  that  their  object  is  sometUng  particular,  and  that  they  are 
really  established  and  exist  by  the  consent  of  the  individuals  who 
compose  them. 

Sodetiee  have  been  formed  and  exist  for  nearly  every  variety  of 
object  There  are  sodetiesfor  objeots  scientific  and  literary,  some- 
times called  academies;  for  objects  religious  and  moral;  and  for 
objects  which  are  directly  material,  but  in  their  results  are  generally 
beneficial  to  the  whole  of  mankind.  There  are  societies  for  objects 
which  the  members  consider  useful,  but  which  other  people  consider 
to  be  mischievous.  Generally,  in  this  country,  it  may  be  stated  that 
any  number  of  individuals  are  permitted  to  contribute  their  mon^  and 
their  personal  exertions  for  any  object  which  is  not  expressly  forbidden 
by  some  statute,  or  which  would  not  be  declared  illee^  bj  some  court 
of  justice,  if  the  legality  of  such  association  oame  in  question  before  it. 
The  objects  for  which  persons  may  and  do  associate  are  accordingly  as 
numerous  as  the  objects  which  individuals  may  design  to  accomplish, 
but  cannot  accomplish  without  uniting  their  efforta. 

In  some  cases  the  State  has  aided  in  the  formation  of  soch  associa- 
tions, and  has  given  them  greater  securify  for  canyiog  thnr  piirpoaes 
into  efiigot,  as  in  the  case  of  savings'  banks  and  mendly  societies. 
Sometimes  the  State  grants  a  charter  of  inoorpontion  to  associations, 
which  in  many  respects  enables  the  body  to  tzansact  its  matters  of 
business  more  conveniently.  Sometimes  the  State  perceives  that  it 
can  extract  some  revenue  from  persons  who  associate  for  particular 
purposes,  as  in  the  case  of  fire-insurance  o£Bces,  for  all  persons  who 
msuie  their  property  in  them  (except  farming  stock,  &0.)  must  pay  the 
State  200  per  cent,  on  the  sum  which  they  pay  to  secure  their  property 
against  the  accidents  of  fire.  [InsintAHOB,  Fibs.]  If  a  man  should 
think  it  pmdent  to  invest  a  part  of  his  annual  savings  in  a  life  insur- 
ance, the  State  makes  him  pay  a  tax  on  the  ^licy.  A  great  many 
associations  of  individuals  for  banevolent,  scientific,  and  such  like  pur- 
poses are  left  to  direct  their  associations  according  to  the  common 
principles  of  law. 

If  lists  were  made  of  all  the  aasodations  in  Qreat  Britain  and  Ireland, 
including  those  which  are  purely  commercial,  with  an  account  of  thdr 
objects/uicome,  and  ^>plications  of  income,  we  should  have  the  evi- 
dence at  an  amount  of  activity  and  combination  that  was  never  equalled 
before.  How  hi  it  might  be  prudent  to  give  to  all  associations  for 
lawful  purposes  greater  facilities  for  the  management  of  their  property 
and  the  tn»Hn»  of  contnuste,  subject  to  certain  regulations  as  to  regis- 
tration of  thefr  ml^  and  approval  of  their  objeots,  is  •  matter  well 
deserving  of  the  attention  of  the  legialaturei 

SOCINIANS.    [Socrars,  in  Bioa.  Dnr.] 

SODA.    [SosiuH.] 

SODA-ASH.    rSoDnw.] 

SODA.  MAKUFACTURE  OF.    [Soonm.] 

SODA-WATER.    [AUhatsd  Watkbs.] 

SODIUH.  (Na,  natrmrn.)  The  original  name  of  natrium  for  tUa 
metal  is  derived  from  that  of  natron,  nitron,  or  trona,  old  names  of 
certain  natural  deposits  of  carbonate  of  soda  which  were  long  con- 
founded with  the  true  nitron  or  nitre  (nitrate  of  potash).  The  tenu 
sodium  originates  from  soda  or  sod-aui,  the  latter  probably  having 
allusion  to  the  practice  of  burning  the  sods  or  turf  of  plants  growing 
near  the  sea  in  order  to  obtain  their  ash,  which  ia  a  crude  carbraiate  <n 
soda,  known  as  barilla. 

Sodium,  like  Potassick,  was  first  isolated  by  Sir  H.  Davy.  It  may 
be  prepared  in  a  manner  mmilar  to,  but  with  far  greater  facility  than, 
the  laiA-named  element.    Deville  gives  the  following  directions  for 
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obtaining  it  in  large  quantities.  Intimately  mix  717  parts  of  dried 
carbonate  of  soda  with  175  parts  of  powdered  charcoal  and  108  of 
finely  ground  chalk ;  knead  into  a  stiff  paste  with  oil :  heat  in  a 
covered  iron  pot  till  the  oil  is  all  decomposed ;  finally,  distil,  with  the 
appaiatus,  arrangements,  and  precautions  given  under  Potassium. 

Sodium  has  the  characteristic  lustrous  appearance  of  a  metal,  and  is 
of  a  beautiful  light  rose  colour.  It  may  be  obtained  in  quadratic 
octohedial  cryatds  by  the  method  described  under  Potabshjh.  Like 
potassium,  it  speedily  tanushes  by  exposure  to  tiie  air,  owing  to  its 
great  affinity  for  oxygen,  and  this  occun  more  rapidly  when  the  air  is 
moist ;  it  recjuires  for  preservation  the  same  precautions  as  have  been 
mentioned  with  regard  to  potassium.  It  does  not,  like  this  metal, 
inflame  when  thrown  upon  water,  but  decomposes  the  latter  with  a 
hissing  noise,  the  results  being  hydrogen  and  oxide  of  sodium,  or  soda, 
which,  remaining  in  solution,  exhibits  the  well-known  alkaline  character 
of  that  substance.  When  however  it  is  placed  on  a  moistened  bad  con- 
ductor of  heat,  as  charcoal,  it  decomposes  water  with  vivid  combustion. 
Its  specific  gravity  is  0.972.  It  is  a  good  conductor  of  electricity  and 
heat ;  but  if  too  strongly  heated  in  the  air,  it  bums  with  a  yellow 
flame. 

The  equivalent  of  sodium  is  28. 

Sodium  combines  with  all  the  elementary  gaseous  bodies,  two  of 
which  combinations,  namely,  those  with  oxygen  and  chlorine,  are  of 
great  importance  and  utility. 

Oxygen  and  lodium  form  two  compounds,  protoxide  and  peroxide  of 
sodium ;  the  former  of  these  has  been  long  known,  and  extensively 
used  in  various  arts  and  manufacturea  It  was  formerly  called  the 
fatal  or  mineral  aUcaU,  to  distinguish  it  from  potash,  which,  as  being 
procured  by  the  incineration  of  wood,  was  called  the  vegetable  alkali; 
theperoxide  has  been  discovered  only  since  the  metal  was  known. 

Under  the  head  of  carbonate  of  soda  we  shall  briefly  mention  the 
processes  by  which  soda  is  procured  for  manu&cturing  purposes, 
stating  merely  at  present  that  protoxide  of  ndiun,  at  ankydnmi  toda 
(NaO)  is  prepared  by  heating  the  metal  in  dry  oxygen  gas.  Thus 
obtained,  it  is  a  gray  solid,  resembling  potash  in  appearance,  but  it  is 
lees  fusible  and  volatile.  It  is  extremely  acrid  to  the  taste,  and  is 
veiT  caustic.  It  has  great  affinity  for  water,  dissolving  readily  in  it, 
and  in  large  quantity,  and  the  solution  has  strongly  marked  alkaline 
properties. 

Sodium  differs  remarkably  from  potasrium  in  some  respects ;  thus, 
while  both  become  first  alkaline  oxides,  and  afterwards  carbonates,  by 
exposure  to  the  air,  the  carbonate  of  soda  remains  dry,  while  that  of 
potash  becomes  fluid,  owing  to  the  absorption  of  water. 

Sodium,  as  has  already  been  noticed,  is  oxidised  by  decomposing 
water,  and  the  solution  of  soda  obtained,  when  evapor^»d  to  dryness, 
leaves  hydrate  of  $oda  (NaO,  HO).  This  is  a  solid  white  substance, 
greatly  resembl^g  soda  in  appearance  and  properties.  It  retains  the 
water  with  such  great  affinity  that  it  cannot  be  expelled  by  heat. 

The  hydrate  ia  composed  of  one  equivalent  of  soda  and  one  equivalent 
of  water. 

Solution  of  hydrate  of  soda  is  largely  used  in  the  arts.  It  is  made 
by  boiling  a  tolerably  strong  solution  of  soda-ash  or  carbonate  of  soda 
with  milk  of  lime  until  a  rartion  of  the  filtrate  ceases  to  effervesce  on 
the  addition  of  an  acid.  The  strength  of  the  solution  is  indicated  by 
its  spedfio  gravity  at  S8°  Fahr.,  as  demonstrated  in  the  following  table 
by  Zimmexnum ; — 
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Soda  is  met  with  in  some  mineral  substances,  but  not  so  commonly 
as  potash.  It  is  found  however  in  albite,  or  cleavlandite,  a  con- 
stituent of  granite  resembling  felspar,  except  that  it  contains  soda 
instead  of  potash.    [Sodium,  in  Nat.  Hist.  Drv.] 

Peroxide  qf  Sodiwn  (NaO>  !)r-This  compound  ia  formed  on  mode- 
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lately  heating  Bodium  in  0Tyi;cn  gM.  It  burns  vividly,  evolving  much 
light  and  bent ;  the  peroxide  resulting  is  o{  a  yellowish-green  colour. 
When  put  into  water,  it  is  decomposed,  oxygen  gas  being  evolved,  and 
soda,  or  protoxide  of  sodium,  remaining  in  solution. 

It  is  not  applied  to  any  use,  and,  being  decomposed  by  water,  it 
does  not  form  salts  with  acids. 

Chlorine  and  lodium  form  only  one  compound,  the  important  one, 
common  salt)  formerly  called  muriate  of  soda,  and  now  chioride  of 
sodttdit  (NaCl).  Of  iJl  natural  soluble  salts  this  occurs  in  the  greatest 
quantity.  It  is  met  with  solid,  constituting  roek  lalt,  in  solution  in 
salt  springs  and  in  the  ocean,  and  in  small  quantity  in  almost  all 
spring  and  river  water.  [3ai.t-Tbai>e  ;  Sodiuh,  in  Nat.  Hist.  Dit.] 
'  This  salt  may  be  obtained  artifloially,  either  by  the  direct  action  of 
chlorine  gas  on  sodium,  or  by  saturating  hydrochloric  acid  with  soda ; 
by  evapoiating  the  solution,  common  saJt  is  obtained,  which,  in  what- 
ever maimer  or  from  whatever  source  procured,  has,  when  pore,  the 
following  properties  : — ^it  is  colourless,  inodorous,  has  a  purely  uUne 
taste  unmix^  with  bitterness;  is  transparent,  brittle,  and  easily 
reduced  to  powder ;  its  specific  gravity  is  about  8'126  ;  when  exposed 
to  moist  air,  it  deliquesces ;  it  crystallises  in  cubes,  which  form  under 
common  drcumstances  is  but  little  subject  to  modification.  It  is 
almoBt  as  soluble  in  cold  water  as  in  boiling.  Water  at  82°  dissolves 
more  than  at  60° ;  100  parts  of  water  at  68°  dissolve  86  of  salt,  and  in 
a  boiling  saturated  solution,  the  temperature  of  which  is  229-6°,  100 
parts  of  water  hold  41°2  of  salt  in  solution.  A  saturated  boiling  solu- 
tion does  not  deposit  crystals  on  cooling,  evaporation  being  necessary 
to  produce  this  effect ;  in  pure  alcohol  it  is  insoluble.  At  a  red  heat 
Dommon  salt  fuses,  and  on  cooling  it  becomes  a  transparent  brittle 
mass ;  the  crystals  contain  no  water  of  crystallisation,  but  decrepitate 
strongly  when  heated,  owing  to  the  expansion  of  mechanically  inters 
posed  water.  At  a  bright  red  heat  it  sublimes  in  the  air,  and  tinges 
came  of  a  blue  colour. 

The  uses  of  this  salt  have  been  known  from  the  earliest  ages.  It  is 
wuployed  not  only  in  seasoning  food,  but  in  preserving  meat  from 
putre&ctiun.  It  is  used  occasionally  as  a  manure.  In  chemical  manu- 
&ctures  it  is  employed  for  preparing  hydrochloric  acid,  sulphate  and 
carbonate  of  soda,  and  several  other  salts,  and  in  the  preparation  of  soap. 
Sodium  combines  with  fluorine,  bromine,  iodine,  sulphur,  phos- 
phorus, &c ;  the  compounds  which  they  form  are  unimportant,  not 
being  extensively  applied  to  any  iiseful  purposes.  Their  formation  is 
accomplished  by  methods  similar  to  those  employed  in  the  preparation 
of  the  corresponding  salts  of  Potabsiuic. 

Salt*  of  Oxide  of  Sodium,  or  Oxitalti  qfSodtt. 

Itisperhaiw  scarcely^  requisite  to  state  that  these  salts  are  never 
prepared  by  directly  acting  upon  the  metal  sodium,  although  for  pur- 
po(KS  of  curiosity  tbey  might  all  of  them  be  so  procured.  The  first 
which  we  shall  notice  is — 

NitraU  of  Soda  (NaO,  NO,).— This  salt  may  be  prepared  either  by 
adding  the  metal,  or  sods,  its  oxide,  to  nitric  acid ;  as  a  natural  product 
it  has,  however,  of  late  years  been  largely  imported  from  Peru,  where 
it  forms  a  deposit  similar  to  that  of  nitrate  of  potash  in  India.  Nitrate 
of  soda  has  a  cooling  saline  tasts,  is  inodorous  and  colourless;  in  a 
moist  atmosphere  it  deliqueaces;  it  readily  ciystallises,  and  the  form 
of  the  crystal  is  an  obtuse  rhomboid ;  so  obtuse  indeed,  sad  so  near  a 
cube,  that  the  salt  was  originally  called  cubic  nitre,  to  distinguish  it 
from  potash  nitre,  the  crystals  of  which  are  prismatic  According  to 
Oay-LuBsac,  100  parts  of  water  at  82*  dissolve  78  parts  of  this  salt; 
and  at  21 2°,  1 73  parts :  water  at  60°  dissolves  half  its  weight.  It  is 
sometimes  found  with  crude  nitrate  of  potuh. 

Like  nitrate  of  potash,  it  deflagrates  with  charcoal ;  but  owing  to  its 
property  of  attracting  moisture,  it  cannot  be  used  in  the  manufacture 
of  gunpowder.  It  is,  however,  used  largely  in  making  nitric  acid, 
Bulphurio  acid,  and  as  a  manure. 

There  are  three  compounds  of  carbonic  aoid  and  soda;  namely, 
1,  carbonate  ;  2,  letqui-carbonate  ;  and  8,  bi-earbonate. 

1.  Carionate  of  Soda  (NaO,  CO.-flO  Aq.).— This  salt,  formerly  called 
tubearbonate  of  soda,  was  obtained  from  barilla  or  kelp  :  the  former 
being  the  ashes  of  the  Saliola  toda,  and  prepared  in  Spain ;  the  latter 
the  ashes  of  burnt  sea-weed,  manufactured  in  Scotland.  Since  the 
duty  has  been  taken  off  common  salt,  carbonate  of  soda  is  prepared,  for 
the  numerous  uses  to  which  it  is  applied,  by  first  converting  common 
salt  into  sulphate  of  soda  by  means  of  sulphuric  acid,  and  then  treating 
the  sulphate,  or  talt-cake,  as  it  is  called,  with  small-coal  and  chalk  in 
a  reverberatory  furnace  ;  the  result  is  a  mixture  of  carbonate  of  soda 
and  oxysniphide  of  calcium,  termed  balUioda,  or  black-ath,  when  this 
is  treated  with  cold  water,  the  oiysulphide  remains  undissolved,  while 
the  carbonate  of  soda  is  taken  up  by  the  water,  and  by  evaporation  to 
dryness  yields  what  is  called  loda-aeh. 

Carbonate  of  soda  is  a  colourless,  inodorous  salt;  it  is  devoid  of 
smell,  but  has  a  disagreeoble  taste,  though  less  so  than  cai-bonate  of 
potash ;  it  is  readily  soluble  in  water.  The  primary  form  of  this 
substance,  when  crystallised  by  moderate  evaporation  of  the  solution, 
u  an  obUque  rhombic  prism.  The  crystals  ai«  frequently  very  large. 
They  contain  about  62  per  cent,  of  water,  the  greater  part  of  which 
thev  lose  by  exposure  to  the  nir,  and  efflorescing,  fall  to  powder.  At 
high  temperatures  the  salt  becomes  fluid  and  boils.  Water  at  60° 
dissolves  half  its  weight  of  carbonate  of  soda,  and  boiling  water  oon 


siderably  more.  The  solution  possesses  the  alkaline  property  of  taming 
vegetable  yellows  brown.  Like  other  carbonates,  this  salt  is  decom- 
posed by  the  stronger  acids,  with  efPervesoenoe  of  carbonic  acid ;  aod 
by  lime,  which  separates  its  carbonic  acid,  it  is  rendered  eauatio. 

The  quantity  of  this  salt  prepared  and  used  is  entHUOUs;  it  is 
required  in  making  soap,  and  crown  and  plate  glass,  and  for  numeroos 
other  purposes. 

2.  Sesquiearbonate  of  Soda  (2NaO, HO, SCO, -h 8Aq.).— This  com- 
pound is  found  native  in  Hungary,  and  also  near  Feszan  in  Africa. 
By  the  natives  it  is  called  JVono.  It  is  found  in  hsrd  striated  crystalline 
masses,  is  not  sltered  by  exposure  to  the  air,  and  is  readily  soluble  ia 
water. 

This  salt  appears  to  be  formed  when  a  solution  of  the  carbonate  cf 
sods  is  heated  with  carbonate  of  ammonia,  and  probably  also  when  s 
solution  of  tiie  bi-carbonate  is  heated.  Its  taste  ia  less  alkaline  thao 
that  of  the  carbonate,  into  which  it  Is  oonvarted,  when  strongly  heated, 
by  losing  one-third  of  its  carbonic  acid. 

Si-earbmate  of  Soda  (NaO,  HO,  SCO,).— This  alt  may  be  formsil 
by  passing  carbonic  add  gas  into  a  solution  of  the  carbonate  of  soda ;  H 
is  a  crystalline  granular  compound.  It  is  produced  on  the  large  acsle 
by  exposing  crystals  of  carbonate  of  soda  to  a  current  of  carbonio 
acid  gas. 

Bicarbonate  of  soda  has  a  very  slightly  alkaline  taste,  and  aets  veiy 
feebly  on  turmeric-paper.  It  requires  about  twelve  times  its  weight  of 
water  for  solution.  AVhen  the  solution  is  boiled,  it  loses  c»ie-fourth  of 
its  carbonic  acid,  and  is  converted  into  sesqui-carbonate ;  at  a  red  hot 
it  loses  all  its  water  and  half  its  carbonic  acid,  carbonate  of  soda  result- 
ing. It  resembles  the  sesqui-carbonate  in  giving  no  precipitate  with 
the  salts  of  magnesia  till  heated;  and  they  both  differ  from  the 
carbonate  in  this  respect.  It  is  used  in  medicme.  Soda-ioater  is,  or  st 
least  should  be,  a  solution  of  bi-carbonate  of  soda  in  water  ohaJiged  with 
carbonio  acid  gas  under  pressture.    [AKratsd  Watbbs.] 

SidphaU  of  Soda  (NaO,  SO,  +  lOAq.),  formerly  called  Olatta't 
talt,  may  be  formed  by  the  direct  combination  of  the  aoid  and  alkali; 
it  is,  however,  generally  prepared  by  decomposing  common  salt,  ss  m 
the  preparation  of  hydrochloric  acid,  or  of  carbonate  of  soda.  It  hss 
also  been  met  with  in  nature,  but  not  hugely.  [Sodhtm,  in  Nit. 
Hist.  Div.] 

This  salt  is  readily  soluble  in  water,  and  the  solution  by  evaporstian 
yields  colourless  transparent  prismatie  crystals,  the  primary  form  al 
which  is  an  oblique  rhombic  prism.  It  has  a  very  bitter  taste; 
effloresces  when  exposed  to  the  air,  by  losing  water  of  crystollisatioo. 
Boiling  water  dissolves  its  own  weight  of  this  salt,  and  water  at  60* 
one-third  of  its  weight.  It  is,  however,  most  soluble  at  DS*  Fahr. ;  at 
that  temperature  100  parts  of  water  will  dissolve  60-6  parts  of  the  salt, 
A  boiling  saturated  solution  of  sulphate  of  soda  may  ba  ootded  and 
kept  for  months  without  any  crystals  forming  in  it,  provided  that  air 
be  excluded;  let,  however,  a  crystal  of  the  sulphate,  or  any  solid 
matter,  even  a  particle  of  dust,  be  dropped  into  the  liquid,  and  the 
whole  then  shoots  into  crystals  with  considerable  elevation  of  tmnpero- 
ture.  Sulphate  of  soda  is  insoluble  in  alcohol  When  exposed  to 
heat  it  first  undergoes  watery  fusion,  by  melting  in  ita  water  of 
crystallisation ;  when  the  water  has  been  expelled,  it  baoomee  opaque 
white,  and  at  a  red  heat  it  melts. 

An  anhydrom  tulphate  of  soda,  and,  a  hydrate  containing  NaO,  SO, 
+  7Aq.  may  also  be  obtained.  BinUphaii  of  loda  contains  NaO,UO, 
2S0,. 

Salplute  of  Soda  (NaO,  S0,-l-7Aq.)  ia  formed  on  passing  Bulphnrooa 
add  gas  over  carbonate  of  soda,    ft  is  uied  by  paper  manufacturers, 
under  the  name  of  antiMor,  for  removing  the  last  trace  of  chlorisa 
from  their  rag-pulp.    jWm^tte  of  soda  contains  NaO,  HO,  SSO,. 
SiUta/eiof  Soda.    [Siuook;  Olabb.] 
Acetate  of  Soda.    [Acitatb.] 

PkotphnHc  Add  oombinea  with  sodi^  to  form  levsral  eompeands. 
[Pbospborus.] 
Borate  of  Soda  is  a  compound  of  boraoio  add  and  soia.    [Bobok.] 
For  an  account  of  numerous  other  salts  of  soda  we  nnut  refer  to 
ohemioJ  treatises;  those  whoa*  pn^erties  we  have  detailed  being 
merely  the  most  useful. 

Geiend  Propertiee  of  th*  Satti  of  Sodiam. — Unlika  the  salts  of 
potash,  there  is  no  add  nor  any  metallic  oxide  which  forms  a  perfectly 
insoluble  compound  with  the  salts  of  soda,  so  that  they  cannot  be 
precipitated  in  combination  from  solution.  The  best  mode  of  dis- 
tingiushing  between  these  two  alkalies  is,  by  the  yellow  colour  which 
soda  salts  communicate  to  the  blow-pipe  flame,  salts  of  potash  giving  a 
violet  tinge.  They  are  separated  from  each  otiher  by  taking  advantage 
of  the  insolubility  of  the  double  chloride  of  platinum  and  potassium, 
and  the  great  solubility  of  the  oorresponding  sodium  salt 

SODIUM,  Medical  Properfiet  of  the  Prtparationt  of.  Sodium,  when 
in  the  state  of  au  oxido,  is  termed  the  mineral  alkali,  in  contradistino- 
tion  to  potash,  or  the  vegetable  alkali. 

Sodium  possesses  the  ordinary  qualities  of  a  fixed  alkali,  but  not- 
withstanding the  resemblance  it  has  to  potash,  the  preparationa,  even 
with  the  some  add,  present  some  differences  whioh  may  be  here 
pointed  out. 

In  the  oxidised  state,  or  soda  (pure  or  «aastia),  aodium  is  not 
employed  in  medicine  to  counteract  addity ;  nor  in  surgery  to  form 
an  ulcer  or  to  open  abscesses,  though  for  this  latter  purpose  it  posnases 
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some  advantages  over  bydiate  of  potaab,  inamimnh  aa  it  is  not  liable  to 
•pread  or  run. 

It  is  only  wben  in  combination  with  oarbonio  add  that  it  is  used  to 
oorreot  aoidity.  It  exists  in  three  states,  namely,  oarbouate,  sesqui- 
carbonate,  and  bi-oarbonate :  the  caustioity  of  these  is  less  in  propor- 
tion to  the  increase  of  the  acid.  These  preparations,  administered  in 
various  wajs,  but  chiefly  in  solution,  are  much  used  to  oounteraot  real 
or  presvimed  eusidity  of  the  stomach.  The  abuse  of  the  analogous 
preparations  of  potash  has  been  already  poiated  out.  [F0IA8BIUM.] 
The  same  caution  is  necessary  as  to  soda-water,  when  that  really  con- 
tains any  carbonate  or  bi-carbonate  of  soda,  as  it  not  uufrequently 
consists  only  of  carbonic  acid  compressed  into  the  water.  The  saline 
draughts  so  commonly  employed  in  the  medical  practice  of  this  country 
are  liable  to  the  same  objection,  and  in  all  cases  of  debility,  especially 
in  the  phosphatio  diathesis,  do  infinite  harm.  For  an  opposite  reason, 
they  are  extremely  serviceable  in  all  inflammatory  complaints ;  the 
period  when  they  should  be  discontinued  can  only  be  determined  by  an 
intelligent  medical  attendant. 

The  preparations  of  soda  possessed  of  purgative  properties  are — the 
sulphate,  or  QUubet's  salts,  the  phosphate,  and  the  triple  salt,  called 
sodiB-potassio-tartraa,  or  Rochelle  salts,  of  which  potash  is  also  a  con- 
stituent. Of  these  it  is  only  necessary  to  observe  that  of  the  sulphate 
a  much  larger  dose  is  required  than  of  the  corresponding  salt  of  potash; 
and  that  tiie  phosphate,  being  nearly  tasteless,  and  extremely  mild  in 
its  action,  is  a  very  proper  aperient  for  delicate  persous.  A  nearly 
similar  character  belongs  to  the  Roohelle  salt,  but  as  this  is  decom- 
posed in  the  stomach,  it  is  as  hurtful  as  the  common  saline  draughts 
in  cases  of  debility,  though  veiy  beneficial  in  inflammatory  disordJars, 
particularly  in  both  acute  and  chronic  duodenitis.  The  same  remark 
is  applicable  to  the  so-called  SeidUtz  powdeis  formed  with  Kochelle 
■alt  and  bi-oarbonate  of  soda,  to  which,  when  dissolved,  a  solution  of 
tartaric  add  is  added,  and  the  mixtura  drank  in  the  state  of  efier- 
vescence.  The  most  quickly  acting  aperient  is  a  Sddlitx  powder 
dissolved  in  warm  water ;  this  is  most  proper  at  the  commencement 
of  common  colds,  influensa,  and  inflammatory  diseases,  but  it  should 
not  be  repeated  without  medical  saaotion,  especially  in  influensa,  where 
extreme  debility  speedily  ensues. 

The  preparations  of  soda  possessed  of  diuretic  properties  are  the 
bi-boiate  and  t^e  acetate.  The  former  of  these  has  been  already 
treated  of  [Bobaz],  and  the  second  is  rarely  used,  though,  from  not 
deliquescing,  it  has  the  advantage  over  acetate  of  potash,  that  it  can 
be  administered  in  the  form  of  powder,  *• 

Chloride  M  sodium  possesses  purgative  and  emetic  properties,  which 
renler  it  useful  as  a  domestic  remedy.  Its  other  uses  have  been 
already  pointed  out.  [Bathiho;  Anthkluintios  ;  Food.]  Along 
with  lemon  juice  it  is  a  great  means  of  checking  sea-sickness. 

Chloride  or  hypochlorite  of  soda  is  a  powerful  disinfecting  agent. 
[Antiseftics.]  It  is  of  great  utility  in  the  malignant  sore  throat  of 
scarlatina,  and  in  diphtheria. 

Bisulphite  of  soda  is  a  powerful  antiseptio.  It  effectaally  checks  or 
prevents  fermentation.  (Maccullooh  '  On  Wine  Making.')  It  rettuds 
the  deoompoeitioa  of  animal  aubstauicee,  and  for  that  purpose  is  used 
in  FarUaa  disMBting-rooma. 

Hypophorqihite  of  soda  is  sometimes  of  use  in  the  early  stages  of 
oonsumption ;  idso  in  anmmia  and  chlorosis. 

Valenanate  of  soda  is  a  useful  anti-spasmodic  in  some  forms  of  indi- 
gestion, with  spasms  from  unhealthy  acids  in  the  stomach. 

SODIUU-ETHYL.    [Oboanomstaluo  Bodies.] 

SOFTNESS  is  a  condition  of  solid  bodies  In  which  the  partides  are 
held  together  by  a  cohesive  power  of  small  intensity  :  in  consequence 
of  this,  such  bodies  change  their  figures  upon  the  ^plication  of  a  small 
degree  of  force ;  and  they  do  not  recover  their  previous  forms  upon  its 
lemovaL 

This  condition  ia  the  opposite  of  hardness,  in  which  the  partides 
are  hdd  together  by  a  power  of  odieaon  so  great  that  they  cannot 
be  separated  by  any  force  which  it  may  be  convenient  to  apply  to 
them.  No  body  in  nature  is  known  to  possess  either  of  these  qualities 
absolutdy ;  but  in  oontemplatiag  the  meohanioal  actions  of  soft  bodies, 
balls  of  wet  day  are  genenlly  used,  while  blocks  of  wood  acting 
against  one  another  in  the  directions  of  their  fibres  are  frequently  used 
to  illustrate  the  effects  of  hardness.  Balls  of  glass  or  ivory,  or  sted 
springs,  serve  to  show  the  medianical  actions  of  elastie  bodies. 
[Collision  ob  Percussion  of  Bodies.] 

SOIL.  Wherever  the  surface  of  the  earth  is  not  covered  with  water, 
or  is  not  naked  rock,  there  ia  a  layer  of  earth,  more  or  lees  mixed  with 
the  renuuns  of  animal  and  vegetable  subetanoes,  in  a  state  of  decom- 
position, which  is  commonly  called  the  loU. 

The  nature  and  composition  of  the  soil,  and  consequently  its  greater 
or  leas  aptitude  to  the  growth  and  maturity  of  vegetable  productians, 
depend  om  the  composition,  the  proportion  and  the  mechanical 
structure  of  the  various  substances  of  which  it  oonsistsk  When  the 
soil  ia  favourable  to  the  dtemical  action  by  which  the  dements  are 
combined  to  form  vegetable  subetanoes,  and  admits  that  quantity  of 
air  and  moisture  without  whidi  this  chemical  action  cannot  take  pUoe 
in  any  given  climate  or  temperature,  vegetation  goes  on  rapidly,  and 
all  the  plants  which  are  suited  to  the  climate  grow  in  the  grontest 
perfection,  and  bear  abundant  fruits. 

It  is  not  however  very  frequently  the  case  that  a  soil  posssases  all 


those  qualities  on  which  great  fertility  depends.  So  many  circum- 
stances must  concur  to  make  a  soil  liighly  fertile,  that  the  great 
majority  of  soils  can  only  be  made  to  produce  abundantly  by  being 
improved  by  art  both  in  their  texture  and  composition.  Hence  the 
practice  and  science  of  agriculture,  which  is  founded  on  experience, 
but  to  which  every  progress  in  adence  also  affords  great  assistance,  by 
the  additional  light  which  every  new  diaooveiy  throws  on  the  true 
theory  of  vegetation. 

There  ore  various  modes  of  distinguishing  soils,  without  entering 
into  a  minute  analysis  of  their  component  parts.  The  simplest  and 
most  natural  is  to  compare  their  texture,  the  sise  and  form  of  the 
visible  particles  of  which  they  are  composed,  and  to  trace  the  probable 
source  of  their  original  formation  from  the  minerals  which  are  found 
around  or  bdow  them,  or  the  rocks  from  which  they  may  have  been 
slowly  sepwated  by  tiie  action  of  the  dements.  The  science  of 
geology,  which  teaches  the  relative  position  and  nature  of  the  minerals 
of  which  the  outer  crust  of  the  earth  is  formed,  is  consequently  of  the 
^ireatest  utility  in  aiding  us  to  compare  different  soils  and  in  ascertain- 
ing their  composition. 

The  knowledge  which  geology  imparts  is  however  not  suffident  for 
the  minuter  classification  of  soils ;  for  it  is  found  by  experience  that 
the  soils  which  lie  over  or  near  the  different  strata,  as  they  appear 
near  the  surface,  vary  greatly,  although  they  retain  some  general 
character  which  distii4;uisheB  them  from  others.  The  streams  which 
descend  from  the  hills,  and  flow  towards  the  valleys,  and  through 
them  to  the  sea,  cany  to  a  great  distance  the  minuter  portions  of  the 
minerals  which  they  flow  over  in  their  course,  while  the  Isrger  and 
heavier  are  deposited  much  sooner.  Hence  the  heterogeneous  mixture 
of  various  earths  and  stones,  and  their  stratification  in  thin  layers,  as  is 
often  found  when  a  soil  is  examined  which  has  never  been  disturbed 
by  cultivation. 

It  is  not  suffident  to  class  soils  according  to  the  substance  wliidi 
predominates,  as  has  been  usually  done,  audi  aa  sandy,  gravelly, 
chalky,  or  day  soils;  for  this  gives  veiy  imperfect  u^ormation 
respecting  their  nature  or  fertility ;  ndther  is  it  altogether  suffident 
to  chyss  ^em  according  to  any  particular  geological  formation. 

The  soils  which  have  been  evidently  formed  from  the  rodcs  which 
are  supposed  to  be  of  secondary  formation  are  fertile  according  to  the 
proportion  of  the  earths  of  these  rooks  which  they  contain. 

Argillaceous  earth  exists  in  some  proportion  in  almost  every  rock. 
It  has  the  property,  when  mixed  with  other  substances,  as  mlioa  or 
lime,  of  fusing  into  a  stone  of  great  hardness  and  insolubility.  In 
this  state  its  effect  on  the  soil  is  not  to  be  distinguished  from  that  of 
silica;  and  by  burning  common  clay,  or  day  mixed  with  carbonate  of 
lime,  a  sandy  substance  is  produced  resembling  burnt  brick,  which 
tends  greatly  to  improve  the  texture  of  those  clays  which  contain 
little  or  no  sand  in  their  composition.  It  must  be  remembered  that 
the  stiffost  days  contain  a  luge  portion  of  silica  in  an  impalpable 
state;  but  this,  instead  of  correcting  their  impermeable  and  plastie 
nature,  rather  adds  to  it.  It  is  only  palpable  sand  which  with  clay 
forms  what  is  commonly  called  loam,  and  which,  when  the  sand  is  in 
due  proportion  with  a  mixture  of  organic  matter,  forms  the  richest 
and  most  eaaUy  cultivated  aoila.  Borne  of  the  rocks  of  secondary 
formations  contain  a  considerable  portion  of  alumina  and  lime ;  and 
when  these  earths  meet  with  crystallised  sand,  a  compound,  or 
rather  a  mixture  ia  formed,  which  has  all  the  requisite  qualities,  as  to 
texture,  to  produce  the  most  fertile  Icoms.  The  only  deficiency  is 
that  of  organic  matter ;  but  this  is  so  readily  accumulated  wherever 
vegetation  is  established,  or  can  be  so  easily  added  artificially,  that 
theee  loams  may  always  be  looked  upon  as  the  most  favourable  soils 
for  tiie  usual  agricultural  operations ;  and  if  a  considerable  depth  of 
loam  is  found,  which  ndther  retains  water  too  long  nor  allows  it  to 
percolate  too  rapidly,  it  may  be  looked  upon  as  a  soil  eminently  capable 
of  the  highest  degree  of  omtivaticD,  and  on  which  no  judicious  ouUay 
of  labour  will  ever  cause  loss  or  disappointment  to  the  farmer. 

Thus,  the  greensand  which  lies  under  the  chalk,  and  appears  near  the 
sur&ce  in  several  parts  of  Britain,  consisie  of  dlioious,  argillaceous, 
and  calcareous  esrtii,  intimatdy  combined  and  in  a  high  state  of 
subdivimon,  and  yet  not  forming  a  compact  paste  with  water  so  as  to 
dry  in  hard  lumps,  but  haying  rather  the  loose  appearance  and  granula- 
tion of  fine  sand,  whence  its  name.  On  this  aoil  are  found  tha  finest 
wheats ;  but  such  is  the  variety  of  its  form  as  it  approaches  towards 
the  dialk  or  crystallised  sand,  or  the  plastic  clay,  that  the  soUs  which 
it  forms  have  every  degree  of  texture,  from  loose  sands  to  stiff  marls, 
whose  chief  use  is  to  mix  with  other  soils  and  improve  them.  In 
general  however  it  may  be  said  that  the  soils  of  which  the  greensand 
forms  a  considerable  port  are  productive  and  easily  cultivated,  and  that 
they  repay  the  labour  and  manure  expended  on  them  better  than  most 
others.  A  narrow  strip  of  this  sand  crosses  Bedfordshire,  and  in  the 
neighbourhood  of  Sandy  and  Biggleswade  are  raised  some  of  the  finest 
culinary  vegetables  which  come  to  the  London  market.  This  sand, 
though  light  in  appearance,  and  very  easily  worked,  contains  much  of 
the  impalpable  substance  mentioned  before;  and  this,  with  careful 
cultivation  and  manuring,  makes  it  peculiarly  suited  for  gardens  as 
well  as  for  com-fidda.  In  its  natural  state  it  is  easily  distinguished 
from  other  sands  by  certain  dark  partides  in  it,  which  give  it  the 
greenish  hue  from  whence  it  has  been  called  greensand,  and  also  by  its 
effervescence  with  strong  vinegar  or  any  other  add. 
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Chalk  is  perhaps  the  minenl  most  mdely  spread  throughout 
Britain.  The  chalk  {ormation  of  itself  forms  a  very  poor  and  barren 
soil.  In  the  course  of  ages  the  surface  of  the  chalk  has  been  covered 
with  a  thin  coating  of  soil,  consisting  of  chalk  and  organio  matter 
tiae&j.  On  this  soil  the  finest  and  most  aromatic  plants  are  found, 
but  of  small  dimensions,  affording  a  sweet  short  pasture,  much 
relished  by  sheep.  The  constant  treading  in  of  the  dung  of  the  sheep, 
and  the  stimulating  efiigot  of  their  uiine,  gradually  increase  the 
quantity  of  vegetable  and  animal  matter ;  and  thus  the  turf  becomes 
close  and  rich :  but  if  this  thin  coat  be  disturbed  by  the  plough  and 
mixed  with  the  chalk  below,  it  will,  after  one  or  two  tolerable  crops  of 
oom,  be  reduced  to  its  original  sterility;  and  it  requires  ages  to 
restore  the  fine  pasture  which  once  covered  it.  Such  is  the  case  with 
tiioae  hills  which  are  called  the  South  Down  Hills,  in  Sussex  and  Wilt- 
shire, on  which  are  bred  the  excellent  sheep  which  bear  that  name. 

But  the  chalk  has  in  many  places  been  carried  down  by  the  rains 
and  transported  in  a  comminuted  state  to  the  sandy  or  clayey  valleys 
around  them,  and  by  the  mixture  has  greatly  improved  botii,  forming 
various  loams  and  marls  in  themselves  highly  fertile,  or  very  useful  in 
increasing  the  fertility  and  texture  of  other  soils.  ChaUc  has  the 
peculiar  property  of  neutrajising  acids  of  every  description,  and  of 
preventing  their  formation  in  the  soil  by  the  fermentation  of  vegetable 
substances  ;  while  it  asaiste  in  that  slow  decomposition  which  causes 
the  evolution  of  carbonic  add,  and  thereby  assists  and  invigorates 
vegetation.  The  preeenoe  of  carbonate  of  Imie,  if  it  does  not  exceed 
a  third  part,  and  ii  it  is  intimately  blended  with  alumina  and  silica,  is 
always  a  sign  of  fertililr,  especially  when  loose  sand  is  mixed  with  it, 
so  as  to  form  one-haU  of  the  whole  soiL  This  is  called  a  light 
calcareous  loam,  and  is  usually  found  on  the  slopes  or  around  the  base 
of  chalky  hills. 

The  Weald  day  oonsista  of  very  minute  partides  of  alumina  and 
silica,  forming  a  tough  unctuous  earth,  fit  for  tiie  growth  of  oaks,  with 
very  few  stones  or  visible  partides.  This  soil  is  found  in  Sussex  uid 
Kent  chiefly.  The  |>lougfa  cuts  it  into  continuous  slices,  when  it  can 
be  ploughed,  which  u  only  in  a  certain  state  of  moisture ;  for  when  it 
is  c^  the  sur&ce  is  as  hard  as  a  rock,  while  the  subsoil  is  continually 
moist,  the  water  being  unable  to  pass  through  its  pores.  It  has  the 
most  unpromising  aroeot,  drying  into  hard  limips  like  brick,  and  appa- 
rently incapable  of  being  brought  to  such  a  state  of  mellowness  as  to 
admit  the  seed  or  cause  it  to  vegetate;  yet  this  stubborn  soil  may  be 
rendered  fertile  by  tillage,  draining,  and  exposure  to  frost  in  winter; 
and  its  tenacity  may  he  corrected  by  the  application  of  lime,  ashes, 
and  other  substances,  especially  fresh  stable-dung,  which  interpose  and 
prevent  the  clods  from  re-uniting  into  one  tough  impervious  mass. 
Lime  and  chalk  do  this  most  effectually ;  and  when  the  weald  clay  has 
been  brought  to  a  looser  texture,  it  proiduoes  beans,  wheat,  oats,  and 
clover  in  great  perfection. 

^  The  system  of  complete  nnder-diaining  l^  paiaUd  drains,  at  the 
distance  of  bata  10  to  20  feet,  which  cames  the  moisture  into  the 
'Surroimding  ditches,  has  in  many  instances  bo  greatly  improved  the 
weald  clays,  that  those  who  had  formerly  attempted  to  cultrvate  them 
can  scarcely  beheve  their  eyes  when  they  see  the  abundant  crops  pro- 
duced. Subsoil  ploughing  has  also  done  wonders  after  complete 
draining,  in  some  cases  rendering  the  soil  so  mellow  and  loose  as  to 
allow  of  the  cultivation  of  turnips,  especially  the  Swedish.  As  clay 
soils  predominate  in  England,  and  their  improvement  has  been  almost 
despured  of,  it  is  of  great  importance  that  it  should  be  generally  known 
that  DO  soils  repay  we  cost  of  improvement  better  than  clays,  provided 
the  surface  be  such  as  to  admit  of  perfect  draining. 

Another  clay  is  called  the  Oxford  day.  This  is  of  a  bluish  colour, 
which  alters  on  exposure  to  the  air,  probably  from  a  change  in  the 
oxidation  of  the  iron  which  it  contains.    This  clay  is  favouraUe  to  the 

g-owth  of  grass,  and  some  of  the  richest  pastures  in  Wiltshire  and 
zfordahire  have  it  for  a  subsoil,  over  which  the  decomposition  of  the 
roots  and  leaves  of  the  glasses  has  formed  a  layer  of  vegetable  mould 
of  the  highest  degree  of  fertility.  In  the  fens  of  Lincolnshire,  the 
Oxford  day  is  covered  by  a  coat  of  peat,  formed  by  the  decompodtion 
of  aquatic  plants,  which  have  accumulated  wherever  the  water  had  no 
natural  exit.  When  these  fens  were  laid  dry  by  an  extensive  system 
of  draining,  the  peat  was  converted  into  a  rich  soil  by  the  admixture  of 
the  clay  which  was  found  under  it. 

I  The  OoUie  formation  contains  much  carbonate  of  lime,  cemented  by 
an  unctuous  earth  into  various  soria  of  stone.  The  soil  which  lies 
over  them,  and  which  is  of  nearly  the  same  nature,  but  broken  and 
disunited,  is  various  in  its  qualities.  Sometimes  it  is  of  great  fertility, 
and  sometimes  nearly  barren,  according  as  the  impalpable  matter  in  it 
abounds  and  contains  a  due  proportion  of  the  different  earths,  or  it 
resembles  a  loose  chalky  sand,  in  which  moisture  is  retained  with  diffi- 
culty. In  the  first  case,  it  produces  eveiy  kind  of  grain  in  abundance 
with  modovte  cultivation ;  in  the  latter,  it  requires  a  graat  outlay  of 
manure,  which  readily  disappears,  and  then  it  is  jnsUy  called  a  poor 
hungry  soil. 

(^  the  red-sandstone  is  found  a  sdl  which  is  usually  of  the  finest 
quaUty.  The  fine  loose  soils  of  Devonshire  and  Somersetshire  are  of  this 
descnption.  It  unites  most  of  the  requidtes  of  a  good  soil,  both  in  its 
texture,  ndther  too  dose  nor  too  loose,  and  in  the  impalpable  matter 
m  its  compodtion.  It  is  peculiarly  adapted  to  the  growth  of  potatoes 
and  all  roots  which  form  the  basis  of  a  judidoua  cultivation.    When  it 


contains  a  proper  portion  of  calcareous  earth,  it  may  be  reckoned 
amongst  the  most  fertile  soils ;  and  where  this  is  defident,  the 
addition  of  lime  or  chalk  is  the  best  means  of  improving  it.  The 
cdcaieouB  earth  seems  greatiy  to  add  to  the  effect  of  the  usual  maaoicB^ 
BO  that  a  much  smaller  portion  is  required  to  produce  good  aropa. 

Each  distinct  formation  gives  rise  to  a  great  variety  with  respect  to 
fertility,  even  where  the  basis  remains  the  same :  but  it  is  of  great 
importance  to  the  fanner  to  ascertain  the  general  natufO  of  ths  zocks 
and  strata  on  which  his  farm  is  incumbent. 

The  alluvial  soils  formed  by  the  depodt  of  a  variety  of  eaitha  in  a 
state  of  great  dividon,  and  mixed  with  a  considerable  pwtiom  of 
organio  matter,  form  by  far  the  most  productive  lands.  They  will 
bear  crop  after  crop  with  little  or  no  addition  of  manure,  and  with  a 
very  slight  cultivation.  These  soils  are  found  dong  the  oourae  of 
rivers  which  traverse  extendve  plains,  and  which  have  such  a  currest 
as  to  keep  very  fine  earth  suspended  by  a  gentie  but  constant  agitation, 
but  not  Buffidentiy  rapid  to  carry  dong  with  it  coarse  gravd  or  smd. 
Wherever  there  is  an  obstruction  to  the  current  and  an  eddy  is  formed, 
there  the  soil  is  deposited  in  the  form  of  mud,  and  gradually  accumu- 
lating, forms  those  alluvial  soils  which  are  so  remaiicsble  for  thdr 
fertility  when  carefully  protected  from  the  inroads  of  the  waters.  In 
these  soils  the  impalpable  matter  greatly  predominates ;  but  the 
intimate  mixture  of  the  earths  with  organic  matter  prevents  their  cod- 
Bolidating  into  a  stiff  day ;  and  the  gases  which  are  continually  evolved 
from  the  organic  matter  keep  the  pores  open,  and  give  scope  to  the 
growth  as  well  as  the  nourishment  of  the  roots.  It  is  in  the  alluvial 
soils  principally  that  an  accurate  andysis  is  useful ;  because  the  pro- 
portion of  their  constituent  parts  vanes  in  innumerable  degrees.  It 
may  be  Idd  down  as  agenerd  rule,  that  the  most  fertile  of  these  srals 
are  those  in  which  the  earths  are  nearly  in  equd  proportions,  silica, 
however,  being  the  most  abundant,  with  about  10  per  cent,  of  oiganie 
matter;  a  greater  proportion  of  this  last  would  form  too  loooe  and 
spongy  a  soil  to  bear  good  crops  of  com,  especially  of  wheat.  But 
4  percent,  of  vegetable  matter,  with  a  good _ mixture  of  earths, sd 
some  phosphate  of  lime  from  the  decompodtion  of  bones  and  marine 
shells,  produces  a  very  good  wheat  soil  The  rich  warp-lands  dong 
the  Humber  are  artificid  alluvid  soils,  and  dthou^  they  contain  but 
a  small  proportion  of  organic  matter,  are  highly  fertile  after  their  first 
depodtion,  but  it  is  observed  that  th^  gradudlj  become  more  tena- 
doua  and  difficult  of  cultivation  as  this  humus  is  carried  off  by  the 
crops;  and  that  it  is  soon  necessary  to  add  animd  and  vegetable 
manures  to  supply  its  defidebcy. 

Organic  matter  is  no  doubt  essentid  to  great  feriilify  in  a  soil,  but 
some  soils  require  more  of  it  than  others.  In  every  stage  of  ita  qxm- 
taneous  decompodtion  it  keeps  the  pores  of  the  soil  open,  and  admits, 
if  it  does  not  even  attract,  air  and  moisture  to  the  fibres  of  the  roots. 
In  dl  rich  soils  which  have  been  long  cultivated,  espedally  In  gwdens, 
there  are  partides  of  a  dark  colour  and  fibrous  texture,  which  in  the 
microscope  appear  like  minute  logs  of  charred  wood.  Theae  ke^  the 
soil  open,  and  supply  carbonic  add,  when  the  air  reaehes  than.  A 
proper  texture  seems  on  indispensable  condition  of  fertility.  It  is 
much  eader  to  supply  the  defidency  of  vegetable  matter  in  a 
soil,  which  at  best  forms  but  a  very  small  portion  of  it,  than 
of  silica  or  day,  which  diould  enter  into  its  composition  in  the 
proportion  of  one-half  or  a  third  of  the  whole.  It  is  practicable  to 
carry  lime  or  chalk  upon  soils  which  do  not  contain  cdoareous  matter ; 
day  may  also  be  carried  upon  loose  sandy  soils,  where  it  can  be  found 
below  we  surface,  or  at  a  moderate  distance;  but  if  a  soil  is  very 
deficient  in  silica,  it  requires  so  large  a  proportion  of  this  earth  to 
give  porodty  to  stiff  day,  that  it  very  seldom  can  repay  the  trouble 
and  expense.  Hence  the  difficulty  of  bringing  poor  wet  day  soils  into 
a  {fertile  state,  except  where  an  abimdance  of  chalk  and  v^etable 
manures  can  be  eadly  procured.  In  this  case  the  perfect  draining  of 
the  land,  and  exposure  of  the  ploughed  surface  to  the  frosts  of  winter, 
with  the  addition  of  chalk  and  manure,  produce  such  an  dteration  in 
the  texture  of  the  clay,  that  by  continuing  the  improving  process  it  ia 
entirdy  changed  into  a  mellow  and  fertue  loam.  The  burning  of  a 
portion  of  the  retentive  subsoil  into  a  brick-like  earth  gives  ita 
porodty  which  renders  it  mechanically  similar  to  silidous  sand,  and 
converting  the  iron  which  all  these  days  contdn  into  a  peroxide,  the 
soil  is  thereby  greatiy  improved  in  fertility;  for  it  seems  that  iron,  in 
a  state  of  slight  oxidation,  or  combined  vrith  any  add,  is  hurtful  to 
vegetation,  whereas  the  red  peroxide  ia  not  only  innocuoua,  bat  seems 
to  nave  fertilising  properties. 

In  ascertdoing  the  vdue  of  a  soil  for  the  purposes  of  agriculture,  two 
droumstanoes  £ould  be  carefully  noticed.  The  first  is  the  permea- 
bility of  the  soil  to  water ;  and  the  second  is  its  power  of  absorbing 
moisture  from  the  atmosphere.  To  ascertain  the  first,  it  is  ody 
required  to  place  an  equd  weight  of  different  soils  in  glass  tubes  of 
equd  diameter,  pressing  them  so  that  they  shall  occupy  equd  spaces, 
but  not  filling  the  tubes.  Then  pour  an  equd  quantity  of  water  over 
each  soil,  and  place  them  upright  with  cups  under  them.  Examine 
which  has  the  surface  first  dry,  and  how  much  water  runs  through 
each  in  a  g^ven  time.  That  which  presents  a  dry  surface,  while  it 
holds  most  water  in  its  pores,  is  probably  the  best.  To  ascertain  the 
comparative  absorption  of  moisture,  the  soils  are  dried  in  pain  on  a  plate 
of  metd  heated  by  steam,  or  at  a  heat  of  212°,  to  expd  the  water. 
They  are  then  placed  in  equd  quantities  in  similar  flat  cups  or  dishes, 
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and  plaoed  in  opposite  aoaleB  of  a  balance,  and  poised.  The  apparatiu 
is  exposed  to  a  moist  atmosphere  out  of  doon,  or  in  a  cellar,  and  occa- 
Bionallr  examined.  That  which  is  heaviest  is,  in  genenl,  the  most 
fertile. 

It  is  often  useful  to  ascertain  roughly  the  composition  of  a  soil, 
Trithout  having  time  or  opportunity  to  make  accurate  experiments.  A 
graduated  glass  tube,  wUch  can  be  carried  in  the  pocket,  and  a  small 
phial  with  a  ground  stopper,  containing  diluted  muriatic  acid,  and 
secured  in  a  wooden  case  for  fear  of  accident,  is  all  the  apparatus 
required.  A  little  of  the  soil  is  taken  and  moistened  with  water ;  a 
few  drops  of  the  acid  are  poured  on;  and  by  the  greater  or  less  dis- 
engagement of  bubbles  the  proportion  of  calcareous  matter  is  guessed 
at,  and  its  presence  proved.  The  soil  mixed  with  water  is  poured 
into  the  glass  tube  and  well  shaken.  In  a  few  minutes  the  coarse 
sand  is  deposited :  shortly  after  the  finer  sand,  and,  lastly,  the  clay  and 
impalpable  matter,  of  which  the  lightest  remains  longest  suspended. 
Distinct  rings  can  be  observed  in  the  deposits,  and  the  graduated  tube 
shows  their  proportion.  A  person  accustomed  to  thu  method  will 
gueas  with  great  precision  the  general  qualities  of  the  soil ;  and  when 
the  geologirad  structure  of  the  neighbourhood  and  the  nature  of  the 
subtil  are  taken  into  consideration,  the  value  of  the  land  for  posture 
or  cultivation  is  guessed  wiUi  little  danger  of  making  very  glaring 
mistukes.  To  surveyors  and  valuers  tiiis  method  is  of  very  great  help, 
when  o^er  means  are  not  at  hand.  Among  the  properties  of  soils  of 
the  greatest  agricultural  importance  must  be  named  the  absorptive 
powers  which  they  poeseea  over  ammoniacal  and  other  valuable  in- 
gredients of  manures,  either  volatile  or  soluble,  which  would  otherwise 
be  wasted  when  applied  to  the  land.  This  fact,  first' observed  by  Mr. 
Thompson,  H.F.,  has  since  been  investigated  bv  Professor  Way,  and 
explains  the  eoonomy  of  autumnal  manurings  and  top-dressings  in  the 
winter  season,  when  vegetation  is  inactive  and  unable  at  once  to  turn 
to  account  artificial  stores  of  food  for  plants. 

In  practice,  soils  are  usually  divided  into  light,  mellow,  and  stiff; 
but  this  gives  very  little  information,  there  being  every  imaginable 
variety  in  each  at  these.  There  are  still  minute  oircumstsnoes  which 
produce  great  fertility  or  the  reverse,  and  which  it  is  difficult  to 
uvestigate.  An  accurate  diemical  analysis,  which,  however,  is  a  process 
requiring  the  service  of  the  educated  dieniist,  joined  to  a  careful 
mechanical  examination,  and  very  correct  accounts  of  the  average 
produce  nnder  different  ^sterns  of  cultivation,  can  alone  give  us  a 
scale  according  to  which  the  natural  fertility  of  different  soils  can  be 
classed ;  and  this  must  be  the  work  of  time  and  industry  joined  to 
science  and  practical  knowledge.  Directed  as  it  is  to  the  detection  and 
estimation  of  ingredients,  many  of  which  occur  in  very  small  pro- 
portion, the  process  of  chemical  anal^sia  is  one  which  cannot  be 
undertaken  by  the  farmw.  It  is  sometimes  useful  to  him,  however,  to 
know  the  exact  composition  of  his  soil,  and  the  chemist  is  thus  8om»- 
times  able  to  point  out  the  causes  of  infertility,  and  so  enable  him  to 
remove  them.  When,  therefore,  he  ia  at  a  loss,  such  sn  analysis 
may  be  the  guide  he  needs ;  and  in  a  deficiency  of  phosphate  of  lime, 
or  an  excess  of  chloride  of  sodium,  or  a  deficiency  of  organic  matter, 
or  in  the  presence  of  iron  salt  which  is  thus  detected,  he  may  read  the 
cause  of  his  failure,  and  so  be  able  to  remove  it. 

SOILINQ  is  the  name  given  in  agriculture  to  the  mode  of  feeding 
horses  and  cattle  in  the  stable  or  yards  with  food  brought  to  them  as 
it  is  cut  in  the  meadows  or  fields.  The  great  advantage  of  soiling 
cattle  is  the  increase  of  manure  of  the  best  quality,  which  is  thereby 
produced ;  and  this  circumstance  alone  can  counterbalance  the  great 
trouble  and  expense  incurred  in  cutting  and  carrying  all  the  green  food 
from  a  distance  to  the  farmyard. 

The  system  of  soiling  is  not  very  generally  adopted  in  British 
husbandry,  it  being  so  much  easier  to  aUow  the  cattle  to  crop  their 
food  in  the  pastures ;  but  in  those  countries  where  property  in  land  is 
greatiy  subdivided,  and  where  farms  are  small  and  good  pastures 
scarce,  as  in  Flanders,  France,  and  Switzerland,  especially  where  the 
vineyards  render  manure  scarce  and  dear  by  taking  a  considerable 
portion  of  it  and  returning  none,  there  the  soiling  of  cattle  is  almost 
a  matter  of  necessity.  A  cow  or  ox  requires  from  two  to  three  acres 
of  pasture  or  meadow  to  feed  it  all  the  year  round,  allowing  a  portion 
for  hay.  But  by  raising  clover,  luoem,  sainfoin,  tares,  and  other  green 
,  one  or  two  cows  can  be  fed  with  the  produce  of  one  acre,  espe- 


cially if  a  portion  is  in  mangold  ?rurzel  or  other  succulent  roote.  Thus 
the  straw  of  the  white  crops  is  converted  into  excellent  manure,  and 
the  land  kept  in  a  state  of  fertility. 

In  proportion  as  a  farm  is  larger  in  extent,  so  the  expense  of  soiling 
increaaee,  both  from  the  distance  of  the  fields  where  the  green  crops 
grow,  and  from  the  same  distance  to  which  the  dung  has  to  be  carted. 
There  is  a  limit  therefore  to  the  soiling  system,  unless  there  be 
many  yards  or  stables  in  different  parts  of  a  fann,  so  as  to  sub- 
divide it,  and  make  each  yard  the  centre  of  a  distinct  system  of  soil- 
iog,  with  fields  near  at  hand  for  the  green  crops.  In  almost  eveiy 
experiment  on  a  large  scale  it  has  been  found  that  soiling  was  only 
a  certain  mode  of  purchasing  dung,  and  that  it  often  was  more 
expensive  to  procure  it  in  this  way  than  to  send  to  a  considerable 
distance  to  purchase  it  in  towns.  Wliere  it  cannot  be  purchased  at 
all,  there  are  no  other  means,  in  many  situations,  of  producing  a 
sufficient  quantity ;  and  the  trouble  and  expense  of  soiling  must  be 
submitted  to.    In  almost  every  case  where  sheep  can  be  folded  Vi  feed 


off  the  crops,  the  soiling  of  cattle  is  a  Ioss,'because  the  sheep  pay  some- 
thing for  their  food ;  the  csttie  in  the  sttdl  do  so  less  frequently. 

But  there  are  animals  which  must  be  fed  for  ihe  work  of  the  fsrm, 
such  as  horses  or  oxen ;  and  these  are  much  more  profitably  and 
economically  fed  bv  soiling  than  by  any  other  means.  A  horse  or 
ox,  if  he  works  eight  or  ten  hours,  has  no  time  for  rest  if  he  has 
to  crop  his  food  from  a  short  pasture,  however  sweet;  whereas  an 
abundant  supply  of  clover,  lucem,  or  tares  enables  him  to  take  a  hearty 
meal  and  lie  down  to  rest.  He  wants  no  com  with  this  food,  and  does 
his  work  without  loeinf;  flesh  or  activity. 

There  is  nothing  easier  in  a  mild  climate,  and  especially  a  moist  one, 
like  Britain  or  Ireland,  than  to  have  a  succession  of  green  food  from 
the  beginning  of  spring  to  the  end  of  autumn,  and  afterwards  a  suc- 
cession of  succulent  vegetable  food  through  the  winter.  Rye  and 
winter  barley,  sown  early  in  autumn,  will  be  ready  to  cut  as  soon  as 
the  mild  weather  of  spring  commences ;  some  sown  later  with  winter 
tares,  and  the  young  clover,  which  has  not  been  cropped  in  autumn, 
will  succeed.  After  this  come  artificial  grasses,  as  Italian  rye-grass 
and  the  grass  of  water-meadows  mown  early ;  idthough  this  last  is  not 
such  hearty  food  for  working  cattle;  but  when  joined  to  a  mixture  of 
oate  and  cut  straw,  their  watery  nature  is  corrected.  Clover  and  spring 
tares  (when  these  last  are  sown  at  proper  intervals),  lucem  and  sain- 
foin (if  the  soil  is  suited  to  them),  will  afford  a  constant  and  abundant 
supply  to  the  scythe  which  cuts  the  daily  allowance.  It  is  prudent  to 
provide  against  bilurs,  and  have  more  land  in  these  crops  than  is 
absolutely  necessary,  bocauae  the  surplus  can  always  be  made  into  hay 
or  reserved  to  ripen  its  seed ;  and  these  green  crops,  valuable  as  they 
are,  far  from  deteriorating  the  soil,  dear  it  of  weeds,  and  render  it 
more  fit  to  bear  com  afterwards.  Tumips,  carrots,  and  mangold 
wurxel  provide  with  hay  and  straw  the  winter  food.  And  by  steaming 
the  roots  or  pulping  them,  and  so  mixing  with  chaff  of  hay  or  straw,  a 
palatable  and  nutritious  food  may  be  provided  at  small  expense.  In 
these  cases  soiling  is  profitable  and  economioaL 

It  is  generally  thought  in  those  countries  where  the  soiling  system 
is  most  univenally  adopted,  that  it  is  best  to  allow  the  green  food  to 
remain  twelve  or  twenty-four  hours  after  it  is  cut,  before  it  is  given  to 
cattle.  This  may  be  prudent  with  cows  and  oxen,  which  are  apt  to  eat 
voraciously,  azid  are  subject  to  be  hoven  from  the  fermenta^on  of 
the  green  food  in  the  paunch  or  rumen :  but,  excepting  in  the  case  of 
Toung  vetches,  which  are  more  physio  than  food,  for  bones  there  is 
uttle  danger ;  and  if  the  food  is  not  wet  with  dew  or  rain,  the  fresher 
it  is  eaten  the  better  it  will  nourish  the  animal^  and  the  more  he  will 
relish  it. 

If  any  one  is  desirous  of  calculating  the  expense  of  soiling  any 
number  of  beasts,  he  has  only  to  reckon  what  time  of  men  and  hones 
it  vrill  take  to  cut  the  food  and  carry  it  to  the  cattie,  from  the  average 
distance  of  the  fields  in  which  it  can  be  raised  in  succession.  Much 
of  their  time  is  lost  in  the  morning  and  evening  in  going  backwards 
and  forwards  from  the  field  to  the  yard ;  for  there  can  soiroely  be  an 
establishment  so  large  as  to  keep  them  employed  a  whole  day ;  and 
U  there  were,  the  fields  must  be  so  large  and  so  distant,  as  to  greatly 
increase  the  expense  of  carriage.  Not  to  enter  into  minute  oJcula- 
tions,  it  is  fully  proved,  that,  to  a  certain  extent,  soiling  is  profitable 
and  economical,  when  it  can  be  done  before  and  i^Eter  the  usual  hours 
of  labour;  but  that  when  undertaken  on  a  large  scale  in  any  one 
locality,  it  is  usiially  attended  with  loss,  the  manure  produced  being 
purchased  at  too  great  a  price. 

If  a  labourer  who  has  an  allotment  of  half  an  tore  of  good  Ught 
land  would  devote  it  entirely  to  raise  food  for  a  cow,  his  wife  and 
children  cutting  the  food  and  t<<nding  the  cow  in  a  small  yard  with  a 
shed,  or  in  an  aiiy  cow-stall,  he  would  find  that  he  had  a  much  greater 
clear  profit,  than  if  he  had  sown  his  land  eveiy  ^ear  with  wheat,  and 
had  always  a  good  crop,  which  last  supposition  is  improbable.  There 
would  be  no  better  stimulus  to  indusby  than  to  let  a  piece  of  land 
for  this  purpose  to  every  man  who  could  purchase  a  oow  and  feed  it  by 
soiling. 

SOL,  in  music,  the  name  given,  in  sol-fa-ing,  by  the  English,  Italians, 
and  fV'enoh  to  tiie  fifth  of  tiie  scale ;  and  by  the  two  last  also  to  the 
sound  called  o  by  the  Qermons  and  English.    [SoLmsATioir.] 

SOLANINE,  a  vegetable  alkaloid  obtained  by  Desfosses  from  the 
berries  of  the  so&mum  nigrum,  and  the  fruit  of  the  common  potato. 

In  appearance  solanius  resembles  sulphate  of  quinine,  but  the 
crystals  are  finer  and  shorter ;  it  restores  the  blue  colour  of  litmus 
when  reddened  by  an  acid ;  dusolves  in  acids,  and  is  precipitated  from 
them  by  the  alkalies.  The  hydroohlorate  and  acetate  of  solanine  have 
a  gummy  appearance  when  evi^orated  to  dryness,  but  the  sulphate 
and  phosphate  are  ciystallisable.  It  is  extremely  poisonous :  a  grain 
of  it,  dissolved  in  dilute  sulphuric  acid,  killed  a  rabbit  in  six  hours. 
The  analyses  which  have  been  made  of  this  alkaloid  do  not  accord. 
The  following  are  the  numbera  obtained  by  Blonohet  and  0.  Henry 
respectively. 
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SOLAS  ECLIPSE. 


SOLA'NUM  DULGAHA'RA,  an  indigenous  perennial  climbing  plant, 
oonunon  in  wet  and  shady  places,  especially  hedges.  It  has  a  remark- 
ably zigzag  stem,  with  alternate  leaves,  the  lower  ones  lanceolate, 
entire,  the  upper  hastate ;  the  flowers  resemble  thoee  of  the  potato, 
but  are  smuller,  and  are  succeeded  by  a  cluster  of  red  berries.  This 
plant  is  called  woody  nightshade,  to  distinguish  it  from  the  Atropa 
hdladanna,  or  deadly  nightshade.  The  young  twigs  or  tops  are  officinal, 
and  they  should  be  gathered  in  spring,  before  the  flowering  of  the 
plant,  or  in  autumn  while  the  leaves  are  yet  frak,  as  much  activity 
seems  to  belong  to  the  leaves,  and  the  twigs  are  best  from  plants  about 
threp  ^ears  old.  When  fresh,  the  plant  has  an  unpleasant  odour, 
which  IS  in  a  great  measure  lost  by  dicing,  as  is  also  a  large  portion 
of  water.  The  taste  is  at  first  bitter  and  slightly  acrid,  then  sweet ; 
hence  the  name  bitter-noeet  given  to  it. 

Ten  pounds  of  the  dried  twigs  yield  two  pounds  of  extract.  Accord- 
ing to  Pfaff,  100  pounds  of  perfectly  dried  stems  yield  a  bittersweet 
extractive  (picroglycion),  21 ;  Tegeto-animal  matter,  8 ;  gummy  extrso- 
tive,  12 ;  gluten  with  wax,  1 ;  tesin  with  benzoic  acid,  2 ;  gum, 
starch,  salts  (chiefly  of  lime),  6;  and  woody  fibre,  62.  Solanina 
(solania)  has  been  found  by  Deefoeaea.  Whether  pioroglydon,  called 
also  dulcamarin,  and  dulcarin,  is  a  distinct  principle,  or  a  combination 
of  solanina  with  sugar,  is  doubtful. 

Bitter-sweet,  when  taken  fresh,  has  a  slightly  narcotic  influence, 
causing  also  nausea,  vertigo,  and  a  dryness  of  throat,  like  other  solana- 
oeous  poisons.  If  delirium  di^lay  itself,  it  ia  always  of  a  most  frantic 
kind.  Fenpiration  or  an  increased  diachatge  of  unne  generally  occurs, 
followed  by  gentle  purging. 

Bitter-sweet  is  chiefly  employed  in  cutaneous  diseases,  especially  of 
the  scaly  kind,  such  as  lepra ;  it  may  be  given  internally,  while  a  strong 
wash  of  it  is  applied  extem^ly.  It  is  sJso  useful  in  some  vesicular 
diseases,  such  as  herpes  and  eczema.  In  these  its  virtues  as  an 
external  application  may  be  increased  by  dissolving  in  it  sulphuret 
of  potass.  Ttiis  combination  relieves  most  effectually  the  intolemble 
irritation  of  these  aomplainta. 

It  is  usually  ordered  in  the  form  of  decoction,  but  long  boiling  is 
destructive  of  its  powers.  Slow  simmering  is  preferable.  The 
extract,  when  prepared  from  the  fresh  plant  with  a  low  degree  of  heat, 
is  a  good  form  for  internal  administrntion,  as  it  may  be  combined 
with  antimonials. 

In  oases  of  poisoning  by  the  berries,  often  mistaken  for  ournrnts, 
the  stomach-pump  should  be  used  as  speedily  as  possible,  and  moderate 
Tenesecticm  is  of  service. 

SOLAS  CYCLE.    [Pbhiods  of  Revolution.] 

SOLAS  ECLIPSE.  The  phenomena  of  an  edipse  of  the  sun 
resemble  those  of  the  moon  in  one  respect  only,  namely,  that  the  body 
of  the  luminary  disappears.  In  all  other  respects  there  is  so  great  a 
difference,  both  in  the  cause  of  the  phenomenon  and  its  attendant 
drcumstances,  that  it  is  a  pity  one  term,  eclipse,  should  be  used  in 
senses  so  different.  In  the  first  plsoe,  the  disappearance  of  the  moon 
arises  from  the  eartb  intercepting  the  light  which  she  ought  to  receive, 
while  that  of  the  sun  is  the  consequence  of  the  moon  coming  between 
the  sun  and  the  earth.  The  body  of  the  moon  is  never  absolutely 
hidden,  and  is  even  slightly  Tiaible  through  a  telescope  during  the 
darkest  eclipse :  but  the  body  of  the  sun  is  really  hidden  by  the  inter- 
vention of  the  opaque  substance  of  the  moon.  Again,  the  phenomena 
of  an  eclipse  of  the  moon  are  the  same  for  eveiy  point  of  the  earth  at 
which  they  are  visible :  the  beginning,  middle,  and  end  of  the 
phenomenon  happen  at  the  same  instant  of  absolute  time  everywhere, 
and  the  same  portion  of  the  moon  is  hidden  from  all  the  earth  at  the 
same  instant.  But  in  a  solar  eclipse,  it  entir^  depends  upon  the 
position  of  the  spectator  whether  there  is  any  eclipse  at  all ;  and  of 
two  persons  at  different  parts  of  the  earth,  at  the  same  instant,  one 
may  see  the  sun  totally  eolipeed,  while  the  other  may,  by  the  bright- 
ness of  the  sun's  rays,  not  know  that  the  moon  is  almost  dose  to  him. 
A  screen  held  before  a  candle  may  be  an  eclipse  of  the  candle  for  one 
person  in  the  room,  but  not  for  another,  on  account  of  their  difference 
of  place ;  this  is  an  illustration  of  the  solar  eolipee :  a  ball  Uirown  into 
a  dark  comer  may  be  invisible  to  all  the  persons  in  a  room  st  the  same 
time ;  this  is  the  same  illustration  of  a  lunar  eclipse. 

If  the  earth  had  no  motion  of  rotation,  the  inhabitants  of  any  one 
place  would  see  something  exactly  resemUing  a  lunar  eclipee;  the  sun 
being  in  place  of  the  moon,  and  the  moon  in  place  of  the  earth's 
shadow.  But  different  places  would  see  different  kinds  of  ecUpees, 
some  losing  more  of  the  sun's  body,  and  others  less.  The  rotation  of 
the  earth,  without  materially  altering  the  character  of  the  phenomenon, 
makes  it  much  more  difficult  to  calculate :  for  it  is  as  if  each  spot  of 
the  earth,  instead  of  standing  still  to  witness  one  phenomenon,  or  one 
sunple  eclipse,  were  constantly  taking  into  view  portions  of  different 
phenomena,  a  port  of  one  followed  by  a  subsequent  part  of  another. 
In  an  eclipse  of  the  moon,  whatever  may  be  the  phase  for  the  time 
being,  from  the  disappearance  of  the  first  to  the  reappearance  of  the 
last  edge,  the  only  question  as  to  whether  such  phase  will  be 
Tisible  or  not  at  any  place  is  the  following ; — Will  the  moon  be  above 
the  horizon  at  that  place  when  the  phase  occurs  J  Suppose,  for  instance, 
it  were  asked,  what  places  on  the  earth  will  see  the  beginning  of  the 
eclipse,  the  disappearance  of  one  edge  of  the  moon,  at  the  instant  when 
the  moon  rises  >  The  answer  is,  calculate  the  absolute  instant  of  the 
beginning  of  the  eclipse,  find  out  the  spot  to  which  Uie  moon  is  vertical 


at  that  instant,  and  all  places  90°  distant  from  it  will  be  exactly  in  the 
same  predicament  with  respect  to  the  eclipse.  But  in  an  eolipae  of  the 
sun,  the  beginning  at  two  different  places  does  not  happen  at  the  same 
instant;  the  inhabitants  of  any  the  same  circle  see  very  different 
phases,  and  a  line  drawn  through  all  the  places  which  see  the  ssma 
sort  of  phase  under  the  same  position  of  the  luminaries  with  respect  to 
their  horizons,  will  be  very  different  from  a  circle.  Without  attempting 
to  give  any  accotmt  of  the  modes  of  ascertaining  all  these  points,  w« 
subjoin,  from  the  '  Kautical  Almanac,'  a  projection  of  the  eclipse  whidi 
took  place  on  the  7th  of  July,  1842. 

Tile  southern  line  passes  through  all  the  plaoes  which  see  a  simple 
contact  of  the  luminaries  and  nothing  more :  the  edgns  of  the  lumina- 
ries unite  for  a  moment  and  then  separate.  This  line  touches  the  two 
ends  of  a  large  figure  of  eight  divided  by  another  line  passing  throng 
its  loop ;  and  the  portion  of  the  earth  which  at  any  time  sees  a  ti^ 
edipse  is  contained  in  the  brood  shaded  band.  On  the  line  marked 
"beginning  of  eclipse  at  sunrise"  live  those  to  whom  the  lumina- 
ries rise  in  contact :  the  other  lines  are  similarly  explained.  The 
eclipse  is  first  seen  at  the  place  marked  "  First  contaot "  on  the  line 
just  mentioned.  One  point  is  marked  as  having  both  beginning,  middle^ 
and  end  of  the  eclipse  at  sunrise  :  this  means  that  the  eclipse  ia  then 
only  a  contact,  so  that  its  beginning,  middle,  and  end  take  place  at  the 
same  moment,  and  that  moment  is  sunrise.  At  the  loop  of  the  figure 
of  eight,  the  beginning,  middle,  and  end  are  represented  as  each  d 
tiiem  t^ing  place  both  at  sunrise  and  sunset :  which  must  be  a  mysteiy 
to  those  who  are  not  used  to  trace  mathematical  conceptions  to  their 
limits  :  are  there  two  eclipses,  one  for  sunrise  and  one  for  sunset  t  The 
explanation  is  this  :  there  is  at  every  moment  of  time  a  point  in  the 
arctic  regions  at  which  the  sun  is  making  its  first  appearsnoe  or  its  last 
appearance  previously  or  subsequent  to  the  long  polar  day  or  night  As 
this  moment  approaches  the  days  shorten,  if  the  disappearance  be 
coming  on,  and  begin  from  nothing  if  the  appearance  be  uoming  on : 
the  long  day  or  night  being  preceded  by  the  ordinary  days  or  ni^ts  of 
the  rest  of  the  earth.  Now  the  point  which  is  at  the  loop  is  that  point 
of  the  earth  at  which  the  sun  and  moon  are  in  contact  (without  any 
further  eclipse)  at  the  moment  when  the  sun  fint  graiea  their  horiaoo 
after  their  polar  night  r  so  that  their  day  is  but  a  moment,  and  at  that 
moment  the  contact  takes  place. 

The  figure  of  the  projection  is  not  alw^s  like  Chat  of  the  preceding: 
sometimes  the  loops  become  two  ovals  separated  by  a  line  which  is 
continued  through  the  middle  of  them,  the  part  of  this  line  between 
the  ovals  being  a  line  on  which  nothing  but  a  simple  contact  is  seen. 

There  is  an  excellent  mathematical  account  of  edipsss  in  general, 
with  the  full  mode  of  calculating  them,  and  examples,  by  Ur.  Wool- 
house,  in  the  Supplement  to  the  '  Nautical  Almanac '  for  1836.  From 
this  we  extract  the  summary  of  the  limits  within  which  an  edipie, 
whether  of  the  sun  or  moon,  can  happen. 

At  the  time  of  full  moon  an  edipse  of  tiie  moon  will  be  oertaii 
when  the  moon's  latitude  is  less  than  61'  57",  impossible  when  it  ii 
greater  than  63'  45",  and  doubtful  between  tiiese  limits.  For  the 
doubtful  cases  an  eclipse  will  result  when  the  moon's  latitude  ia  leas 
than 

M 
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p  and  I  being  the  equatorial  horizontal  parallaz  and  semi-diameter  of 
the  moon,  and  ir  and  ir  those  of  the  sun. 

At  the  time  of  new  moon  an  eclipse  of  the  sun  will  be  certain  when 
the  moon's  latitude  is  less  than  1^  28'  16",  impossible  when  it  ia  greater 
than  1°  84'  62",  and  doubtful  between  these  limits.  For  the  doubtful 
cases,  an  eclipee  will  happen  when  the  moon's  latitude  is  less  than 

It  ia  hardly  neoessaiy  to  state  that  ecUpses  of  the  sun  ore  frequently 
wholly  partial  that  is,  not  total  for  any  one  moment  to  any  one  part 
<A  the  earth.  Sometimes,  though  the  eclipee  be  central,  it  is  not  total 
on  acoount  of  the  moon  not  being  near  enough  to  hide  the  whole  of 
the  sun ;  in  which  case  part  of  the  latter  ia  seen  aa  a  bright  ring  round 
the  port  hidden  by  the  moon,  and  the  eclipse  is  called  annular. 

Before  proceeding  to  give  some  account  of  the  physical  phenomena 
observed  during  total  eclipses  of  the  sun,  it  may  be  desirable  to  allude 
briefly  to  some  of  the  more  interesting  eclipses  of  this  nature  recorded 
in  history. 

The  ancient  litei&ture  of  Oreece  and  Some  contains  aevsnl  inddental 
allusions  to  the  occurrenoe  of  total  eclipses  of  the  sun.  The  most 
celebrated  of  these  is  the  eclipse  mentioned  by  Herodotus  as  having 
taken  place  during  a  battle  between  the  Modes  and  Lydians.  The 
historian  relates  that  the  two  hostile  armies  were  so  much  terrified  by 
the  spi^ctacle  uf  the  eclipse,  that  they  suddenly  desisted  from  fighting, 
and  concluded  a  ti^aty  of  amity  and  peace.  He  further  states  that  the 
eclipse  had  been  foretold  to  the  lonions  by  Thales  ths  Milesian  The 
precise  date  of  this  eclipse  has  given  rise  to  much  discuscdon  in 
modem  times.  In  1811  the  late  Fruicis  Baily  communicated  a  paper 
to  the  Royal  Sodety,  in  which,  by  availing  himself  of  Biirg's  lunar 
tables,  he  endeavours  to  prove  that  a  total  eclipse  of  the  sun  which 
occurred  on  the  30th  of  Septraaber,  610  B.C.,  must  have  been  the  one 
alluded  to  by  Herodotus.  He  acknowledge^  however,  that  the  de- 
ments of  the  lunar  orbit  employed  in  lus  investigation  failed   to 
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account  aim  for  a  total  eolipae  of  the  aun  which  Diodorus  Siculua  '  has  taken  up  the  subject  of  this  eclipse.  His  reaearches  an  based 
mentions  as  having  occurred  while  Agathooles,  king  of  Syracuse,  was  upon  a  new  determination  of  the  elements  of  the  lunar  orbit  derived 
proceeding  with  his  fleet  to  Africa.  In  a  paper  published  in  the  from  the  Qreenwioh  observations,  and  the  values  of  the  secular  aooele- 
'  Philosophical  Transactions  of  the  Royal  Society  '  for  1862,  Mr.  Airy    ration  of  the  mean  motion  and  node  assigned  by  Professor  Hansen. 
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The  concltuion  at  which  he  arrives  is,  that  th*  ecUpae  referred  to  by 
Herodotus  must  have  ooourred  on  the  7th  of  Beptemoer,  585  B.o.  He 
shows  that  this  date  accords  satisfactorily  wiui  the  eclipse  of  Aga- 
thooles, and  also  with  an  eolipae  briefly  idluded  to  by  Aenophon  as 
having  occurred  at  IjarisBa,  in  Asia,  during  the  retreat  of  the  ten 
thousand  Qreeks. 

Plutarch,  in  his '  Dissertation  on  ihe  Lunar  Spots,'  makea  •  brief 
but  interesting  allusion  to  a  total  eclipse  of  the  sun  which  happened  ia 
his  time.  He  mentions  that  it  occurred  about  midday,  that  the  dark- 
ness was  so  great  as  to  cause  the  day  to  resemble  night,  and  that  Stan 
were  everywhere  visible.  Kepler,  who  investigated  the  protnble  time 
of  the  occurrence  of  this  eclipse,  is  of  opinion  that  it  is  identical  with 
on  eclipse  which  happened  in  the  year  113  a.d. 

The  records  of  modem  history  contain  a  variety  of  interesting 
allusions  to  the  occurrence  of  total  eclipses  of  the  sun. 

Halley,  in  a  papr r  on  the  total  eclipse  of  the  sun  which  happened  at 
London  in  the  year  1716,  mentions,  as  an  illustration  of  the  rarity  of 
snoh  phenomena,  that  no  previous  eclipse  of  the  same  nature  had  been 
visible  in  the  metropolis  since  the  year  1140.  This  eclipse  is  recorded 
in  the  Saxon  Chronicle ;  a  brief  mention  of  it  is  also  made  by  William 
of  Malmeebury.    In  the  Saxon  Chronicle  it  is  stated  tha^  "in  the 


or  the  Earth  during  the  total  Solar  EcUpas  of  Mj  1,  U**. 

Lent,  the  sun  and  the  day  darkened  about  the  noontide  of  the  day, 
when  man  were  eating,  and  they  did  light  their  candles  to  eat  by. 
That  was  the  thirteenth  day  before  the  Calends  of  ApriL  Ueu  were 
ver^  much  struck  with  vronder."  William  of  Malmesbury  states,  "  that 
while  persons  were  sitting  at  their  meals,  the  darknees  became  so  great 
that  they  feared  the  ancient  chaos  was  about  to  return  ;  and  upon  going 
out  immediately,  they  perceived  several  stars  about  the  sun." 

Total  eclipses  of  the  sun  are  mentioned  in  history  as  having  occurred 
in  the  yean  1187,  12«,  1416,  1483.  148.'),  1508,  1680,  1644, 1560, 
1667,  1698,  1606,  1662,  and  IRSO.  The  eclipses  of  1488, 1698,  and 
1$62  were  visible  in  the  British  Isles.  The  eclipse  of  1438  occurred  in 
Scotland.  According  to  Maolaurin,  there  is  a  manuscript  account  of 
it  preserved  in  the  library  of  the  Edinburgh  University.  The  moon'i 
shadow  on  the  occasion  of  the  eclipse  of  1698  appears  to  have  passed 
over  the  border  counties  of  Kngland  and  Scotland.  The  day  of  its 
occurrence,  which  was  Saturday,  was  long  remembered  in  both  oountrief 
aa  Black  Saturday.  The  eclipse  of  1662  was  visibls  in  the  north  oi 
Ireland  and  in  Scotland. 

In  1706  there  occurred  a  total  eelipae  of  the  sun,  which  was  vimble 
in  the  southern  oountriea  of  Europe  At  Montpellier,  where  it  was 
observed  by  Phmtade  and  Capiis,  the  total  obaouration  lasted  4*'  10% 
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Dining  this  time,  fhe  dark  body  of  the  moon  appeared  to  be  Burrounded 
by  a  corona  of  pale  light.  The  planets  Venus,  Mercury,  and  Saturn, 
and  sereral  of  the  fixed  stats,  were  visible  to  the  naked  eye.  On  the 
summits  of  some  of  the  mountains  of  Switzerland,  where  the  view  was 
not  impeded  by  the  gross  vapours  which  accumulate  in  the  lower 
regions  of  the  atmosphere,  the  stars  appeared  as  thickly  strewed  as  in 
the  time  of  full  moon. 

On  the  Srd  of  May,  1715,  there  occurred  a  total  eclipse  of  the  sun, 
which  was  visible  in  London,  and  of  which  EaUey  has  given  an 
interesting  account  in  a  paper  published  in  the  '  Philosophical  Trans- 
actions of  the  Royal  Society '  for  the  same  year.  The  total  obscuration 
lasted  3"  22*.  The  planeto  Jupiter,  Hercuiy,  and  Venus,  as  well  as 
Capella  and  Aldebaran,  were  visible  to  the  naked  eye. 

On  the  22nd  of  May,  1724,  a  total  eclipse  of  the  sim  occurred  at 
Paris.  The  total  obscuration  lasted  only  a  little  more  than  two 
minutes.  Venus,  Mercury,  and  a  few  of  the  fixed  stars  were  visible  to 
the  naked  eye. 

The  next  total  eclipse  of  the  sun  recorded  in  history  was  visible  in 
the  northern  countries  of  Europe.  It  occurred  on  the  2nd  of  May, 
1733.  The  total  obscuration  lasted  a  little  more  than  three  minutes. 
The  planet  Jupiter,  the  stars  of  Ursa  Major,  Capella,  and  several  other 
stars,  were  visible  to  the  naked  eye.  Besides  the  corona,  several 
reddish  patches  of  light  were  seen  around  the  dark  body  of  the  moon. 
This  is  the  earliest  allusion  to  the  well-known  red  prominences  which 
have  excited  so  much  interest  in  recent  years. 

A  total  eclipse  of  the  sun  which  occurred  in  the  Southern  Ocean 
on  the  9th  of  February,  1766,  was  observed  by  the  persons  on  board 
the  French  ship  the  Comte  d'Artois.  The  obscuration  lasted  only  fi'3 
seconds. 

On  the  24th  of  June,  1778,  a  total  eclipse  of  the  sun  was  observed 
at  sea  by  the  Spanish  Admintl  Don  Antonio  tJlloa,  while  proceeding 
from  the  Azores  to  Cape  St.  Vincent,  The  obscuration  lasted  four 
minutes.    The  corona  around  Uie  moon  appeared  in  great  splendour. 

On  the  16th  of  June,  1806,  a  total  eclipse  of  the  sun  was  visible  in 
North  America,  at  Kinderhook,  in  the  state  of  New  York,  where  it  was 
observed  by  Don  Joachim  Ferrers.    The  obscuration  lasted  4~  87*. 

Another  total  eclipse  of  the  sun,  which  was  visible  in  America, 
occurred  on  the  30th  of  Kovember,  1834.  At  Milledgeville,  Oeoigia, 
where  it  was  observed  by  the  French  astronomer  Nicollet,  the  obsciua- 
tion  lasted  1"  15'.  At  Beaufort,  South  Carolina,  two  planets  and  four 
stars  of  the  first  magnitude  were  visible  to  the  naked  eye. 

On  the  7th  of  July,  1842,  there  occurred  a  total  eclipse  of  the  sun, 
which  was  visible  in  the  south  of  Europe.  At  Perpignan,  where  the 
phenomenon  was  observed  by  the  lata  M.  Arago  and  other  French 
astronomers,  the  complete  obscuration  of  the  solar  disc  lasted  only 
2'*  24>.  In  the  countries  of  Eastern  Europe,  the  interval  of  totality 
was  somewhat  longer.  At  Lipesk,  it  lasted  S"  6*.  The  corona  on  this 
occasion  was  very  conspicuous.  Several  red  protuberances  were  also 
seen  around  the  dork  body  of  the  moon. 

On  the  8th  of  August,  1850,  there  occurred  a  total  eclipse  of  the 
sun,  which  was  visible  in  the  islands  of  the  Pacific  Ocean.  At 
Honolulu,  the  chief  town  of  the  Pacific  Isles,  it  was  observed  by 
H.  Kutczycki,  who  has  given  an  interesting  account  of  the  phenomenon 
in  the  '  Comptes  Rendus '  of  the  Academy  of  Paris  for  April  21, 1851, 
.The  red  prominences  were  very  conspicuous  on  this  occasion. 

The  next  total  eclipse  of  the  sun  occurred  on  the  28th  of  July,  1851, 
and,  having  been  visible  in  the  northern  countries  of  Europe,  was 
observed  by  a  great  number  of  astronomers.  The  totality,  generally 
speaking,  lasted  about  three  minutes.  Sevwal  ros»coloured  promi- 
nences were  seen  around  the  moon*s  limb. 

On  the  80th  of  November,  1863,  there  occurred  a  total  eclipse  of  the 
sun,  which  was  visible  in  South  America.  At  Occaje,  in  Peru,  it  was 
observed  by  M.  Moesta,  director  of  the  National  Observatory  of 
Santiago,  in  Chili.  The  totality  lasted  2"  59".  The  planets  Jupiter 
•and  Venus  were  very  conspicuous.  Antares,  which  was  within  6°  of 
the  sun,  was  also  distinctly  visible.  Several  rose-coloured  prominenoes 
were  ofaeerred  around  the  moon's  limb. 

On  the  7th  of  September,  1 868,  there  occurred  a  total  eclipse  of  the 
sun,  which  was  also  visible  in  South  America.  At  Paranagua,  In 
Brazil,  it  was  observed  by  M.  de  Mello,  director  of  the  Imperial 
Observatory  of  Rio  Janeiro;  by  M.  Liais,  a  Frendi  astronomer ;  and 
several  other  individuals  despatched  for  Uie  purpoM  by  the  BraxiliBn 
government.  Several  protuberances  were  seen.  The  corona  appears  to 
have  exhibited  a  very  complicated  structure.  The  planets  Venus,  Mer- 
cu^,  and  Saturn,  besides  Sinus,  Canopus,  and  three  other  etan,  supposed 
*o  be  a  and  0  Centauri  and  a  Cruds,  were  seen  during  the  totalify. 

The  last  total  edipse  of  the  sun  which  we  have  to  mention  is  one 
which  occurred  on  the  18th  of  July,  1860.  On  this  occasion,  the 
moons  shadow  first  traversed  a  portion  of  the  North  American  Conti- 
nent ;  It  then  swept  scross  the  Atlantic,  and  subsequently  scoured  the 
mtire  breadth  of  the  Spanish  peninsula,  the  eclipse  terminating  in  the 
French  colony  of  Algiers.  The  phenomena  of  the  eclipse  weroSserved 
by  a  great  number  of  astronomers,  both  oflScial  and  private,  who  had 
^paired  to  Spain  for  that  purpose  from  every  country  in  Europe.  The 
British  government  placed  at  the  disposal  of  the  observers  from  this 
OTuntry  the  steamship  Himalaya,  for  the  purpose  of  conveying  them 
from  England  to  the  Spanish  coast.  A  party  consisting  of  between 
forty  and  fifty  individuals,  headed  by  the  Astronomer-Boyal,  availed 


themselves  of  this  liberal  offer.  The  greater  number  of  the  obserren 
disembarked  at  Bilbao,  a  town  in  the  Bay  of  Biscay ;  the  remainder 
proceeded  to  Santander,  which  is  situate  about  30  miles  further  veA. 
An  arrangement  was  mode  by  which  the  observers  distributed  them- 
selves as  widely  as  circumstances  would  admit  over  the  track  of  tiu 
moon's  shadow,  with  the  view  of  guarding  against  casualties  of  tlie 
weather.  A  party,  consisting  of  Ci^tain  Jacob,  late  director  of 
the  Madras  Observatory,  the  Rev.  Dr.  McTaggart  of  Qlaagow,  and  the 
writer  of  the  supplementary  matter  of  this  article,  observed  the  eclipse 
from  the  southern  slope  of  the  Sierra  de  Tolonio,  a  lofty  mounts- 
range,  commanding  a  most  extensive  view  of  the  valley  of  the  EbrOj 
along  which  the  moon's  shadow  was  to  pass.  The  total  obecnratioii 
of  the  solar  disc  lasted  S"  20*.  The  planets  Venus  and  JSpiter  vere 
seen  ubining  with  great  splendour.  Persons  whose  attention  vu  not 
distracted  by  other  mattera  perceived  also  seven  or  eight  fixed  dan. 
The  corona  was  unusually  brilliant  on  this  occasion.  Several  idK' 
coloured  protuberances  were  also  visible. 

We  shall  now  give  a  special  description  of  some  of  the  more  jnmi- 
nent  features  of  total  eclipses  of  the  sun. 

The  corona  of  light  which  surrounds  the  dark  body  of  the  mom 
during  the  totality  of  a  solar  eclipse  has  been  remarked  by  more  thm 
one  ancient  author.  Plutarch  especially  refers  to  it  in  very  explicit 
terms.  Speaking  of  total  eclipses  of  the  sun  he  says : — "  But  eves 
although  the  moon  were  at  any  time  to  conceal  the  whole  body  of 
the  sun,  still  the  eclipse  is  deficient  in  duration  as  well  as  amplitude, 
for  there  is  seen  around  the  margin  a  certain  brightness  which  prevent! 
the  shadow  from  being  very  deep."  All  modem  acooimts  of  total  eclipeei 
of  the  snn  agree  in  describing  the  corona  as  a  characteristic  feature  of 
the  totality.  Its  light  has  been  generally  remarked  to  be  of  a  pile 
silvery  colour,  and  to  HimininTi  gradually  in  bri^^tneas  from  the  moan's 
limb.  Its  breadth  may  be  said  to  amount  to  half  the  moon's  ndina, 
but  there  extend  from  it  rays  of  much  greater  length,  causing  it  to 
resemble  the  j^ory  which  painters  in  Roman  Catliolic  countries  thnv 
around  the  heads  of  the  samts. 

Whatever  may  be  the  physical  cause  of  the  corona,  it  is  very  plain 
from  the  accounts  of  observers,  that  its  brightness  is  not  the  am 
during  every  eclipse.  Thus  M.  Kutczycki  states,  that  on  the  ocoiim 
of  the  totsi  edipse  of  1860,  the  corona  vanished  at  the  very  instant  of 
the  reappearance  of  the  solar  light.  A  similar  statement  is  made  b; 
M.  Moesta  with  reference  to  the  total  eclipse  of  1853.  On  the  other 
hand,  in  the  case  of  the  eclipse  of  1860,  the  writer  distinctly  perceived 
the  corona  at  least  ten  seconds  before  the  totality.  Cotain  other 
observers  perceived  it  even  earlier.  It  also  continued  to  be  visible  for 
several  seconds  after  the  reappearance  of  the  solar  light.  In  conse- 
quence of  the  bright  light  of  the  corona,  the  darkness  during  the 
totality  was  not  so  intense  as  it  usually  ia  during  the  occurrence  of 
such  phenomena. 

We  shall  now  advert  briefly  to  the  rose-coloured  protuberances  seen 
around  i^e  moon's  dark  limb  during  the  totality  of  a  solar  eclipse 
These  phenomena  were  first  distancUy  seen  during  the  total  eclipse  of 
1738,  but  they  do  not  seem  to  have  excited  an^  interest  unUl  the 
observation  of  similar  phenomena  on  the  occasion  of  the  oclipwof 
1842  attracted  the  attention  of  astronomers  to  the  subject  The 
followiog  a  a  description  by  M.  Mauvais  of  the  protuberances  as 
observed  by  him  at  Perpigmm  during  the  last-mentioned  edipse. 

"  A  few  seconds  after  the  total  obscuration,  while  endeavouring  to 
measure  the  Iwead^  of  the  corona,  I  perceived  a  reddish  point  at  the 
inferior  limb  of  the  moon,  which,  however,  did  not  project  b*"^ 
beyond  the  limb.  -After  an  interval  of  fifty-six  seconds  had  elai»d 
from  Uie  commencement  of  the  totality,  tbe  reddish  point  to  which  1 
have  referred,  transformed  itself  into  two  protuberances,  similar  to  tw 
contiguous  mountains,  perfectly  well  defined.  Their  colour  was  ■"* 
uniform.  Upon  their  slopes  were  seen  streaks  of  a  deeper  tint 
cannot  give  a  more  exact  idea  of  their  aspect  than  by  comparing  torn 
to  the  peaks  of  the  -Alps  illuminated  by  the  setting  sun  and  seen  star 
off.  After  the  lapse  of  one  minute  and  ten  seconds  from  the  com- 
mencement of  the  totality,  a  third  moimttun  was  perceived  to  the  1^ 
of  the  two  others.  It  exhibited  the  same  aspect  as  far  as  r^aw 
colour.  It  was  flanked  by  some  smaller  peaks,  but  all  were  perfectly 
well  defined.  While  this  third  mountain  was  in  the  process  of  larowg 
forth,  the  first  two  continued  sll  the  while  to  increase.  They  finauj 
attained  a  height  of  about  2'.  The  interval  between  the  *">  8"°P* 
appeared  to  embrace  an  arc  of  about  25°  on  the  moon's  limb,  -IB 
most  considerable  group,  apparently  the  most  western,  seemed  M  ™ 
to  be  a  few  degrees  to  the  left  of  the  lowest  point  of  the  moona  dia^^ 

Francis  BaUy,  who  observed  the  eclipse  from  a  station  »  ^ 
vicmity  of  Pavia,  in  Italy,  remarks  (•  Mem.  Ast.  Soc.,'  vol  rr.)  Ui«  »» 
protuberances  resembled  mountains  of  prodigious  elevaboa  i^ 
colour  appeared  red,  tinged  with  lilac  or  purple,  or  rather  ^'^,!f^ 
suggested  the  colour  of  the  peach  blossom.  According  to  M.  u™°J 
who  observed  the  protuberances  at  Vienna,  their  aspect,  '™°1^ 
first  white,  changed  to  rose  colour,  and  then  to  violet,  and  ^^jT?^ 
passed  in  a  reverse  order  through  the  same  tints.  M.  ^^.^Ljl 
who  observed  the  eclipse  at  Lip^,  remarks,  in  reference  *°  ^°  ^ 
coloured  protuberances,  that  a  very  large  part  of  the  moon  a  "lac 
garnished  with  a  similar  reddish  bordering.  .      g{ 

The  red  prominenoes  which  appealed  during  the  total  ^/^gf 
1851  have  been  Well  described  by  the  numerous  skilled  ot»^ 
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who  proceeded  to  the  countriee  of  Northern  Europe  for  the  purpose  of 
observing  the  phenomenon.  According  to  Mr.  Lassell,  they  were  of  a 
most  brilliant  lake  colour,  a  splendid  pink,  quite  defined  and  hard. 
Mr.  Dawes  remarked  a  bluntly  triangular  pink  body  ti*pendtd,  as  it 
vore,  in  the  corona,  and  the  distance  of  which  from  the  moon's  limb 
was  observed  to  increase  as  the  moon  continued  to  advance  over  the 
Bolar  disc.  The  isolated  patch  of  light  was  also  seen  by  the  greater 
number  of  the  observers  of  the  eclipse. 

M.  Moesta,  who  observed  the  eclipse  of  1858,  remarked  on  the  same 
side  of  the  corona,  with  a  very  conspicuous  protuberance,  two  darker 
spots,  of  a  form  approaching  to  a  square,  in  apparent  contact  with  the 
moon's  limb.  They  seemed  to  indicate  an  interruption  of  the  corona,  or 
rather  two  apertures  through  whioh  the  dark  ground  of  the  heavens 
was  visible.  Their  height  above  the  moon's  limb  was  estimated  to 
amount  to  1'. 

The  protuberances  which  appeared  during  the  total  eclipse  of  1860 
resembled  in  their  general  features  those  observed  on  previous  occa- 
sions. One  of  them  appeared  isolated  from  the  moon's  limb,  but  was 
seen  to  approach  the  latter  as  the  moon  advanced  over  the  solar  disk. 

The  question  has  been  much  discussed,  whether  the  red  prominences 
seen  during  a  total  eclipse  of  the  sun  belong  to  the  sun  or  the  moon. 
The  observations  of  the  total  edipse  of  1842  seemed  to  indicate  that 
they  are  appendages  of  the  sun,  for  it  was  remarked  by  several  of  the 
observers,  that  tibe  protuberances  on  the  western  limb  of  the  moon 
gradually  increased  in  magnitude  as  the  moon  advanced  over  the  solar 
disc,  while  those  on  the  eastern  limb  similarly  diminished  in  size,  con- 
sequences whioh  would  necessarily  result  from  the  protuberances  being 
situate  behind  the  dark  body  of  the  moon.  This  view  of  the  origin  of 
the  protuberances  was  also  strengthened  by  similar  observations  made 
during  the  eclipse  of  1851 ;  but  it  was  established  beyond  all  doubt 
by  the  observations  of  the  eclipse  of  1860.  On  the  fast-mentioned 
occasion  it  was  remarked  by  several  observers,  that  as  the  moon  ad- 
vanced over  the  solar  disk,  the  protuberances  on  the  eastern  limb  of 
the  moon  which  first  came  into  view,  gradually  diminished  in  size, 
while  those  on  the  western  limb,  which  at  the  commencement  of  the 
totality  were  invisible,  gradually  increased  in  dimensions.  This  in- 
teresting circumstance  has  also  been  indicated  by  photographs  of  the 
protuberances  taken  by  Mr.  Warren  Oe  La  Bue,  and  by  the  Italian 
astronomer  Professor  Secchi. 

Besides  the  protuberances  which  form  so  oonspiouous  an  object 
during  the  totality  of  an  eclipse,  there  has  been  generally  observed  at 
the  {»rt8  of  the  moon's  limb  where  the  solar  light  disappears,  and 
again  at  the  parts  where  it  reappears,  a  long  red  streak  of  light,  appa- 
rently of  the  same  physical  nature  as  the  protuberances,  and  tending 
to  support  the  opinion  that  the  whole  surface  of  the  mm  ia  enveloped 
in  such  a  substance. 

Attempts  have  been  made  to  connect  the  rose-coloured  protuberances 
with  the  solar  spots,  but  the  results  of  a  careful  comparison  of  the  two 
classes  of  phenomena  do  not  seem  to  indicate  the  existence  of  any 
physical  relation  between  them.  Other  observers  have  endeavoured, 
but  with  no  better  success,  to  account  for  the  protuberances  by  means 
of  the  faculea  of  the  solar  disk. 

The  most  probable  view  of  the  nature  of  the  more  important  phe- 
nomena which  reveal  themselves  during  a  total  eclipse  of  the  sun,  is 
that  the  corona  represents  an  atmosphere  about  the  sun,  and  that  the 
protuberances  are  emanations  from  a  substance  enveloping  the  surface 
of  the  sun,  and  aomehow  connected  with  the  generation  of  tlie  aolar 
light  and  heat. 

We  shall  conclude  this  artdde  with  adverting  briefly  to  a  phenomenon, 
apparently  originating  in  an  optical  delusion,  which  has  been  sometimes 
remarked  on  the  occasion  of  total  or  annular  eclipses  of  the  sun.  In 
the  case  of  an  annular  eclipse,  the  western  limb  of  the  moon,  previous 
to  the  formation  of  the  annulus,  exhibits  an  indented  appearance, 
resembling  a  succession  of  beads.  Almost  immediately  the  beads 
become  elongated,  assuming  the  aspect  of  long  black  parallel  streaks, 
uniting  the  limbs  of  the  sun  and  moon.  In  the  next  instant  these 
lines  give  way,  as  if  they  had^een  snapped  asimder  by  the  eastward 
motion  of  the  moon,  and  the  annulus  then  appears  completely  formed. 
The  same  succession  of  appearances  has  been  witnemed  when  the 
eastern  limb  of  the  moon  is  approaching  the  corresponding  limb  of 
the  sun.  Phenomena  of  this  nature  were  witnened  during  the 
eclipses  of  1721, 1787, 1748,  and  1791.  Kioolai  also  observed  a  similar 
appearance  very  distinctly  during  his  observation  of  the  annular 
ecUpse  of  September  7, 1820,  at  Manheim.  He  remarked  that  about  a 
second  before  the  annulus  was  formed,  the  fine  curve  of  the  moon's 
disk,  then  in  contact  with  the  sun's  limb,  appeared  broken  into  several 
parts ;  and  in  a  moment  these  parts  flowed  together  like  drops  of  water 
or  quicksilver  near  each  other.  De  Zach,  who  observed  the  same 
eclipse  at  Bologna,  also  remarks  that  before  the  contact  of  the  two 
limbs  was  effected,  there  was  visible,  not  a  continuous  thread  of  light, 
but  a  number  of  luminous  points,  resembling  a  row  of  so  many  pearl 
beads,  separated  by  dark  intervals.  .  But  the  most  vivid  description  of 
the  phenomenon  has  been  given  by  Francis  Baily,  who  observed  the 
annular  eclipse  of  May  15, 1886,  at  Jedburgh,  in  the  south  of  Scotland. 
('  Mem.  Ast.  Soc.,'  vol.  z.)  When  the  cuspa  of  the  sun,  previous  to 
the  formation  of  the  annulus,  were  about  40°  asunder,  a  row  of  lucid  - 
points,  like  a  string  of  beads,  irregular  in  size  and  distance  from  each  ' 
other,  suddenly  formed  round  the  part  of  the  circumference  of  the 
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moon  that  wss  about  to  enter  on  the  sun's  disk.  Its  formation  vros  so 
rapid  that  it  presented  the  appearance  of  having  been  caused  by  the 
ignition  of  a  fine  train  of  gunpowder.  His  impression  was,  that  the 
annulus  had  just  been  formed,  but  to  his  great  surprise  he  found  that 
the  luminous  points,  as  well  as  the  dark  intervening  spaces,  increased 
in  magnitude,  some  of  the  contiguous  ones  appearing  to  run  into  each 
other,  like  drops  of  water ;  for  the  rapidity  of  the  change  was  so  great, 
and  the  singularity  of  the  appearance  so  fascinating  and  attractive,  that 
the  mind  was  for  the  moment  distracted,  and  lost  in  the  contemplation 
of  the  scene,  so  as  to  be  unable  to  attend  to  every  minute  occurrence. 
Finally,  as  the  moon  pursued  her  course,  the  dark  intervening  spaces 
(which  at  their  origin  had  the  appearance  of  lunar  mountains  in  high 
relief,  and  which  still  continued  attached  to  the  suu's  border)  were 
stretched  out  into  long,  black,  thick,  parallel  lines,  joining  the  limbs  of 
the  sun  and  moon,  when  all  at  once  they  suddenly  gave  way,  and  left 
the  circumference  of  the  sun  and  moon  in  those  points,  as  in  the  rest, 
comparatively  smooth  and  circular ;  and  the  moon  perceptibly  advanced 
on  the  face  of  the  sun.  The  same  appearance,  although  in  a  reverse 
order,  was  witnessed  on  the  breaking  up  of  the  annulus.  While  the 
limb  of  the  moon  was  yet  at  some  distance  from  the  margin  of  the 
solar  disk,  a  number  of  long,  black,  thick,  parallel  lines  suddenly  darted 
forward  from  the  moon,  and  joined  the  two  limbs  as  before.  As  these 
dark  lines  got  shorter,  the  intervening  bright  parts  assumed  a  more 
circular  and  irregular  shape,  and  at  length  terminated  in  a  fine  curved 
line  of  bright  b«tds,  as  at  the  commencement,  till  they  ultimately 
vanished,  and  the  annulus  ceased  to  exist. 

The  phenomenon  alluded  to  in  the  foregoing  description,  which  has 
received  the  appellation  of  "  Baily's  beads,"  has  been  carefully  sought 
for  on  the  occasion  of  all  the  total  and  annular  eclipses  which  have 
been  observed  in  recent  times,  but  no  confirmation  of  its  existence  has 
been  obtained  except  in  a  few  doubtful  instances.  The  most  prottable 
explanation  of  its  origin  is  that  which  supposes  it  to  be  due  to  some 
imperfection  connected  with  the  optical  qualities  of  the  telescope. 

SOLAR  SYSTEM.  We  have  given  the  elements  of  the  planetary 
motions  minutely  in  the  several  articles  MEHCUBr,  Veitos,  &c.,  together 
with  such  physical  peculiarities  as  belong  to  them  severally,  and  inde- 
pendently of  the  System;  the  general  phenomena  of  their  motions 
have  beffli  deduced  from  the  great  principle  of  Gravitation;  their 
history,  as  far  as  it  is  in  the  plan  of  this  work  to  give  it,  has  been 
treated  in  AsTBONOiiT.  It  remains  to  bring  together  the  dimensions 
of  the  various  parts  of  the  System,  and  to  notice  such  points  as  could 
not  properly  find  a  place  under  any  of  the  heads  just  mentioned. 

By  the  Solar  System  is  meant  that  collection  of  bodies  which 
contains  the  Sun,  the  planets  whioh  revolve  round  him,  their  satellites, 
and  such  periodic  comets  as  have  had  their  returns  successfully  pre- 
dicted. The  system  of  the  ancients  includes  the  Earth  as  a  fixed 
centre,  with  the  Moon,  Mercury,  Venus,  the  Sun,  Mars,  Jupiter,  and 
Saturn.  That  of  the  modems  includes  at  this  day  tiie  Sun  as  a  govern- 
ing body  (but  not  as  a  fixed  centre).  Mercury,  Venus,  the  Earth  (with 
the  Moon),  Mars,  the  group  of  minor  planets  (now  amounting  to  sixty- 
four),*  Jupiter  and  four  satellites,  Saturn  (with  his  triple  ring)  and 
eight  satellites,  Uranus  with  four  satellites,  and  Neptune  with  one 
satellite,  besides  a  considerable  number  of  periodic  comets.  The  follow- 
ing symbols  are  used  to  represent  the  ancient  members  of  the  system, 
to  which  we  add  the  received  explanation,  without  expressing  any 
opinion  about  it : — 


O  Sun. 
5   Mercury. 
2   Venus. 


3  or  $  Earth 

(modem). 
D  Moon. 


i  Mars. 
%  Jupiter. 
it  Satum. 


The  symbol  for  the  Sun  is  all  that  modem  abridgment  has  left  of  a 
face  surrounded  by  rays ;  Mercury  has  the  caduceua,  or  rod,  entwined 
by  two  serpents ;  Venus,  a  circular  looking-glass  with  a  handle ;  the 
Earth  (a  modem  symbol)  has  a  sphere  with  an  equator,  and  also 
(with  some)  an  inverted  symbol  of  Venus.  Those  who  first  used  it 
did  not,  we  presume,  know  that  they  might  be  making  a  looking-glass 
turned  upside  down  represent  their  planet.  The  symbol  of  the  Moon 
is  obvious ;  Mars  has  what  remains  of  a  spear  and  shield ;  Jupiter, 
supposed  to  be  a  symbol  of  the  thunder  (arm  and  hand  holding 
thunder  ?);  Satum,  an  altered  form  of  a  mower's  scythe,  the  emblem  of 
time.  But  others  have  thought  that  Meroury  was  designated  by 
putting  <r  and  t  together,  the  initials  of  (ttIa^v;  Venus,  from  the  first 
and  last  letters  of  *mr^pos ;  Jupiter,  from  the  first  and  last  letters  of 
Ziii.  These  signs  are  found  on  very  old  manuscripts  and  gems, 
variously  figured,  but  all  with  some  general  resemblance  to  the  modern 
printed  forms. 

The  four  minor  planets  discovered  about  the  beginning  of  the  pre- 
sent century  were  also  designated  by  symbols.  Vesta  had  for  its 
symbol  |^ ,  or  an  altar  with  fire  on  it ;  J  uno  was  designated  by  a  sceptre, 
^ ;  Ceres,  by  a  reaper's  scythe,  f ;  and  Pallas  by  the  head  of  a  lance, 

*  Since  the  article  AiTzaoise  was  written,  eight  additional  membcn  of  the 
minor  planeugroup  have  been  discovered,  namely  : — in  18S9,  Mnemosyne,  at 
Bilk,  by  Lather ;  In  1860,  Concordia,  at  Bilk,  by  Luther ;  planet  69,  name 
unknown,  at  Paris,  by  Chacornao  ;  DanaS,  at  Paris,  by  Goldschmidt ;  Titania, 
at  Washingion,  by  Fergnson  ;  Erato,  at  Berlin,  by  FSrstcr  ;  in  186 1,  pUnet  63, 
at  Napln,  by  De  Oasparii ;  planet  64,  at  liarseills,  by  M.  TempeL  The  total 
number  of  asteroids  accordingly  now  (Uarch,  1861)  amounts  to  slxty-four. 
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$ .  This  mode  of  designation  has  recently  been  abandoned.  It  is 
now  usual  to  distinguish  the  asteroids  merely  by  a  number,  enclosed 
in  a  circle,  indicating  their  place  in  the  order  of  discovery. 

Uranus  has  been  distinguished  by  the  initial  letter  of  Herachel's 
name,  with  the  symbol  of  a  planet  attached,  ^ ;  Neptune  has  for  its 
symbol  a  trident,  f. 

We  are  now  to  state  the  relative  dimensions  of  the  Solar  System  in  a 
rough  manner.  This,  we  think,  it  may  be  useful  to  do  in  such  a  manner 
that  any  two  planets  may  be  compared  with  one  another  without  com- 
putation. The  planet  Ceres  is  used  to  represent  the  group  of  minor 
planets. 

And  first,  as  to  the  relative  distances  from  the  Sun,  we  have  the 
following  table  : — 


? 

100 

54 

89 

25  1 

15 

74 

41 

20 

14 

9 

187 

100 

72 

47 

26 

139 

76 

38 

24 

(=) 

258 

138 

100 

66 

36 

192 

X05 

52 

84 

A 

394 

211 

152 

100 

55 

293 

160 

79 

62 

f 

715 

382 

277 

182 

100 

532 

290 

144 

95 

V 

1844 

7i9 

620 

341 

187 

1000 

545 

271 

176 

1? 

2464 

1319 

954 

626 

347 

1833 

1000 

497 

823 

H 

4955 

2652 

1918 

1259 

690 

3686 

2010 

1000 

649 

T 

7740 

4140 

3002 

1980 

1086 

1  6760 

3150 

1560 

1000 

This  table  represents  the  comparative  mean  distances  of  the  planets 
from  the  Sun.  In  each  column  one  of  the  distances  is  nuide  100 
or  1000,  and  tiie  rest  are  expressed  accordingly.  Thus  we  see  by 
inspection  that  Uranus  is  about  124  times  as  far  from  the  Sun 
as  Mors ;  about  19  times  as  far  as  the  Earth ;  about  264  times  as 
far  as  Venus;  and  about  7^  times  the  mean  distance  of  the  four 
small  planets.  Also,  taking  the  mean  distance  of  the  small  planets, 
we  see  tiiat  the  distances  from  the  Sun  are  as  the  numbers  16, 
26,  36,  65,  100,  187,  347,  690 ;  and  if  we  take  the  first  away  fit>m 
all  the  rest,  we  have  11,  21,  40,  85, 172,  882,  675,  1071,  in  which 
it  will  be  observed  that  each  is  about  double  of  the  preceding,  except 
in  the  case  of  the  last  two  numbers.  Kepler  had  observed  a  pro- 
gression, without  assigning  a  law,  and  had  also  noticed  that  one  term 
appeared  to  be  missing.  Bode  assigned  the  law  which  has  just  been 
noticed,  noticing  also  the  apparently  missing  term.  The  existence  of  a 
planet  between  Mars  and  Jupiter  was  accordingly  suspected ;  and  at 
last,  to  the  astonishment  of  astronomers,  four  little  bodies,  looking 
more  like  fragments  of  a  planet  than  planets,  were  discovered  at  a 
distance  from  the  Sun  so  near  to  that  which  had  been  suspected,  that 
their  mean  distance  fills  up  its  place  in  the  series  as  well  as  that  of  any 
other  planet.  It  was  of  course  immediately  suspected  (when  only  two 
hod  been  discovered)  that  these  were  remains  of  some  planet  which 
had  been  shattered  by  explosion  or  other  cause ;  and  the  encourage- 
ment which  this  idea  gave  to  look  for  further  fraigments,  was  perhaps 
one  of  the  main  causes  of  the  discovery  of  the  remaining  two.  It  has 
been  already  stated  that  the  number  of  bodies  constituting  the  group 
of  minor  planets  now  amounts  to  sixty -four.  This  law  of  Bode,  as 
it  has  been  called  from  the  astronomer  who  first  noticed  it,  may  be  thus 
•xpressed  :  if  a  be  the  distance  of  Merctiry,  and  a  -f  A  of  Venus,  then 
a-f  26  is  that  of  the  Earth,  a -I- 4  (  of  Mats,  a -f- 8  6  of  the  small  pbnets, 
a+  16b  of  Jupiter,  a-i-  32i  of  Saturn,  and  a-<-  64i  of  Uranus.  The  law 
fails,  however,  in  the  case  of  Neptune^  the  distance  of  which  is  a + 996, 
instead  of  a-«-123&. 

.  To  convert  the  above  relative  distances  into  actual  ones,  consider  the 
distance  from  the  Sun  to  the  Earth  as  23,984  mean  semidiameters  of 
the  Earth,  the  mean  semidiameter  being  8956  miles ;  so  that  the  dis- 
tance in  question  is  95  millions  of  mUes.  The  semidiameter  of  tiia 
sun  is  111*454  times  that  of  the  earth;  so  that  the  distance  of  the 
Earth  from  the  Sun  may  be  called  215  semidiameters  of  the  Sun.  One 
of  our  objects  in  this  article  is  to  correct  the  absurd  notions  derived 
from  the  playthings  called  orreries,  and  the  diagrams  exhibited  in  books 
and  lectures.  Let  the  capital  letter  0  of  the  type  which  stands  at  the 
beginning  of  the  article  in  this  work  represent  the  Sun;  then  the  Earth 
u  a  speck  which  would  need  a  good  microscope  to  show  it ;  and  its  dis- 
tance from  the  Sim  is  represented  by  11  inches,  or  nearly  two  inches 
more  than  the  length  of  one  of  our  eolunms.  Sir  John  Herscnel  describes 
the  Solar  System  thus  :— 


Fltnet. 

Sun. 

Mercury. 

Venus. 

Earth. 

Mars. 

Ceres,  &c. 

Jupitei^ 

Saturn. 

Uianus. 

Keptune. 


Objeet  which  reprcKnti  it 

Globe  of  4  feet  diameter. 

Grain  of  mustard  seed. 

A  pea. 

A  pea. 

A  rather  large  pin's  head. 

Grains  of  sand. 

A  moderate  sized  orange. 

A  small  orange. 

A  full  sized  cheny,  or  small 

plum. 
A  good  sized  plum. 


RepresentoUve  of  its 
distance  trom  the  Bon. 

164  feet. 

284  feet. 

430  feet. 

654  feet 

1000  to  1200  feet. 

Half  a  mile. 

}  of  a  mile. 

A  mile  and  a  half. 

Two  miles  and  a  half. 


The  excentriciiy  of  a  planet  means  the  fractional  part  of  a  planet's 
mean  distance  by  which  its  greatest  or  least  distance  exceeds  or  falls 
short  of  the  mean  distance.  Arranging  the  larger  planets  in  the  order  of 
their  ezcentricities,  we  have 


For  Venus  . 
„  Neptune 
,,    Earth     . 


•007 
•009 
•017 


For  Uranus 
„    Jupiter  , 
„   Saturn 


•047 
•048 
•056 


For  Mars 
„   Mercury 


-093 
•206 


That  is,  if  the  mean  distance  of  Venus  were  called  lOOO,  its  greatest 
distance  would  be  only  1007,  and  its  least  993. 
For  the  ezcentricities  of  the  minor  planets,  see  Abtesoids. 
We  now  give  a  table  for  the  times  of  revolution,  omilar  to  that  given 

for  the  distances : — 

5 

? 

e 
s 
i 

I? 
^ 

o 

The  explanation  of  this  table  resembles  that  of  the  preceding  one- 
times, instead  of  distances,  being  the  objects  of  comparison.  Thus,  if 
a  revolution  of  Jupiter  contain  1000  parts  of  time,  that  of  Saturn  La- 
242S  such  ports ;  and  the  revolution  of  Uranus  is  84  01  as  long  as  tiut 
of  the  Earth. 

In  the  following  table  will  be  seen  the  absolute  time  of  revolution 
in  days  of  each  planet,  and  also  numbers  expressive  of  the  intervals  ^in 
days)  between  two  successive  conjunctions  with  the  Sun  : — 


100 

89 

24 

18 

i   6 

20 

8 

3 

2 

255 

100 

62 

88 

•      14 

52 

21 

7 

4 

415 

163 

100 

S3 

21 

84 

85 

12 

6 

781 

306 

188 

100 

42 

159 

65 

22 

11 

1911 

748 

460 

245 

'  100 

888 

160 

66 

22 

4926 

1929 

1186 

631 

257 

1000 

412 

141 

C« 

11950 

4680 

2878 

1531 

1  624 

2423 

1000 

34S 

163 

34880 

18660 

8401 

4467 

1824 

7082 

2918 

lOOO 

4>» 

68060 

26732 

16400 

8692 

18524 

18776 

6740 

1968 

lOoo 

I 


Bev, 

88 
225 
365 


Int.  of 
Conj. 
116 
584 


Rev. 

687 
1681 
4333 


lot  of 
ConJ. 

780 
467 
399 


Bev. 

10759 
30687 
59860 


Int  or 
Conj. 

37S 
870 
368 


Thus,  Venus  revolves  in  225  days  (all  the  numbers  in  this  article  are 
more  roughly  given  than  in  the  articles  specially  devoted  to  the  planet* ! ; 
is  in  conjunction  with  the  Sun  at  intervals  of  684  days ;  and,  with  its 
mean  motion,  would  describe  274°  in  the  heavens  while  Jupiter  describes 
23°-l.     Saturn  moves  2-01  minutes  daily  ;  the  Earth,  59'  8"-8. 

The  minor  elements  (in  a  general  consideration)  may  be  best  described 
by  diagrams ;  the  inclinations  of  the  orbits  may  be  represented  by  the 
followmg  lines,  which  show  the  slope  or  inclination  of  each  orbit  to  the 
orbit  of  the  Ecirth  or  plane  of  the  ecliptia  None  of  the  old'planets  have 
an  inclination  of  more  than  7°,while  in  the  new  planets  the  same  element 
varies  from  40'  (Massilia)  to  35°  (Pallas). 


_  In  the  next  figure  the  plane  of  the  ecliptic  is  represented :  a  B  is  the 
!ine_  which  points  to  the  astronomical  first  point  of  Aries,  or  the  vernal 
equinox,  and  the  arrows  represent  the  curections  of  the   planetary 


motions.    On  the  outer  circle  are  represented  the  longitudes  of  the 
iding  nodes  of  the  lai^r  planets,  or  the  lines  in  which  t^ey  are 
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found  when  they  rise  through  the  eeliptio  from  the  gouthem  to  the 
northern  Bide  of  it.  On  the  inner  circle  are  repreBpnted  the  longitudes 
of  their  perihelia,  or  points  of  nearest  approach  to  the  Sun.  The  slow 
changes  which  tske  place  in  these  elements  are  noted  In  the  articles 
devoted  to  the  different  planets. 

A  general  view  of  the  elements  of  the  minor  planets  has  already 
been  given.    [Asteroids.] 

Jupiter  and  his  satellites  might  be  inclosed  in  a  sphere  having  a 
radius  of  about  24  times  as  great  as  that  of  the  Sun ;  Saturn  and  Ms 
satellites  in  a  sphere  of  7f  the  radius  of  the  Sun ;  Uranus  and  his 
satellites  in  a  sphere  of  44  the  radius  of  the  Son ;  and  Neptune  and 
his  satellite  in  a  sphere  of  which  the  radius  is  a'  little  greater  Uian  the 
Sun's  radius.  The  Karth  and  Moon  [Moosr]  might  be  contained  in  a 
sphere  of  one-half  the  radius  of  the  Sun. 

In  apparent  diameter  Mercury  varies  from  5"  to  12" ;  Venus  from 
10"  to  61";  Mars  from  4"  to  18";  the  small  planets  have  diameters 
hardly  measurable ;  Jupiter  from  30"  to  46" ;  Saturn  from  14"  to  18' ; 
Uranus  from  a  little  less  to  a  little  greater  than  4" ;  Neptune  oscillates 
about  8". 

If  the  radius  of  the  Sun  were  divided  into  1000  parts,  there  would 
be  as  follows  in  the  radii  of  the  several  planets: — Mercury,  34;  Venus, 
8f  ;  the  Earth,  9 ;  Mars,  4; ;  Jupiter,  974  ;  Saturn,  85  ;  and  Uranus, 
89.  If  the  bulk  of  the  Sun  wer;  divided  into  a  million,  of  parts. 
Mercury  would  be  a  little  less  than  oue-twentieth  of  one  of  the  parts ; 
Venus,  two-thirds  of  a  part ;  the  Earth,  three-quarters  of  a  part;  Mars, 
one-tenth  of  a  part ;' Jupiter,  925  parts;  Saturn,  720  parts;  TJranos, 
68  parts ;  Neptune,  120  parts.  The  Moon  is  about  the  third  part  of 
Mercury  in  bulk. 

The  masses  of  the  planets  vary  very  much  from  what  they  would  be 
if  they  were  nearly  of  the  same  substance.  From  the  eSects  of  the 
planets  in  attracting  their  satellites,  compared  with  the  effects  of  the 
Sun  upon  themselves,  it  is  found  that  if,  according  to  Cavendish's 
experiment,  we  take  the  Earth  to  be,  at  a  mean,  64  times  the  density 
of  water,  or  about  half  that  of  lead,  the  Bun  may  be  considered,  as  to 
density,  to  be  made  of  asphaltum,  or  rather  heavy  coal ;  Jupiter,  of 
the  same ;  Uranus  and  Neptune,  each  of  a  material  very  little  heavier ; 
Saturn,  of  maple-wood ;  the  Moon,  of  diamond  or  topaz.  By  other 
modes,  of  course,  than  that  of  their  satellites,  Mercury  is  found  to  be 
three  times  as  dense  as  the  Earth  ;  Venus,  of  about  the  Same  density ; 
and  Mars,  about  three-quarters  as  dense  as  the  Earth. 

The  Sun  revolves  about  its  axis  in  about  254  sidereal  days;  Mercury, 
Venus,  the  Earth,  and  Mars,  all  revolve  in  about  the  same  time,  from 
234**  to  244'  >  Jupiter  and  Saturn  severally  revolve  in  about  10'  and 
104'.    About  Uranus  and  Nepttme,  nothing  Is  known  in  this  respect. 

fYom  what  precedes,  a  sufficient  general  notion  may  be  collected  of 
the  dimensions  of  the  Solar  System,  and  we  now  proceed  to  some  other 
points  connected  with  it  As  to  its  place  among  the  fixed  stars,  it  is 
only  within  the  last  twenty  yean  that  the  distance  of  any  star  from 
our  system  may  be  said  to  have  been  positively  measured.  [Paral- 
lax OF  THE  FtXKD  StaBS.]  The  star  61  Cygni  is  shown  to  be  more 
than  840,000  times  as  far  from  our  system  as  its  most  distant  dis- 
covered planet  is  from  the  Sun.  As  to  the  question  of  the  motion  of 
the  Solar  System  in  space,  consult  the  article  which  follows. 

The  next  question  may  be,  is  there  any  evidence  in  our  System  of 
any  secondary  law  of  formation,  indicating  a  connection  between  the 
mode  of  creation  of  one  planet  and  another  1  The  will  and  power  of 
the  Creator  are  the  final  causes  both  of  the  initiation  and  maintenance 
of  this  vast  machine ;  but  in  the  latter  there  are  visible  secondary 
laws,  that  of  attraction,  for  instance  :  were  there  any  in  the  former ! 
Attempts  at  investigation  on  this  point  have  been  frequently  considered 
atheistical ;  a  foolish  notion,  arising  out  of  those  views  to  which  we 
have  alluded  in  M0TI017.  Those  who  can  only  think  of  the  Creator 
and  forget  the  Maintaina;  and  who  virtually  separate  the  office  of  the 
latter,  and  give  it  to  the  "  laws  of  nature,"  may  reasonably  fear  that 
they  would  have  to  give  up  also  the  former  office  to  the  "  laws  of 
creation,"  if  such  were  found  ;  which  would  be  (but  owing  only  to 
their  own  interpretation  of  the  manner  in  which  the  world  eontinua  to 
exist)  a  renunciation  of  the  idea  of  Deity  in  the  contemplation  of  the 
manner  in  which  it  began  to  exist.  But  to  those  who  keep  constantly 
in  view  the  fact  which  no  modem  theist  disputes,  tiiat  the  same  power 
which  created  continues  to  create  in  preserving,  and  that  the  "  laws  of 
nature  "  are  only  expressions  of  the  manner  in  which  this  preservation 
is  seen  to  act,  will  look  upon  the  "  laws  of  creation "  to  be  as  simple 
and  natural  an  object  of  philosophical  inquiry  as  those  of  the  ascent 
of  sap  in  a  plant,  or  of  the  revolution  of  a  pumet.  The  proper  reply 
to  a  charge  of  atiieism  brought  against  those  who  investigate  any  mode 
of  action  of  the  Creator  of  the  universe,  at  any  jitut  tdme,  is  Uie  retort 
of  semi-atheism  against  those  who  make  it. 

Many  speculations  have  been  made  upon  the  formation  of  the  several 
planets,  but  none  which  has  any  appearance  of  connecting  the  phe- 
nomena of  one  planet  with  those  of  another,  except  by  Laplace  ('  Sys- 
time  du  Monde,'  roL  ii.,  note  7),  hn  what  has  been  called  the  nebular 
hypothesis.  This  conjectural  theory,  which  is  well  worthy  of  atten- 
tion, never  received  any  particular  notice,  to  our  knowledge,  from  any 
writer  in  this  coimtry,  until  Mr.  Whewell's  '  Astronomy  and  General 
Physics,'  the  third  of  the  Bridgewater  Treatises,  appeared,  in  which  it 
is  announced  that  the  nebular  theory  was  ushered  in  with  expressions 
which  diowed  Laplace  to  be  a  professor  of  atheism.    What  Laplace 


really  thought  on  these  sabjectB,as  we  have  said  before  [LAK.ACE,in  Bioa. 
Di  v.]  we  do  not  know,  nor  would  it  really  matter  if  he  were  What  he  was 
represented  to  have  been ;  for  a  conjecture  may  be  ingenious,  and  a 
theory  sound  in  its  details,  even  though  ite  author  made  it  stand  in 
the  place  of  a  Creator.  But  considering  tite  collateral  associations 
connected  with  such  a  charge,  it  will  be  well  to  examine  into  the  fact 
whether  there  was  any  such  announcement;  and  to  do  this  fairly,  we 
must  quote  both  Mr.  Whewell  and  Laplace.  The  former  says,  "  We 
have  referred  to  Laplace  as  a  profound  mathematician,  who  has  strongly 
expressed  the  opinion  that  the  arrangement  by  which  the  stability  of 
the  Solar  System  is  secured  is  not  the  work  of  chance ;  that  '  a  primi- 
tive catae  has  directed  the  planetary  motions.'  This  author,  however, 
having  arrived,  as  we  have  done,  at  this  conviction,  does  not  draw  from 
it  the  conclusion  which  has  appeared  to  us  so  irresistible,  that  '  the 
admirable  arrangement  of  the  Solar  System  cannot  but  be  the  work  of 
an  intelligent  and  most  powerful  Being.'  He  quotes  these  expression^ 
which  are  those  of  Newton,  and  points  at  them  as  instances  where  that 
great  philosopher  had  deviated  from  the  method  of  true  philosophy. 
He  himself  proposes  an  hypothesis  concerning  the  nature  of  the  primi- 
tive eauae,  of  which  he  conceives  the  existence  to  be  thus  probable." 

Here  are  two  assertions  : — 1.  That  it  is  the  doctrine  of  an  intelligent 
Creator  which  Laplace  "  points  at "  as  a  deviation  from  true  philosophy; 
2.  That  Laplace  proposes  his  nebular  hypothesis  as  a  primitive  cause. 
We  pay  a  writer  of  Mr.  Whewell's  character  the  compliment  of  insert- 
ing here  matter  which  would  more  appropriately  appear  in  a  review  of 
his  work  :  and  we  deny  that  Laplace  has  been  well  described  in  either 
assertion.  Our  object  is  to  clear  the  nebular  hypothesis  from  the 
unphilosophical  character  with  which  its  first  appearance  is  thus  pre- 
sented, and  by  no  means  to  up'' old  the  moral  dignity  of  Laplace. 
Until  the  biting  &cts  connected  with  his  treatment  of  his  bene&ctor 
are  answered  or  explained,  that  great  mathematician  must  be  called  a 
time-server ;  and  we  suspect  that  his  '  Systdme  du  Monde'  only  treats 
the  intelligent  Creator  whom  his  mind  acknowledged  in  the  same 
manner  as  he  afterwards  treated  Napoleon.  It  was  published  in  1796, 
a  period  which  would  well  explain  the  mere  suppression  of  all  allusion  to 
the  Supreme  Being :  and  one  of  these  things  must  be  true ;  either 
Laplace  was  what  Mr.  WheweU  styles  him,  or  he  had  not  the  courage 
to  declare  himself  otherwise  in  his  age  and  country.  But  what  we 
haTe  here  to  do  vrith  is  the  assertion  that  he  did  more — that  he 
(Mocked  the  doctrine  of  s  Supreme  Being.  His  words  are  as  follows, 
the  passages  to  which  we  wish  to  draw  attention  being  in  Italics  : — "  I 
cannot  here  help  observing  how  much  Newton  has  departed  on  this 
point  from  the  method  which  he  elsewhere  so  happily  applied.  After 
the  publication  of  his  discoveries,  this  great  geometer,  abandoning  him- 
self to  speculations  of  another  nature,  inquu^  into  the  motivet  whieU 
made  the  Avthor  of  nature  give  to  the  tolar  tystem  the  constitution 
which  we  have  described."  Laplace  then  quotes  Newton's  Scholium 
[PBnrciPlA,  cols.  742-748,  where  we  have  translated  the  whole]  thus : 
"  And  all  thae  regvlar  TnotUmt  have  no  origin  in  mechanical  cautet,"  * 
&o.,  &c,  down  to  "  all  parte  of  the  heavens."  He  then  further  quotes, 
"  This  most  elegant  group,  tec.,  can  only  arise  from  the  design  and 
government  of  a  powerful  and  intelligent  Being."  He  (Laplace)  con- 
tinues thus,  speaking,  so  for  as  the  mere  notion  of  a  Supreme  Being  is 
ooneemed,  rather  in  approbation :  "  He  repeats  the  same  thought  at 
tile  end  of  his '  Optics,'  in  which  he  would  liave  been  still  more  con- 
firmed if  he  had  known  what  1  have  demonstrated,  namely,  that  the 
arrangement  of  the  planete  and  satellites  is  precisely  that  which  makes 
a  certain  provision  for  their  stability.  '  Blind  destiny,'  says  Newton, 
'  can  never  make  the  planets  move  thus  with  such  small  irregularities, 
which  appear  to  come  from  the  mutual  action  of  the  planete  and 
comete,  and  idiich  mill  pnAaUy  become  greater  and  greater  in  the  eourte 
of  time,  until  at  lait  the  tgttem  vriU  again  require  itt  Author  to  put  it  in 
order.'  But,"  proceeds  Laplace,  "  may  not  this  arrangement  of  the 
planete  be  itself  a  consequence  of  the  laws  of  motion  ?  and  may  not  the 
Supreme  Intelligence,  which  Newton  makes  to  interfere,  have  already 
made  it  depend  upon  a  more  general  law  1  Are  we  to  affirm  that  the 
[unlimited]  pretervalion  of  the  Solur  Syttem  it  a  part  of  the  intention* 
of  the  Author  of  Nature t"  This  we  should  sum  up  as  follows: — 
Laplace  charges  Newton  with  a  departure  from  philosophical  prin- 
ciples in — 1,  speculating  on  the  motives  of  the  Creator ;  f  2,  assuming 
the  probability  that  his  works  would  not  last  his  time  without  his  own 
supernatural  interference;  8,  assuming  that  he  intended  to  preserve 
the  Solar  System  for  ever.  But  Mr.  Whewell  singles  out  only  one  part 
of  Laplace's  quotation,  and,  without  paying  any  attention  to  the 
remarks  which  explain  his  meaning,  declares  that  Laplace  "  pointed  at " 
Newton's  declaration  of  belief  in  Ood  as  a  piece  of  bad  philosophy ; 
vrtiereas  this  part  of  his  quotetion  is  only  followed  by  the  remark  how 
much  stronger  he  himself  (Laplace)  had  been  able  to  make  the  sort  of 
evidence  on  which  Newton  rested ;  and  the  sentence  selected  by  Mr. 
WheweU  as  "  pointed  at,"  coupled  with  the  remark  specially  made  on 
that  sentence,  has  rather  the  appearance  of  being  pointed  at  with 
approbation.    With  regard  to  the  assertion  that  Laplace  propounded 

*  LapUoe  evidently  thought  that  by  mechanical  canses  Ncwtoa  meant  what 
we  now  call  second  oausea.     Bee  the  reference  jnst  made, 

t  Newton's  Scholium  does  not  seem  to  us  to  do  any  such  tting ;  but  that  is 
not  the  qucatlon.  Laplace's  approral  or  duapproTal  1»  of  coarse  to  be  applied 
to  his  own  interpretation  of  Newton's  moanlnir,  uut  to  ours. 
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the  nebular  theory  aa  a  primitive  eaiue,  it  ia  true  that  he  did  so  in  his 
own  sense  of  the  words.  Mr.  Whewell  means  by  primitive  cause  a 
first  cause,  as  those  words  are  usually  understood ;  and  he  asks  (and 
the  question  would  have  been  much  to  the  purpose  if  Laplace  had 
really  meant  the  some  thing  as  himself  by  the  wonls  primitive  caute), 
"  Was  man,  with  his  thought  and  feeling,  his  powers  and  hopes,  his 
will  and  conscience,  also  produced  as  an  lUtimate  result  of  the  con- 
densation of  the  solar  atmosphere  1"  But  Laplace  speaks  as  follows : — 
"  Quelle  est  cette  came  primitive  1  J'exposerai  but  celk,  dans  la  note 
qui  termine  cette  ouvrage,  une  hypothec,"  &c.  And  in  the  rery  first 
words  of  this  note  we  tind,  "  On  a,  pour  remonter  &  la  eavM  des 
mouTemena  primitift  du  systems  planetaire,"  &o.  This  then  is  what 
Laplace  understood  by  primitive  cauK,  a  cauta  of  the  primitive 
motions ; — an  improper  use  of  language,  if  the  reader  pleases  j  but 
when  a  man  puts  his  own  meaning  on  his  own  words,  no  one  has  a 
right  to  fix  the  consequences  of  another  meaning  upon  him. 

We  now  proceed  to  the  nebular  theory,  which  is  a  conjecture  pro- 
posed with  much  doubt  by  Laplace,  as  a  possible  explanation  of  the 
manner  in  which  the  moiim*  of  the  several  planets  obtained  those 
remarkable  resemblances  which  are  found  to  subsist,  without  making 
the  inquiry  extend  to  anything  except  their  motions.  All  the  planets 
move  in  one  direction  round  the  sun,  and  their  satellites  move  in  the 
same  direction  rq^ind  themselves;  those  that  aie  known  to  revolve 
round  their  axes  (and  the  contrary  has  been  proved  of  no  one  of  them) 
also  revolve  in  the  same  direction,  and  their  equators  are  not  much 
inclined  to  their  orbits.  The  excentrioities  of  the  planets  and  satellites 
are  in  no  case  very  large,  and  generally  very  small;  and  the  inclinations 
of  their  orbits  to  one  another  are  generally  small.  Many  nebulse  in  the 
heavens  appear,  when  examined,  to  consist  of  a  bright  nucleus  sur- 
rounded by  nebulous  matter ;  in  others  it  is  found  that  the  apparently 
nebulous  matter  consists  of  stars.  This  gave  Laplace  the  idea  that  our 
System  might  originally — that  is,  previously  to  the  establishment  of 
its  present  order — have  been  a  large  nebiila,  of  which  the  sun  was  at 
the  centre.  Imagine  a  large  nebulous  mass  in  a  state  of  revolution, 
with  a  solid,  or  at  least  less  nebulous,  centre,  round  which  it  revolves : 
call  this  central  nucleus  the  sun.  Assume  the  ordinary  laws  of  matter  to 
be  true  of  this  nebulous  mass ;  and  also  that  it  extends  as  far  as  such 
an  atmosphere  can  do — namely,  until  the  attraction  of  the  whole  upon 
particles  at  the  equator  is  equal  to  the  centrifugal  force  of  those 
particles.  If  condensation  should  begin  to  take  place,  arising  from  loss 
of  heat,  the  mass  would  revolve  more  and  more  rapidly  as  it  was 
condensed  into  less  .ind  less  space ;  but  it  does  not  follow  that  the 
equatorial  pirticles  would  fall  in  towards  the  centre:  they  are  balanced 
by  the  equality  of  the  centripetal  and  centrifugal  forces,  and  might 
form  a  ring  round  the  rest  of  the  mass.  If  the  process  were  conducted 
with  great  regularity,  this  ring  and  the  mass  of  vapour  might  undergo 
continual  condensation  together,  until  the  increasing  velocity  of  rotation 
prevented  the  formation  of  the  ring  from  continuing.  The  departures 
from  complete  regularity  which  might  exist  in  the  mass  might  cause 
disturbances  in  the  formation  of  the  rings,  which  might  end  in  there 
being  one  or  more  (not  many)  permanently  revolving  round  the  rest  of 
the  mass  condensed  into  a  solid  body,  in  the  manner  of  Saturn  and  its 
rings.  Such  regular  formation,  however,  might  be  rarely  continued 
long  enough ;  and  if  the  rings  got  broken,  each  ring  would  become 
several  masses,  which  would  revolve  nearly  at  the  same  distance,  and 
nearly  with  the  same  velocity  :  such  a  result  is  seen  in  the  four  small 
planets.  But  as,  generally  speaking,  these  masses  would,  by  irregu- 
larities in  their  velocities,  be  combined  into  one  *  at  last,  each  broken 
rmg  would  form  a  new  nebulous  mass,  revolving  round  the  diminished 
central  nucleus ;  and  if  a  number  of  such  masses  were  formed,  those 
nearer  to  the  central  mass  would  move  with  the  greater  velocity,  and 
would  be  both  smaller  and  denser  «um  the  external  ones :  the  first 
circumstance  certainly,  the  second  and  third  most  protebly.  Again, 
^h  mass  would  have  a  motion  of  revolution  in  the  same  direction 
[Motion,  Dihection  of]  as  the  motion  round  the  primary ;  for  when 
the  rmg  becomes  broken,  iu  internal  parts  have  a  somewhat  more 
rapid  motion  than  the  external  ones,  which  would  give  the  motion  of 
rotation  noticed.  And  the  rotations  thus  created  in  the  internal 
masses  would  probably  be  greater  than  those  in  the  external  masses. 
The  orbito  of  the  masses  would  necessarily  be  nearly  circuUr,  and  not 
much  inclined  to  each  other;  but  for  irreguUrities,  quite  oircuUir,  and 
m  the  same  plane.  In  each  of  the  nebulous  masses  thus  detached  and 
revolvmg,  condensation  might  again  give  rings  or  satelUtes,  or  both; 
but  m  all  probabiUty  the  external  masses  would  get  more  satelUtes 
than  the  mtemal  ones  :  the  orbibs  of  the  sateUites  must  be  also  nearly 
circuit,  and  not  much  inclined.  AU  the  preceding  circumstanoea. 
both  those  which  are  certain  and  those  which  are  probable  (Laplace 
|Mnfined  himself  to  the  former),  are  actuaUy  existing  in  the  Solar 
System;  consequently  this  hypothesis,  though  subject  to  serious  diffi- 
culties, deserves  attentive  consideration,  as  often  as  any  new  knowledge 
of  the  eonstatuent  parts  of  our  system  shaU  render  a  reference  to  it 
hkely  to  produce  evidence  on  one  side  or  the  other.    As  a  substitute 

Ji^l^'^T^J'^  imiwe.,  capsble  of  eohwtnj,  ..ToWe  in  orbit,  so  near  to 
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nothing  bat  an  abwiute  and  mathematical  equality  In  their  mean  TOlociUes 
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for  intelligent  creative  power,  if  such  a  thing  were  intended,  it  would 
do  no  better  than  any  other ;  for,  as  Mr.  Whewell  observes,  a  m  m 
with  will,  power,  and  conscience,  cannot  be  admitted  to  be  a  necessary 
consequence  of  the  cooling  of  a  nebulous  atmosphere.  Neverthe!<*&<, 
as  exhibiting  a  possible  mode  in  which  the  Creator  of  mind  and  matter 
made  the  laws  of  formation  resemble  those  of  continuation,  as  far  as 
the  motions  of  the  system  are  concerned,  this  hypothesis  is  strikingly 
explicative  of  what  we  really  see.  But  even  if  we  were  to  take  it  tu 
be  a  true  explanation,  it  would  only  be  one  step  of  the  ascent,  and  the 
next  question  would  be,  what  higher  process  distributed  the  parts  of 
this  nebulous  mass  in  such  a  manner  as  to  place  those  outermost  which 
were  fit  to  form  a  planet  so  distant  from  the  source  of  light  and  ht^t 
as  Keptune,  and  to  support  the  appropriate  forms  of  animal  and 
vegetable  life  which  analogy  would  induce  us  to  suppoee  must  exist 
there. 

The  history  of  astronomy  teaches  us  that  the  system  in  which  ws 
live  has  not  tmdergone  any  apparent  change  for  more  than  2000  years ; 
and,  on  inquiring  into  the  connection  which  exists  between  one  planet 
and  another,  or  the  laws  of  gravitation,  it  is  found  that  so  far  as  their 
mutual  actions  are  concerned,  there  is  no  reason  why  any  change  ever 
should  take  plaoe.  If  the  central  body  were  the  only  one  wbiiJi 
attracted  the  rest,  and  as  long  as  the  laws  of  matter  remained  unal- 
tered, it  is  certain  that  nothing  oould  alter  the  revolutions  of  a  system 
of  planets,  unless  two  orbits  intersected,  and  the  planets  of  thoae  orbits 
lumwned  to  come  to  the  intersecting  part  at  the  same  time,  and  to 
stnke  each  other.  But  the  planets  are  subject  to  the  action  of  eadi 
other  as  well  as  to  that  of  the  sun,  and  no  instant  elapses  without 
every  orbit  undergoing  a  slight  change  from  every  one  of  the  planett 
of  the  other  orbits.  Jupiter  alone  produces  on  the  earth's  orbit  in  one 
year  more  change  than  we  have  any  right  to  say  all  the  comets  put 
together  would  do  in  a  hundred.  And  yet  the  system  not  only  con- 
tinues without  any  sensible  change,  but,  one  circumstance  alone  ex- 
cepted, to  which  we  shall  presently  allude,  is  demonstrably  formel  to 
continue  for  a  most  enormous  length  of  time,  unless  some  new  action 
should  arise,  or  some  external  cause  begin  to  operate.  As  it  is  some- 
times stated  that  a  complete  mathematical  demonstration  has  be«D 
given  of  the  eternal  stability  of  the  Solar  System,  so  far  as  the  mutual 
actions  of  its  parts  are  conc«ned — an  assertion  which  is  altogether 
incorrect — it  may  be  worth  while  to  enter  a  little  on  the  details  of 
this  subject. 

The  disturbing  forces  of  the  planets  on  each  other  cannot  have  their 
efi'ecta  calculated  all  at  onoe ;  but  each  force  must  be  divided  into  an 
infinite  series  of  terms,  the  first  of  which  contains  all  the  terms  of  the 
first  dimension,  the  second  all  those  of  the  second,  and  so  on.  Of  all 
these  terms  each  is  much  less  in  its  effect  than  the  preceding ;  so  that 
in  fact  the  first  two  dimensions  are  all  that  produce  any  sensible  effect 
in  any  time  which  it  ia  worth  while  to  consider.  Occasionally  it 
happens  that  terms  of  the  tliird  and  fourth  dimensions  have  been 
required  to  be  used,  but  almost  all  the  sensible  perturbations  of  the 
system  depend  on  terms  of  the  first  two  orders.  As  far  as  any  effects 
arising  from  such  tenns  are  concerned,  Lagrange  and  Poisson  are  ad- 
mitted on  all  hands  to  have  demonstrated  the  stability  of  the  Solar 
System :  and  considering  the  nature  of  the  process  employed,  anJ 
there  being  no  appearance  of  any  oircumstance  which  looks  likely  to 
lead  to  a  different  result  in  any  of  the  remaining  terms  of  the  dis- 
turbing forces,  it  may  be  highly  probable  that  a  further  investigation 
would  show  the  same  thing,  if  all  the  dimensions  of  the  disturbini; 
forces  were  employed.  Sir  J.  Lubbock  ('  Phil.  Mag.,'  February,  1831) 
has  pointed  out  the  forms  which  further  investigation  would  appa- 
rently produce,  and  which  would  (unless  a  detailed  investigation  shouid 
lead  to  something  not  discoverable  d  priori)  bear  out  as  certain  what 
we  have  just  stated  to  be  probable.  But  though  all  the  presumpUoai 
lie  on  the  side  of  those  who  would  assert  the  proposition  absolute!/ 
of  all  dimensions  of  the  disturbing  force,  it  is  not  yet  time  to  say  that 
it  is  a  certain  mathematdoal  consequence  of  the  theory  of  gravitation. 

When  the  effects  of  perturbation  are  examined,  as  for  as  the  second 
dimension  of  the  disturbing  force,  it  appears  that  the  immense 
mass  of  the  sun  compared  with  that  of  any  planet,  the  great  distance 
of  the  planets  from  each  other  as  compared  with  their  amounts  of 
departure  from  spherical  form,  the  small  excentrioities  and  inclinations 
of  their  orbits,  sod  their  motions  being  all  in  one  direction,  give  the 
following  mathematical  consequences  of  the  law  of  attraction  : — First, 
the  longest  or  major  axes  of  the  planets'  orbits  are  not  subject  to  any 
slow  variations  of  very  long  period ;  all  their  variations  being  excessively 
small,  and  soon  destroyed  by  the  production  of  oontraiy  voriationa.  It 
is  very  often  stated  that  the  major  axes  are  subject  to  no  variation ; 
this  is  to  be  understood  only  of  lecu^  variation  (or  of  a  very  long 
period).  One  year  is  not  precisely  the  same  as  another  to  any  fraction 
of  a  second ;  but  the  average  year  of  one  long  period  it  precisely  the 
same  as  that  of  another ;  or  at  least  the  mean  years  of  the  two  periods 
become  more  nearly  equal  the  longer  the  periods  are  made.  But  the 
excentricities  and  inclinations  ore  subject  tu  long  periodic  altera- 
tions, the  times  of  their  recurrences  not  being  exactly  settled,  from 
the  difficulty  of  thdr  determination.  How  then  is  it  known  that 
they  ore  periodic  I  For  instance,  the  excentricity  of  the  Earth's  orbit 
is  subject  to  a  yearly  diminution  of  '00001,  its  value  in  1801  beinft 
'017.  Had  this  diimnution  been  an  increase,  as  it  is  in  Mercury 
•nd  Jupiter,  it  might  A  priori  appear  possible  that  this  increase 
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should  continue  untU  the  orbit  (preseTring  the  same  major  axis) 
should  be  bo  elongated  that  the  ultimate  approach  to  and  recession  from 
the  sun  nhould  give  our  planet  the  alternate  cUmates  of  Mercury  and 
Mars,  and  thus  no  doubt  destroy  it  as  the  abode  of  beings  constituted 
like  ourselves.  It  is  fotmd,  however,  that  the  following  relation  must 
exist  : — If  at  any  one  moment  the  squeire  of  the  excentrioity  of  each 
planet  be  multiplied  by  its  mass  and  the  square  root  of  its  mean 
distance  from  the  sun  (represented  in  numbers),  the  sum  of  all  these 
products  must  be  the  same  as  it  was  at  any  moment  post,  or  will  be  at 
any  moment  future.  And  if  in  each  product  the  tangent  of  the  incli- 
nation to  a  fixed  plane  be  substituted  for  the  excenUicity,  the  result- 
ing equation  is  true.  From  such  relations  as  these,  and  others  con- 
nected with  them,  it  is  shown  that  so  far  as  the  mutual  actions  of  the 
planets  are  concerned,  no  one  excentricity  nor  inclination,  can  increase 
indefinitely,  but  all  their  changes  must  be  periodic,  and  confined  within 
rather  small  limits.  The  approach  of  the  ecliptic  to  the  equator,  for 
instance,  which  amounts  to  about  half  a  second  in  a  year  (and  which 
leads  speculators  sometimes  to  talk  about  a  past  time  when  the 
ecliptic  passed  through  the  pole,  and  a  future  time  when  it  will 
coincide  with  the  equator),  must  stop  long  before  the  ecliptic  reaches 
the  equator,  and  attain  a  minimum  inclination,  after  which  the  two 
will  begin  to  separate ;  the  whole  08<aUation  being  less  than  three 
degrees.  The  whole  result  is  summed  up  thus  :  As  far  as  terms  of 
the  second  order  (inclusive)  in  the  disturbing  forces,  and  as  long  as 
only  the  mutual  attractions  of  the  planets  act,  there  is  a  mathematical 
certainty  that  the  Solar  System  will  remain  in  its  present  state,  the 
elements  of  the  different  orbits  oscillating  about  certain  mean  values, 
from  which  they  are  never  very  distant :  except  only  the  longitudes  of 
the  nodes  and  perihelia,  which  change  with  velocities  which  are  always 
very  near  to  certain  mean  velocities.  The  probabiUty  is  very  small 
that  the  higher  dimensions  of  the  disturbing  forces  would  affect  this 
result,  and  certainly  only  in  a  length  of  time  to  which  the  longest 
periods  known  are  trifling  in  comparison. 

This  last  point,  however,  is  of  the  less  importance,  since  it  hss 
become  highly  probable,  within  the  last  few  years,  that  an  external 
cause  does  exist,  which  must,  unless  there  be  a  counteracting  force  of 
which  we  know  nothing,  in  time  cause  the  destruction  of  the  System. 
If  the  planets  move  in  any  medium  which  resists  their  motions,  how- 
ever Uttle,  the  consequence  must  be  a  gradual  diminution  of  their 
mean  distances  from  ^e  sun,  and  a  gradual  increase  of  their  velocities, 
ending  in  their  absolutely  fcUing  into  the  sun.  For  the  presumption 
in  favour  of  the  actual  existence  of  such  a  resisting  medium,  see 
CouET.  This  retarding  agent  seems  to  show  a  rapid  effect  upon  so 
attenuated  a  mass  as  Encke's  comet,  though  thousands  of  years  have 
elapsed  without  its  producing  any  sensible  effect  upon  the  planets. 
Little  as  it  may  concern  us  directly,  these  speculations  have  an 
interest,  both  as  to  the  glimpse  they  give  of  the  possible  destiny  of 
our  System,  and  from  their  associatioa  with  the  history  of  past  and 
the  hope  of  future  discovery.  It  is  to  be  remembered  that  no  science 
has  drawn  out  so  much  of  mathematical  talent,  or  indirectly  excited 
such  an  influence  upon  other  branches  of  physical  research,  as  the 
application  of  the  theory  of  gravitation  to  the  development  of  the 
jjanetory  motions. 

SOLAK  SYSTEM,  MOTION  OF  THE,  IN  SPACE.  One  of  tiie 
most  interesting  results  of  modem  astronomical  research  consists  in 
the  discovery  of  the  fact,  that  many  stars  of  the  class  styled  fix4d  stars, 
are  in  reality  subject  to  a  minute  movement,  in  virtue  of  which  their 
positions  in  the  celestial  sphere  are  slowly  shifting  from  year  to  year. 
This  proper  motion  was  originally  found  to  be  applicable  only  to  a  few 
of  the  principal  stars,  but  as  the  observations  of  astronomers  have  acquired 
a  greater  degree  of  precision,  the  number  of  stars  wliich  appear  to  be 
slowly  changing  their  position  continues  to  increase,  and  the  probability 
is,  that  there  is  no  star  in  the  celestial  sphere  whose  position  is  absolutely 
fixed.  But  the  results  at  which  astronomers  have  arrived  with  respect 
to  the  parallax  of  the  stars,  combined  with  the  relative  intensities  of 
the  light  of  the  sun  and  the  stars,  as  determined  by  photometric 
experiments,  tend  strongly  to  confirm  the  idea  that  the  sun  is  neither 
more  nor  less  than  a  star.  It  is  reasonable  then  to  suppose  that  the 
sun,  like  the  stars,  should  be  subject  to  a  motion  of  translation  in 
space.  This  idea  seems  to  have  first  suggested  itself  to  Fontenelle, 
who  refers  to  it  in  a  notice  on  the  labours  of  Cassini.  Bradley  also,  at 
the  close  of  his  paper  in  which  he  announces  the  discovery  of  the 
nutation~of  the  e^^'s  axis,  has  remarked  that  the  apparent  motion  of 
the  stars  may  arise  either  from  a  real  motion  of  the  stars  themselves, 
or  from  a  motion  of  the  solar  system  in  space.  But  he  was  of  opinion, 
that  ages  would  elapse  before  astronomers  would  arrive  at  a  definitive 
conclusion  on  this  subject. 

Thomas  Wright,  in  liis  •  Theory  of  the  Universe,"  published  in  1750, 
suggests,  as  very  probable,  that  the  sun,  with  his  attendant  planets, 
may  be  circulating  round  some  other  centre.  Mayer  was  the  first 
astronomer  who  endeavoured  to  deduce  a  trustworthy  result  from  an 
examination  of  the  proper  motions  of  the  stars.  His  researches  were 
based  upon  a  -comparison  of  the  places  of  eighty  stars,  as  observed  by 
Riimer  in  the  year  1706,  with  the  corresponding  places  as  determined 
by  Lacaille  and  himself  about  the  middle  of  the  same  century.  The 
conclusion  at  which  he  arrived  was,  that  the  proper  motions  of  the 
stars  do  not  afford  any  evidence  of  a  motion  of  me  solar  system  in 
space.     A  remark  nude  by  Mayer  on  this  occasion  is  worthy  of 


mention.  He  states,  that  if  the  solar  system  is  advancing  to  any  par- 
ticular region  of  the  heavens,  the  stars  in  this  direction  will  necessarily 
be  graduidly  receding  to  a  greater  distance  from  each  other,  while, 
again,  those  in  the  opposite  direction  will  appear  to  be  drawn  closer 
together.  In  1783  the  elder  Herschel  having  been  induced  to  examine 
the  subject,  arrived  at  a  result  quite  different  from  that  obtained  by 
Mayer.  His  investigation  was  founded  on  the  proper  motions  of  seven 
of  the  brightest  stars,  as  determined  by  Maskeljne.  The  result  of  his 
inquiry  indicated  a  motion  of  the  solar  system  towards  a  point  in  the 
heavens  near  the  star  \  Hercules,  which  he  found  to  be  situated  in 
2S7°  of  right  ascension,  and  25^  north  declination.  In  1805  he  subse- 
quently resumed  the  subject,  and  obtained  for  the  point  towards  which 
the  solar  system  is  moving,  the  following  co-ordinstes :  right  asoeosion, 
246°  52"  30";  north  decUnation,  49*  88'. 

The  same  subject  was  considered  about  the.  same  time  by  Provost 
and  Eliigel,  whose  results  agreed  tolerably  well  with  those  obtained  by 
Herschel.  On  the  other  hand,  Biot  and  Bessel,  who  examined  the 
subject,  arrived  at  the  conclusion  that  the  present  state  of  our  know- 
ledge respecting  the  proper  motions  of  the  stars  is  insufficient  to  afford 
any  trustworthy  indication  of  the  existence  of  a  motion  of  the  solar 
system  in  space.  In  recent  times,  however,  the  researches  of  Arge- 
lander,  Lundahl,  and  Otto  Struve,  have  confirmed  the  views  of  Sir 
William  Herschel.  The  researches  of  these  astronomers  were  based 
upon  an  examination  of  the  proper  motions  of  stars  chiefly  in  the 
northern  hemisphere.  The  late  Mr.  Galloway,  however,  obtained  very 
nearly  the  same  result  by  an  examination  of  the  proper  motions 
observed  in  the  southern  hemisphere  by  Lacaille  about  the  middle  of 
the  last  century,  and  again  by  Johnson  and  Henderson  in  recent  times. 
By  combining  his  own  result  with  the  results  arrived  at  by  Argelander 
'and  Lundahl,  he  obtained  the  following  values  for  the  co-ordinates  of  the 
point  in  the  heavens  towards  which  the  solar  system  is  advancing :-  - 

Right  Ascension    .    259*    9% 
Declination  N.      .      34*  S6'-5, 

these  numbers  referring  to  the  equinox  of  1792. 

The  most  recent  examination  of  this  subject  is  due  to  Mr.  Airy,  who 
by  a  method  totally  different  from  that  employed  by  previous  inquirers 
has  obtained  a  result  sgreeing  very  nearly  in  right  ascension,  but 
differing  considerably  in  declination,  from  that  hitherto  arrived  at. 

SOLDERED  JOINTS.  When  two  pieces  of  metal  of  the  same  or 
of  diSerent  natures  are  joined  by  the  interposition  of  another  metal 
of  a  more  fusible  character  than  that  of  the  pieces  to  be  joined,  it  is 
said  that  thmr  are  toldertd  together,  or  occasionally  that  they  are  braeed 
together.  Thus,  when  lead  has  to  be  joined  to  lead,  the  sur&ces  of 
contact  are  scraped  perfectly  clean,  and  a  mixed  metal,  composed  of 
about  I  of  tin  to  {  of  lead,  is  melted  over  the  joint  so  as  to  effectually 
adhere  to  the  respective  surfaces.  When  lead  has  to  be  joined  to 
brass,  the  soldering  metal  is  usually  composed  of  a  mixture  of  7  parts 
of  tin  to  6  of  lead,  and  this  alloy  is  also  used  for  soldering  tin  pipe, 
or  for  repairing  the  joints  of  tinned  iron- ware.  When  iron  plates  are 
joined  together  by  soldered  joints,  or  when  copper,  tin,  or  lead  pipes 
are  joined  to  iron  work,  the  brazing  or  soldering  metal  used  is  com- 
posed of  about  4  parts  of  zinc  to  3  of  copper,  or  more  properly  speaking, 
of  2  parts  of  fine  brass  to  1  of  zinc,  the  brass  consisting  itself  of  2  of 
copper  to  1  of  zinc.  The  joints  themselves  may  be  either  butt  joints, 
lapped  joints,  spiggot  joints,  crossed,  or  flat  joints.  Wrought-iron 
joints  upon  wrought-iron  are  made  by  VKlding,  as  also  are  the  joints 
of  wrought-iron  upon  steel,  whenever  it  is  possible  to  place  the 
respective  pieces  in  the  smith's  forge ;  the  more  unmanageable  joints 
are  usually  brazed. 

SOLDERING  is  the  process  of  xmiting  the  surfaces  of  metals,  by 
the  intervention  of  a  more  fusible  metal,  which,  being  melted  upon 
each  surface,  serves,  partly  by  chemical  attraction,  and  partly  by 
cohesive  force,  to  bind  them  together.  In  the  ordinary  soldering,  the 
alloy  used  as  a  solder  must  be  more  fusible  than  the  metals  to  be 
united,  and  must  have  a  strong  affinity  for  them.  To  insure  perfect 
union  between  the  solder  and  the  surfaces  to  which  it  is  applied,  it 
is  essential  that  they  be  mode  perfectly  clean  and  free  from  oxide,  and 
that  the  atmosphere  be  excluded  during  the  operation.  Tlus  is 
effected  in  various  ways,  but  most  commonly  by  the  use  of  borax,  sal 
ammoniac,  or  resin,  either  mixed  with  the  solder  or  applied  to  the 
surlaces  to  be  joined. 

The  kinds  of  solder  used  for  the  several  metals  are  (pvea  under 
Solders. 

Articles  of  wrovgJU-irort,  and  some  qualities  of  iteel  also,  may  be 
soldered  with  cast-iron;  the  cast  iron  being  repeatedly  heated  and 
quenched  in  water,  by  which  it  becomes  sufficiently  friable  to  be  beaten 
to  a  coarse  powder  with  an  iron  pestle  and  mortar.  In  making  fine 
steel  instruments,  gold,  either  alone  or  with  a  slight  alloy  of  copper,  is 
often  used  as  solder.  Silver  solder,  being  less  expensive,  and  nearer 
the  colour  of  the  steel,  is  preferred  by  some  for  this  purpose.  In 
larger  articles  of  iron  and  steel,  a  solder  consisting  of  equal  parts  of 
tin  and  iron  is  sometimes  used. 

Common  plumber^  solder  is  made  of  two  parts  lead  and  one  part  block 
tin ;  or  of  the  same  metals  mixed  in  nearly  equal  quantities ;  bismuth 
is  added  when  it  is  desired  to  make  the  alloy  more  fusible.  Soft 
solder  has  two  parts  tin  to  one  lead;  and  other  alloys  of  tin,  lead,  sad 
bismuth,  are  uaed  for  uniting  Torious  articles  of  lead,  tin,  pewter,  and 
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other  soft  compounds.  Such  highly  fuaible  soldera  are  usually  cast  in 
ingots  or  strips,  and  melted  as  they  are  used  by  means  of  an  instru- 
ment called  a  soldering-iron,  which  is  tipped  with  copper. 

A  curious  mode  of  soldering  is'  resorted  to  in  order  to  fix  upon  the 
back  of  the  dial-plate  of  a  watch  the  small  copper  studs  by  which  it  is 
attached  to  the  plate  that  encloses  the  wheel-work.  The  heat  required 
for  melting  spelter  solder  would  be  injurious  to  the  enamel,  and  there- 
fore the  studs  are  made  of  wire  plated  with  silver,  and  fixed  by  melt- 
ing the  silver  on  their  sides,  and  causing  it  to  run  down  to  their  base, 
where  a  mixture  of  borax  and  water  is  previously  laid.  Thus  the 
studs  are  fixed  without  applying  the  jet  of  the  blowpipe  immediately 
to  the  back  of  the  enamelled  plate. 

A  kind  of  soldering,  called  buming-to,  is  practised  in  some  cases  with 
sheet-lead,  where  it  has  been  desirable  to  make  a  vessel  entirely  of  that 
material ;  the  junction  being  efiected  by  pouring  melted  lead  upon  the 
edges  to  be  united,  until  they  fuse  together.  Somewhat  similar  to 
this  is  the  process  of  autogenoiu  toldering.  This  process,  the  invention 
of  M.  de  Kichemont,  consists  in  the  union  of  two  pieces  of  metal 
without  the  interposition  of  any  solder,  by  fusing  them  at  the  point  of 
junction  by  jets  of  flame  from  a  gas  blowpipe.  The  apparatus  used 
for  the  purpose  contains  a  hydrogen  gas  generator,  bellows  for  atmo- 
spheric air,  and  valves  for  regulating  the  proportion  in  which  the  gas 
and  air  are  to  be  mixed.  The  joints  formed  in  this  way  are  neater  and 
less  liable  to  flaws  than  those  made  by  the  common  process.  Mr. 
Spencer  discovered  this  process  about  the  same  time  as  M.  de  Kichemont ; 
and  his  experiments  led  him  to  suppose  that,  by  varying  the  admixture 
of  gases,  a  jet  of  flame  might  be  produced  of  intensity  suitable  for  any 
metal  to  which  it  may  be  desired  to  apply  this  mode  of  soldering. 

The  recent  investigations  concerning  the  applicability  of  the  metal 
a/iimtniufn  to  purposes  of  use  and  ornament,  have  necessarily  included 
the  preparation  of  some  kind  of  solder.  It  is  found  that  aluminium 
cannot  be  soldered  in  the  ordinary  way.  M.  Mourey,  of  Paris,  has 
devised  the  following  plan.  He  puts  on  each  surface  a  solder  of  zinc 
and  aluminium,  so  as  to  form  a  t&in  film.  Then,  witJi  a  solder  richer 
in  aluminium,  he  joins  the  two  pieces  together.  The  first  solder  Uius 
adheres  to  the  metal,  and  the  second  solder  to  the  first.  The.  surfaces 
of  aluminium  are  in  the  first  instance  prepared  by  a  mixture  of  turpen- 
tine, balsam  of  oopaiva,  and  lemon-juice,  and  strongly  heated.  The 
solder  No.  1  consists  of  6  aluminium  and  94  zinc;  No.  2  of  20  alumi- 
nium and  80  zinc. 

SULDEKS.  A  name  given  to  certain  alloys  used  for  uniting 
metallic  surfaces  by  fusion,  to  effect  which  it  is  necessary  that  the 
alloy  should  fuse  at  a  temperuture  below  the  melting  point  of  the 
metallic  surfaces  to  be  joined.  The  following'ire  some  of  the  most 
important  solders.    [Allots.] 

(Gold  (18  caraU)  .  ,  .  $6-6 
Silver  ......  16-7 
Copper 18-7 

100-0 

i  Silver 66-6 
Copper 80-0 
Brass 8-4 

100-0 

Solder  for  bras.     ,(?"»»« SO 

( Zino SO 

100-0 

\Xin SS 

100-0 
SOLDIER  is  a  term  applied  now  to  every  man  employed  in  the 
military  service  of  a  prince  or  state,  tut  it  was  at  first  given  to  such 
persona  only  as  were  expressly  engaged,  for  pay,  to  follow  some  chief  in 
his  warlike  expeditions.  Cfesar  mentions  a  band  of  600  men  called 
"soldurii,"  who  bound  themselves  to  attend  their  leader  in  action,  and 
to  live  or  die  with  him  (•  De  Bello  Gallioo,'  iii  22),  but  it  does  not 
appear  that  they  served  for  pay.  By  some  the  word  has  been  thought 
to  come  from  "  solidus,"  the  name  of  a  coin  under  the  Roman  empire, 
which  may  have  been  received  as  the  payment  for  the  service. 

The  troops  which  formed  the  armies  of  the  Crusaders  were  engaged 
to  serve  for  pay,  for  though  the  nobles  voluntarily  entered  into  the 
war,  their  vassals  were  not  obliged  by  the  tenure  of  their  fiefis  to  accom- 
l»ny  them.  PJre  Daniel  ('  Hist,  de  la  Milice  Fr.,'  torn,  i.,  p.  103) 
expresses  his  belief  that  Philip  Augustus,  near  the  end  of  the  12th 
century,  was  the  first  of  the  French  kings  who  had  hired  troops,  at 
least  m  any  considerable  body,  in  his  service;  and  the  practice  of 
retnming  such  troops  appears  to  have  been  afterwards  very  general.  It 
IS  probable  that  men  hired  for  the  wars  were,  from  the  time  of  that 
pnnce,  called  soudoyers  or  souldyours,  that  is,  stipendiaries;  but  the 
name  appears  for  the  firet  time  in  the  '  Chronicles'  of  Froissart,  where 
It  is  applied  to  the  hired  troops  both  of  France  and  Germany. 

In  the  wardrobe  account  of  Edward  I.  (1300)  the  term  soldier  occurs 

frequently,  and  Grose  considers  that  the  persons  so  designated  were  of 

a  different  class  from  the  other  troops.      Some  of  them   are   called 

soldiers  scutifers,'  or  esquires;   some,  "soldiers  constables;"   and 


others,  simply  "  soldiers ;  "  but  the  pay  of  all  was  the  aame,  namely, 
one  shilling  per  day.  ('  Mil.  Antiq.,'  vol.  i,  p.  826.)  From  the  time  of 
Edward  I.  to  the  end  of  the  reign  of  Edward  III.  the  daily  pay  of  a 
banneret  was  it.,  and  of  a  knight  2s. ;  that  of  a  hobiler,  a  sort  of  light 
horseman,  was  6d. ;  of  a  crossbowman,  id. ;  and  of  an  archer,  '2d.  In 
that  age  the  stipendiary  troops,  or  soldiers,  were  raised  in  England  bjr 
commissions  granted  by  the  king  to  persons  who  undertook  to  enli^ 
men  for  a  certain  pay  (which  waa  made  to  depend  on  the  nature  of  the 
service),  and  for  a  certain  portion  of  the  ransom-money  whioh  might  be 
obtained  in  the  war. 

Little  change  seems  to  hare  taken  place  in  the  pay  of  tiie  English 
soldiers  between  the  times  of  Edward  III.  and  Mary.  We  find  that 
during  the  reign  of  thia  queen  the  daily  pay  of  a  captain  of  heavy 
cavah^  was  10».,  and  of  a  oavah-y  soldier,  1».  6<f.  The  pay  of  a  captain 
of  Ught  cavalry  was  6».,  and  of  a  soldier  1».  The  pay  of  a  captain  of 
foot  was  4(. ;  of  a  lieutenant,  2(. ;  of  an  ensign,  1». ;  and  of  a  foot 
soldier,  id. ;  a  halbardier  and  a  hackbutter,  on  horseback,  had  each 
1>.  daily.  In  the  times  of  Elizabeth,  James  I.,  and  Charles  I.,  the  pay 
of  the  officers  was  a  little  raised,  but  that  of  a  private  foot-e»ldier  was 
still  id.  per  day ;  during  the  civil  vrars  the  pay  of  the  latter  was  9rf., 
but  in  the  reign  of  WilUam  III.  it  was  again  reduced  to  id.  At  that 
time  the  pay  of  a  private  trooper  was  2».  6d.,  and  that  of  a  private 
dragoon  was  1».  6d.,  including  in  both  eases  the  allowance  for  the  horse. 
It  is  evident  that  the  pay  of  the  private  soldier  in  later  times  is  far 
from  having  been  raised  in  the  inverse  ratio  of  the  value  of  money. 

While  armour  was  in  general  use,  the  common  soldiers  of  En^and 
were  distinguished  only  by  scarfs  or  by  badges,  on  the  latter  of  vhidi 
were  impressed  the  arms  of  their  several  leaders ;  but  in  the  reign  of 
Henry  VIII.  something  like  a  uniform  was  worn,  and  it  appears  that 
the  colour  of  the  men's  upper  garments  was  then  generally  white ;  the 
soldiers  in  the  king's  particular  service  only,  had  on^  their  coats  a  repre- 
sentation of  the  cross  of  St.  George.  However,  on  an  army  being 
raised  in  1544,  the  soldiers  were  ordered  to  wear  coats  of  blue  cloth 
bordered  with  red.  White  cloaks  marked  with  red  crosses  continued 
to  be  the  imiform  of  the  troops  during  the  reign  of  Queen  Mary ;  but 
in  the  time  of  Elizabeth  the  infantry  soldiers  wore  a  cassock  and  long 
trowsers,  both  of  which  were  of  Kentish  gray  :  the  cavalry  were  fur- 
nished with  red  cloaks  reaching  down  to  the  knee  and  without  sleeves. 
Gray  coats,  with  breeches  of  the  same  colour,  continued  to  be  the 
uniform  as  late  as  the  end  of  the  reign  of  William  III.,  but  soon  aft» 
that  time  red  became  the  general  colour  for  ttie  coats  of  the  British 
infantry  soldiers. 

It  must  be  admitted  that,  till  lately,  the  condition  of  a  private 
soldier,  both  in  this  country  and  on  the  Continent,  was  unfavourable 
for  inspiring  a  love  of  the  service  in  his  mind.  Obliged  to  be  furnished 
with  good  clothing  and  to  preserve  a  becoming  appearance,  that  which 
remained  of  his  scanty  pay  scarcely  sufficed  for  procuring  the  food 
necessary  for  his  support.  In  his  barracks  he  was  subject  to  nuiuennii 
petty  details  of  duty,  which  produced  weariness  and  even  disgust ;  and, 
at  all  times,  to  the  restraints  of  discipline,  which  deprived  him  of  the 
recreations  enjoyed  by  other  classes  of  men ;  while  t^e  benacks  them- 
selves were  far  from  being  healthy  or  even  comfortable.  These  disadvan- 
tages are  now,  however,  in  a  great  measure  removed ;  and  the  pay  of 
the  soldier  suffices  to  afford  Imu  the  means  of  obtaining  the  comforts 
of  life  in  a  degree  ait  least  equal  to  those  which  are  enjoyed  by  an 
ordinary  peasant  or  mechania  With  the  improvement  of  his  con- 
dition, a  corresponding  improvement  in  the  character  of  the  soldier 
has  ti^en  place :  men  of  steady  habits  are  induced  to  enlist,  and  ofiioai 
are  enabled  to  select  the  best  among  those  persons  who  presralt  them- 
selves  as  recruits  for  the  army. 

The  duties  of  the  soldier  are  now  rendered  as  little  bulrlensome  as  ii 
consistent  with  the  good  of  the  servioe;  the  i-egtilations  promulgated 
by  the  authorities  prescribe  that  he  shall  at  all  times  be  treated 
with  mildness  and  humanity,  and  the  non-oomnusBioned  officers  are 
required  to  use  patience  and  forbearance  in  instructing  the  recruits  in 
their  military  exercises.  When  breaches  of  discipline  on  the  part  of 
the  soldier  oblige  a  commander  to  order  the  infliction  of  punishment, 
attention  is  paid  as  much  as  possible  to  render  it  a  means  of  promoting 
a  reformation  of  character :  the  lash  is  now  very  sparingly  used. 
Wherever  a  regiment  be  now  quartered,  there  is  established  for  the 
soldiers  a  school,  which  the  men  are  obliged,  as  part  of  their  duty,  to 
attend,  and  which  is  generally  furnished  with  a  library  for  their  use. 
The  library  and  school  are  formed  and  supported  by  the  subscriptions 
of  the  officers,  and  both  have  been  found  to  contribute  greatly  to  the 
preservation  of  sobriety  and  good  conduct  among  the  men,  by  weaning 
them  from  the  haunts  of  idleness  and  dissipation,  and  giving  them  a 
taste  for  useful  knowledge. 

In  time  of  peace  the  soldier,  being  surrounded  by  the  members  of 
civil  society,  must,  Uke  them,  conform  to  its  laws ;  and,  being  under 
the  influence  of  public  opinion,  he  is,  unconsciously  to  himself,  held  in 
obedience  by  them ;  so  that  no  extraordinary  coercion  is  necessary  to  keep 
him  within  the  bounds  of  civil  or  military  law.  But  in  the  colonies  the 
soldier,  even  though  he  be  serving  in  a  time  of  peace,  has  many 
temptations  to  fall  into  a  neglect  or  breach  of  discipline :  he  is  far 
removed  from  the  friends  of  his  early  life,  who  may  have  exercised 
upon  his  mind  a  moral  influence  for  good  :  he  sees  around  him  only 
the  conduct,  too  frequently  licentious,  of  the  lower  orders  of  people  in 
the  country  where  he  is  stationed;  and  it  may  be  that  he  i*  not 
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foTti&ed  with  the  principles  which  should  have  been  implanted  in  hia 
mind  by  a  sound  education.  The  probability  of  a  return  to  his  native 
land  before  many  years  have  passed  is  small,  and  the  diseases  to  which 
he  is  exposed  from  the  unhealthiness  of  the  climate  frequently  termi- 
nate fatally :  hence  he  becomes  reckless  from  despair,  and  the  facilities 
'with  which  wine  or  spirituoua  liquors  may  often  be  obtained  lead  him 
into  ezcessea  which,  while  they  accelerate  the  ruin  of  his  health  and 
render  him  unfit  for  duty,  cause  him  to  commit  ofiences  both  against 
discipline  and  morals.  Thus  in  the  colonies  there  arises  a  necessity  for 
greater  restraints  on  the  freedom  of  the  soldier,  and  for  the  io&ictioa 
of  heavier  punishments  than  are  required  at  home.  (Maj.-Gen.  Sir 
Charles  Napier, '  Remarks  on  Military  Law.' )  Lastly,  in  time  of  war 
and  on  foreign  service  a  vigorous  discipline  is  essentially  necessary ; 
the  privations  to  which  soldiers  are  then  exposed  strongly  induce  those 
•who  are  not  thoroughly  imbued  with  moral  and  relig:ious  principles  to 
plunder  the  country-people,  in  order  to  supply  their  immediate  wants, 
or  to  drown  the  sense  of  their  sufferings  in  Uquor. 

SOLECISM  {toloecismut,  aoXoiKuriiSs),  a  grammatical  term  which  is 
•used  by  the  later  Qreek  and  Roman  writers,  and  by  modem  gram- 
marians also,  though  in  a  somewhat  different  sense.  It  is  defined  by 
Sinnius  Capito  (Gell,  v.  20)  as  an  unequal  and  improper  arrangement 
of  the  parts  of  speech,  that  is,  as  a  violation  of  the  rules  of  syntax. 
QuinctUian  (i.  s.  28,  &c.)  specifies  four  kinds  of  solecisms :  the  first 
consists  in  the  addition  of  a  superSuous  word ;  the  second,  in  leaving 
out  one  that  is  necessary ;  the  third,  in  perverting  the  order  of  the 
trords  of  a  sentence ;  and  the  foiu^th,  in  using  an  improper  form  of 
s  word.  The  ancients  also  used  the  word  in  a  wider  sense,  under- 
standing by  it  any  kind  of  fault,  error,  or  mistake,  whether  made  in 
speaking,  writing,  or  acting.  Modem  grammarians  designate  by 
solecism  any  word  or  expression  which  does  not  agree  with  the 
established  usage  of  writing  or  speaking.  But,  as  customs  change, 
that  which  at  one  time '  is  considered  a  solecism,  may  at  another  be 
regarded  as  correct  language.  A  solecism  therefore  differs  from  a 
barbarism,  inasmuch  as  uie  latter  consists  in  the  use  of  a  word  or  expres- 
sion which  is  altogether  contrary  to  the  spirit  of  the  language,  and 
can,  properly  speaking,  never  become  established  as  correct  language. 

SOL-FA-INU.      LSOLMISATION.] 

SOLICITOR.    [Attobnet  ;  Six  Cleuks.] 

SOLID,  SOLIDITY.  (Mechanica)  A  solid  body  is  one  which  is 
composed  of  matter'  so  connected  together  that  the  relative  positions 
of  its  parts  cannot  be  altered  without  the  application  of  sensible  force. 
The  force  which  resists  the  alteration  of  the  relative  positions  is  called 
force  of  cohesion  [Attkaction]  :  the  perfect  absence  of  this  force 
constitutes  fluidity  [Fluid]. 

SOLID  ANGLE,  a  name  given  to  the  idea  of  opening  conveyed  by 
three  planes  which  meet  at  a  point.  The  properties  of  a  solid  angle 
are  considered  under  the  head  Sfhebical  Tbianole. 

SOLID,  SURFACE,  LINE,  POINT.  (Geometry.)  We  have 
thought  it  best  to  bring  together  the  remarks  which  it  is  necessary  to 
make  upon  these  fundamental  terms  of  geometry.  According  to 
Euclid,  a  point  has  no  dimensions ;  a  line,  length  only ;  a  surface, 
length  and  breadth :  a  solid,  length,  breadth,  and  thickness.  No  one 
has  the  least  doubt  about  each  of  these  terms  representing  a  clear  and 
distinct  notion  already  in  the  mind ;  in  spite  of  this,  however,  the 
propriety  of  the  definitions  has  been  made  matter  of  much  discussion. 

Space  being  distinctly  conceived,  parts  of  space  become  perfectly 
intelligible.  Hence  arises  the  notion  of  a  boundary  separating  one 
part  of  space  from  the  rest.  That  a  material  object,  a  desk  or  an  ink- 
stand, occupies  a  certain  portion  of  space,  separated  by  a  boundary 
from  all  that  is  external,  needs  no  explanation  :  this  boundary  is  called 
surface,  and  possesses  none  of  the  solidity  either  of  the  desk  or  ink- 
stand, or  of  the  external  space.  Surface  it^lf,  when  distinctly  under- 
stood, is  capable  of  division  into  parts,  and  the  boundary  which 
separates  two  parts  of  a  surface  has  none  of  the  surface,  either  on  one 
side  or  the  other :  it  therefore  presents  length  only  to  the  imagination. 
Again,  length  itself  is  capable  of  division  into  parts  :  the  boundaries  do 
not  possess  any  portion  of  length,  either  on  one  side  or  the  other  :  they 
are  only  partition  marks  or  points.  Euclid  reverses  the  order  of  our 
explanation,  requiring  first  the  conception  of  a  point,  then  of  a  line, 
then  of  a  surface,  then  of  a  solid. 

That  when  we  think  of  a  point,  we  deny  length,  breadth,  and 
thickness ;  that  when  we  think  of  a  line,  it  is  length  without  breadth 
that  we  figure  to  ourselves ;  that  in  the  same  manner  the  surface  of 
our  thoughts  possesses  no  thickness  whatever — are,  to  us  at  least,  real 
truths.  We  cannot,  for  instance,  inuwne  what  Dr.  Beddoes  meant 
when  he  said  ('  Obs.  on  Demonstrative  Evidence,'  p.  88), "  Draw  your 
lines  as  narrow  as  you  conveniently  can,  your  diagrams  will  be  the 
clearer ;  but  you  cannot,  and  you  need  not,  conceive  length  without 
breadth."  Why  are  diagrams  the  clearer,  the  narrower  the  lines  of 
which  they  consist !  Diagrams  have  no  clearness  in  themselv^ ;  the 
comprehension  of  them  is  in  the  mind  of  the  observer.  If  diagrams 
having  (so  called)  lines  of  one-hundredth  of  an  inch  in  breadth  be 
clearer  than  others  of  five-hundredths  of  an  inch,  it  is  because  the 
former  approach  nearer  than  the  latter  to  a  true  representation  of  that 
which  is  in  the  mind,  or  of  that  which  the  mind' desires  to  see  por- 
trayed If  the  smaller  the  breadth  the  better  the  diagram  in  the 
clearness  which  it  gives  to  the  mind,  it  must  be  because  the  mind 
would  have  no  breadth  at  all. 


It  matters  nothing  that  the  point,  line,  and  surface  are  mechanical 
impossibilities ;  that  no  point  or  line,  if  they  actually  existed,  could 
reflect  light  to  show  them ;  and  that  no  surface  could  continue  to  exist 
for  any  perceptible  time,  even  supposing  it  to  have  one  moment  of 
existence.  Neither  does  it  signify  whether  the  ideas  be  necessary,  or 
acquired  from  the  senses ;  the  question  in  geometry  is.  Have  you  got 
them  ?  not.  How  did  they  come?  There  may  be  danger  that  some 
students  should  need  at  first  to  be  frequently  reminded  of  the  abstract 
limits  of  which  the  conceptions  must  be  made  permanent,  lest  they 
should  accustom  themselves  to  rest  in  the  imperfect  approaches  to  these 
conceptions  which  are  realised  in  their  diagrams;  but  it  is  always 
found  that  a  moment's  recollection  will  produce  a  satisfactory  answer 
to  any  question  upon  this  point. 

There  is,  it  is  true,  one  circumstance  in  which  the  pupil  may  acquire 
a  permanently  false  notion  of  the  object  of  geometry.  If  an  instructor 
should  require  what  is  called  a  very  well-drawn  figure  in  every  case, 
with  very  thin  line*  and  very  small  pointt,  he  may  perhaps  succeed  in 
giving  the  learner  some  idea  that  geometry  consists  in  that  approach 
to  accuracy  wliich  constitutes  practical  excellence  in  the  applioations 
of  the  science.  No  idea  can  be  more  false  :  4et  the  good  Une  be  ex- 
amined under  a  microscope,  and  it  is  seen  to  be  a  sohd  mound  of  black 
lead  or  ink,  as  the  case  may  be.  Hence  it  is  perhaps  desirable  that  the 
demonstrations  should  be  frequently  conducted  with  what  are  called 
ill-drawn  figures,  in  order  that  no  reliance  may  be  placed  on  the 
diagram,  further  than  as  serving  to  remind  the  student  of  the  ideal  con- 
ception which  is  the  real  object  of  his  demonstration.  This  of  course 
is  recommended  without  prejudice  to  his  learning  the  accurate  use  of 
the  ruler  and  compasses  for  another  distinct  purpose,  namely,  the 
intention  of  producing  avowedly  approximate  practical  results. 

It  is  to  be  noted  that  these  definitions,  so  called,  are  in  Euclid  more 
than  definitions.  They  appeal  to  conceptions  supposed  to  exist,  in 
words  which  are  considered  sufficient  not  to  give,  but  to  recall,  the  neces- 
sary ideas.  This  they  actually  do,  to  the  satisfaction  of  the  learner, 
who  would  never  draom  of  their  containing  anything  dubious,  if  it 
were  not  for  the  ill-advised  interference  of  the  psychologist.  Whatever 
of  pleasure  or  profit  there  may  be  in  the  subsequent  union  of  the 
sciences,  ther«  is,  we  think,  no  doubt  that  the  young  geometer  should 
not  be  required  to  examine  the  foundations  of  his  notions  of  space : 
he  cannot  do  this  with  effect  until  he  has  seen  what  these  notions  are 
by  the  light  of  their  geometrical  consequences, 

SOLID,  SUPERFICIAL,  AND  LINEAR  DIMENSIONS.  A  solid, 
a  surface,  and  a  line,  when  they  come  to  be  the  objects  of  arithmetic, 
are  things  as  distinct  as  a  weight  and  a  time.  That  a  surfitce  is 
included  by  lines,  or  a  solid  by  surfaces,  makes  no  more  of  necessary 
connection  between  them  than  exists  between  weight  and  time,  because 
the  former  can  never  be  made  sensible  without  the  latter.  Length 
only  can  measure  length,  a  surface  only  a  surface,  a  solid  only  a  soUd. 
ReiisonB  of  arithmetical  convenience,  not  of  necessity,  make  it  advisable 
that  whatever  length  may  be  chosen  to  measure  length,  the  Squasc 
on  that  length  should  be  the  surface  by  which  surface  is  measured, 
and  the  Cube  vn  that  length  the  solid  by  which  solidity  is  measured. 
Unfortunately,  if  a  foot  be  the  measure  of  length,  the  square  on  a  foot 
and  the  cube  on  a  foot  have  no  oth^r  names  than  tquarefoot  and  eiMc 
foot.  The  farmer  vrith  his  acres,  and  the  distiller  with  his  gallons, 
have  on  advantage  which  is  denied  to  the  young  mathematician.  Ask 
the  first  how  many  acres  make  a  gallon,  and  the  second  how  many 
gallons  moke  an  acre,  and  both  would  laugh  at  the  question ;  the  third 
is  allowed  an  indistinct  conception  of  measuring  surfaoes  and  solids  in 
feet  or  inches,  as  if  they  were  lines,  from  the  occurrence  of  the  same 
word  in  all  his  measures. 

Length  is  said  to  be  a  quantity  of  one  dimension,  surface  of  two, 
and  solidity  of  three.  The  right  line,  the  right  sur&ce  or  Rectangle, 
and  the  right  solid  or  rectangular  Faballelopifeo  (the  figure  of  a 
box,  a  die,  a  plank,  a  beam,  &c.),  are  the  implements  of  mensuration. 
Every  surface  must  be  reduced  to  the  second  form,  and  every  solid  to 
the  third,  before  it  can  be  measured.  The  rules  (which  tacitly  contain 
these  reductions)  for  measuring  different  superficial  or  solid  figures 
will  be  found  under  the  several  heads :  the  two  fundamental  theorems 
hy  which  measurement  becomes  practicable  are  as  follows : — 

1.  The  numbers  of  linear  units  in  the  two  sides  of  a  rectangle  being 
multiplied  together,  give  the  number  of  superficial  units,  square  units, 
or  squares  on  the  linetir  unit,  which  the  rectangle  contains.    Thus  a 
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rectangle  of  2]^  by  4}  feet  contains  g  x  -y,  or  -g-,  or  lOj  tquare  feet. 

2.  The  numbers  of  linear  units  in  the  length,  breadth,  and  thick- 
ness of  a  right  solid,  being  multiplfed  together,  give  the  number  of 
solid  units,  cubic  units,  or  cubes  on  the  linear  unit,  which  the  right, 
solid  contains.    Thus  a  plank  of  2j  inches  brood,  1^  inch  thick,  and 
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lOJ  mches  long,  contaus  J  ><  o  ><  "J",  or  "8~>  or  84}  eiAic  inches, 

SOLIDIFICATION.  If  heat  be  abstracted  in  sufficient  quantity 
from  a  body  in  the  liquid  state,  it  will  become  solid.  This  change  in 
the  case  of  water  is  termed  congelation.  During  solidification,  the  heat 
of  liquefaction  becomes  apparent,  as  explained  under  Latent  Heat. 
Certain  liquids,  however,  have  not  been  solidified  at  so  low  a  tempe- 
rature as  —166°  Fahr.,  such  as  alcohol,  ether,  and  some  others,  notiosd 
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under  Gases,  Liquefaction  of,  where  will  be  found  a  lust  of  those 
gasea  which  have  been  solidified  under  cold  and  pressure. 

SOLIDITY.  For  the  signification  of  this  word  in  its  strictest  sense 
the  reader  is  referred  to  lupEHETBABiLirr ;  but,  as  the  word  is  fre- 
quently employed  to  designate  a  condition  of  material  substance  in 
contradistinction  from  liquidity,  or  a  gaseous  form,  it  may  in  this 
sense  be  defined  to  be  a  state  of  a  body  in  which  the  force  of  cohesion 
between  the  molecules  is  such  that  these  require  a  certain  amount  of 
force  to  separate  them  from  one  another ;  and,  at  the  same  time,  they 
are  subject  to  small  variations  only  of  their  mutual  distances  by  the 
application  of  any  quantity  of  heat  less  than  that  which  would  reduce 
them  to  ashes  or  convei-t  them  into  fluids.  The  expansion  of  solids  by 
heat  is  noticed  under  Heat  ;  see  also  Specific  Heat. 
SOLIDS,  REGULAR.  [Reodlab  Fiodbes.] 
SOLITABIUS  (the  Hermit),  an  obscure  constellation  of  Lemonnier, 
which,  having  been  admitted  into  the  Astronomical  Society's  lists, 
appears  here.  It  is  situated  a  little  above  Centaiirus,  near  the  tail  of 
Hydra.    There  are  no  conspicuous  stars  in  this  constdlation. 

SOLMISATIOK,  or  Sol-faing,  in  singing,  is  the  art  of  applying  to 
the  seven  notes  of  the  "scale  certain  syllables,  having  no  meaning  in 
themselves,  but  containing  the  first  five  vowels,  according  to  the  French 
method,  and  the  first  four  according  to  the  system  adopted  by  the 
Italians  and  Bnglish. 

This  art  was  practised  by  the  Greeks ;  but  the  six  syllables  now  in 
use  are  generally  attributed  to  Guide  d'Arezzo.     These  he  selected,  on 
account  of  their  furnishing  all  the  vowel  sounds,  from  the  following 
stanza  of  a  monkish  hymn  to  St.  John  the  Baptist : — 
"  Ut  qoeant  laxli, 
J2«flonare  flbris 
Min.  gestonun 
FavDMli  tuorum 
BolvQ  poUuti 
£abU  restum. 

Samctb  JoAimi." 

In  what  is  called  the  hexachord  system  [Hezachord],  these  syllables 
were  found  sufficient.  When,  however,  that  absurd  method  began  to 
be  disused,  the  addition  of  a  name  for  the  seventh  of  the  scale  became 
necessary,  and  Le  Maire,  a  French  musician  of  the  17th  century,  has 
the  credit  of  having  introduced  for  this  purpose  the  syllable  »i.  The 
Italians  rejected  the  French  u(,  and  substituted  the  more  euphonous 
syllable  do,  which  is  also  adopted  in  England.  The  syllables  therefore 
now  used  by  the  Italians  and  English  are  as  follows  : — 
Do,  Re,  Ml,  Fa,  Sol,  Lt,  Si,  Do. 
C,      D,      E,      P,      G,      A,     B,      C. 

To  these  syllables  the  English  give  the  Italian  pronunciation. 
SOLOMON,  THE  SONG  OF,  or  THE  BOOK  OF  CANTICLES 

(D^'l^tt'O  "•"tC^f  'iuriM  Twr  ^ftiirmy,  'Canticiun  Cantioorum,'  our 
'  Song  of  Songs'')  a  canonical  book  of  the  Old  Testament. 

The  canonical  authority  of  this  book  has  been  much  din>uted.  It 
is  now  admitted  that  it  formed  part  of  the  Jewish  canon,  ft  is  found 
in  the  oldest  Christian  catalogues  of  the  sacred  books,  and  in  all  the 
ancient  versions,  though  it  is  not  quoted  in  tile  New  Testament.  The 
objections  to  its  canonical  authority  are  now  therefore  derived  solely 
from  its  internal  character,  and  may  be  summed  up  in  the  following 
argument :  that  the  book  cannot  form  a  part  of  Holy  Scripture,  since 
it  contains  no  religious  truth,  unless  we  interpret  it  after  a  fashion  for 
whioh  there  is  no  authority. 

The  book  is  a  poem,  or  collection  of  poems,  describing  in  imagaiy 
which  is  certainly  warm,  but  to  an  oriental  taste  perfectly  delicate, 
the  chaste  loves  of  a  bridegroom  and  his  bride.  It  bears  the  name  of 
Solomon  in  its  title, '  The  Song  of  Songs,  which  is  Solomon's ;'  and  is 
supposed  to  be  the  only  remaining  one  of  the  thousand  and  five  songs 
which  we  are  told  that  that  monarch  composed.  According  to  the 
common  opinion  it  was  composed  as  an  epithalamium  at  the  marriage 
of  Pharaoh's  daughter  with  Solomon,  who  are  respectively  the  bride 
and  bridegroom  of  the  poem;  but  under  the  guidance  of  divine 
inspiration  it  was  so  constructed  as  to  form  a  mystical  allegoiy  repre- 
senting the  relation  between  Christ  and  his  church. 

First,  then,  with  respect  to  its  date  and  author.  An  attempt  has 
been  mode,  supported  by  Kennicott,  Eichhom,  Jahn,  and  Rosenmiiller, 
to  prove  the  poem  later  than  the  Babylonish  captivity,  but  Ewald, 
an  excellent  judge,  and  De  Wette,  agree  in  referring  it  to  the  time  of 
Solomon.  The  style  and  language  are  not  more  diflerent  from  that  of 
the  '  Book  of  Proverbs '  than  might  be  expected  from  the  difference  of 
the  subjects.  But  the  structure  and  contents  of  the  poem  are  alleged 
as  presenting  insuperable  obstacls  to  the  supposition  that  Solomon 
was  the  author.  Again,  with  reference  to  the  bride,  it  is  contended 
that  the  poem  itself  proves  her  to  have  been  not  an  Egyptian  princess, 
but  an  Israelite.  This  point  is  very  strongly  brought  out  by  Dr.  Mason 
Good.  On  all  these  points  the  difiSculty  is  much  increased  by  the 
highly  coloured  imagery  of  the  poem.  But  the  first  difficulty  may 
perhaps  bo  explained  by  supposing  one  or  more  changes  of  scene: 
there  seem  in  fact  to  be  several.  The  question  respecting  the  person 
designed  to  be  represented  by  the  bride,  it  has  been  attempted  to 
solve  in  various  ways.  Dr.  Mason  Good  imagines  that  the  poem 
describes  a  love-match  which  Solomon  made  with  some  Israelitiah 
woman  after  his  political  marriage  with  Pharaoh's  daughter.    A  third 


mode  of  explanation,  which  if  adopted  would  cut  the  knot,  is  that  of 
Dr.  James  Bennett,  who  supposes  that  the  poem  never  had  any  literal 
reference  at  all  to  an  actual  marriage,  but  is  purely  an  allegury 
descriptive  of  the  mutual  love  uf  Christ  and  his  church.  But  tht 
minute  allusions,  especially  those  to  Solomon,  which  are  contained  in 
this  poem,  are  a  most  formidable  objection  to  such  an  explanation ; 
and  even  those  critics  who  contend  most  strongly  for  the  purely  ilie. 
gorical  character  of  the  45th  Psalm,  maintain  as  strongly  that  tlie 
Song  of  Solomon  has  a  literal  as  well  as  a  spiritual  meaning.  (S« 
especially  Bishop  Horsley's  5th  '  Sermon.')  The  distinction  hoveveT 
between  the  two  questions  of  who  was  the  author  and  who  ven  tlie 
parties  described,  ought  not  to  be  lost  sight  of,  as  it  too  often  has  been. 
Finding  the  book  in  the  Jewish  canon,  the  presumption  is  that  It  it  i 
genuine  part  of  Holy  Scripture,  and  is  intended  to  teach  religi'tui 
truth.  This  presumption  is  strengthened,  if  it  can  be  proved  xkA 
Solomon  was  the  author,  since  we  have  at  least  one  other  book  of  hii 
in  the  sacred  canon ;  but  it  is  not  disproved  even  if  the  poem  akoM 
be  found  to  have  nothing  to  do  with  Solomon  either  as  its  author  or 
its  subject. 

It  is  admitted  that  from  a  very  early  period  the  oriental  natioDi 
have  been  accustomed  to  express  religious  sentiments  allegohallf 
tmder  the  guise  of  amatory  poems,  of  which  the  Gitagovinda  ii  u 
example.  To  this  day  the  Egyptian  Arabs,  at  their  religious  futiviU, 
sing  songs  resembling  this,  in  which  the  prophet  is  the  beloved  object, 
and  which  are  only  intended  to  have  a  spiritual  sense.  (Laae'i 
'  Modern  Egyptians,'  vol.  ii.)  Mr.  Lane  in  fact  gives  passages  fnim 
these  songs  strikingly  parallel  to  passages  in  Solomon's  Song.  Neitber 
is  it  denied  that  similar  imagery  is  used  with  a  similar  meaniDg  in 
other  parts  of  the  Bible  (Ps^ms,  xlv. ;  Isaiah,  liv. ;  Ixii.  4, 5 ;  Rom, 
vii.  4 ;  2  Cor.,  xi.  2 ;  Ephes.,  v.  2S-82 ;  Rev.,  xix.  7 ;  xxL  2-9),  and 
also  the  opposite  figure  of  representing  idolatry  and  apoetaev  unier 
the  image  of  adultery  or  whoredom.  But  it  is  said  that  in  all  such 
passsges  the  allusions  are  more  distant,  and  enter  less  into  detail  tku 
IS  the  case  in  Solomon's  Song,  and  that  in  them  the  religious  seo<e  ii 
made  so  prominent  that  one  can  scarcely  fail  to  perceive  it.  The  tirit 
part  of  this  assertion  does  not  appear  to  be  sustained  by  fact.  Any 
one  who  examines  the  passages  carefully,  especially  those  which  reUe 
to  spiritual  adultery,  will  find  allusions  inferior  in  delicacy  to  ti:e 
grossest  which  can  be  produced  from  Solomon's  Song.  The  latter 
condition  does  not  appear  to  be  necessary  (as  has  been  oigued  aU/n) 
to  establish  the  allegorical  meaning  of  sucti  imagery,  when  occumug 
in  a  canonical  book :  neither  is  the  spiritual  sense  always  so  obriuib 
For  example,  there  is  nothing  in  the  45th  Psalm,  except  one  or  tiro 
expressions  which  could  not  by  the  greatest  hyperbole  refer  to  i 
human  being,  to  lead  us  to  suspect  its  spiritual  meaning.  The  fact 
that  the  45th  Psalm  is  quoted  in  the  New  Testament,  and  that  the 
Song  of  Solomon  is  not  so  quoted,  is  no  objection  to  this  view  of  the 
subject,  for  the  quotation  of  the  one  sanctions  the  general  principle  of 
interpretation,  while  the  silence  respecting  the  other  proves  nothing, 
knowing  as  we  do  that  the  New  Testament  writers  adopted  the  U.d 
Testament  canon  as  it  existed  in  their  day,  and  that  this  Song  was  in 
that  canon.  Nearly  all  expositors,  both  Jewish  and  Christian,  have 
adopted  the  allegorical  interpretation,  though  they  have  explained  the 
allegory  in  different  ways.  The  Chaldee  Targum  considers  it  as » 
figurative  description  of  the  love  of  God  to  Israel,  as  shown  m 
delivering  them  from  the  Egyptian  slavery,  supporting  and  <»mfortii^ 
them  in  the  wilderness,  and  bringing  them  into  the  promised  Una. 
Christian  expositors,  from  Origen  downwards,  have  generally  under- 
stood it  as  descriptive  of  the  union  between  Christ  and  the  church ; 
but  Bcma  few  have  explained  it  in  a,  different  way.  Those  who 
acknowledge  its  canonioity,  but  reject  the  idea  of  a  reference  either 
literally  to  Solomon  or  figuratively  to  Christ,  take  its  admiseion  into 
tiie  canon  to  be  a  divine  recommendation  and  praise  of  a  siog'^ 
virtuous  marriage  as  opposed  to  polygamy  and  concubinage.  This  »*i 
latterly  the  opinion  of  the  most  distinguished  modem  opponent  of  :" 
canonicity  in  England,  Dr.  J.  Pye  Smith.  Various  opinions  are  hell 
as  to  the  structure  of  the  Song,  the  best  of  which  appears  to  be  that 
which  takes  it  to  be  a  pastoral-nuptial  song  in  a  dramatic  form. 

(The  IrUroduelitmt  of  Eichhom,  Augusti,  Jahn,  and  Home;  Pji*" 
by  Dr.  Smith,  Dr.  Bennett,  and  others,  in  the  '  Congregation;il  si^' 
zine'for  1837  and  1838;  The  Sung  o/ Soi^y*,  by  Mason  Good,  LonJ., 
1808;  other  CommCT«ori«j  in  Home,  vol.  ii.,  part  ii. ;  Lowth  a /*""<■• 
(ton*,-  Hirael,  £>tu  Lied  der  Lieder,  uder  Skg  der  Trtvt,  Zurich,  lal". 
Fava,  La  Canlica  delle  Oantiche,  Milano,  1840.)  ,  , 

SOLOMON,  THE  WISDOM  OF  (Soyfa  iaX/&iua),  an  apociyp"' 
book  of  the  Old  Testament,  ascribed  to  Solomon,  but  ■nani'wU/ 
written  long  after  his  time.    It  is  not  known  to  have  ever  existed  m 
Hebrew,  and  it  contains  Greek  ideas  and  expressions  which  pro^' j' 
belong,  if  to  a  Jew  at  all,  to  one  of  the  Alexandrian  school.    il"«JJ 
are  in  it  historical  references  utterly  at  variance  with  the  state 
things  in  Solomon's  reign,  and  quotations  from  Isaiah  and  Jerem 
Internal  evidence  would  point  to  the  end  of  the  second  or  begiui""* 
of  the  1st  century  B.C.  as  the  time  of  its  composition.    It  is  couimoii  y 
ascribed  to  PhUo  the  Jew,  but  the  style  is  quite  different  fr""'  "J 
genuine  writings.    It  was  badly  translated  into  Latin  before  "■*     i 
of  Jerome,  who  did  not  revise  Uie  version.    The  fatheis  of  the  ch"^ 
considered  it  apocryphal;   but  it  was  pronounced  <*""""     ,%j.t. 
third  council  of  Carthage  (A.B.  897),  and  again  by  the  council  of  IW" 
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It  oonsUta  of  two  parts.  The  first  part  (chap.  i.-ix.)  contaiDB  the 
praise  of  'wisdom,  an  exhortation  to  all,  and  especially  to  kings,  to  seek 
it,  and  the  manner  in  which  it  is  to  be  obtained.  The  second  part 
{(^p.  x.-zix.)  brings  forward  examples  from  history  of  the  happiness 
that  springs  from  wisdom  and  the  misery  entailed  by  folly.  Through- 
out the  haoTi  Solomon  is  represented  as  speaking ;  and  the  work  is 
evidently  an  imitation  of  his  proverbs.  It  is  remarkable  as  being  the 
earliest  Jewish  work  extant  which  contains  a  clear  statement  of  the 
doctrine  of  rewards  and  punishments  in  a  futvire  state. 

SOLSTICES,  the  points  of  the  ecliptic  which  are  highest  above  the 
equator,  at  which,  the  sun's  motion  in  declination  being  imperceptible, 
the  days  remain  sensibly  unaltered  in  length  for  several  days  together, 
as  they  would  do  if  the  sun  absolutely  stood  still :  whence  the  name. 
[Suu.] 

SOLUBILITY.     [SoLimOK.] 

SOLUTION.  When  the  force  of  Ashbsion  is  exerted  between  a 
solid  and  a  liquid  with  sufficient  energy  to  overcome  the  cohesion  of 
the  former,  the  substance  is  said  to  be  soluble,  or  to  undergo  solution, 
or  to  be  dissolved.  The  solution  of  sugar  in  water,  of  resin  in  spirits 
of  wine,  of  silver  in  mercviry,  is  now  regarded  as  a  form  of  adhesion. 
Certain  liquids  are  also  soluble  in  other  liquids,  gases  in  other  gases, 
and  gases  in  liquids,  as  noticed  under  Difftibion.  For  the  solubility 
of  gases  in  liquids,  we  refer  to  Gas.  In  the  present  article  we  may 
give  a  few  details  respecting  the  solution  of  solids  in  liquids. 

The  liquid  which  effects  the  solution  is  usually  termed  the  tohmt, 
but  sometimes  the  metutruum.  Farticular  solutions  have  also  special 
names,  such  as  t^up,  which  is  applied  to  the  solution  of  sugar  in 
water,  while  tincture  refers  to  a  solution  of  a  solid  in  alcohol.  When  a 
liquid  can  no  longer  dissolve  further  portions  of  the  solid,  it  is  said  to 
be  taturaUd  j  that  is,  the  force  of  cohesion  balances  that  of  adhesion. 
Generally,  however,  an  elevation  of  temperature,  by  diminishing  cohe- 
sion, will  increase  the  solvent  powers  of  the  liquid.  But  there  are  cases 
in  which  cold  appears  to  favour  solution :  thus  lime  and  some  of  its 
salts  dissolve  more  readily  in  water  just  above  the  freezing-point  than 
when  boiling.  CrystalliBed  sulphate  of  soda  requires  about  ten  times 
its  weight  of  ice-cold  water  for  solution,  and  its  solubility  increases 
rapidly  with  the  temperature  up  to  91°  Fahr.,  from  which  point  up  to 
the  boiling-point  of  the  solution  the  solubility  decreases ;  and  the 
liquid,  saturated  at  91°,  deposits  a  portion  of  the  salt  by  increasing  the 
temperature.  Seleniato  of  soda  and  sulphate  of  iron  afford,  similar 
results,  which-  are  due  probably  to  the  fact  that  heat  diminishes 
adhesion  as  well  as  cohesion,  but  the  former  force  decreases  more 
rapidly  than  the  latter.  If  a  liquid  added  to  a  solution  have  a  stronger 
adbesion  to  the  solvent  than  to  the  substance  dissolved,  the  latter  will 
often  be  thrown  down  in  a  pulverulent  state :  thus,  the  addition  of 
water  to  camphorated  spirit  will  throw  down  camphor. 

Solution  is  &voured  by  increasing  the  extent  of  surface  in  the  solid, 
as  by  reducing  it  to  powder.  In  general,  the  first  portions  of  a  solid 
disappear  rapidly,  and  the  after  portions  more  and  more  slowly  until 
saturation  is  reached.  Solids  present  innumerable  degrees  of  solubility; 
for  while  some  bodies,  such  as  sulphate  of  baryta,  are  almost  insoluble, 
and  sulphate  of  lime  only  soluble  in  about  the  proportion  of  1  part  in 
700  parts  of  water,  1  part  of  sulphate  of  potash  will  dissolve  in  16 
parts  of  water,  and  2  parts  of  sulphate  of  magnesia  will  dissolve  in  only 
3  of  water.  It  is  remarkable  that  water  saturated  with  one  salt  will 
dissolve  others.  As  aqueous  solutions  of  solids  are  heavier  than  water, 
the  degree  of  solubility  of  a  solid  may  be  judged  of  by  suspending  it  in 
a  glass  of  water,  and  watching  the  current  as  it  descends.  "  If  it  fall 
rapidly,  and  in  dense  striec,  it  will  indicate  rapid  solubility,  and  the 
formation  of  a  dense  solution  ;  if  it  fall  in  a  very  narrow  stream,  it  will 
indicate  only  moderate  or  slight  solubility;  and  by  its  descending 
rapidlyVtr  in  a  slow  broad  stream,  or  by  resting  about  the  substance,  a 
judgment  may  be  made  of  the  comparative  density  of  the  solution 
produced.  If  no  descending  current  appear,  nor  any  fluid  round  the 
substance  of  a  refractive  power  or  colour  different  to  that  of  the  water, 
then  the  body  miut  be  very  nearly,  if  not  quite,  insoluble  at  common 
temperatures."  (Faraday,  '  Chemical  Manipulation.')  The  taste  will 
also  frequently  give  an  indication  of  the  solubility  of  a  solid. 

In  general,  a  solution  due  to  adhesion  partakes  of  the  properUea 
both  of  the  solvent  and  of  the  substance  dissolved.  VThere  chemical 
change  intervenes,  we  have  the  properties  of  a  third  body.  Hence,  in 
cases  of  simple  solution,  the  solvent  and  the  body  dissolved  have,  to 
some  extent,  properties  in  common,  as  when  mercury  dissolves  many 
of  the  metals,  and  oils  dissolve  fatty  bodies  and  each  other ;  but  in 
cases  of  chemical  action,  the  affinities  ore  strongest  between  bodies  the 
most  xlissinular,  as  when  the  acids  dissolve  metals  or  their  oxides,  oils 
the  alkalies,  and  so  on. 

The  uses  of  solution  are  numerous.  It  allows  a  body  to  be  purified 
by  filtration  or  crystallisation,  so  that  one  substance  may  be  separated 
from  another,  either  by  crystallisation  or  by  the  use  of  such  fluids  in 
succession  as  have  a  solvent  power  over  one  or  more  of  the  substances 
present.  By  means  of  solution,  substances  are  prepared  for  the  exertion 
of  chemical  action,  and  all  obsiiTictions  due  to  the  attraction  of  aggre- 
gation removed. 

SOLUTION.  (Mathematics.)  By  the  solution  of  a  problem  should 
be  meant  the  method  of  finding  that  which  the  problem  requires  to  be 
found :  but  the  word  is  frequently  understood  to  apply  to  the  answer 
itself. 
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A  solution  is  given  when  the  problem  is  reduced  to  any  other  which 
was  supposed  to  be  known  before  the  first  was  presented  :  the  difficulty 
peculiar  to  the  given  problem  is  removed  as  soon  as  it  is  shown  to  be 
capable  of  reference  to  another  and  a  lower  class.  Thus,  though 
properly  speaking  a  problem  is  not  solved  until  the  answer  is 
presented  in  numbers,  yet  it  is  not  thought  necessary  to  require  that 
such  a  result  should  be  attained,  provided  the  steps  which  are  left  are 
such  as  are  well  known  and  generally  admitted.  Thus  an  equation 
would  be  said  to  be  solved  were  it  found  that  the  roots  required  are 
those  of  a  given  quadratic;  for  no  one  is  supposed  ignoiunt  of  the 
mode  of  then  finding  them. 

A  geomttricai  solution,  in  the  strict  sense  of  the  word,  is  one  in 
which  only  the  means  of  construction  admitted  by  Euclid,  or  others 
deducible  from  them,  are  employed  in  its  attainment.  This  is  the  least 
finished  of  all  solutions ;  for  a  mode  of  laying  down  the  various  points 
which  terminate  lines  is  not,  generally  speaking,  a  mode  of  ascertaining 
the  ratio  of  these  lines.  Nor  must  it  be  forgotten  by  the  admirers  of 
geometry  that  the  most  important  part  of  a  result,  the  expression  of 
the  ratios  which  the  answer  bears  to  the  several  data,  is  only  indirectly 
obtained  in  their  favourite  method. 

When  more  means  than  those  allowed  by  Euclid  ore  employed,  the 
solution  used  to  be  called  medtaniaU.  It  is  rarely  that  such  a  solution 
is  now  employed. 

An  algebraical  solution  is  one  which  employs  sigebra  and  arithmetic, 
to  the  exclusion  of  geometrical  construction ;  that  is,  one  in  which  the 
answer  can  always  be  directly  calculated  from  a  formula.  Qeometrical 
construction  may  be  necessary  for  the  demonstration  of  the  solution  : 
it  is  enough  that  the  answer  contain  no  directions  to  find  lines  or 
surfaces  by  construction. 

An  approximate  solution  is  one  which  has  an  amount  of  inaccuracy 
necessmly.  Thus  if  3  +  V^  ven  the  root  of  on  equation,  this  solu- 
tion would  not  be  called  approximate ;  for  though  V  2  caimot  be 
perfectly  represented  in  a  finite  form,  the  symbol  itself  contains  the 
mode  of  attaining  the  result  with  any  degree  of  .exactness  short  of 
perfection.  But  if  V2  wdre  found  to  five  decimal  places,  the  answer 
1'41421  would  be  called  an  approximate  answer.  Most  solutions  must 
terminate  in  an  approximate  representation.    [TKANSOENsraTAL.] 

SOLVENT.    [SoLnnoN.] 

SOMNAMBULISM,  a  word  of  modem  origin,  which  means  strictly 
and  etymologically  ileep-vxUHng ;  it  is  however  generally  used  in  a 
more  extended  signification  to  comprehend  all  the  phenomena  that 
take  place  when  a  person,  apparently  insensible  to  external  objects, 
acts  as  if  he  were  in  a  state  of  consciousness  :  and  this  is  the  sense 
which  the  word  will  bear  in  this  article.  M.  Bertrond,  in  his  '  Traito 
du  Somnambulisme '  (8vo.,  Paris,  1828),  divides  those  phenomena  into 
four  classes  :  1,  essential  (or  proper)  somnambulism,  which  arises  from 
some  particular  disposition  of  the  nervous  system  in  persons  who  in 
other  respects  s^parently  enjoy  perfect  health ;  2,  symptomatic  (or 
morbid)  somnambulism,  which  occurs  in  the  course  of  certain  diseases; 
8,  artificial  somnambuhsm,  which  is  occasioned  by  the  proceedings 
employed  in  animal  magnetism  or  mesmerism ;  and,  4,  ecstatic  som- 
nambulism, which  is  the  result  of  a  sort  of  religious  enthusiasm.  The 
same  division  of  the  subject  will  be  here  adopted. 

I.  Sumtial  (or  Proper)  Somjiambuiitm  is  intimately  connected  with 
the  subject  of  sleep  and  dreaming ;  and  in  fact  "  a  somnambulator," 
as  Dr.  Pritchard  says,  "is  nothing  but  a  dreamer  who  is  able 
to  act  his  dreams."  [Dbeahs.]  [Sleep,  in  Nat.  Hist.  Div.  ] 
As  a  minute  inquiry  into  the  physiology  of  these  two  pheno- 
mena would  here  be  out  of  pl&ce,  the  reader  must  consult  the 
articles  already  given  on  these  subjects.  This  form  of  somnambulism 
was  noticed  by  the  ancients.  The  author  of  the  treatise  '  De  Morbo 
Sacro,'  that  commonly  goes  under  the  name  of  Hippocrates,  says  that 
"  he  knew  many  persons  who  used  to  groan  and  cry  out  in  their  sleep, 
and  others  that  seemed  to  pant  for  breath  (lytyo/iivovs),  and  others 
that  would  get  up  and  run  out  of  the  house  and  act  like  madmen  tiU 
they  were  awakened,  after  which  they  were  in  good  health  and  sound 
sense  as  before,  only  rather  pale  and  weak"  (tom.  L,  p.  588,  ed. 
Eiihn).  Aiistotie  tells  us  that  "there  are  individuals  who  rise  in  their 
sleep  and  walk  about,  seeing  as  clearly  as  those  that  are  awake."  Dio- 
genes Loertius  mentions  ('  De  Vitis  Ptiilosophorum,  Pyrrho,'  lib.  ix.) 
that  a  Stoic  philosopher  named  Theon  was  a  sleep-walker ;  and  Galen 
says  ('  De  Motu  Musculorum,'  lib.  ii,  cap.  4,  tom.  iv.,  p.  435,  436,  ed, 
Kiihn)  that  he  would  not  believe  that  people  ever  fell  asleep  while 
walking,  until  one  night  when  walking  along  the  road  he  did  so  him- 
self, and  went  on  for  about  a  furlong,  sleeping  and  dreaming,  till  at 
last  he  was  awakened  by  kicking  against  a  stone.  "  And  this,"  adds 
he,  "  is  the  reason  why  people  cannot  go  on  walking  for  any  distance 
in  their  sleep,  because  they  cannot  meet  with  a  perfectly  smooth 
road;"  in  which  he  is  not  quite  correct,  as  we  often  find  that  both  the 
bodily  and  intellectual  powers  of  the  individual  are  more  active  and 
developed  in  his  sleep  then  when  he  is  awake,  and  that  he  is  then  able 
to  perform  feats  which  at  any  other  time  he  would  shudder  at.  The 
instances  on  record  of  this  species  of  somnambulism  are  so  numerous 
that  it  is  difficolt  to  select  the  most  interesting ;  one  or  two  examples 
however  must  be  given,  and  for  a  more  copious  collection  the  reiider 
must  be  referred  to  some  of  the  works  whose  titles  will  be  given  in  the 
following  part  of  this  article. 

Several  interesting  oases  of  somnAmbuIism  will  be  found  in  Muiu- 
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tori's  work, '  Delia  Forza  della  Fantasia  Humana ;'  some  of  them  given 
on  the  authority  of  Qassendi.  One  of  Qassendi's  Bomnambulista  used 
to  rise  and  drees  himself  in  his  sleep,  go  down  to  the  cellar  and 
draw  wine  from  a  cask.  He  appeared  to  see  in  the  dark  as  well  as 
in  a  clear  day;  but  when  he  awoke,  either  in  the  street  or  cellar, 
he  was  obliged  to  grope  an  i  feel  his  way  back  to  his  bed.  He  always 
answered  his  wife  as  if  awake,  but  in  the  morning  recollected  nothing 
of  what  had  passed.  Another  sleep-walker,  a  countryman  of  Qassendi's, 
passed  on  stilts  over  a  swollen  torrent  in  the  night,  but  on  awaking 
was  afraid  to  return  before  daylight,  or  until  the  water  had  subsided. 
This  species  of  somnambulism  has  been  known  to  be  hereditary. 
Horstius,  in  his  work  '  De  Natura,  Di&erentiis,  et  Causis  eorum  qui 
Dormientes  ambulant '  (seu'de  Nootambulonibua'),  Lips.,  1595,  8to., 
p.  172,  mentions  three  brothers  who  were  affected  with  it  at  the  same 
time ;  and  Willis  knew  a  whole  family  that  was  subject  to  it.  I'erhaps 
however  these  may  rather  be  considered  as  instances  of  the  influence 
of  example  and  of  the  power  of  unconscious  imitation,  which  some- 
times renders  it  in  a  manner  contagious.  Of  this  there  is  a  curious 
example  given  by  Dr.  Peizi,  in  a  work  entitled '  Bcretti  di  Medico 
Argomento,'  Venez.,  1813.  It  appears  that  his  nephew,  after  reading 
more  than  once  the  history  of  a  somnambulist,  was  himself  seized  with 
this  affection ;  and  also  that  the  servant  who  attended  him  soon  began 
to  exhibit  in  his  own  person  similar  phenomena. 

Essential  somnambulism  occurs  in  many  persons  (says  Dr.  Good) 
without  any  manifest  predisponent  cause,  though  it  is  generally  con- 
nected with  a  considerable  irritability  of  habit.  A  morbid  state  of 
the  stomach,  where  this  habit  exists,  has  very  frequently  proved  an 
exciting  cause ;  and  where  this  is  the  case,  the  attention  of  the  phy- 
sician must  of  course  be  directed  to  that  quarter.  With  respect  to 
the  mode  of  treatment  during  the  fit,  though  it  has  sometimes  been 
recommended  to  employ  violent  means,  so  as  to  awaken  the  somnam- 
bulist suddenly,  and  to  repeat  this  as  often  as  the  attacks  come  on, 
until  they  have  completely  ceased ;  yet  M.  Bertrand  warns  us  against 
such  a  proceeding.  "  If,  in  the  first  place,"  says  he,  "  sensibility  is 
completely  extinguished,  all  the  means  employed  to  awaken  the 
(unmambulist  will  be  useless ;  secondly,  even  when  it  is  possible  to 
awaken  him  at  once,  the  sudden  shock  produces  serious  conse- 
quences ;  thirdly,  as  somnambulism  is  often  the  result  of  a  salutary 
crisis  of  nature,  one  is  never  sure  of  not  hurting  the  patient  by  sup- 
pressing it ;  and,  lastly,  the  sudden  suspension  of  habit  of  the  animal 
economy  that  has  been  contracted  for  a  long  time,  must  in  all  cases  be 
attended  with  danger."  He  adds  that  the  best  pl.'m  is  to  try  to  put 
oneself  In  connection  with  the  patient  by  entering  into  the  course  of 
ideas  by  which  he  is  occupied  during  the  attack,  and  so  endeavour  to 
direct  him  in  a  reasonable  manner. 

II.  Symptomatic  or  Morbid  Somnambulitm  generally  presents  itself  as 
one  of  the  phenomena  attending  catalepsy.  [Catalepsy.]  This  form 
of  somnambulism  does  not  appear  to  have  been  noticed  by  the  ancients ; 
but  there  are  many  eases  on  record  long  before  the  time  of  Mesmer, 
as  well  88  others  described  by  persons  unacquainted  with  and  even 
opposed  to  the  doctrines  of  animal  magnetism.  The  following  case  is 
given  by  Colquhoun,  on  the  authori^  of  Sauvages,  and  may  be  found 
in  greater  detail  in  the  '  Hirt.  de  I'Acad^mie  des  Sciences,'  for  the  year 
1742  :  A  girl  of  twenty  years  of  age  was  frequently  attacked  with  cata- 
leptic insensibility,  during  which  she  continued  stiff  and  deprived  of  all 
sensation,  whether  standing,  sitting,  or  lying,  in  the  position  she  might 
happen  to  be  in  at  the  time  of  the  commencement  of  the  attack,  and 
she  could  be  pushed  forward,  like  a  statue,  when  it  was  wished  to 
remove  her  from  one  place  to  another.  She  was  afterwards  placed  in  a 
different  state,  which  commenced  with  the  same  deprivation  of  sense 
and  motion,  but  at  intervals  presented  a  wonderful  kind  of  animation. 
She  first  became  motionless,  then,  some  minutes  afterwards,  she  began 
to  yawn,  sat  up  on  the  bed,  and  enacted  the  following  scene,  which  she 
repeated  at  least  fifty  times.  She  spoke  with  an  unusual  liveliness  and 
cheerfulness,  and  what  she  said  was  a  continuation  of  what  she  had 
spoken  in  her  previous  fit,  or  a  repetition  of  some  part  of  the  catechism 
which  she  had  heard  read  on  the  preceding  evening.  She  frequently 
addressed  her  acquaintances  in  the  house,  and  sometimes  made  ironical 
applications  of  moral  apophthegms  to  them  under  feigned  names  with 
open  eyes,  and  such  gestures  as  she  had  made  the  previous  evening. 
That  during  all  this  time  she  was  not  awake,  was  clear  from  various 
experiments.  A  hand  was  suddenly  passed  near  her  eyes,  without  pro- 
ducing any  motion  in  the  eyelids  or  any  attempt  to  evade  it,  or  inter- 
rupting her  speech  in  the  slightest  degree.  The  same  thing  happened 
when  a  finger  was  suddenly  approach^  close  to  her  eye,  or  a  burning 
taper  held  so  near  to  it  that  the  hair  of  her  eyehds  was  actually  burnt, 
and  also  when  any  one  called  loudly  into  her  ear  from  behind,  or  threw 
a  stone  against  the  bedstead.  Nay  more,  brandy  and  spirit  of  harts- 
horn were  poured  into  her  eyes  and  mouth ;  Spanish  snuff  was  blown 
into  her  nostrils;  she  was  pricked  with  needles;  her  fingers  were 
wrenched ;  the  ball  of  her  eye  was  touched  with  a  feather,  and  even 
with  the  finger  :  yet  she  manifested  not  the  slightest  sensation.  During 
these  trances  she  always  began  to  speak  with  more  than  usual  animation ; 
soon  afterwards,  she  sang  and  laughed  aloud,  attempted  to  get  out  of 
bed,  and  at  length  sprang  out  of  it  and  uttered  a  cry  of  joy.  She  kept 
the  middle  way  between  the  bedsteads  as  well  as  when  awake,  and 
never  came  against  them— turned  dexterously  round  between  the  bed- 
steads and  a  concealed  closet,  without  ever  groping  her  way  or  touching 


the  objects ;  and  after  turning  round,  she  retnmed  to  her  bed,  corered 
herself  with  the  clothes,  and  again  became  stiff  as  at  the  commence- 
ment. She  then  aWoke.  as  if  from  a  profound  sleep,  and  when  she  per- 
ceived, from  the  appearance  of  the  bystanders,  that  she  must  have  had 
her  fits  again,  she  wept  the  whole  day  for  shame,  and  never  knew 
what  had  happened  to  her  during  the  paroxysm.  The  above  is  by  no 
means  one  of  the  most  wonderful  cases  of  somnambulism  oocnring  during 
a  cataleptic  seizure,  but  it  has  been  chosen  on  account  of  Uie  respect- 
able authority  on  which  it  rests.  Those  recorded  by  M.  Petetin 
('  M^molre  but  la  D^couverte  des  Ph^uomtees  que  prdsentent  la  Ciu- 
lepsie  et  le  SumnambuUsme,  &c.,'  1787 ;  and  '  Electricity  Animale 
prouv^e  par  la  D^couverte  des  Ph^nom^nes  Physiques  et  Moraux  de  la 
Catalepsie  Hyst^rique,  et  de  ses  Van.it69,'  Lyon,  1808),  are  not  jperhaia 
less  authentic. 

III.  Artificial  SomnambiUitm,  or  that  which  is  occasioned  by  the 
proceedings  employed  in  unimal  magnetism,  is  not  ezpreesly  mentioned 
by  any  ancient  writer,  but  some  lines  by  Solon,  and  a  verse  in  Plantus 
('  Amphitr.'  i  1-157)  have  been  Supposed  by  some  persons  to  allude  to 
these  manipulations.  As  an  account  of  the  doctrines  of  Mesmer  has 
been  already  given  under  the  head  of  AimtAi,  MAOirETlSM,  it  will  be 
sufficient  here  to  refer  to  the  '  Kapport  sur  les  Experiences  Magn^ques 
faites  par  la  Commission  de  rAcad^mie  Royale  de  Medecine  [^  Pari.<]. 
lu  dans  les  S&mces  des  21  et  28  Juin,  1831,  par  M.  Husson,  Bapportenr.' 

With  respect  to  the  phenomenon  of  somnambulism  as  caused  by 
mesmerism,  or  animal  magnetism,  so  much  credulity  and  decepti  .<n 
have  been  brought  to  light  in  connection  with  it,  that  a  person  cannot 
be  too  cautious  in  sifting  and  weighing  the  evidence  on  which  each  of 
the  alleged  instances  rests ;  but  i^ter  all  this  mass  of  knavery  and  folly 
has  been  cleared  away,  there  still  remain  a  lai^  number  of  instance* 
which  cannot  be  disbelieved  without  discarding  all  historical  evidence 
whatever.  For  more  information  on  the  subject  the  reader  may  con- 
sult, besides  the  works  already  quoted,  the  Bev.  Chauncey  Towns- 
hend's  work  on  Somnambulism,  and  'Le  Magn^tisme  4niTn»l  en 
France,'  by  M.  Bertrand,  Paris,  1826. 

ly.  Jictiatic  Somnambulitm M.  Bertrand  has  given  this  name  to 

that  species  which  is  produced  by  a  high  exaltation  of  the  mind,  and 
becomes  in  a  manner  infectious  by  sympathy  in  such  persons  as  m 
predisposed  and  subjected  to  the  same  influences.  Of  this  last  spedef^ 
the  devotional  eatatii  is  perhaps  the  most  frequent  and  the  most 
remarkable ;  and  this  has  been  supposed  to  have  had  some  oonnectioa 
with  the  oracles  and  other  miraculous  stories  of  antiquity.  M.  Ber- 
trand has,  however,  for  obvious  reasons,  selected  his  instances  from 
four  different  periods  in  modem  times,  in  each  of  which  the  devotional 
ecstasit  appeared  as  a  sort  of  epidemic,  and  presented  symptoms  veiy 
similar  to  those  occurring  in  the  three  former  species  of  sonmambulisn. 
The  first  series  of  phenomena  are  those  which  took  place  in  oonnectioB 
with  the  burning  of  the  unhappy  Qrandler  on  the  charge  of  sorcery  at 
Loudun,  in  1684,  an  account  of  which  may  be  found  in  Bayle  ('  Diet 
Hist.,'  art. '  Qrandier ') ;  or  in  the '  Hist,  des  Diables  de  Loudon,'  by  a 
Protestant  Refugee,  Amst.,  1698,  12mo.  The  next  instances  are  ex- 
tracted from  a  scarce  work  entitled '  ThdAtre  Sacr^  des  C^vennes,'  and 
relate  to  the  French  Protestants  who,  after  the  revocation  of  the 
Edict  of  Nantes,  1685,  went  by  the  name  of  the  '  Trembleurs  des 
C^vennes,'  and  were  persecuted  and  massacred  in  those  mountains. 
The  third  epidemic  broke  out  at  the  tomb  of  the  Abb^  Piris  in  the 
church  of  St.  Mddard,  at  Paris,  about  the  year  1731.  These  are 
perhaps  the  most  celebrated  of  idl,  as  having  been  selected  by  Hume 
to  oppose  to  the  miracles  of  the  New  Testament.  The  original  and 
authentic  account  of  them  was  published  by  M.  Carr^  de  Montgeron, 
in  a  work  entitled  '  La  V^rit^  des  Miracles  opdnSs  k  I'lnterceasion  de 
M.  de  Pftris,'  kc.,  2  vols.  4to,  1737, 1741 ;  and  they  are  examined  at 
some  length  alid  with  great  acuteness  by  Bishop  Douglas,  in  his 
'  Criterion,  or  Miracles  Examined,'  &c.  To  these  he  has  added, 
fourthly,  some  considerations  on  the  state  produced  in  the  potaenta 
who,  towards  the  end  of  the  last  century,  were  exorcised  by  a  priest 
named  Gaaaner,  at  Batisbon.  An  aooount  of  these  (supposed)  mii»- 
culoos  cures  is  to  be  fovmd  in  a  work  entitled  '  L'Antimagn^tiBme ; 
ou  Origins,  Progris,  Decadence,  Benouvellement,  et  B^futation  da 
Magn^tisme  Animal,'  8vo,  Londres,  1784  (pronounced  by  M.  Deleuze 
to  be  the  ablest  publication  that  had  appeared  against  the  doctrines  of 
Mesmer),  which  account  is  extracted  from  a  work  called  '  Proote-verbal 
des  Operations  Merveilleuses,  &c.,  par  le  Ministdre  du  Sieur  Oasaner,' 
&c.,  SohiUingsfurst,  1775.  Ab,  however,  neither  these  nor  many  other 
examples  that  might  be  brought  forward  can  be  fully  noticed  here,  it 
has  been  thought  sui£cient  to  point  out  the  places  where  further 
information  may  be  procured. 

SONQ,  a  term  applied  to  either  a  short  poetical  or  musiciJ  com- 
position, but  most  frequently  to  the  two  in  uuiua 

As  denoting  a  musical  composition,  tong  is  used,  in  this  coimtnr,  to 
signify  a  vocal  melody  of  any  length  or  character,  and  not  confined  to 
a  single  movement;  and  whUe  the  solenm  air  of  the  oratorio,  and  the 
aria  grande  of  the  Italian  opera,  are  frequently,  though  erroneously, 
called  by  this  name,  the  same  is  bestowed  on  the  short,  simple  ballad. 
But  this  is  only  one  instance  among  many  of  the  defective  state  of  our 
musical  nomenclature.  Of  the  varieties  of  long,  see  Air,  Ballad,  Cas- 
ZONET.  The  term  however  is  not  absolutely  unlimited  in  its  meaning, 
for,  as  regards  performance,  it  is  most  frequently  confined  to  an  air  for  a 
single  voice.    Thus  our  composers,  especially  in  the  16th  and  17th 
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centuries,  often  entitle  their  produotiona  for  more  than  one  voice, 
'  Part-Songs.' 

Concerniug  the  longt,  or  Sk^Au,  of  the  Greeks,  see  HcsiO  and 
ScoLlA.  Of  the  Roman  song,  musicallf  considered,  we  are  without 
information.  Having  more  of  war  than  of  taste  in  their  nature,  the 
Komans  bestowed  little  thought  on  music,  and  coldly  adopted  what 
was  transmitted  by  the  elegant  Qreeks.  But  music,  as  the  term  is  at 
present  understood,  is  an  art  exclusirely  modem,  and  ctmnot  be  said  to 
have  existed  till  the  invention,  or  at  least  the  use,  of  counterpoint. 

The  poetiy  of  modem  songs  has,  in  too  many  instances,  degene- 
rated, while  the  music  of  them  baa  gradually  improved.  England, 
from  about  the  middle  of  the  last  century  till  a  recent  period, 
furnished  its  full  share  of  beautiful  songs  (this  term  ezcludiug  all  airs 
of  greater  pretensions)  to  the  general  stock.  Fiance  rather  later 
began  to  contribute  its  fair  quota ;  and  however  opinions  may  diSiar 
respecting  the  merit  of  earlier  French  melodies,  it  seems  to  be  agreed 
that  they  may  now  compete  with  those  of  most  other  nations.  But  it 
must  be  admitted  that  Qermany  of  late  yeois  has  taken  the  lead  in 
this,  as  in  higher  departments  of  music 

SONG  OP  SOLOMON.    [Solomoh's  Sono.] 

SONNET  (Italian,  Sonata,  Stmetto),  a  form  of  poetry  much  used  by 
the  Italian  and  Spanish  poets,  but  which  our  deficiency  of  rhymes  hsa 
caused  to  be  more  sparingly  used  in  English.  The  sonnet  properly 
consists  of  two  quatrains,  having  properly  but  two  rhymes,  and  two 
tercets.  The  last  six  Unes  are  susceptible  of  various  arrangements ; 
the  one  usually  adopted  in  English  is  the  rhyming  of  the  fifth  and 
sixth  lines  together,  frequently  after  a  full  pause,  so  that  the  sonnet 
ends  with  a  point,  as  in  an  epigram.  The  Italians  consider  the  best 
form  to  be  the  rhymiug  together  of  the  three  imeven  and  the  three 
even  lines ;  but  our  poverty  of  rhymes  causes  us  to  prefer  the  rhyming 
of  the  first  and  fourth,  second  and  fifth,  third  and  sixth  lines  :  Uiis, 
with  a  break  in  the  sense  at  the  third  Une,  constitutes  also  a  legitimate 
sonnet,  of  which  the  Italians  have  given  abundant  precedents.  We 
need  scarcely  observe  that  all  our  poets  have  held  themselves  at 
liberty  to  vary  the  form  of  the  sonnet.  The  h'ghtaees  and  richness  of 
the  Italian  and  Spanish  languages  enable  their  poets  to  express  every 
feeling  or  fancy  in  the  sonnet ;  but  with  us  it  has  been  found  most 
suitable  to  grave,  dignified,  and  contemplative  subjects.  Hence  Miltuu 
And  Wordsworth  are  our  best  writers  of  sonnets. 

SONOROUS  VIBRATIONS.  When  the  air  or  other  elastic  body 
is  made  to  vibrate  with  sufficient  rapidity,  sound  is  produced. 
[AconsTlcs.]  During  such  vibrations  the  molecular  arrangement  of 
the  Boimding  body  becomes  changed,  but  retl^1l8  to  its  normal  state 
'when  the  vibrations  cease.  [KooAi.  Points  and  Links.]  It  is  stated 
(Bird's  '  Natural  Philosophy,')  tiiat  if  a  copper  ribbon  9  feet  long, 
•i  inch  wide,  and  '04  inch  thick,  be  vibrated,  its  length  will  appear  to 
lie  unaffected.  If  it  be  stretched  by  a  weight  of  90  lbs.,  its  length  will 
remain  the  same  until  it  be  made  to  vibrate,  when  it  will  become  per- 
manently lengthened  by  6  or  7  inches.  When  sonorous  vibrations  are 
isochronous  a  perfect  toimd  or  tone  is  produced;  when  irregular,  a 
Tittke.  For  the  phenomena  produced  by  the  reflection  of  sonnrous 
vibrations,  see  Echo,  and  for  their  interference  Aoousthis  and  Ibtkb- 
PEBENOS.  For  the  production  of  sonorous  vibrstions  during  the 
cooling  of  heated  met^,  see  Thibmofbohb.  For  the  different  kinds 
of  vibrations,  see  Vibrations. 

SOOT  is  that  portion  of  fuel  which  escapes  combustion,  and  which 
is  mechanically  carried  up  and  deposited  partly  in  chimneys  and  partly 
in  the  air.  The  soot  of  coal  and  that  of  wood  differ  very  materially 
in  their  composition ;  the  former  indeed  does  not  appear  to  have  been 
accurately  analysed,  but  it  evidently  contains  more  carbonaceous 
matter  than  the  latter.  Coal-soot  contains  substances  usually  derived 
from  the  distillation  of  organic  matters;  it  contains  sulphate  and 
hydrochlorate  of  ammonia,  and  has  been  used  for  the  preparation  of 
the  carbonate ;  to  hot  water  it  yields  a  brown  bitter  extract,  and  it 
contains  an  empyreumatic  oil ;  but  its  great  basis  is  charcoal  in  a  state 
in  which  it  is  capable  of  absorbing  Mnmnnm  from  the  air,  and  hence 
with  the  ammoniacal  salts  it  already  contains,  it  ia  used  as  a  manure, 
and  acts  very  powerfully  as  such.  Sir  B.  Davy  observes  that  for  this 
purpose  it  is  well  fitted  to  be  used  in  the  dry  stats,  thrown  into  the 
ground  with  the  seed,  and  requires  no  preparation. 

The  soot  of  wood  has  been  minutely  analysed  by  Braconnot,  who 
found  it  tp  consist  of  the  following  substances : — 

tnmin  (abont)  ..,...,,  30-20 

Azotised  matter 20*00 

Carbonate  of  lime  and  traces  of  carbonate  of  mapiciia  14-66 

■Water       .........  lJ-50 

Acetate  of  lime 5r6$ 

Sulphate  of  lime        •...,..  0-00 

Acetate  of  potash ,  4-10 

Carbooaceoiu  matter  inaolsblc  in  alkalies   •        .        .  t'85 

Ferruginous  phospbate  of  lime       .,,,,.  1-SO 

Biliea ,        .        .        .  O'OS 

Acetate  of  magnesia 0-SS 

Aabolin  (a  peculiar  acrid  and  bitter  principle)  about  .  0-90 

Chloride  of  potassium 0-36 

Acetate  ot  ammonia  (about)  ••••••  0*30 

Acetate  of  iron  (a  trace)  , . 

ISO- 


{  Braconnot  considers  the  ulmin  as  absolutely  similar  to  tjiat  obtained 
artificially  by  the  action  of  potash  on  wood-sawdust,  but  Berzelius  is 
of  a  different  opinion,  and  calls  it  gein.  The  azotised  matter  is  veiy 
soluble  in  water,  and  insoluble  in  alcohol.  As  coal-soot  contains  much 
more  carbonaceous  matter  than  wood-aoot,  and  also  a  much  larger 
portion  of  ammoniacal  salts,  it  must  be  more  active  as  a  manure,  and 
altogether  a  more  useful  substance. 

SOPHISM  (Zd^ur/xa),  that  superficial  and  incomplete  aspect  of  the 
truth,  which  at  first  sight  looks  like  the  truth,  but  on  closer  inspection 
turns  out  to  contain  some  radical  error.  This  seems  the  most  correct 
definition,  but  the  word  is  used  loosely.  Its  general  signification, 
namely,  a  ipecioiu  proposition,  is  perhaps  nearest  the  mark.  Truly 
considered,  most  errors  are  sophisms,  for  errors  are  not  direct  contra- 
dictions to  the  truth,  but  smiply  the  leavii^  out  of  view  one  or  more 
elements  of  the  truth,  and  seizing  on  only  one  or  two  elements,  and 
declaring  them  to  constitute  the  whole  truth.  Victor  Cousin  defines 
error  to  be  "  One  element  of  thought  considered  exclusively,  and  taken 
for  the  complete  thought  itself.  Error  is  nothing  but  an  incomplete 
truth  converted  into  an  absolute  truth"  ('  Introduction  &  I'Hist.  de 
PhiloBophie,'  Lefon  7.)  Spinoza  had  before  defined  "  falsity  to  be  thr.t 
privation  of  truth  which  arises  from  inadequate  ideas."  ('  Ethi' ../ 
b.  ii.  prop.  XXXV.)  It  is  sometimes  a  mere  confusion  of  terms ;  as  in 
the  common  example  of — Bread  being  better  than  paradise;  becauso 
bread  is  better  than  nothing,  and  nothing  ia  better  than  paradise— the 
confusion  arises  from  both  the  "  nothings  "  being  used  substantively ; 
whereas  it  is  only  the  first  that  is  so  used ;  the  second  is  affirmative, 
and  ex{H-esses  "  there  is  nothing  better."  A  sophism  is  therefore  the 
use  of  some  word  in  a  difierent  sense  in  the  premises  from  that  in  i.iia 
conclusion,  and  this  is  the  definition  of  Aristotle  ('  Top.'  viii.  11) : 
"  When  the  discourse  is  a  demonstration  of  anything,  if  it  contain 
anything  which  has  no  relation  to  the  conclusion,  there  will  be  no 
syllogism ;  and  if  there  appear  to  be  one,  it  will  be  a  sophism,  and 
not  a  demonstration." 

This  confusion  of  words  and  ideas  is  the  origin  of  all  errors  and 
sophisms ;  but  though  errors  and  sophisms  ore  logically  constituted 
alike,  yet  the  instinctive  sense  of  mankind  marks  the  difference  between 
incomplete  views  (error)  and  wilful  perversion  (sophism).  In  all  cases 
a  sophism  is  supposed  to  be  recognised  as  such  by  the  sophist.  It  is 
an  endeavour  on  his  gart  to  "  moke  the  worse  appear  the  better  reason." 
It  is  the  consciousness  then  of  the  sophist  which  distinguishes  and 
renders  odious  his  error  as  a  sophism, 

SOPHISTS.  The  race  of  sophists  took  its  rise  in  Athens  about  the 
Sth  century  b.o.,  when  Athens  was  a  real  democracy.  From  the  neces- 
sity every  man  was  under  of  pleading  his  own  cause  before  the  dicastery, 
in  any  case  before  the  court,  whether  as  plainlalff  or  defendant;  from 
the  political  power  which  every  citizen  possessed,  but  could  scarcely 
exercise  with  effect  unless  able  to  speak  fluently;  the  teaching  of 
rhetoric,  or  the  arts  of  speaking  and  arguing  logic^y,  cams  to  be  in 
much  request.  The  age  was  also  a  sceptical,  and  therefore  an  investi- 
gating one.  But  though  flourishing  in  Athens,  sophists  and  their 
teachings  were  not  confined  to  that  city,  but  extended  throughout  all 
the  Gre(nan  republics,  and  occasionally  to  the  courts  of  tyrants.  They 
went  about  Greece  discoursing  and  debating,  and  sometimes  educating 
the  youth  of  rich  and  noble  fcmiilies.  They  were  not,  strictly  speaking, 
a  sect ;  indeed  the  name  signifying  only  a  wise  or  clever  man,  hod 
been  so  applied  from  the  earUeet  times  of  Greece ;  and  Socrates,  Plato, 
and  other  eminent  men  were  all  called  sophists. 

The  disrepute  attached  to  the  name  arose  apparently  from  the  facts 
of  the  teachers  accepting  payment  for  their  lessons,  and  thence  pro- 
ceeding to  inculcate  not  the  desire  for  truth,  but  the  means  of  securing 
victory  by  the  use  of  specious  fallacies.  It  was  against  both  these 
modes  that  Socrates  and  Plato  contended ;  and  to  which  Plato  and 
Aristotle  affixed  the  name  as  a  term  of  reproach  for  a  "  man  who  em- 
ploys what  he  knows  to  be  fallacy,  for  the  purpose  of  deceit  and  of 
getting  money."  (Qrote,  '  Hist,  of  Greece,'  voL  v.)  But  the  sophists 
were  able  to  bear  up  against  the  judgment  of  philosophers,  by  having 
bepome  the  trainers  of  men  for  the  active  pursuits  of  life,  ajid  their 
influence  over  the  multitude  greatly  exceeded  that  of  the  sages.  Nor 
did  they  all,  though  they  taught  for  money,  teach  fallacies  merely; 
and  the  representauops  of  them  in  the  Dialogues  of  Plato  must  not . 
be  accepted  as  the  truth  with  reference  to  them  as  a  class.  Socrates, 
Protagoras,  and  Prodicus,  were  stigmatiaed  as  sophists, but  what  we  know 
of  their  doctrines  and  practice  does  not  deserve  any  heavy  condemna- 
tion. No  doubt,  in  numerous  instances  the  sophists,  like  the  school- 
men of  the  middle  ages,  indulged  in  subtleties  and  evasions  which 
were  dishonest,  trivial,  and  often  ridiculous ;  but,  as  Ritter  says  ('  Qe- 
schichte  der  Philoeophie,'  vol.  i.),  "  It  is  not  to  be  denied  that  the 
sophists  contributed  greatly  to  the  perfection  of  prose ;  which  was  in 
itoelf  a  great  benefit  to  philosophy.  The  sophists  i^pUed  themselves 
to  manifold  arts  of  persuasion,  and  in  their  attacks  upon  each  other, 
labouring  to  expose  and  lay  bare  the  delusions  of  appearance,  they 
acquired  great  nicety  in  the  distinction  of  terms.  Prodicus  was  cele- 
brated for  his  skill  in  the  distinctions  of  synonymous  terms  (as  we 
learn  from  Plato,  who  ridicules  him  for  it,  (Protag.  p.  337 ;  Crat. 
p.  384) ;  but  Prodicus  is  honourably  mentioned  by  him  (Euthyd. 
p.  277-30fi).  The  sophisms  turning  upon  the  words  '  to  learn,'  '  to 
vmdeistand,'  '  to  know,"  also  coniaibuted  to  the  more  accurate  know- 
ledge of  these  terms.    The  veiy  circumstance  that  their  rules  wprs 
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intended  to  ba  subservient  to  the  ends  of  fallacy  and  deception,  must 
have  afibrded  a  stronger  motive  to  the  philosophical  spirit  to  bring 
under  investigation  the  true  forms  of  thought  and  expression  which 
had  been  neglected  by  earlier  philosophers ;  and  accordingly  we  find 
that  they  occupied  much  of  the  attention  of  Socrates." 

SOPRA'NO  (Italian),  the  highest  of  the  various  voices;  the  treble. 
[Voice.] 

SORBIN.    [SOGAB.] 

SORBINIOAOID.    [Sogar.] 

SORITES.  A  name  given  to  any  chain  of  premises,  more  than  two 
in  number,  from  which  a  conclusion  follows.  As,  Every  a  is  B,  Every 
B  is  0,  Every  a  is  D,  Every  D  is  E,  therefore.  Every  a  is  E. 

SOTHIAC  PERIOD.  The  ancient  Egyptian  year  consisted  only  of 
365  days,  without  any  intercalation ;  and  was  divided  into  12  months  of 
30  days  each,  with  6  days  added  at  the  end.  (Herodotus,  ii.  4.)  The 
Scholiast  on  Aratus  informs  ub  that  the  priests  were  sworn  never  to 
alter  this  year.  This  oath,  we  may  conjecture,  only  came  into  use 
after  the  discovery  of  the  fact  that  a  fraction  of  a  day  more  would 
have  been  desirable  to  make  the  civil  year  conform  to  the  sun.  As 
long  as  365  days  was  imagined  to  be  the  real  year,  it  is  not  likely  that 
they  would  have  sworn  each  other  to  its  observance ;  but  if,  after  the 
discovery,  a  party  were  formed  in  favour  of  an  alteration,  the  attempt 
to  preserve  ibe  ancient  institution  by  an  oath  would  be  almost  a  matter 
of  course.  Again,  Diodorus  Siculus  (i.  50)  says,  that  the  Egyptinna 
add  five  days  and  a  quarter  to  the  360  days  of  tiieir  12  months,  which 
statement  is  generally  supposed  to  refer  to  a  more  correct  year  which 
had  been  introduced  among  the  people,  while  their  religious  festivals 
continued  to  be  regulated  by  the  old  year.  The  propriety  of  this 
mode  of  reconciling  the  two  authorities  is  made  probable  by  the  known 
existence  of  the  Sothiac  period  (also  called  the  Canicular  year.  Annus 
Magnus,  &c.,  derived  from  Sothis,  a  name  for  the  star  Sinus)  mentioned 
by  Oeminus,  and  also  by  Censorinus  and  Clement  of  Alexandria,  from 
older  writers.  It  is  obvious  that  1461  years  of  365  days  each  make 
1460  years  of  365^  days.  This  period  of  1460  Julian  years  was  the 
Sothiac  period.  It  is  impossible  to  fix  any  time  at  which  this  period 
was  introduced,  or  to  say  whether,  during  its  existence  as  a  recognised 
cycle,  it  had  time  to  run  its  whole  career.  Had  it  been  a  real  cycle  of 
experiment,  it  must  be  imagined  that  it  would  have  been  found  to  be 
wrong,  to  the  extent  of  requiring  an  addition  to  the  oath ;  for  1508 
real  years  is  nearer  to  the  time  in  which  a  year  of  365  days  would  have 
its  beginning  in  all  the  seasons  successively,  and  recommence  the  same 
process.  It  is  obvious  that  such  a  cycle  of  recurrence  was  the  intention 
of  the  Egyptians  in  constructing  the  period  :  their  vague  year  (annul 
vagtu)  of  365  days,  combined  with  their  nearly  fixed  festivals,  depend- 
ing upon  the  heliacal  rising  of  SiRius,  made  the  latter  take  all  conse- 
cutive positions  among  the  months  of  the  former,  gradually  falling 
later  and  later.  Again,  if  the  Egyptians  had  really  gone  through  a 
whole  recorded  period,  it  is  difficult  to  see  how  they  would  avoid  dis- 
covering that  another  cycle  would  be  necessary.  In  the  time  of  their 
ancient  kings  the  heliacal  rising  of  Sirius  would  have  advanced,  by  the 
precession  of  the  equinoxes,  about  12  days  in  one  Sothiac  period.  The 
beginning  of  the  vague  year  (365  days)  was  continually  &lling  back ; 
so  that  if  at  the  beginning  of  a  period  they  had  noted  the  day  of 
their  vague  year  on  which  the  equinox  fell,  and  also  the  day  on  which 
Sirius  rose  heliacally,  they  would  have  found  that  the  latter  came  again 
to  the  same  day  of  the  vogue  year  fifty  years,  or  thereabouts,  boEore 
the  equinox  was  similarly  restored.  This,  so  far  as  the  star  was  con- 
cerned, would  fit  their  erroneous  period  very  well  (1460  instead  of 
1608) ;  but  it  is  difficult  to  suppose  that  astronomers  who  had  dis- 
covered tiie  odd  quarter  of  a  day  which  the  year  requires,  should  not 
know  within  12  days  the  time  of  the  equinox. 

The  epoch  of  commencement  of  a  Sothiac  period  is  not  well  deter- 
mined and  only  from  comparatively  modem  writers.  Censorinus  asserts 
that  the  consulship  of  Ulpius  and  Pontianus  (usually  placed  in  a.d. 
238)  was  in  the  hundredth  year  of  such  a  period :  accordingly  B.o. 
1322  was  the  beginning  of  the  preceding  period.  Clement  of  Alex- 
andria says  that  the  period  began  345  years  after  the  migration  of  the 
Israelites  from  Egypt,  a  date  which  differs  considerably  from  that  of 
Censorinus,  according  to  modem  chronologers.  The  point  is  however 
of  no  importance,  as  no  dates  were  ever  recorded  in  written  history  by 
means  of  Sothiac  periods. 

SOTIES,  or  SOTTISES.    [Drama  ;  PrwcK  Drama.'] 

SOULS,  CURE  OF.    [Bekefick.] 

SOUND.  For  the  various  divisions  of  this  great  subject  we  must 
refer  to  Acoustics;  Echo;  Vibbatioxs;  Pipe;  Scale;  4c.;  also 
to  the  various  articles  on  Mcsio  and  its  theory. 

SOUND  BOARDS.  The  boards  which  are  used  in  floors  for  the 
purpose  of  intercepting  the  passage  of  sound  between  the  various 
storeys  of  a  building,  are  known  amongst  builders  by  the  name  of 
tound  board*.  They  are  introduced  in  double  floors  (that  is  to  say,  in 
floors  formed  by  separate  systems  of  joists  for  the  ceiling  and  for  the 
floor-boards),  immediately  upon  the  ceiling- joists ;  and  in  single  floors 
Uiey  are  executed  in  short'  lengths,  laid  upon  fillets,  nailed  on  the 
mdes  of  the  deep  joists.  Upon  these  boards  light  plaster,  or  lime 
rubbish,  or  other  material  able  to  arrest  the  passage  of  the  sound 
waves  is  laid,  and  the  ordinary  floor-boards  are  then  nailed  over  the 
whole.  Sometimes  a  mixture  of  lime  and  hair  is  laid  upon  sound 
boards  as  the  "  purging  material,"  to  tue  the  workman's  phrase;  and 


in  others,  plaster  of  Paris  is  used ;  but  it  must  be  observed,  in  either 
of  these  cases,  that  if  the  ceiling  and  the  floor-boards  should  be  clueed 
before  the  moisture  of  the  lime  and  hair,  or  of  the  plaster,  has  been 
allowed  to  evaporate,  there  is  great  danger  of  its  producing  dry-rot  ia 
the  timbers.  Indeed,  whenever  sound  boarding  is  used,  great  pre- 
cautions must  be  taken  to  ensure  that  no  sappy  wood  ba  employed ; 
and  that  the  work  should  be  allowed  sufficient  time  to  dry.  In  framed 
floors  it  is  more  easy  to  secure  these  conditions  than  it  ia  in  single 
ones,  or  at  any  rate  it  is  more  easy  to  establish  a  ventilation  above  ud 
below  sound  boarding  laid  upon  the  top  of  the  lower  range  of  joists,  as 
in  the  former  case,  than  it  is  in  the  case  of  the  boards  laid  between  the 
single  joists. 

SOUNDINGS,  DEEP  SEA.  Under  the  woid  LEAD-LnrE  a  genen] 
description  has  been  given  of  the  process  of  sounding  in  anchorages 
and  moderate  depths  upon  the  coast.  Deep-sea  sounding  requires 
totally  difierent  apparatus.  Prior  to  about  1850,  the  question  of  deep- 
sea  sounding  was  purely  geographical  and  physical.  To  know  the 
extreme  depths  of  the  ocean  was  but  the  uatui^  march  of  that  pro- 
gress which  hod  measured  arcs  of  the  meridian,  and  obtained  this 
altitudes  of  the  highest  mountains  on  the  face  of  the  globe;  and  to 
descend  to  the  mysteries  of  the  earth's  submerged  surface,  was  but  the 
obvious  consequence  of  that  insatiable  desire  for  investigation  which 
seems  to  characterise  the  minds  of  men  of  tiiis  particular  epodi.  But 
it  is  no  longer  a  purely  scientific  question,  since  it  has  become  a 
matter  of  urgent  necessity  to  find,  at  the  bottom  of  the  ocean,  a  t««t 
for  the  telegraph-wire. 

With  the  exception  of  a  few  spirited  researches,  chiefly  of  a  private 
character,  little  in  the  way  of  systematic  soundings  had  been  accom- 
plished ;  though  we  must  not  overlook  the  advantages  which  deep«ei 
sounding  received  from  the  investigations  ordered  by  Congress  in  1849. 
The  conduct  of  further  and  more  elaborate  experiments  was  confided 
to  Lieutenant  Maury,  U.S.N.,  who  was  empowered  by  the  Congress 
of  the  United  States  of  America  to  equip  a  small  schooner  of  100  bna 
called  the  Faney,  for  various  scientific  purposes ;  among  them  it  was 
specially  required  that  her  commander.  Lieutenant  J.  C.  Walsh,  U.S.N., 
should  attempt  to  reach  the  bottom  of  the  sea  once  in  every  200  miks 
in  crossing  the  Atlantic  Up  to  this  time  no  particular  apparatus  f>ir 
taking  deep  soundings  had  been  in  use :  the  ordinary  round  shot  slung 
with  strips  of  canvas  was  the  usual  means  employed.  It  was  found 
extremely  difficult  to  determine  in  some  cases  the  period  at  which  the 
shot  reached  the  bottom ;  the  weight  of  some  thousands  of  &thoms  d. 
liue,  and  the  influences  of  current  and  drifting  of  the  vessel,  rendered  the 
exact  depth  attained  only  appreciable  by  long  experience.  The  Faney 
was,  moreover,  found  too  small  a  vessel  for  the  purpose ;  the  result, 
however,  of  the  cruise  reflects  great  credit  on  the  commander,  since  hs 
established  the  fact,  that  in  some  places  the  depth  of  ocean  was  more 
than  5700  fathoms,  or  was  above  six  English  miles !  thus  exceeding 
the  height  of  the  most  lofty  known  mountain.  Tiiis  was  the  greatest 
depth  that  had  been  measured,  without  finding  the  bottom,  and  wai 
attained  on  the  15th  November,  1849,  Utitude  81*  59'  N.,  and  longi- 
tude 58°  43'  W.  The  time  used  in  the  descent  of  the  line  to  thii 
enormous  depth  was  only  1 4  hour,  but  the  line  at  last  broke  at  the 
reel,  losing  the  whole  5700  fathoms.  We  are  assured  by  Lieutenant 
Maury,  that  the  descent  of  the  sounding  line  was  accomplished  without 
any  jerks  or  checks,  beyond  those  of  the  friction  bonds  to  give 
uniformity  to  the  descent,  so  that  the  weight  could  not  have  touched 
the  bottom,  and  was  a  fair  straight  up  and  down  experiment.  In 
this  memorable  soimding,  the  lead  had  a  Stellwagen  cone  fitted  to  it, 
and  a  small  apparatus  weighing  6  lbs.,  for  ascertaining  the  depth 
reached.  The  line  was  of  steel  wire  of  the  best  English  manufacture. 
In  May,  1860,  the  United  States  again  determined  on  exploring  the 
deep  sea.  Considerable  attention  was  paid  to  every  requisite,  and  the 
Albany,  Captain  Piatt,  was  next  equipped  for  this  service;  the  prin- 
cipal locality  of  her  observations  was  to  be  the  Caribbean  Sea.  Instead 
of  steel  wire,  this  ship  was  fitted  with  about  40,000  &thoms  of  twine, 
weighing  about  150  &thoms  to  the  pound.  Tiiis  was  usually  attached 
to  a  32  lb.  shot,  whioh  was  allowed  in  its  descent  to  take  the  tum 
from  the  reel  without  controL    After  various  failures,  and  the  loss  of 

much  line  and  several  shot,  a  useful  list  of  soundings  was  obtained ; 

and  which  ore  described  in  Lieutenant  Maury's  work.  The  principal 
result  of  these  experiments  was  the  proving  that  in  no  part  of  the 
Qulf  of  Mexico  is  the  depth  greater  than  1000  fathoms.  It  became 
evident,  however,  that  witii  a  fixed  weight,  it  is  extremely  difficult  to 
determine  the  exact  depth  when  the  bight  of  the  line  is  swept  off  by 
an  under-current,  which,  even  when  the  shot  rests  upon  the  ground, 
continues  to  take  the  line  from  the  reel  with  scarcely  diminished 
velocity.  This  would  have  a,  general  tendency  to  give  exaggerated 
depths. 

In  May,  1851,  another  United  States  ship,  the  John  Adams,  renewed 
the  soundings  of  the  Atlantic,  and  accomplished  the  greatest  deep-sea 
Bounding  wUch  had  as  yet  been  obtained.  The  bottom  was  found  in 
latitude  82*  6'  N.,  and  longitude  44°  47'  W.,  at  5500  fathoms  (Lieutenant 
Walsh,  in  the  Faney,  hod  reached  5700  fathoms,  but  found  no  bottom). 
In  this  great  sounding  two  32  lb.  shot  were  used,  which,  together  with 
the  6500  fathoms  of  line,  were  lost  on  attempting  to  recover  them : — 
correcting  for  drift,  the  actual  depth  is  estimated  by  Captain  Barron, 
her  commander,  at  4825  fathoms,  or  about  54  English  miles. 

It  is  unnecessary  to  follow  up  these  observations  in  detail.    The 
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experience  gained  in  tbem  led  to  various  contrivancea  whereby  the 
saving  of  the  line  at  the  expense  of  the  shot  might  be  effected.  In 
the  Dolphin,  U.S,N.,  an  improvement  was  made  in  having  shot  ao  cast 
as  to  slide  upon  an  iron  rod.  Upon  the  latter  touching  the  bottom,  the 
shot  released  itself,  and  the  line  and  rod  were  more  easily  recovered. 
A  great  advantage  over  the  rod  and  shot  was  gained  by  the  inven- 


JletS^  tfi 


j1.T»ol. 


tion  of  a  kind  of  double  daw,  acting  somewhat  upon  the  principle  of 
that  used  for  detaching  the  monkey  of  a  pile-driving  machine.  It  was 
invented  by  a  blacksmith  of  H.M.S.  Spitfire  in  1861,  named  Carmelo 


Bonnici,  a  Maltese.  Captain  Spratt,  R.N.,  who  commanded  the 
Spitfire,  introduced  it  to  public  notice  in  the  '  Nautical  Magazine ' 
for  1856. 

As  the  increasing  demand  for  submarine  telegraphs  will  much  extend 
the  work  of  deep-sea  sounding,  we  give  a  few  diagrams  of  the  means 
employed  in  that  interesting  operation,  as  well  as  some  sections  of  the 
sea  bed,  carefully  drawn  to  a  scale,  and,  in  order  to  facilitate  com- 
parisons, each  of  them  has  the  horizontal  scale  in  proportion  to  the 
vertical  as  30  to  1. 

Bonnici's  claw,  as  it  is  called,  consists  of  two  metal  hooks  of  peculiar 
shape  working  on  a  pin,  so  that  on  any  weight  being  attached  it 
clasps  and  sustains  a  wire  or  line  ;  its  great  advantage  biaing  that  any 
kind  of  sinker  may  be  used  with  it,  namely,  either  a  shot  or  a  pig  of 
iron,  or,  on  the  want  of  these,  a  piece  of  heavy  stone.  In  the  above 
figtires.  No.  1  shows  the  out^e  of  the  apparatus  when  in  course  of 
descent,  a  a  being  the  claws  hooked  into  a  rope-grummet,  c,  suspend- 
ing a  weight,  i  ;  the  arms,  d  d,  of  the  claws  lie  close  to  the  link  e,  to 
which  is  fastened  the  sounding-line  /,  and  the  whole  outline  is  such  as 
to  favour  the  descent  of  the  apparatus ;  but  the  moment  the  lower 
portion  touches  the  bottom,  the  arms  d  d  being  relieved  of  the  weight 
of  the  sinker,  drop,  as  in  fiy.  2,  and  the  claws  detach  themselves  from 
the  grummet,  and  the  weight  is  left  at  the  bottom. 

It  will  be  noticed  that  a  piece  projects  beyond  the  underpart  of  the 
sinker  which,  among  various  contrivances,  is  loosely  tied  with  string,  g, 
to  the  body  of  the  sinker :  this  has  a  hollow  armed  with  tallow  in  the 
end,  to  bring  up  indications  of  the  nature  of  the  bottom  bed,  as  in  the 
ordinary  hand-lead.  On  the  sinker  being  detached  from  the  apparatus, 
a  small  string,  h,  attached  to  the  link  of  the  instrument  draws  tliis 
clear  of  the  mass  of  the  sinker,  and  it  is  hauled  up  with  the  line. 

This  was  a  great  step  towards  a  better  system,  but  it  required  con- 
siderable care  in  letting  the  instrument,  so  as  to  insure  the  ready 
detachment  of  the  weight  on  reaching  the  sea-bottom.  Captain  Spratt, 
however,  made  excellent  use  of  it.  He  was  engaged  in  sounding  upon 
on  extensive  scale  in  the  Mediterranean.  In  the  accompanying  section 
it  will  be  seen  that  his  greatest  depth  was  2170  fathoms,  or  nearly  24 
miles :  this  was  obtained  in  about  lat.  35°  30*  N.,  and  long.  1 8°  45'  E. 
It  shows  that  eastward  of  Malta  there  exists  a  small  plateau,  having 
on  it  from  70  to  80  fathoms  water,  but  tliat  50  or  60  miles  from  Malta, 
in  the  same  direction,  there  is  on  enormous  submarine  escarpment  of 
some  2000  fathoms,  or  2^  English  miles. 


Section  1. 


CamdU  w  Crtte. 


Tonis  to  Candls  or  Crete. 


Scale-Horisontal  186,000  fathom. »  ,    ^       „      , 

Vertiesl  4,S3S       „       J  ' 


In  the  following  section  we  see  that  the  bed  of  the  Mediterranean  I  (after  passing  the  deeps  about  Candia)  being  420  fathoms,  and  then 
rises  as  we  proceed  northward  in  the  Archipelago,  the  deepest  water  |  gradu^y  shallowing. 


Section  2. 


* 
ii 


Candia,  or  Crete,  to  Tenedos. 

In  1857,  Captain  T.  Mansell,  in  H.M.S.  Tartarus,  was  oecapied  in 
sounding  between  Alexandria,  Rhodes,  and  Smyrna.  He  also  used 
Bonnici's  claw,  but  had  in  addition  Lieutenant  Brooke's  (U.S.N.)  appa- 
ratus in  which  had  been  substituted  a  conical  mass  of  iron,  sliding  on 
a  rod.  This  is  an  exceedingly  simple  and  ingenious  plan,  but  has  been 
surpassed  by  improvements  yet  to  be  described.  Captain  Mansell 
seems  to  have  given  each  of  these  instruments  a  fair  trial  in  the 
Mediterranean,  and  records  his  decided  preference  for  the  Bonnici 
daw.  The  following  will  explain  Brooke's  apparatus.  It  is  remark- 
able as  the  one  used  in  discovering  the  plateau  existing  between  Ireland 
and  Newfoundland, 

infy.S  (col.  683),  a  a  are  arms  working  loosely  upon  a  pin  at  b,  con- 
necting them  with  the  rod  c.  The  sounding  line  is  attached  at  d  to  the 
bridle  connecting  the  upper  ends  of  the  two  arms.    The  conical  weight 


Scale— Horiiontal  60,000  fkthomi  1 .  ,    .         ,,  ,    , 

Verttaa        S,000      „      j  to  one  inch,  or  »0  to  I. 

diding  upon  the  bar,  is  hdd  in  its  jMsition  during  the  operation  of 
sounding  by  a  looped  line  passing  under  the  base  of  the  cone,  and 
loosely  hung  on  the  spurs,  e  e,  of  the  arms ;  immediately  on  the  sound- 
ing-line being  relieved  of  the  weight  of  the  apparatus  by  the  latter 
touching  the  ground,  the  arms  drop  into  the  position  shown  by  dotted 
lines,  and  the  loops  dip  off  the  spurs,  thus  detaching  the  cone  altogether, 
whidl  slips  off  the  bar.  But  here  is  supposed  to  be  a  defect  in  the 
apparatus,  inasmuch  as  the  force  necessary  to  draw  the  rod  from  the 
aperture  of  the  cone,  when  in  a  much  inclined  position  upon  rocky 
bottom,  is  found  enough  to  break  the  line  at  great  depths. 

Another  excellent  form  of  simple  apparatus  was  invented  by 
Mr.  Skead,  R.N.,  Master  of  H.M.S.  Tartarus,  and  found  by 
Captdn  Spratt  to  answer  admirably  in  comparatively  shallow  water. 
Ftg.  4,  is  a  sketch  of  it.    The  sounding-line  is  attached  to  a  small  metal 
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ring,  which  slides  in  a  groove  in  a  bar  of  quarter-inch  iron,  and  12  inches 
in  length,  having  a  small  hook  at  one  end,  and  a  weight  at  the  other. 


In  1857,  Lieutenant  (now  Commander)  Dayman,  R.N.,  waa  ordet«d 
to  check  the  deep  soundings  which  had  been  taken  by  the  Arctic 


Stale  cjt 


hollowed  and  jagged  so  as  to  bring  up  any  portion  of  the  bottom.  This 
can  be  U8e<l  with  cither  shot  or  pig-iron,  and  on  reaching  the  ground 
the  weight  a  descends  and  unhooks  the  sinker,  wliich  being  left  at  the 
bottom  the  simple  apparatus  is  easily  recovered  without  much  strain 
on  the  sounding-line.  The  position  of  the  hook  at  the  moment  of 
detachment  from  the  weight  is  shown  at/. 

The  result  of  Captain  Manaell's  labours  can  be  best  explained  by  the 
following  section  (3). 


Jacdu  af 


I  1  I  n  I  1 1  i  M  riir«(it 


between  Europe  and  North  America,  preparatory  to  the  laying  r/t  the 
Atlantic  electric  cable.  [Teleoraph,  SuBUABtNEj.  The  following  H)  is 


Section  S. 


c 

I 


,^-- 


Alexandria  to  Nlkarit. 


Soale^Horlzontal  7 1,000  fathoma 
Yertioal         S,S67       „ 


I  to  ooa  iooh,  or  SO  to  1. 


Section  4. 


Nerroondland  to  Ireland. 


a  section  published  by  him,  and  shows  in  a  remarkably  satisfactory 
manner  that  the  examination  of  the  bed  of  the  ocean  at  any  part  of 
the  globe  is  probably  within  the  power  of  man  even  with  existing 
apparatus.  In  no  part  of  the  AtUntic  under  his  observation  did  he 
find  the  depth  beyond  2424  fathoms,  or  about  2J  miles. 

It  is  nnnecessaiy  to  mention  more  than  the  leading  facts  connected 
with  deep  sea  soundings.    It  becomes,  however,  an  act  of  justice  to 


Scalo— Horizontal  224,160  fathoms  ) 


Vertical 


8,472 


to  ona  inch,  or  30  to  1. 


remark  that  the  tTnited  States'  Government,  who  took  the  lead  in 
sounding  the  Atlantic,  are  doing  the  same  fn  the  Pacific.  The  United 
States'  schooner  Fennimore  Cooper  was  comnussioucd  by  Lieutenant 
Brooke  (the  experienced  officer  who  invented  the  soimding  apparatus 
bearing  his  name)  for  the  purpose. 

The  only  other  deep  sea  soundings  which  we  shall  mention  are  those  by 
Captain  Sir  F.  L.  McCUntook,  of  p.M.S.  Bulldog,  in  the  Northern  Ocean 
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in  1860.  It  haa  been  shown  that  much  of  the  euccesg  of  prerions 
experimenters  had  depended  on  the  inetruments  in  use.  One  great 
object  also  had  been  to  collect  as  much  of  the  sea  bed  at  each  operation 
of  sounding  as  possible.  Up  to  1860  Terr  many  contriTances  had  been 
in  use  to  effect  this,  with  various  results.  Captain  McClintock  had 
been  provided  with  a  modified  form  of  Brooke's  machine,  but  it  did 
not  answer  his  expectations.  'Much  attention  was  given  to  improve- 
ments by  Mr.  Roughton,  his  chief  engineer,  and  Mr.  Bteil,  his  assistant ; 
also  by  Dr.  Wallich,  naturalist  to  the  ship ;  but  Mr.'  Steil  succeeded 
admirably  in  contriving  a  doublemcoop  machine  wherewith  to  bring  up 
a  considerable  quanti^  of  the  sea  bed.  It  wOl  be  henceforward  known 
as  the  "  Bulldog  sounding  machine,"  and  is  of  the  form  shown  in  col.  684. 
In  this.  Lieutenant  Brooke's  plan  of  a  hollow  sinker  is  combined 
with  Bonnici's  claws,  but  the  section  of  its  scoop  requires  some  little 
explanation.    The  two  parts  a  a'  and  i  i'  move  like  shears  on  the  pill,  c, 


in  Jig.  A..  Another  view  of  them  is  in  fy.  B,  in  which  e  e  are  two  studs, 
which  fit  the  two  holes  loosely  in  the  oone,  as  in  c  at  x.  When  the 
cone  is  descending  it  rests  on  these  two  studs  and  collars,  being  steadied 
by  the  line  in  a  and  b  marked  n.  A  strong  india-rubber  band, «',  is 
attached,  so  that  on  the  apparatus  reaching  the  ground,  the  sounding- 
line,  0,  bising  relieved  from  the  weight,  allows  the  claws  to  fall  open, 
ss  in  B,  and  the  part  of  the  line  n,  being  released,  the  cone  tilts  off  the 
studs,  e  e,  and  falls,  remaining  on  the  ground ;  the  part  of  the  line  n, 
unreeving  through  it,  as  n  in  B,  and  the  claws  and  scoop  being  secured 
to  the  part  m,  are  hauled  to  the  surface ;  the  removal  of  the  cone 
from  ee  allowing  the  india-rubber  bands  to  compress  and  close  the 
scoops  while  in  the  ground,  inclosing  about  i  lbs.  of  the  bottom  of 
the  sea. 

Captain  McClintock's  results  will  be  best  understood  by  the  following 
sections  of  his  principal  soundings. 


Section  i. 


to  ODMAOCIt^COCom  ft 

«        o       io—t       .—      at  ^      irvcooooo      G 

r^  --  CC         00  «0  r-1    —  M       ^    1^1     Ti       [^      r^  S, 


■/'■J/^^//; 


I 


Greenland  la  loelMid. 


Horizontal  120,000  fathomt  1 ,    —    .    v        •»  ^    . 
VertlcU  MOO       ,.       | «» one  inch,  or  80  to  1. 


Section  6. 


lAbnidor  to  Greenland. 


Horizontal  90,000  fathoms  1  .  ,    .         .«  .    , 

vertical        slooo       „       j  «o  one  Inch,  or  SO  to  I. 


Scale — Horizontal  90,000  fathoms 
Section  7 


Greenland  to  Isla. 


Scale— HorlzonUl  180,000  fathom*  \.  ...     ^  ...    . 

Tcrticol  6  000  }  to  one  Inch,  0*80  to  1. 


6,000 


Seetion  S. 


Iceland  to  FarSe. 


Scale — Horizontal  30,000  fathoms  1  . ,    ,.        , 

Vertical         llooo       „       )  »o  one  Inch,  or  1 


Itol. 


All  the  above  sectional  diagrams  are  upon  the  same  relative  scale, 
namely,  30  to  1,  and  each  is  referred  to  the  inch.  Much  valuable 
information  on  deep  sea  sounding  may  be  obtained  from  Maury's 
works  on  the  Physical  Geography  of  the  Sea :  and  maUy  very  useful 
details  ore  recorded  in  the  pages  of  the  '  Nautical  Magazine.'  [Sea.] 
SOUNDS,  HARMONIC.  [Habiionics;  Tempkbamknt ;  Acoustics.] 
SOUTH  KENSING'TON  MUSEUM.  The  formation  of  a  national 
Museum  of  Ornamental  Art  was  commenced  on  a  very  small  scale  in 
1888.    Originally  intended  merely  as  an  adjunct  to  the  Central  School 


of  Design,  its  progress  was  comparatively  slow.  By  the  Oreat  Exhibi- 
tion of  1851,  however,  not  only  vras  attention  directed  strongly  to  the 
necessity  of  forming  a  more  comprehensive  museum  for  the  especial 
use  of  manufacturers  and  art  workmen,  and  which  should  at  the  same 
time  serve  to  interest  and  instruct  the  public  generally ;  but  it  was  also 
seen  that  the  exhibition  afforded  a  singularly  favourable  opportunity 
for  securing  the  nucleus  of  such  a  museum.  A  selection  of  objects  was 
accordingly  made  from  the  Indian,  Continental,  and  British  sections, 
and  along  with  the  articles  previously  purchased  for  the  Museum  of 
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the  Schools  of  Design,  exhibited  to  the  public  in  a  suite  of  rooms 
appropriated  to  the  purpose  in  Marlborough  House.  The  Museum  of 
Ornamental  Art  thus  formed,  was  in  the  following  years  considerably 
increased  by  the  purchase  of  the  collection  of  porcelain  and  pottery  of 
Mr.  Bandinell,  and  by  extensive  purchases  made  at  the  Bemal  sale. 
In  1857  the  museum,  which  had  been  placed  under  the  Department  of 
Science  and  Art  [Science  and  Art,  Departiient  of],  waa  removed  to 
the  iron  building  erected  by  the  Commissioners  of  tiie  Ezhibitioii  of 
1851,  on  the  ground  purchased  by  them  at  South  Kensington.  The 
Museum  of  Ornamental  Art  has  since  been  very  largely  increased,  and 
other  coUeotions  have  been  added  to  it,  and  the  whole  has  been  incor- 
porated into  what  is  ofBcially  designated  the  South  Kensington 
Sluseum  of  Science  and  Art;  buildings  of  a  permanent  character 
having  been  at  different  times  added  to  the  origmal  iron  structure  to 
meet  the  growing  requirements  of  the  case. 

As  at  present  constituted,  the  South  Kensington  Museum  consists 
of  three  distinct  divisions ;  those,  namely,  of  Ornamental  Art ;  of 
Fine  Art ;  and  of  Science.  In  the  Companion  to  the  Almanac  for  1861 
is  given  a  full  analysis  of  the  Museum,  to  which  we  refer  for  further 
details,  contenting  ourselves  with  giving  here  a  brief  statement  of  its 
general  character. 

The  ilf  i««im  of  Onwmxnial  ilr(,  as  it  formed  the  foundation,  may 
still  be  regarded  as  the  distinctive  feature,  of  the  Soutii  Kensington 
Museum.  Although  intended  primarily  to  aid  the  Schools  of  Design, 
and  to  improve  the  manufactures  of  the  country,  it  has  of  late  years, 
in  a  great  measure,  to  use  the  words  of  its  director,  "  settled  itself  into 
Mediieval  Art,"  or  rather  the  art  of  the  mediaival  and  renaissance 
periods.  Witiiin  these  limits  it  is,  however,  very  comprehensive  in  its 
range,  and  articles  have  been  sought  out  for  purchjise  with  great 
industry  and  judgment.  The  Museum  of  Ornamental  Art  is  arranged 
in  eighteen  classes: — (1)  Sculpture,  in  which  are  many  exquisite 
specimens  of  Italian  architectural  sculpture  of  the  renaissance  period, 
carvings  in  wood,  ivory,  bone,  ftc,  including  some  admirable  works  by 
Fiammingo,  with  some  important  examples  of  artists  of  an  earlier 
period ;  bronzes  and  terra-cottas  and  models,  among  which  are  some 
by  Michel  Angelo.  (2)  Glyptic  and  Numismatic  Art,  including  gems, 
medals,  and  srals.  (3)  Mosaics,  Marquetry,  &c.  (4)  Fainting,  almost 
exclusively  of  a  decorative  character.  (5)  Japanned  or  Lacquered 
Work.  (6)  Glass  Painting— comprising  Italian,  German,  and  Flemish 
examples  from  the  ISth  century  to  the  decline  of  the  art,  with  a  few 
of  recent  execution.  (7)  Enamels  on  Metal,  an  extremely  choice  and 
valuable  collection,  especially  rich  in  early  German  champlev^  works, 
and  the  much-prized  Limoges  enamels,  and  including  also  some  inte- 
resting specimens  of  modem  Indian  and  Chinese  work.  (8)  Pottery, 
as  a  whole,  one  of  the  finest  collections  in  Europe,  including  a  few 
examples  of  Egyptian,  Greek,  Etruscan,  and  other  antique  ware; 
Hispano-Moresco  ware ;  early  Italian  enamelled  and  incised  waro ;  an 
almost  matchless  collection  of  Gubblo  and  other  lustred  wares,  and 
Majolica  of  the  various  Italian  manufactories ;  modem  reproductions ; 
Persian  painted  ware;  Morocco  enamelled  earthenware;  Palissy, 
Never*,  and  other  French  glazed  and  enamelled  earthenware ;  Delft, 
old  German,  Dutch,  and  Flemish  s^neware;  old  Saxon  red  stone- 
ware; Hindoo  and  other  Oriental  earthenware;  Oriental  porcelain 
(China  and  Japan) ;  Dresden  and  other  German  porcelain ;  old  Sevres; 
modem  Sdvres;  French  porcelain  of  various  manufactories;  Italian, 
Dutch,  Spanish,  and  Portuguese,  Swiss,  Danish,  and  Kussian  18th 
century  porcelain ;  old  English  earthenware,  stoneware,  and  porcelain, 
Ac,  of  all  the  principal  varieties  (including  a  fine  collection  of  old 
Wedgwood),  and  English  and  Foreign  modem  porcelain,  earthenware, 
biscuit,  Parian,  fto.  (9)  Glass  Manufactures,  including  a  very  choice 
selection  of  old  Venetian,  German,  and  French  glass,  and  a  few 
examples  of  modem  glass,  chiefly  French  and  English.  (10)  Works  in 
Metal,comprisiDgwrought-iron  coffers,  &o.;  lodumith's  work ;  instru- 
ments ;  knives,  forks,  spoons,  4c. ;  flredogs  and  stoves ;  candlesticks, 
chandeliers,  Ac.;  antique  Greek  and  Itoman  ornamental  bronzes; 
Oriental  bronze  vessels ;  metal  household  utensils ;  media:val  eoclesi- 
istical  utensils ;  modem  bronze  vessels ;  goldsmiths'  work  both  ancient 
and  modem;  damascene  work;  nielli.  (11)  Watch  and  Clock  Work. 
(12)  Jewellery  and  personal  omaments  in  the  precious  metals,  ancient, 
mediteval,  modem,  and  Oriental  (13)  Arms,  Armour,  and  Accoutre- 
ments. (14)  Furniture,  Upholstery,  Ac.,  including  a  singularly  interest- 
ing variety  of  old  Italian  caasone  or  marriage  chests,  carved  cabinets, 
mirrors,  Ac.  (16)  Leather  Work.  (16)  Basket  Work.  (17)  Textile 
Fabrics, — as  might  be  anticipated  in  a  British  Museum  of  Ornamental 
Art,  the  moat  extensive  collection  of  the  kind  extant  (18)  Bookbind- 
ing and  Book  Decoration  generally. 

The  Fine  ArUDivitUm  comprises  the  Sheepshanks'  collection  of  234 
modem  oil  paintings ;  a  small  collection  of  drawings  and  sketches  also 
presented  to  the  nation  by  Mr.  Sheepshanks;  and  a  collection  of  60 
water-colour  paintings,  the  gift  of  Mrs.  Ellison  of  Sudbrooke,  to  which 
other  drawings  have  been  added  by  purchase :  these  collections  are 
more  particularly  noticed  under  National  Gaixebt. 

The  ScUnce  JHvUion  consists  of— 1.  An  Educational  C!ollectioD,  in 
which  are  brought  together,  models  of  schools,  school-fittings,  school- 
books  (and  a  reading-room,  in  which  to  examine  them)  maps  and 
diagrams,  philosophical  instraments,  Ac,  in  fact,  as  far  as  practicable, 
whatever  may  serve  to  guide  or  assist  those  engaged  in  teaching. 
2.  CollecUon  of  Animal  Produota.  8.  Food  Collections—  in  which  are 


shown  the  chemical  compositions  of  the  various  substances  used  at 
food.  4.  Structural  Museum,  in  which  are  collected  the  materials 
employed  in  building,  Ac 

'These  form  the  Museum  proper ;  but  to  them  are  to  be  added  other 
collections  which  are  placed  in  the  same  building,  though  they  do  not 
belong  to  the  Department  of  Science  and  Art.  They  consist  of  the 
Britim  pictures  belonging  to  the  National  Gallery,  which  are  placed 
here  temporarily  [National  Gallebt]  :  collections  of  architectunl 
casts  belonging  to  the  Arehitectoral  Museum  Association  and  tlie 
Royal  Academy ;  a  small  collection  of  modem  sculpture,  chiefly  caita, 
and  the  Patent  Museum  belonging  to  the  Commissioners  of  Pategti. 
Certain  rooms  are  also  set  apart  for  the  reception  for  a  limited  time  of 
choice  collections  of  articles  of  ornamental  art  belonging  to  private 
individuals;  and  there  are  now  usually  five  or  six  of  ^ese  "Loan 
CollscticHis''  on  view  here  at  one  time,  containing  commonly  maij 
specimens  of  great  interest  and  value. 

The  total  cost  of  the  South  Kensington  Museum  up  to  July  1S60, 
was  167,00(U.,  including  everything  except  management,  the  annoal 
expenditure  on  which  is  about  7000/.  Of  the  above  sum  the  lamiooit 
60,0002.,  the  buildings  54,5862.,  the  coUections  SS,269JL  The  value  of 
the  private  gifts  to  the  Museum,  including  the  Sheepshanks  and 
Ellison  collections  of  jnintings,  is  estimated  by  the  director  at  upwaids 
of  88,0002.  The  permanent  buildings  which  have  been  erected  are 
intended  to  form  part  of  a  spacious  structure  which  is  to  cover  ai 
area  of  above  ten  acres,  and  to  supply  all  the  requirements  of  the 
Department  at  South  Kensington.  [Science  and  Art,  Defartxixt 
OF.J  In  its  main  features  the  building  is  intended  to  consist  of  a 
centre  and  two  great  projecting  wings,  the  fronts  of  which  are  to  be 
connected  by  an  open  corridor.  In  the  centre  will  be  the  Lecture 
Theatre,  Art  Training  Schools,  Ac,  The  eastern  wing  will  be  sppo- 
priated  to  the  Art-collections ;  the  western  to  the  Educational  col- 
lections, Art-Library,  offices,  residences,  Ac  The  extreme  length 
(facing  Cromwell  Road)  will  exceed  700  feet ;  the  extreme  depth  (or 
western  facade)  650  feet,  but  the  site  is  very  irreg;ular.  The  deaign  ii 
by  Captain  Fowke,  the  official  arehitect  and  engineer  to  the  Mineuiu; 
the  total  cost  is  estimated  at  214,0002.,  but  at  present  only  the  eaaten 
wing  is  in  course  of  erectiou. 

All  the  collections  are  open  free  to  the  public  on  Mondays,  Tuesday, 
and  Saturdays  in  each  week;  on  the  other  days  (being  "atudenta' 
days")  the  public  are  admitted  on  payment  of  6d.  each  person.  The 
coUections  are  also  opened  to  the  public  free  on  the  first  two  evenings 
of  the  week — an  innovation  which  has  proved  exceedingly  popular. 
To  the  Art  Library — a  very  excellent  one — though  formed  primaiilf 
for  the  students,  any  person  is  admitted  on  payment  of  a  trifiing  fee. 

SOVEREIGN.    [Money.] 

SOVEREIGNTY.  Saprantu  is  a  low  Latin  word,  formed  tan 
tujira,  like  nhlraniu,  another  low  Latin  word,  formal  from  nUn. 
(Ducange  tn  w.)  These  words,  however,  though  they  do  not  belong 
to  classical  Latinity,  are  formed  according  to  the  same  analogy  u  the 
classical  word  nupemvi  from  super.  From  mprtmxa  have  been  derived 
the  Italian  loprano  or  tovrano,  and  the  French  saitrenun,  firom  the 
latter  of  which  has  been  borrowed  the  English  word  mvtrc'.ffn.  In  the 
old  English  writers  the  word  is  correctly  spelt  soreratn  or  wrewa 
(Richardson  in  v.) ;  the  received  orthography  seems  to  be  founded  on 
the  erroneous  supposition  that  the  last  syllable  of  the  word  is  connected 
with  reign,  regnvm.  Milton  speUs  the  word  nwran,  deriving  it  from 
the  Italian ;  but  it  passed  into  our  language  from  the  French. 

Having  explained  the  etymology  of  the  word  sorcre^,  ypli^  it> 
derivative,  torereigiUy,  weproceed  to  consider  the  meaning  of  the  tenn 
sovereignty  as  it  is  imderstood  by  political  and  juridical  writers. 

In  every  society  not  being  in  a  state  of  nature  or  a  state  of  anarch; 
[Anarchy  ;  Social  Contract],  some  person  or  persons  must  posses 
the  supreme  or  Bovereign  power. 

The  marks  by  which  the  possession  of  the  sovereign  power  may  he 
distinguished  are  mainly  two,  the  one  positive  and  the  other  negative; 
namely : — 

1.  A  habit  of  obedience  to  some  determinate  person  or  penoi»,hf 
the  community  which  he  or  they  assume  to  govern. 

2.  The  absence  of  a  habit  of  obedience,  on  the  part  of  the  aame 
person  or  persons,  to  any  person  or  government. 

Whenever  these  two  marks  meet  in  any  person  or  body  of  pcrsoffl, 
such  person  or  body  possesses  the  sovereign  power ;  on  the  other  hand, 
if  either  of  the  two  marks  be  wanting,  the  person  or  body  is  not  sove- 
reign. For  example,  the  local  govemment  of  Jamaica  or  Canada,  being 
in  the  habit  of  obeying  the  English  parliament,  lb  not  a  sovcnagn  or 
supreme  govemment ;  whereas  the  govemments  of  the  smaller  Ger- 
man states,  although  they  may  occasionally  defer  to  the  wishes  oi 
Austria  or  Prussia,  are  not  in  a  habit  of  obedience  to  Uieso  '"''^ 
other  states,  and  therefore  are  sovereign  governments.  Again,  a  body  ci 
persons  calling  themselves  a  govemment,  but  unable,  through  thea 
weakness,  to  secure  the  habitual  obedience  of  the  people,  are  not 
sovereign,  and  would  not  be  recognised  as  a  sovereign  government  by 
foreign  states. 

Inasmuch  as  it  is  impassible  to  fix  the  precise  moment  at  which  » 
habit  of  obedience  to  a  foreign  govemment  ceases,  it  is  difficult  for 
foreign  states  to  determine  when  they  will  recognise  the  sovereignty 
of  a  territory,  once  dependent,  which  has  achieveid  its  independence. 

The  sovereign  powers  include  all  the  powers  whidi  can  be  exerciao 
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by  a  government.  They  include  the  legiaUtiTe  power,  the  executive 
power,  the  power  of  making  privilegia  [Law  ;  LxaisLATion],  the 
power  o{  declaring  peace  and  war,  and  of  concluding  treaties  with 
foreign  states,  the  power  of  making  contracts  with  private  individuals, 
and  the  power  of  instituting  inquiries: 

Sovereign  power  abstractedly  is  unlimited  by  any  legal  check  or 
control.  The  securities  for  its  beneficial  exercise  are  derived  exclu- 
sively from  the  balance  of  interests  and  the  influence  of  public  opinion. 

Sovereign  or  supreme  governments  are  divided  into  MoNARCHisa 
and  Republics  ;  and  Rkfublios  are  divided  into  Abistoobaoies  and 
Democracies. 

It  is  commonly,  but  erroneously,  thought  that  the  sovereignty 
resides  in  every  person  who  bears  the  name  of  hing  ;  in  other  words, 
that  every  king  is  a  monarch.  Accordingly  those  kingdoms  in  which 
the  king  is  not  strictly  a  monarch  are  called  "  limited  monarchies ; " 
and  the  king  is  supposed  to  be  a  sovereign  whose  power  is  checked  or 
controlled  by  certain  popiilar  bodies ;  whereas,  in  truth,  the  sovereignty 
is  divided  between  the  king  and  the  popii^r  body,  and  the  former 
does  not  possess  the  entire  sovereignty.  This  subject  is  further 
explained  in  Kma,  Mohabcby,  and  Royaltt. 

The  subject  of  sovereignty  is  well  explained  in  Mr.  Austin's  '  Pro- 
vince of  Jurisprudence  determined.'  The  received  doctrines  upon  the 
subject  will  likewise  be  found  in  the  treatises  on  international  law. 
The  'Leviathan'  of  Hobbes  contains  a  view  of  the  nature  of  sove- 
reignty, which  has  been  often  misunderstood  and  misrepresented  by 

SOWING  AND  SOWING-MACHINEa,  The  sowing  of  the  seed 
has  always  been  looked  upon  as  one  of  the  most  important  operations 
of  husbandry.  Much  of  the  success  of  the  future  crops  depends  on 
the  time  and  the  mode  in  which  the  seed  is  committed  to  the  earth. 
After  the  land  has  been  well  prepared  by  judicious  tillage  and  manuring, 
many  accidents  and  circumstances  may  disappoint  the  hope  of  the 
farmer,  and  the  crop  may  be  scanty  or  &il  altogether.  The  weather 
and  the  seasons  are  not  under  his  control,  and  he  must  submit  to  the 
dispensations  of  Providence  with  pious  resignation;  but  much  also 
depends  on  his  own  judgment  and  skill.  If  ne  selects  the  best  seeds, 
chooses  the  proper  season  for  sowing  them,  and  has  them  carefully 
distributed  and  properly  covered  with  earth,  as  their  nature  requires 
for  the  most  perfect  germination,  and  thus  also  protects  them 
from  the  voracity  of  birds  or  insects,  he  will  have  a  much  greater 
prospect  of  success,  under  all  drcumstances,  than  if  he  were  careless 
or  nej^igent, 

The  most  common  mode  of  sowing  the  seed  is  by  scattering  it  as 
evenly  as  possible  over  tiie  ploughed  surface,  as  it  lies  in  ridges  from 
the  plough.  The  harrows  follow,  and  crumbling  down  the  ridges, 
cover  the  seed  which  has  fallen  in  the  hollows  between  them.  It 
requires  an  experienced  sower  to  scatter  the  exact  quantity  over  a 
given  surface,  without  crowding  the  seed  in  one  spot,  and  allowing 
too  great  intervals  in  another.  Hence  the  farmer  who  does  not  him- 
self sow  the  seed,  invariably  chooses  the  most  experienced  and  skilful 
labourer  to  perform  this  work.  Kotwithstanding  every  care  and 
attention  on  the,  pv^  of  the  farmer  or  master,  the  labourer  will  often 
relax  and  become  careless,  and  the  result  appears  only  when  it  is  too 
late  to  remedy  it.  This  has  given  rise  to  the  various  attempts  which 
have  bera  maide  to  invent  machines  for  sowing  the  seed,  such  as  should 
insure  perfect  regularity.  Of  some  of  these  we  will  now  give  a  short 
account. 

One  of  the  simplest  of  these  machines  consisted  in  a  hollow  cylinder, 
with  one  or  more  rows  of  holes  in  a  line  parallel  to  the  axis.  These 
holes  can  be  stopped  in  part  if  required.  The  seed  is  put  into  the 
cylinder,  the  length  of  which  is  equsl  to  the  width  of  the  land,  or 
stitch,  which  it  is  desired  to  sow  at  a  time.  By  shaking  this  when 
held  horizontally  and  at  right  angles  to  the  path  of  the  sower,  the  seed 
is  scattered  yntk  considerable  regularity :  one  inconvenience  of  this 
instrument  is  that  it  requires  to  be  filled  frequently,  and  that  much 
still  depends  on  the  attention  of  the  operator.  Accordingly  it  was 
very  soon  laid  by.  The  idea,  however,  was  followed  up  and  improved 
upon  in  the  tomng-barrow,  an  instrument  still  extensively  used  for 
sowing  grass-seeds.  It  consists  of  a  wooden  trou(^  ]^aced  on  the 
frame  of  a  light  wheelbarrow.  An  iron  spindle,  fumisheid  with  circular 
brushes  at  regular  intervals,  runs  the  whole  length  of  the  trough,  and 
is  turned  by  means  of  simple  machinery  connected  with  the  wheel. 
Opposite  each  brush  is  a  brass  plate,  with  holes  of  different  sizes,  which 
can  be  partly  closed  by  means  of  a  circular  slide.  According  to  the 
size  of  the  seed  to  be  sown  and  the  quantity  to  be  scattered,  l£e  holes 
are  opened  or  shut.  The  seed  is  put  into  the  trough,  which  has  a  cover 
or  lid ;  and  by  merely  wheeling  the  barrow,  in  a  straight  line,  a  breadth 
is  sown  equal  to  the  length  of  the  trough,  usually  12  or  15  feet.  But 
this  macUne  cannot  conveniently  be  used  in  windy  weather,  which 
disperses  the  seeds  irregularly ;  and  it  is  very  little  superior  to  sowing 
by  the  hand,  except  in  the  case  of  small  seeds,  which  cannot  so  well  be 
spread  evenly  by  the  hand. 

The  drill  husbandry  has  suggested  other  more  complicated  machines, 
of  which  some  account  wiU  be  found  in  the  article  Dbtll.  The  prin- 
ciple of  these  is  to  deliver  the  seed  by  means  of  funnels,  each  corre- 
sponding to  a  small  furrow  made  by  a  coulter  placed  immediately  before 
ihe  funnel;  and  some  of  these  machines  perform  the  work  very 
regularly  and  satisfactorily.    As  the  ine^ualitiias  of  the  ground  require 
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that  the  coulters  should  move  up  or  down,  to  allow  for  these  in- 
equalities, the  seed  cannot  be  accurately  deposited  at  a  given  depth ; 
and  some  further  improvement  in  the  mode  of  drilling  is  yet  desirable, 
though  much  has  been  effected.  The  patent  lever-drill  in  common 
use  is  very  imperfect  in  its  work,  and  the  remedy  lies  in  the  greater 
attention  to  the  preparation  of  the  surface.  When  this  is  effected,  the 
levers  may  be  set  aside,  and  a  much  simpler  drill,  such  as  was  used  at 
first,  may  replace  it.  'The  object  is  to  make  furrows  of  equal  depth  in 
which  to  deposit  the  seed,  and  to  cover  this  uniformly.  The  land 
must  consequently  be  more  carefully  prepared  by  repeated  harrowing 
and  rolling,  till  the  surface  resembles  the  seed-beds  in  a  garden.  A 
simple  di^l,  which  makes  equidistant  furrows  at  a  given  depth,  in 
which  the  seed  drops  regularly,  will  then  do  better  work  than  a  more 
complicated  machine ;  but  if  stiU  greater  accuracy  and  perfection  are 
desired,  the  dibble  must  be  had  recourse  to.  No  one  will  deny  that 
seed  deposited  by  means  of  a  dibble  is  distributed  more  equally  and 
covered  with  a  more  equal  depth  of  soil  than  by  any  other  means,  and 
that  there  is  a  great  economy  of  seed  in  this  mode  of  sowing ;  but  the 
slowness  of  the  opetation,  and  the  number  of  hands  it  would  require 
to  dibble  all  the  seed  on  a  large  form,  have  prevented  its  being  yeiy 
generally  adopted.  [Arable  Land.]  Many  attempts  have  been  made 
to  invent  machines  to  imitate  the  work  done  by  huid  in  dibbling,  but 
hitherto  with  no  marked  success,  owing  chiefly  to  the  difficulty  of 
clearing  the  dibbles  from  the  adhering  soil,  and  making  a  clean  hols, 
and  also  of  letting  the  seed  fall  exactly  in  the  dibble-holes. 

SOT,  is  obtained  from  the  Soja  hitpida,  or  Soja  japoTtica  [Soja,  in 
Kat.  Hist.  Div.]  From  the  seeds  of  this  leguminous  plant,  the 
Japanese  prepare  the  sauce  termed  Soqja,  which  has  been  corrupted 
into  Soy.  The  beans  are  boiled  untU  the  water  is  nearly  evaporated, 
and  they  begin  to  bum ;  when  they  are  taken  from  the  fire,  and 
placed  in  la^  wide-mouthed  jars,  exposed  to  the  sun  and  air ; 
water  and  a  certain  proportion  of  molaaaes  or  very  brown  sugar  are 
added.  These  jars  are  stirred  well  every  day,  until  the  liquor  and 
beans  are  completely  mixed  and  fermented;  the  material  is  then 
strained,  salted,  and  boiled,  and  skimmed  until  clarified.  There  are 
two  or  three  qualities  of  soy.  Japanese  soy  is  much  esteemed  in  China 
on  account  of  the  superior  manner  in  which  it  is  made.  Soy  is  only 
sparingly  used  as  a  sauce  in  this  country. 

SOYMIDA.    [SoTMtDA,  in  Nat.  Hist.  Dry.] 

SPACE  AND  TIME  (Mathematics).  We  do  not  here  propose  to 
enter  into  any  discussion  of  the  doctrines  of  psychologists  as  to  the 
idea  of  space,  or  as  to  whether  it  be  innate  or  acquired.  Space  and  time 
are  essential  to  thought,  and  are,  come  by  the  notions  how  we  may, 
necessary  attendants  on  our  own  consciousness  of  existence.  It  is 
possible  for  imagination  to  picture  the  annihilation  of  all  things,  itself 
mcluded,  or  to  &ncy  that  it  can  form  such  a  picture,  which  is  the  same 
thing ;  but  what  then  would  remain  (in  the  thoughts)  1  Infinitely 
extended  empty  space,  lasting  through  infinitely  extended  time.  Exist- 
ence of  space  and  successions  of  existence  we  may  defy  the  speculator 
to  deprive  himself  of  for  one  moment.  The  greatest  proof  we  have  of 
OUT  ignorance  of  the  Creator  of  all  things  is  the  absolute  impossibility 
which  we  find  of  making  the  necessity  of  his  existence  as  real  a  con- 
ception of  our  minds  as  Uiat  of  space  or  time.  The  most  religious  man 
wul  read  with  pleasure  a  work  on  natural  theology  tending  to  prove 
that  there  must  be  a  Qod ;  but  who  would  bear  ten  pages  of  a  serioxia 
attempt  to  demonstrate  the  existence  of  space  and  time  f 

In  these  ideas  we  have  the  foundation  of  the  mathematical  sdences  ;  - 
for  from  space  follows  form,  which  is  the  conception  of  the  manner  in 
which  one  part  of  space  is  separated  from  the  rest,  and  from  the  investi- 
gation of  forms  arises  geometry.  Again,  time  is  only  apprehended  by 
succession  of  events  or  ideas,  and  succession  or  repetition  gives  the 
notion  of  numbemig.  And  though  collection  is  sometimes  stated  to  be 
the  leading  idea  in  number,  yet  it  may  be  asserted  that  number  in  the 
last  sense  is  not  the  object  of  arithmetic,  except  as  furnishing  the  sub- 
ject of  numbering.  The  leading  phrases  of  arithmetic  suggest  the  idea 
of  time,  and  are  derived  from  it.  How  often  is  2  contaiQed  in  12 1 
Six  times.  The  2  presented  to  the  thoughts  at  six  different  times  is 
the  mode  in  which  the  collection  of  12  is  counted  by  twos. 

From  both  space  and  time  we  get  the  notion  of  direction,  but  in  very 
different  manners.  The  extremities  of  a  portion  of  length  give  the  idea  of 
a  point  of  space,  a  fundamental  notion  of  an  indivisible  index  of  com- 
mencement or  termination.  The  extremitiee  of  time  give  the  notion  of 
points  of  thne,  or  indivisible  portions  of  duration.  No  point  of  space  con- 
tains any  space;  no  point  of  time  lasts  any  time.  If  we  choose  a  point  of 
space  or  a  point  of  time,  we  can  in  our  thoughts  set  out  from  the  former 
in  an  infinite  number  of  different  ways ;  fi-om  the  latter,  in  only  two. 
This  is  the  law  of  thought,  upon  which  it  is  useless  to  speculate ;  but 
it  is  followed  by  important  consequences.  So  long  as  algebra,  the 
science  of  reasoning  by  symbols,  was  founded  only  on  notions  of  arith- 
metic or  succession,  its  ideas  were  not  competent  to  furnish  explanation 
to  all  the  results  of  its  mechanical  processes.  As  soon  as  the  same 
rules  were  transferred  to  ideas  of  space,  or  made  to  spring  from  geo- 
metrical explanations,  the  mysteries  of  that  science  gradually  vanished. 

From  space  and  time,  also,  we  get  the  idea  of  infinity,  a  subject 
which  has  been  already  treated  [Infinite]  ;  but  only  in  such  a  point 
of  view  as  would  meet  the  objections  of  those  who  cannot  reason  clearly 
on  absolute  infinity.  That  space  and  time  are  unbounded,  is  the  simple 
consequence  of  their  being  necessary  to  our  notion  of  the  existence  of 


Digitized  by 


Google 


«•! 


SPACB  ASO  TIME. 


SPEASmO-HACHINE. 


anything :  we  apeak  of  our  conceptions  of  thmn.  For  if  it  could  be 
imagined  that  tjxice  ceated  at  a  certain  boundary,  it  would  be  as  easy 
to  make  it  cease  in  our  own  neighbourhood ;  and  if  duration  could  be 
imagined  to  hare  an  end,  it  would  not  be  difficult  to  place  ourselves  in 
thought  within  five  minutes  of  that  end.  The  denial  of  the  possibility 
of  our  approaching  the  boundary  of  space  or  time  in  our  thoughts,  U 
the  same  thing  as  the  denial  of  the  existence  of  such  a  boundary  ;  and 
the  notion  of  infinity  becomes  a  relief  from  the  incongruity  of  the 
attempt  to  conceive  existence  stripped  of  its  essential  conditions.  But 
it  might  be  asked  why  not,  as  to  space  at  least,  consider  real  existing 
extension,  not  as  the  object  of  our  thoughts,  but  as  it  would  exist  if 
we  were  not  alive  to  tiiink  t  la  it,  or  is  it  not,  physically  possible  to 
go  on  for  ever  in  space  ?  If  a  person  could  provide  himself  with  an 
unlimited  supply  of  motive-power,  air,  heat,  food,  &c.,  must  we,  or 
must  we  not,  say  that  there  is  anything  to  hinder  his  travelling  to  all 
eternity  1  For  ourselves,  we  should  say  there  is  dearly  nothing  to 
hinder ;  but  of  course  we  cannot  appeal  to  experiment,  and  it  may  be 
only  the  impossibility  of  destroying  our  own  conception  of  space  which 
dictates  an  answer  as  to  that  external  reality  which,  let  metaphysicians 
■ay  what  they  please,  can  always  be  established  by  a  wave  of  the  hand. 
We  should  have  supposed  that,  mysterious  as  the  connection  may  be 
between  the  external  world  and  our  impressions  of  it,  the  possibility  of 
really  infinite  external  space  would  be  admitted  by  any  one,  unless  he 
held  the  metaphysical  system  of  Berkeley,  which  denies  the  necessity 
of  any  external  substratum  of  our  conceptions,  and  substitutes  the 
direct  agency  of  the  Creator ;  and  we  should  have  thought  it  impossible 
to  maintain  the  necessary  finitude  of  matter,  witiiout  also  maintaining 
the  same  of  real  external  space.  Nevertheless,  to  show  how  diS^rently 
these  subjects  strike  diffehent  persons,  we  quote  the  following  from  a 
distieiiAtion  of  an  eminent  writer  : — "  Every  rtal,  exieting,  material 
body  mtist  enjoy  that  indefeasible  attribute  of  body — namely,  definite 
place.  Now  place  is  defined  by  direction  and  distance  from  a  fixed 
point.  Every  body,  therefore,  which  does  exist,  exists  at  a  certain 
definite  distuice  from  us,  and  at  no  other,  either  more  or  lees.  The 
distance  of  every  individual  body  in  the  universe  from  us  is  therefore 
necessarily  admitted  to  be  finite."  Now  it  Will  hardly  be  denied  that 
the  space  which  a  body  fills  is  as  real  and  existent  as  the  body  Itself, 
and  this  whether  so  occupied  or  not.  Leave  out  the  word  material  in 
the  above,  and  for  "  body  *  read  "  part  of  space,"  and  the  argument 
remains  as  good  as  before,  ending  with  a  denial  of  the  infinity  of  space. 
Every  anignaile  body  ia  at  a  finite  distance  from  us ;  but  this  is  an 
identical  proposition  contained  in  the  meaning  of  the  word  assignable 
But  who  is  tkerefori  to  deny  the  following  1  Name  any  distance,  how- 
•ver  great;  matter  exists  at  still  greater  distances. 

If  we  estimate  the  reality  of  a  conception  by  its  necessity,  which  is 
what  we  do  when  we  settle  the  pre-eminence  of  space  and  time  among 
our  ideas,  then  it  is  certain  that  the  conception  of  infinity  is  as  real  aa 
that  of  space  or  time,  being  eaMntially  united  with  them.  Many 
mathematiciana  try  to  deny  this,  and  substitute  various  modes  of 
•peaking  to  avoid  the  introduction  of  the  idea.  It  is  true  that  the 
notion  of  infinite  is  one  which  it  is  difficult  to  use  without  Mliog  into 
error;  a  very  good  reason  for  avoiding  it  until  the  understanding  has 
been  well  practised  in  mathematical  deduction,  but  none  for  denying 
its  existence.  Why  say  that  the  notion  of  infinity  arises  from  our  not 
being  able  to  assign  a  limit,  when  we  know  that  we  feel  something 
more  positive ;  when  we  are  as  certain  as  we  are  of  any  right  to  use 
the  words  can  and  cannot,  that  there  cannot  be  a  limit,  to  either  space 
or  time  t  Those  who  examine  the  views  of  different  writers  on  the 
flrat  principles  of  science  see  a  great  variety  of  modes  of  expression  on 
this  point,  but  a  uniform  practical  use  of  nothing  more  than  the  denied 
tf  finitude,  accompanied  by  the  mere  expression  of  incapacity  to  attain 
infinity  ;  resolutely  coupled,  in  many  cases,  with  a  determination  not 
to  allow  any  words  capable  of  expressing  the  <d»olute  notion  of  infinity 
whiob  actmUly  is  before  the  thoughts.  Now  it  should  be  the  object  of 
elementary  writing,  while  guarding  the  avenues  to  error  which  branch 
in  all  directions  from  an  Improper  use  of  the  word  infinite,  to  acknow- 
ledge the  existence  of  the  idea,  and  to  make  a  gradual  preparation  for 
its  correct  and  legitimate  use.  Both  infinitely  small  and  infinitely 
great  ought  to  become  terms  which  may  be  employed  without  fear; 
and  the  student  who  has  been  trained  to  the  natural  and  healthy  use 
of  all  his  notions  wUl  in  the  end  succeed  better  than  the  one  who  has 
had  some  of  them  tied  up  from  the  beginning  because  tiiey  are  some- 
what difficult  or  somewhat  unsafe  to  use  at  first. 

80  soon  as  an  attempt  is  made  to  fetter  one  branch  of  thought,  the 
effect  is  sure  to  be  immediately  felt  in  others.  The  infinite  divisibility 
of  space  is  a  truth  of  the  same  sort  as  its  Infinite  extension.  Matter 
may  not  be  divisible  without  end,  and  the  truths  of  modem  chemlsby 
would  seem  to  show  that  there  are  ultimate  particles  inseparable  by 
ohemioal,  and  still  less  bv  mechanical,  means.  But  there  is  a  solvent 
which  everyone  has  it  in  his  power  to  apply  to  space;  it  is  the  intuitive 
eon viction  that  every  portion  of  it,  however  small,  except  that  ultimate 
notion  which  is  called  a  point,  ia  divisible  into  ports,  which  are  them- 
selves divisible  into  parts ;  a  process  which  may  be  continued  without 
and.  Now,  a  person  who  trifles  with  the  notion  of  infinite  extension, 
•nd  persuades  himself  that  he  has  not  the  idea,  will  probably  end  by 
denying  infinite  diminution ;  and  as  motion,  however  small  it  may  be, 
requires  the  succession  of  positions  answering  to  an  unlimited  sepa- 
ration of  the  time  of  motion  into  parts,  the  next  step  will  be  to  deny 


the  infinite  divisibility  of  time,  and  the  possibility  of  motion,  as  com- 
monly conceived.  Change  of  place  will  be  Imagined  to  be  physically 
impossible,  if  it  be  asserted  that  between  the  first  and  lost  positions 
there  have  been  an  infinite  number  of  others ;  and  the  mind  will  be 
driven,  in  order  to  avoid  the  notion  of  infinity,  into  a  sort  of  opinion 
that  motion  ia  a  very  large  (but  finite)  number  of  annihilations  and 
re-creations  :  annihilation  in  one  spot,  and  ra-oreation  a  little  brtfa« 
on,  without  anything  intermediate.  This  is  no  imaginary  case  ;  and 
it  seems  to  us  that  when  this  theory  of  motion  is  once  attained, 
nature  has  taken  a  satirical  revenge  for  the  attempt  to  smother  hs 
conceptions. 

The  errors  which  arise  from  the  improper  use  of  the  notion  of 
infinite,  lie  mosUy  in  the  idea  that  all  that  is  proved  of  finite  space  or 
time  must  necessarily  be  true  of  the  infinite.  We  pass  over  the  etror 
that  all  infinites  must  be  equal,  as  being  that  of  the  merest  beginner ; 
there  are  enough  remaining  to  claim  great  caution.  The  procen 
adopted  in  the  article  Ikfikiti  is  perhaps  the  best  way  of  habituating 
the  young  mind  to  the  rigorous  attainment  of  results,  provided  only 
that  the  understanding  be  duly  apprised  that  such  a  course  of  pna- 
ceeding  is  not  pursued  because  there  is  not  infinity,  but  because  then 
w,  and  because  the  notion,  though  inevitable,  is  not  easily  used.  Tan 
road  need  not  be  carried  over  any  unsafe  foundation  ;  but  that  is  no 
reason  why  the  quicksand  and  the  marsh  should  be  left  out  of 
the  map. 

SPACES,  in  Husic,  the  intervabi  between  the  five  lines  forming  the 
staff    [Staff.] 

8PAHIS  (or  rather  Sipdhit,  from  the  Persian  ttpak,  meaning  a 
cavalry  soldier),  are  a  body  of  Turkish  cavalry  organised  by  Amurath  I. 
(Mfirad),  who  was  also  the  founder  of  the  Janizaries,  Their  number 
varied  according  to  circumstances,  but  amounted  sometimes  to  2U,(HiO. 
They  enjoyed  many  privileges  in  common  with  the  Janizaries.  Their 
usual  arms  were  a  sabre,  a  Unce,  a  jereed  or  dart  about  two  feet  long, 
which  they  hurled  with  great  dexterity  and  strength,  and  a  secmd 
labre,  or  rather  broadsword,  attached  to  l^e  saddle.  Some  of  them 
hod  also  a  carabine  and  one  or  two  pistols.  At  one  time  they  wen 
the  most  formidable  body  of  cavalry  hi  the  Turkish  army ;  but  bong 
on  vindisciplined  and  unruly  militia,  they  were,  together  with  tht 
Janlxaries,  dissolved  by  sultan  Mahmud,  and  their  place  is  now  sup- 
plied by  the  Bashi  Baeouks.    [Januarieb.] 

SPANIOLITMIN.    [Liohsms,  CoLOORUta  Kattrbs  or.] 

8PARTEIN,    [SooPABW.] 

SPASH  (from  the  Qrsek  cmuriiuii)  is  an  unhealthy,  involuntiiy, 
and  forcible  contraction  of  muscular  tissue.  The  term  is  almost  syno- 
nymous with  convnteion,  but  is  more  generally  applied  than  that  vrad 
is  to  the  unhealthy  painful  contractions  of  the  heart,  inteaUne^  and 
other  involuntary  muscles. 

Nosologists  have  distinguished  spasms  into  donio,  in  which  the 
muscular  contractions  alternate  rapidly  vrith  relaxations  (as  in  epilepsy), 
and  tonic,  in  which  the  contracted  fibres  remain  for  a  long  time  rigid, 
as  in  tetanus ;  but  in  nature  the  distinction  is  not  well  marked.  Spasm 
has  also  often  been  regarded  as  occurring  in  many  tissues  in  which 
it  is  perhaps  not  possible,  such  as  the  small  blood-vessels.  In  the 
present  day  its  occurrence  is  believed  to  be  limited  to  the  muscles. 
What  their  condition  is  when  affected  by  spasm  is  not  precisely  known. 
Very  generally  the  contraction  is  unnatural,  nut  only  in  its  origin  and 
its  continuance,  but  in  its  extent;  for  it  does  not  take  place  simulta- 
neously, or  in  a  regular  succession,  in  each  part  of  the  muscle,  but,  ss 
one  may  often  see  in  common  cramp,  It  aflbcts  a  single  portion  of  the 
muscle,  drawing  it  up  into  a  hard  mass,  while  the  fibres  above  and  below 
It  ore  much  less  contracted,  or  are  even  elongated. 

The  greater  number  of  spasms  seem  to  depend  on  an  irritation  of 
the  nervous  centres.  Sometimes  they  are  produced  by  primary  disease 
in  those  ports,  but  much  more  commonly  they  are  the  results  of 
irritation  propagated  from  some  disordered  organ  to  the  brain  or  spinal 
cord,  and  thence  reflected  through  the  motor  nerves  of  the  muscles 
in  which  the  spasm  occurs.  Hence  probably  the  frequency  and  the 
aggravation  of  cramps,  and  other  more  important  spasmodic  affections, 
when  the  digestive  organs  are  disordered,  the  dependence  of  a  variety 
of  spasms  or  oonvulsions  on  the  irritation  of  teefjiing,  ftc  Much  less, 
however,  is  known  of  the  nature  of  spasm  in  general  than  of  the  best 
methods  of  treating  it,  and  of  the  effisots  which  it  produces  in  the 
several  organs  which  it  affects.  These  are  treated  of  in  the  articles 
Amoina  Pxotoaib;  Astibpasmodicb  ;  Abtuka;  Colni  Comrui^Btozcs; 
Epilkpst  ;  Htdrophobia  ;  Tetakub,  &c. 

BPEAKEB.     [Pabliahbjit.I 

BPEAKINQ-MACHINE,  Various  attempts  hare  been  made  to 
imitate  the  human  voice  by  means  of  a  machine.  In  1770,  the 
Imperial  Academy  of  St.  Petersburg  proposed,  as  one  of  their  prise 
questions,  on  inquiry  into  the  nature  of  the  vowel  soimda,  and  the 
construction  of  an  instrument  for  imitathig  them.  The  prise  was 
•warded  to  M.  Kratcenstein  ('  Journal  de  Physique,'  xxi),  and  his  prin- 
ciple consisted  in  the  adaptation  of  a  free  reed,  in  all  respects  similar 
to  that  represented  under  Habhoridk,  to  a  set  of  pipes  of  peculiar 
forms,  determined  by  repeated  trials.  About  the  same  time,  M.  Kempe- 
len,  of  yienna,  best  known  for  his  ingenious  fraud,  the  so-called 
automaton  chess-player,  succeeded  in  producing  the  vowel  sounds  by 
adapting  a  reed  to  the  bottom  of  a  funnel-shaped  cavity,  and  placing 
his  bond  in  various  poeitions  within  tiie  funnel     He  also  contrived  a 
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hollow  oval  box,  divided  into  two  portiona,  attached  by  a  hinge  go  as 
to  resemble  jaws,  and  by  opening  and  closing  them  the  aounda  which 
issued  from  a  tube  connected  with  the  reed  produced  A,  o,  on,  and  an 
jmperfeot  u,  but  not  I.  He  afterwards  succeeded  in  obtaining,  from 
different  jaws,  the  sound  of  the  oonaonants  P,  K,  L ;  and  by  means  of 
these  vowels  and  consonants  he  oould  produce  such  words  aa  mamma, 
papa,  aula,  lama,  mulo.  He  afterwards  succeeded  in  imitating  the 
human  organs  of  speech  by  having  only  one  mouth  and  one  glottis. 
The  mouth  consisted  of  a  funnel-  or  bell-shaped  piece  of  elaatio  gum, 
to  which  was  added  a  nose  made  of  two  tin  tubes.  When  both  tubes 
were  open,  and  the  mouthpiece  closed,  a  perfect  M  was  produced ;  and 
when  one  was  dosed  and  the  other  open,  an  ir  was  sounded.  He  also 
obtained  a  tolerable  resemblance  of  the  four  sounds  D,  o,  k,t,  or  rather 
a  modified  P,  and  at  length  succeeded  in  producing  entire  words  and 
sentences,  such  as  ComtanHncpoli$  :  opera  ;  oMranomy  ;  Vma  etti  rnon 
ami  ;  Je  vovi  aime  de  font  mm  eocur.  We  learn  from  a  letter  from 
Mr.  Thos.  Collinaon  to  Dr.  Button,  who  had  seen  the  machine  m 
London,  and  afterwards  at  Kempelen's  house  in  Vienna,  that  the 
sounds  issued,  not  from  a  speaking  figure,  but  from  a  rectangular  box 
about  three  feet  long,  placed  upon  a  table  and  covered  with  a  cloth. 
Kempelen  set  it  in  action  by  introducing  his  hands  beneath  the  cloth. 

Professor  Willis,  in  the  third  volume  of  the  '  Transactions  of  the 
Cambridge  Philosophical  Society,'  shows  that  by  using  a  shallower 
cavity  than  that  employed  by  Kempelen,  he  ooiUd  dispense  with  the 
introduction  of  the  hand,  and  by  sUdmg  a  flat  board  over  tie  mouth  of 
the  cavity  oould  obtain  the  whole  series  of  vowels,  in  the  order  n,  o,  A, 
«,  L  The  apparatus  was,  of  course,  connected  with  a  wind-chest  and  a 
double  pair  of  bellows.  Mr.  Willis  also  used  cylindrical  tubes  containing 
a  reed,  with  a  contrivance  for  varying  the  length  of  the  tubes  by  means 
of  sliding  joints.  When  the  tube  was  much  less  than  the  length  of  a 
Btop-pipe  \a.  unison  with  the  reed  it  sounded  i :  and  by  increasing  the 
leng&  of  the  tube  it  gave  E,  A,  o,  and  D ;  but  what  was  remarkable, 
when  the  tube  was  lengthened  so  aa  to  be  14  times  the  length  of  a 
■top-pipe  in  unison  with  the  reed,  the  vowels  began  to  be  sounded  in 
an  inverted  order,— namely,  n,  o.  A,  ■,— and  then  again  in  a  direct 
order,  i,  E,  A,  o,  u,  when  the  length  of  the  tube  was  equal  with  twice 
that  of  a  stop-pipe  in  unison  with  the  reed.  When  the  pituh  of  the 
reed  was  very  high,  it  was  impossible  to  sound  some  of  the  vowels, 
which  Mr.  Willis  remarks  is  exactly  the  case  with  the  human  voice, 
female  singeni  being  unable  to  |Ronounoe  v  and  o  on  the  highest  notee 
of  their  voices. 

SPEAKING  TRUMPET.  The  efSdeney  of  this  instrument  is  due 
to  the  repeated  reflection  of  the  sound  from  dde  to  side  in  pasmng 
through  it,  and  its  ultimate  reflection  from  the  mouth  of  the  trumpet, 
in  such  a  way  as  either  to  collect  the  rays  of  sound  into  a  fooue  at  a 
distance,  or  to  project  them  forward  hi  parallel  lines,  instead  of  allow- 
ing them  to  diverge  in  all  direction».  Fig,  1,  illustrates  this  theory, 
ng.  1. 


of  which  there  are  many  modifications,  some  of  them  founded  on  the 
supposition  of  a  very  dese  analogy  between  the  motion  of  sound  and 
that  of  light.  These  have  given  rise  to  many  suggestions  respecting 
the  best  form  and  degree  of  onrvature  d  the  aides  of  the  trumpet 
Some  writers  recommend  a  simple  cone,  the  mouth-piece  being  at  the 
apex  :  these  explain  the  motion  of  the  rays  of  sound  on  the  principle 
shown  in  ;^.  2,  in  which,  as  in  ^.  1,  the  dotted  lines  represent  the  rays. 

Fig.  S. 


In  Dr.  Young's  'Lectures  on  Natural  Philosophy,'  the  following 
remarks  occur  r  "  If  an  ellipsis  be  prolonged  without  limit,  it  wiU 
become  a  parabola ;  hence  a  parabola  is  the  proper  form  of  the  section 
of  a  tube  calculated  for  collecting  a  sound  which  proceeds  from  a  great 
distance  into  a  single  point,  or  for  oairying  a  sound  nearly  in  parallel 
directions  to  a  very  distant  place.  It  appears,  therefore,  that  a  para- 
bolic conoid  is  the  best  form  rar  a  hearing  trumpet,  and  for  a  speaking 
trumpet;  but  for  both  purposes  the  parabola  ought  to  be  much 
elongated,  and  to  consist  of  i  portion  of  the  conoid  remote  from  the 
vertex ;  for  it  is  requisite  in  order  to  avoid  confusion,  that  the  sound 
should  enter  the  ear  in  directions  confined  within  certain  limits  :  the 
voice  proceeds  also  from  the  mouth  without  any  very  considerable 
divergence,  so  that  the  parts  of  the  curve  behind  the  focus  would  in 
both  cases  be  wholly  useless.  A  trumpet  of  such  a  shape  does  not 
very  materially  differ  from  a  part  of  a  cone,  and  conical  instruments 
are  found  to  answer  sufficiently  well  for  practice ;  it  appears,  however. 


unnecessary  to  suppose,  as  M.  Lambert  has  done,  that  they  differ  essen- 
tially in  principle  from  parabolic  trumpets.  It  is  not  yet  perfectly 
decided  whether  or  no  a  speaking  trumpet  has  any  immediate  effect  in 
strengthening  the  voice  independently  of  ^e  refleotion  of  sound." 
[Ka«  Tbumpbt.] 

Speaking  Tuba  are  used  in  large  buildings  for  conveying  message* 
from  one  part  to  another,  and  sometimes  on  shipboard  from  the  cap- 
tain's cabin  to  the  topmast.  These  tubes  are  oylindrioal,  and  the  rays 
of  sound  proceeding  from  the  mouth  at  one  end  of  the  tube  Instead  of 
diverging  in  the  air  are  confined  within  the  tube,  and  suooeagively 
reflected  from  its  sides,  so  that  a  much  la^r  number  of  rays  meet  the 
ear  at  the  farther  end  than  if  they  had  travelled  without  being  re- 
flected. The  shafts  of  mines,  wells,  and  chimneys  produce  a  similar 
effect. 

SPECIAL  OCCUPANCY.    [Oocupahot.] 

SPECIALTY,  SPECIALTY  DEBT,  or  debt  by  special  oontraet, 
is  a  debt  which  becomes  due  or  is  acknowledged  to  be  due  by  an 
instrument  under  seal     [Dee]).] 

The  nature  of  a  debt  by  simple  contiaot  is  explained  under  SntLPf 

COKTBACT. 

Blaokstone  considsn  a  debt  of  record,  that  is,  a  debt  which  a{n>eai« 
to  be  due  by  the  judgment  of  a  court  of  record,  as  a  "  contract  of  the 
highest  nature,  being  established-  by  the  sentence  of  a  eouit  of 
judicature."  ^  This  is,  however,  an  erroneous  view  of  the  matter.  It  is 
simply  a  rule  of  law  that  a  debt  for  which  the  judgment  of  a  court,  of 
record  has  been  obtained  has  a  priority  over  other  debts. 

SPECIES.  This  word  is  used  in  mathematics,  or  rather  has  been 
used,  in  two  difliarent  senses.  In  the  first  place,  by  Euclid,  who  means 
by  figures  of  the  same  speoies  those  which  have  the  same  form,  what- 
ever may  be  their  sise.  Thus,  in  the  Data,  when  the  form  of  a  figure 
ii  given,  he  designates  it  as  given  in  species  (rf  cISci  SeSoiiimr).  ^The 
word  species  is  here  used  in  its  primitive  sense  of  appeairanee. 

But  the  teem  was  again  used  by  Vieta  in  its  logical  sense,  as  opposed 
to  individual,  in  designating  the  algebraical  notation  whidi  he  first 
distinotly  proposed.  Lawyers  were  in  the  habit  of  describing  general 
oases  by  using  an  individual  name,  as  Caius  or  Julius,  to  signify  any 
person  eoncemed,  which  they  termed  description  by  species.  Vieta 
borrowed  the  word  to  signify  the  use  of  letters  to  stand  for  numbers, 
when  such  letters  were  used  to  designate  members  generally,  without 
reference  to  any  one  in  particular.  The  logistics  (a  common  term  for 
the  science  of  calculation)  thus  introduced  he  called  ipecima,  and  his 
first  tract  on  the  simple  operations  of  algebra  is  headed  '  De  Logistic^ 
Speoiosft.'  Hence,  for  some  time,  the  language  of  algebra  was  called 
the  specious  notation. 

SPECIFIC  ELECTRIC  INDUCTION.     [Eleotbioiiy.] 

SPECIFIC  GRAVITY,  or,  more  properly,  tpeeijic  veifiht,  is  a  term 
used  to  express  the  weight  of  any  gas,  liquid,  or  solid,  under  some 
given  volume ;  but  the  unit  of  weight  and  unit  of  volume  are  usually 
Buoh,  that  for  some  one  particular  subetanco  the  weight  of  the  unit  of 
volume  shall  be  expressed  by  the  unit  of  weight,  or  by  10  times,  100 
times,  or  1000  times  that  unit.  Thus  the  numbers  expressing  the 
specific  gravities  of  different  substances  denote  the  actual  weights  of 
those  substances  under  the  unit  of  volume;  and  hence  the  ratio 
between  the  numbers  expressing  the  specific  gravities  of  any  two 
substances  is  the  same  as  the  ratio  between  the  weights  of  those 
subatanoss  under  any  two  equal  volumes,  the  density  uf  the  atmo- 
sphere and  also  the  states  of  those  substances  with  respect  to  tempera- 
ture being  the  same. 

Distilled  water  is  the  subetanoe  usually  employed  for  the  purpose  of 
oomparing  together  the  weights  of  all  substances  except  the  gases ;  and 
tieoause  the  volume  of  any  substance  varies  with  ita  temperature,  in 
determining  from  experiment  the  apecifio  gravity  of  any  subetanoe,  the 
weight  under  a  given  volume  is  reduced  to  that  which  it  would 
become  at  one  constant  temperature.  The  constant  temperature 
adopted  in  this  country  is,  in  general,  that  which  is  expressed  by  60* 
of  Fahrenheit's  thermometer. 

From  the  experiments  of  Sir  George  Shuokburgh  Evelyn  it  was 
found  that  at  the  temperature  expressed  by  89*  Fa^r.,  the  height  of 
the  column  of  mercury  in  the  barometer  being  2979  inches,  the 
weight  of  a  cubic  foot  of  distilled  water  was  999'806e  ounces  avoir- 
dupois ;  and  reducing  thia  weight  conformably  to  the  table  of  the 
denaitiee  of  water  at  Afferent  temperatures  which  had  been  given  by 
Biot,  it  will  be  fovmd  that  at  a  temperature  expressed  by  60°  Fahr., 
and  when  the  height  of  the  mercurial  column  is  30  inches,  the  weight 
of  the  cubic  foot  of  water  is  999'64  ounces.  But  in  the  Parliamentary 
regulations,  which  were  made  in  1825,  a  cubic  inch  of  water  is  stated 
to  weigh  252*456  troy  grains,  the  temperature  being  62°  Fahr.,  and  the 
height  of  the  barometrical  column,  80  inches ;  and  7000  troy  grains 
ar«  made  equivalent  to  one  pound  avoirdupois  :  hence  it  follows  that 
a  ottbio  foot  of  water  should  weigh  997'136  ounces.  Either  of  these 
numbers  is  sufficiently  near  1000  to  make  it  very  proper  that  this  last 
should  be  adopted  for  the  specific  gravity  of  water,  since  a  change  in 
the  value  of  we  avoirdupois  ounce,  which  would  be  scarcely  appre- 
ciable in  the  ordinary  transactions  of  commerce,  would  render  the 
ounce  an  accurate  and  convenient  unit  of  weight,  while  the  cubic  foot 
constitutes  the  unit  of  volume. 

In  France,  since  the  employment  of  the  decimal  scale  of  weights 
and  measursfl  has  become  general,  the  oubic  centimetre  ('061028  cubic 
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inches  Engliah)  is  the  unit  of  volume,  and  the  gramme  (15'4S2 
grams)  is  the  unit  of  weight.  The  gramme  luiving  been  determined 
by  the  weight  of  a  cubic  centimetre  of  distilled  water  of  the  tempera- 
ture at  which  its  density  is  a  mn-rimiim  (39°-2  Fahr.).  Thus  the 
weight  of  a  cubic  centimetre  of  any  substance  being  expressed  by  any 
number  »  of  grammes,  n  is  the  spe^c  gravity  of  that  substance. 

The  numbers  expressing  the  specific  weights  of  substances  are  also 
taken  to  represent  their  densities.  Density,  properly  speaking, 
denotes  the  degree  of  closeness  of  the  particles  of  a  substance  to  one 
another;  but  tiiis  is  evidently  proportional  to  the  number  of  particles 
within  a  given  volume  of  that  substance ;  and  since  the  weight  of  a 
body  is  only  the  sum  of  the  actions  of  gravity  upon  all  its  particles,  it 
follows  that  the  densities  of  two  substances  under  equal  volumes  will 
be  proportional  to  their  specific  gravities.  It  follows  also  that  if 'two 
substances  have  equal  densities  or  specific  gravities,  their  weights  will 
vary  with  their  volumes ;  and  that  the  weights  of  bodies  are  to  one 
another  in  a  ratio  compounded  of  their  specific  gravities  and  volumes. 

Freriously  to  describing  the  methods  of  finding  the  specific  gravities 
of  substances,  it  will  be  proper  to  explain  the  construction  of  the 
hydrostatical  balance,  which  is  the  instrument  employed  for  the 
purpose.  The  beam  of  this  balance  rests,  as  usual,  on  the  lower  cir- 
cumference of  a  circular  perforation  in  both  sides  of  the  fork  which 
holds  it,  by  a  pin  which  is  fixed  in  it  perpendicularly  to  its  length  and 
depth,  at  a  smiall  distance  above  the  common  centre  of  gravity  of  the 
b«an,  scales,  and  weight.  The  fork  is  suspended  from  the  middle  of 
a  horizontal  bar,  and  this  last  is  suspended  from  a  spring  at  the  top  of 
the  pUlar  which  supports  the  machine.  Care  ia  taken  that  the  two 
arms  of  the  beam  are  symmetrical,  and  that  the  points  from  whenoa 
the  scales  are  suspended  are  at  equal  distances  from  its  centre  of 
gravity.  Now  let  the  substance  which  is  to  be  weighed  be  put  in  one 
of  the  scale  dishes,  and  the  number  of  grains  necessary  to  keep  it 
in  equilibrio  be  put  in  the  other.  If  the  weight  of  the  substance 
should  be  an  exact  number  of  grains,  that  weight  is  determined,  but  if 
not,  and  it  were  required  to  ascertain  the  weight  within  one-hundredth 
part  of  a  grain  (for  example),  the  following  contrivance  may  be  adopted. 
Suspend  in  a  vertical  position  from  the  lower  part  of  the  scale  con- 
taining the  substance  to  be  weighed,  a  brass  wire,  whose  volume  and 
weight  have  been  previously  determined,  and  let  part  of  the  length  of 
this  wire  enter  into  water  which  is  contained  in  a  vessel  underneath 
the  scale.  The  scales  with  this  wire  thus  attached  to  one  of  them 
being  previously  put  in  equilibrio  when  the  surface  of  the  water  is  at  a 
certain  mark  on  the  wire,  let  the  substance  to  be  weighed  be  intro- 
duced into  the  scale  above  the  wire,  and  let  weights  be  placed  in 
the  opposite  scale  till  one  grain  more  would  be  found  too  great : 
then  gently  raising  the  whole  balance  till,  by  the  increase  of  the 
weight  on  the  side  of  the  scale  containing  the  substance,  in  conse- 
quence of  a  greater  portion  of  the  wire  being  out  of  the  water,  an 
equilibriimi  takes  place.  The  wire  being  graduated  so  that  100 
divisions  correspond  to  a  weight  equal  to  one  grain,  the  number  of 
graduations  on  it  between  the  surface  of  the  wat^  and  the  fixed  mark 
before  mentioned  will  enable  the  experimenter  to  determine  the 
number  of  hundredths  of  a  grain  by  which  the  weight  of  the  substance 
in  the  scale  exceeds  the  number  of  grains  already  placed  in  the  opposite 
scale. 

If  it  be  required  to  weigh  a  substance  in  water,  or  in  any  other 
liquid,  that  substance  may  be  suspended  in  a  vessel  containing  the 
liquid  by  a  horse-hair  attached  below  the  scale  opposite  to  that  from 
whence  the  wire  before  mentioned  was  suspended ;  and  its  weight 
while  immersed  in  the  liquid  may  be  found  to  the  hundredth  part  of  a 
grain,  as  in  the  former  case.  The  reason  why  horse-hair  is  employed 
to  suspend  the  substance  in.  water  is,  that  it  has  very  nearly  the  same 
specific  gravity  as  that  fiuid. 

A  solid  body  having  greater  specific  gravity  than  water  being  thus 
weighed  both  in  air  and  water,  may  have  its  specific  gravity  deter- 
mined, that  of  the  water  being  supposed  to  be  known  or  assumed,  by 
the  following  proportion : — 

The  weight  lost  by  immersion  in  water  (that  is,  the  weight  of  water 

equal  in  volume  to  the  volume  of  the  soUd  [Hydkostatics]), 
Is  to  the  weight  of  the  body  in  air. 
As  the  specific  gravity  of  the  water  is  to  that  of  the  body. 

The  weight  of )       i   The  speciflo    )  (  The  weight  ]      I  The  qieciflo 

Or,  »n  equal  bulk  [  :  /     gravity  of      J    :  ;    <  of  the  body  J  :  I      gravity 
of  water,      )       (  vater  =1-000 )  (      In  air,     )      |    required. 

The  specific  gravity  of  a  fluid  is  found  by  weighing  any  one  and  the 
same  solid  body  in  air,  in  water,  and  also  in  the  fluid,  and  observing 
the  two_  difierenoes  of  weight.  These  difierences  are  the  weights  of 
quantities  of  the  two  fluids  which  are  equal  in  volume  to  the  solid 
body ;  and  they  are  to  one  another  as  the  specific  gravities  of  the  two 
fluids  :  hence  that  specific  gravity  which  was  required  may  be  found. 
[See  also  Hydbostatics.]  It  Jiould  be  observed  that  the  specific 
gravity  of  the  solid  must  be  greater  than  that  of  either  of  the  fluids, 
in  order  that  the  solid  may  sink  when  immersed  in  them. 

The  specific  gravity  M  a  liquid  may  be  conveniently  determined  by 
means  of  a  tpedfie  (parity  bottle,  a  light  bottle  containing  exactly 
1000  grains  of  distilled  water  at  60°,  so  that  when  the  bottle  is  filled 
with  the  liquid  whose  specific  p^vity  is  to  be  determined,  the  weight 
ingrains  of  the  liquid  immediately  determines  the  specific  gravity 


required.  There  is  usually  a  coimterpoise  for  the  weight  of  the  empty 
bottle.  If  such  a  bottle  be  counterpoised  and  then  be  filled  with  pure 
alcohol  it  will  weigh  only  792  grains,  thus  giving  0-792  as  the  spodfic 
gravity  of  the  alcohol.  If  the  bottle  were  filled  with  sulphuric  acid  it 
would  weigh  1845  grains,  so  that  1-845  would  be  the  specific  gravity 
of  the  acid.  In  some  cases  bottles  containing  only  100  or  200  gnioa 
may  be  used  with  advantage. 

The  density  of  n  powder  not  soluble  in  water  may  be  ascertained  by 
means  of  the  specific  gravity  bottle,  or  if  soluble  in  water  spirits  of 
wine,  oil  of  turpentine,  or  some  other  liquid,  may  be  employed.  Bat 
suppose  the  powder  to  be  sand,  we  weigh  into  the  1000  grain  bottle 
say  150  grains  of  the  sand.  If  the  sand  had  not  displaced  any  of 
the  water  the  bottle,  when  filled  up,  would  weigh  1156  grains;  but 
it  is  found  to  weigh  only  1096  grains,  so  that  the  sand  has  displiMvrf 
64  grains  of  water.     Hence 

54  : 1-000  : :  160  :  2-764— the  specific  gravity  of  the  sand. 

If  the  body  whose  specific  gravity  is  to  be  found  be  a  solid  lighter 
than  water,  there  must  be  annexed  to  it,  before  it  is  weighed,  a  mass 
of  some  material  of  known  specific  gravity,  and  such  that  the  two 
bodies  may  together  sink  in  the  water.  The  oompoimd  nuaa,  and  the 
heavier  body  alone,  must  be  weighed  both  in  air  and  water ;  also  the 
lighter  body  must  be  weighed  in  air.  Let  w  be  the  weight  of  the  com- 
poimd  moss  in  air,  and  w'  the  weight  of  the  same  mass  in  water ;  aiio 
let  w  be  the  weight  of  the  heavier  body  in  air,  and  «/  the  weight  of 
the  same  body  in  water :  then  w— w'  is  the  weight  of  water  equal  ia 
volume  to  the  compound  body,  and  a—v/  is  the  weight  of  water  e]ual 
in  volume  to  the  heavier  body.  The  difference  between  w — w'  sod 
w— w'  is  the  weight  of  water  equal  in  volume  to  ibe  lij^ter  body; 
therefore,  by  hydrostatics,  that  difference  is  to  the  specific  gravity 
of  water  as  the  weight  of  the  lighter  body  is  to  its  specific  gravity. 

When  the  body  is  soluble  in  water,  it  may  be  weighed  in  air,  and 
also  in  some  fluid  whose  specific  gravity  is  knovm,  and  which  is  not 
capable  of  dissolving  it ;  then  its  specific  gravity  may  be  found  by  the 
fii^  of  the  above-mentioned  rules,  substituting  the  weight  lost  in  th* 
fluid  for  the  weight  lost  in  water. 

If  the  solid  body  imbibes  water  without  being  dissolved  in  it,  let  it 
be  weighed  when  perfectly  dry,  and  call  that  weight  w :  again,  we  find 
the  weight  of  water  displaced  by  the  body  when  dry,  and  c^  it  d; 
then  D  is  to  w  as  the  specific  gravity  of  water  is  to  the  specific  giaritj 
of  the  body  in  its  actual  state.  But  d— w  is  the  weight  of  the  water 
displaced  by  the  solid  part  only  of  the  body ;  therefore  D— w  is  to  w 
as  the  specific  gravity  of  water  is  to  the  specific  gravity  of  the  solid 
part  only  of  the  body. 

It  must  be  observed  that  the  true  weight  of  any  body,  or  that  which 
the  body  would  appear  to  have  if  weighed  in  vacuo,  is  greater  Hum  the 
weight  which  it  is  observed  to  have  when  weighed  in  air,  by  the 
weight  of  a  volume  of  air  equal  to  the  difference  between  the  volume 
of  the  body  and  that  of  the  object  by  which  the  weight  is  detennined. 
It  should  also  be  observed  that  the  numbers  expressing  the  specifie 
gravities  of  substances  are  strictly  correct  only  on  the  parallel  of 
Utatude  passing  through  the  place  where  the  weight  of  the  water 
under  the  unit  of  volume  is  determined;  for  the  force  of  gravity, 
and  consequently  the  weight  of  any  substance  under  a  given 
volume,  increases  in  proceeding  from  the  equator  towards  either  pok 
of  the  earth. 

In  order  to  determine  the  specific  gravity  of  the  atmosphere,  or  of 
any  gas  whatever,  the  air  or  gas  must  be  weighed  in  a  globular  veanl 
of  glass,  of  sufficient  magnitude  to  prevent  tiie  unavoidable  errors  of 
the  operation  from  sensibly  affecting  the  results. 

In  taking  the  specific  gravities  of  gases,  correction  must  be  made 
for  temperature.  It  is  known  that  for  every  degree  of  Fahrenheit's 
scale  there  is  an  expansion  equal  to  j^  of  the  bulk  occupied  at  32° 
Fahr.  If,  for  example,  9'2  cubic  inches  of  gas  at  70°  were  reduced  to 
60°  the  change  in  volume  would  be  as  follows: — Since  70—82=33, 
491  parts  of  a  gas  at  82°  would  at  70°  have  increased  in  bulk  38  parts 
or  would  have  become  equal  to  629  parts.  Again  60 — 32=28,  so 
that  a  gas  which  at  32°  occupied  491  parts,  would  at  60°  occupy  a 
space  equal  to  619  parts.  The  volume  therefore  of  any  gas  at  70* 
would  bear  the  same  proportion  to  the  bulk  which  it  would  occupy 
at  60°  as  529  does  to  619.  Hence,  529  :  519  : :  9*2  :  9-026  cubic 
inches.  A  correction  is  also  required  for  pressure;  but  in  taking 
the  specific  gravity  of  a  gas,  Regnault  has  reduced  the  number  of 
corrections  required  by  counterpoising  the  globe  in  which  the  gas  is 
to  be  weighed  by  a  second  globe  of  equal  size.  The  film  of  moisture 
adhering  to  the  gloss-  is  equal  in  both  globes,  and  as  the  b-.ilk 
of  air  displaced  is  equal  in  both  cases,  the  calculation  for  its 
buoyancy  ia  thus  got  rid  of.  A  balance  capable  of  weighing 
2  lbs.,  and  turning  vrith  the  160th  part  of  a  grain  when  loaded,  is 
placed  on  a  cheat,  furnished  with  folding  doors,  within  which  the 
glass  globes,  each  of  the  capacity  of  about  600  cubic  inches,  attached 
to  the  scale  pans,  are  freely  suspended.  The  counterpoise  globe  is 
hermetically  sealed,  the  other  globe  is  furnished  with  a  stop-cock,  the 
air  is  exhausted  from  it,  and  it  is  filled  with  the  gas  to  be  tried  in 
a  pure  and  dry  state.  The  globe  is  again  exhausted  so  as  to  get  rid 
of  the  last  portions  of  atmospheric  air,  when  it  is  again  filled  with 
the  gas,  which  may  bo  again  pumped  out  and  again  filled.  To  get 
rid  of  the  correction  for  temperature  the  globe  is  placed  in  melting 
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ice,  which  reducea  the  gaa  to  the  French  standard;  more  gaa  ia 
introduced  to  equalise  the  pressure,  the  stop-cock  is  then  closed,  the 
globe  withdrawn  and  wiped  carefully  with  a  damp  cloth  to  prevent  the 
surface  from  becoming  electric,  and  it  is  then  attached  to  the  scale-pan. 
Two  houiB  are  allowed  to  elapse  before  it  is  weighed,  id  order  that  it 
may  acquire  the  temperature  of  the  surrounding  air  and  get  rid  of 
the  currents  about  it.  The  weight  is  then  accurately  noted,  the 
globe  again  plunged  in  ice,  the  gaa  removed  by  means  of  the  air 
pump,  and  tiie  elastioity  of  the  remaining  portion  in  the  globe 
measured  by  the  pump  gauge.  The  empty  globe  is  again  weighed  as 
before,  and  the  difference  of  the  two  weights  will  give  the  weight  of  a 
bulk  of  gaa  the  elasticity  of  which  is  equal  to  that  of  the  atmosphere 
as  marked  by  the  height  of  the  barometer  JT  diminished  by  the 
elasticity  A.  of  the  remaining  gas  as  measured  by  the  gauge.  If  the 
capacity  of  the  globe  has  been  previously  determined  with  accuracy, 
the  corrected  weight  of  the  gaa  will  be  obtained  by  the  following 
proportion : — 


The  standard 

The  observed 

The  ohserred 

Corrected 

preisore. 

pressure. 

weight. 

weight. 

As      S       i 

11' -h      : 

:        W       : 

W 

31-698 

30-B3S 

1-0000 

S8-ISS 

S4-30S 

I-IOSO 

si-;ei 

SO-110 

0-9713 

a-3ss 

2-MJ 

0-069J 

60-000 

47'S03 

l-i290 

The  following  table  has  been  calculated  by  Professor  Uiller  from 
Begnault'a  experiments,  and  reduced  to  the  Engliah  standard  tempe- 
rature and  pressure. 

100  Cnhic  Inches  weigh         At  33°  Fkhr.     At  60°  Fshr.      8p.  gr. 
Grains.  Graina,         Air=:l, 

Air        ...        . 
Oxygen     ... 
nitrogen       ... 
Hydrogen  •        . 

Ourbonlc  acid         .        • 

For  further  details  on  this  subject,  and  for  the  method  of  deter- 
mining the  specific  gravity  of  vapours,  we  must  refer  to  Professor 
Miller's  '  Elements  of  Chemistry,"  Part  I.  2nd  edition,  1860.  In  the 
appen(^  to  the  third  part  of  that  work  will  be  found  tables  of  specific 
gravities  corresponding  to  degrees  of  Baum^'s  hydrometer,  and  also  of 
Twaddell's  hycbometer,  the  latter  being  converted  into  their  corres- 
ponding specific  gravities  by  multiplying  them  by  5  and  adding 
1000.  The  specific  gravities  of  the  various  soUda,  liquids  and  gases 
are  given  under  their  respective  heads  in  this  Cyclopeedia,  also 
in  works  on  Chemistry.  Copious  tables  are  also  published  in  a 
separate  form.  As  a  sample  of  such  tables,  a  list  of  the  specific 
gravities  of  the  metals  is  given  at  the  end  of  this  article,  'A 
number  of  instruments  on  the  principle  of  the  Hvdroheteb  are  sold 
in  the  shops,  such  as  the  Artometar,  the  Lactometer  for  testing  the 
quaUty  of  milk,  the  SacehaTometer  for  enabling  the  brewer  to  form  an 
estimate  of  the  quaUty  of  his  sweet-wort,  and  some  others.  The 
Barometrical  Alriometer  consists  of  a  toll  siphon  tube,  inverted  and 
mounted  on  a  pedestal  with  a  graduated  scale  between  the  two  limbs. 
It  was  intended  to  compare  the  specific  gravities  of  immiscible  liquids ; 
thus  1  inch  of  mercury  in  one  limb  w^  balance  about  184  inches  in 
the  other  limb.  Brewster's  Slaktometer  or  Drop-meaiiirer  is  an  instru- 
ment for  measuring  specific  gravities  by  the  size  of  the  drops  which 
exude  from  a  small  onfice.  The  instrument  is  formed  like  a  pipette, 
and  is  filled  by  the  action  of  the  mouth  with  distilled  water,  and  the 
number  of  drops  which  escape  between  an  upper  and  a  lower  level  are 
counted,  and  serve  as  a  standard.  The  inatrmuent  may  now  be  filled, 
say  with  proof  spirit,  and  the  drops  similarly  cotmted.  In  one  instru- 
ment the  number  of  drops  of  water  was  724,  while  the  number  with 
proof  spirit  was  2117,  thus  indicating  that  the  drop  of  water  was 
about  three  times  the  size  of  the  drop  of  proof  spirit.  What  are 
called  tpeeifie  gravity  beaeU  or  hollow  beads  of  difierent  sizes  with 
projecting  tails,  and  marked  with  certain  numbers,  are  used  to  show 
roughly  the  density  of  a  liquid.  A  number  of  these  beads  being 
thrown  into  it,  those  which  sink  or  swim  are  of  no  account,  but  those 
which  remain  just  suspended  indicate  the  specific  gravity. 


Uetals. 

8p,  gr. 

Uetals. 

Bp,gr. 

Flatinnm     . 

.  Sl-S 

Iron    .        .        , 

.  7-844 

Oamiam  . 

.    .  Sl-4 

Tin 

.    .  7-292 

Gold    , 

.  19-34 

Zlno    . 

.  7'148 

Uranium         . 

.    .  18-4 

Chromium       . 

.    .  6-81 

Tnngaten     . 

.  17-6 

Antimony    . 

.  6-71 

Hercnry          . 

.    .  13-996 

Teilorinm       . 

.     .  6-25 

Palladinm    . 

,  11-t 

Arsenis        . 

.  S-969-4-7 

Bnthenlom      . 

.    .  11-4 

Alnminnm,  rolled 

.    .  2-67 

Lead    . 

.  11-36 

east   , 

,  2-96 

Silver      .        . 

.    .  lO-SS 

Strontium 

.    .  2-S4 

Bismuth      . 

.     9-799 

Glttoinum    . 

.  2-1 

Cobalt     . 

.    .     8-9S 

Uagneaium     . 

.     ,  1-748 

Copper 

.     8-92 

Calcium 

.        .  1-578 

Nickel     . 

.    .     8-82 

Sodium    .        . 

.    .  0-»7f 

Holybdennm 

.    8-62 

Potaaaium    . 

.  0-86S 

Cadmium         . 

.    .     8-604 

Uthium  . 

.    .  0-398 

Manganese  , 

.     8-013 

SPECIFIC  HEAT.  If  1  lb,  of  water  and  1  lb.  of  oil  be  tranaferred 
from  a  temperature  of  40°  to  one  of  70°,  the  oil  will  indicate  70°  much 
quicker  thaii  the  water,  requiring  in  fact  less  heat  to  reach  the  same 


temperature.  So  also  if  these  two  bodies  be  removed  from  a  warm  to 
a  oold  atmosphere  the  oil  will  cool  much  quicker  than  the  water.  In 
compaiing  various  bodies  wiiii  water  it  will  be  found  that  they  all 
vary  in  their  rates  of  heating  and  cooling.  Taking  water  as  the 
standard  of  comparison,  the  thermal  unit  is  the  quantity  of  heat 
required  to  raise  1  lb.  of  pure  water  from  82°  to  88°.  And  in  general 
the  quantity  of  heat  required  to  raise  1  lb.  of  any  other  body  from  82° 
to  33°  is  called  its  tpecijic  heat.  When  the  quantity  of  heat  required 
to  raise  the  temperature  of  a  body  one  degree  is  uniform  throughout, 
or  in  a  very  large  portion  of  the  thermometrio  scale,  the  specific  heat 
of  such  body  is  said  to  be  uniform.  Where  such  is  not  the  case,  it  is 
said  to  be  variable,  and  is  in  general  found  to  increase  with  the 
temperature. 

Three  methods  are  adopted  in  adorimetry,  as  it  is  called,  to  distin- 
guish it  from  thermometry,  or  the  measuring  of  sensible  or  apparent 
heat.  Firat,  by  measuring  the  heat  by  the  quantity  of  ice  which  the 
body  in  question  liquefies ;  Secondly,  by  calculating  it  by  the  method 
of  mixtures ;  Thirdly,  by  observing  the  rate  at  vrfiich  heated  bodies 
cool. 

By  the  first  method  the  calorimeter  of  Messrs.  Lavoisier  and  Laplace 
is  used.    It  consists  of  two  similar  metallic  vessels,  one  smallar  than 


and  contained  in  the  other,  so  as  to  leave  a  space  o  a  From  this  space 
proceeds  a  discharge-pipe  with  a  stop-cock  E,  From  the  bottom  of  the 
iimer  vessel  also  proceeds  a  pipe  d;  it  passes  air-tight  through  the 
outer  vessel,  and  is  furnished  with  a  stop-cock.  There  ia  a  third 
vessel.  A,  contained  within  the  second,  and  the  space  B  B  is  also  filled 
with  pounded  ice.  The  vessel  a  is  furnished  with  a  cover,  and  there 
is  a  large  tray-like  cover  over  the  whole  apparatus.  This  is  also  filled 
with  pounded  ice.  Now  supposing  such  an  apparatus  to  be  introduced 
into  a  room  at  a  temperature  of  40°,  it  is  evident  that  the  ice  in  o  will 
slowly  melt,  and  retain  B  at  the  constant  temperature  of  82".  Now 
if  we  introduce  the  body  whose  specific  heat  is  to  be  determined  into  A 
at  any  given  temperature  above  32°,  it  would  cool  down  to  that  tem- 
perature, and  in  doing  so  will  melt  a  quantity  of  ice,  the  water  from 
which  will  be  collected  in  the  bottle  below  d.  If  this  quantity  of  water 
be  divided  by  the  number  of  degrees  through  which  the  body  in  A  has 
fallen,  the  quantity  of  ice  dissolved  by  the  heat  corresponding  to  1° 
will  be  found.  This  being  divided  by  the  weight  of  the  body  in  A  in 
pounds,  the  weight  of  ice  dissolved  by  the  heat  which  would  raise 
1  lb.  of  the  body  1°  will  be  determined.  In  this  way  it  is  found  that 
the  heat  necessary  to  raise  1  lb.  of  water  1°,  is  that  which  would  dis- 
solve the  142-65th  part  of  1  lb.  of  ice.  For  other  bodies  we  get  the 
following  rule :— Multiply  the  weight  of  ice  dissolved  by  142-65,  and 
multiply  the  weight  of  the  body  which  dissolves  the  ice,  by  the  nimi- 
ber  of  degrees  of  temperature  which  it  loses,  and  divide  the  former 
product  by  the  latter,  when  the  quotient  will  be  the  specific  heat  of 
the  body. 

By  the  method  of  mixtures  a  mean  temperature  is  obtained  when 
equal  weights  of  the  same  body  are  mingled  together;  but  when 
diiCferent  fluids  are  mixed  the  result  is  different.  For  example, 
1  lb.  of  mercury  at  40°  agitated  with  1  lb.  of  water  at  156°,  gives  a 
mixture  =152°-3.  In  this  case  the  water  loses  3°-7,  and  the  mercury 
gains  112°-3.  Hence  112°-3  :  3°-7  :  :  1  :  0033,  or,  in  other  words, 
water  being  1000,  the  specific  heat  of  mercury  is  only  38;  1  lb,  of 
water  absorbing  30  times  more  heat  than  1  lb,  of  mercury. 

By  the  third  method  equal  and  similar  volumes  of  two  bodies  are 
raised  to  the  same  temperature,  and  allowed  to  cool  under  similar 
circumstances.  By  observing  the  intervaM  of  time  required  for  equal 
volumes  to  fall  1°,  we  get  ti^e  ratio  of  the  quantities  of  heat  which 
they  lose.  The  quantities  for  equal  weights  may  be  inferred  from  the 
specific  gravities  of  the  bodies,  and  in  this  way  the  specific  heats  can 
be  arrived  at. 

The  specific  heat  of  bodies  diminishes  with  an  increase  of  density, 
so  that  more  mechanical  compression  will  raise  the  temperature  of 
many  bodies,  and  even  make  some  of  the  metals  very  hot ;  iron,  it  ia 
said,  incandescent.    The  sudden  compreasipn  of  aeriform  bodies  la 
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attended  -with  the  evolution  of  heat,  sufficient  under  prnper  arrange- 
ments to  ignite  amadou,  or  German  tinder.  On  rarefying  air  an  oppo- 
■ite  effect  ia  observed,  as  is  evident  from  the  dimness  seen  on  the  inner 
surface  of  an  air-pump  receiver  on  first  beginning  to  exhaust  the  air. 
The  capacity  for  heat  of  the  remaining  air  is  increased,  and  there  is 
not  sufficient  heat  to  retain  the  vapour  in  its  elastic  form.  So  when 
compressed  air  suddenly  escapes,  it  absorbs  heat,  and  moisture  is 
dejxisited.  Similar  effects  may  be  observed  in  nature.  A  blast  of 
cold  air  descending  from  a  lofty  height,  has  its  temperature  raised  by 
the  mere  compression  that  it  undergoes. 

The  following  are  a  few  specific  heats  obtained  by  the  procen  of 
mixture  or  immersion.  They  refer  to  that  part  of  the  scale  between 
82°  and  212"':— 


Water 

.  1*00000 

Brass       .        .        .  0-00391 

Oil  or  turpentine  . 

.  0-41»0> 

Bllrer ....  00S70I 

Cbarooal  ,        . 

.  0-S4U0 

Tin .        .        .        .  0*0563S 

GUM  . 

.  0-10768 

Herenrjr      .        .    .  0-0S>S2 

Iron         .        « 

.  0-11870 

Platinum         .        .  OOSS«S 

Zinc    .        .        . 

.  00955S 

Gold    .        .        .    .  0'03244 

Copper     , 

.  009S1> 

Lead        .        .        .  0-01140 

A  body  in  the  liquid  state  has  a  higher  specific  heat  than  the  same 
substance  in  a  solid  form.  The  specific  heat  of  water,  for  example, 
is  double  that  of  ice.  Indeed  the  large  specific  heat  of  water  has  a 
great  effect  on  the  temperature  of  the  globe,  in  moderating  the  rapidity 
of  the  tranaitions  which  would  otherwise  occur. 

The  determination  of  the  specific  heats  of  gases  and  vapours  is 
attended  with  difficulty.  Regnault's  results  are  probably  very  near 
the  truth.  Taking  the  specific  heat  of  an  equal  weight  of  water' as  the 
unit  of  comparison,  he  finds  that  of  air  to  be  =  0'2377.  The  following 
are  a  few  of  his  results : — 


Gas  or  Vaponr. 

Equal 
Tola. 

Equal 
weights. 

Gas  or  Vapour. 

Equal 

T0l«. 

Equal 

weights 

Oxycren  •        . 

.  0-34I3 

0-218a 

Carbonio  add  . 

.  0-3308 

0-2164 

Nitrogen     .        . 

.  0-2S70 

0-2440 

Ammonia    .        . 

.  0-2994 

0-5080 

Hydrogen 

.  0-29S8 

S-4046 

Olefiant  gas     . 

.  0-3372 

0-3694 

Cblorine      . 

.  0J962 

0-1214 

SulphuTons  sold  . 

.  03489 

0-1953 

Bromine           • 

.  0'2992 

00SS2 

Water     . 

.  0-2930 

0-4750 

NitrouB  oxide 

.  0'341$ 

0-22S8 

Alcohol       . 

.  0-7171 

0-4513 

Nitric  oxide     . 

.  0-240S 

0-2315 

Ether      . 

.  1-2296 

0-4810 

Carbonio  oxide 

.  0-2S9t 

0-2479 

Oil  of  turpentine 

.  2-3776 

0-5061 

There  is  a  remarkable  relation  between  the  speoifio  heat  of  an  ele- 
mentary body  and  its  chemical  equivalent.  If  the  specific  heat  of  a 
body  in  the  solid  state  be  multiplied  into  the  chemical  equivalent  of 
the  same  body,  it  gives  a  number  which  coincides  almost  exactly  with 
the  product  obtained  by  multiplying  together  the  specific  heat  and  the 
equivalent  of  any  other  elementary  substance. 

SPECIFICATION.    [PATEirr.] 

SPECTACLES  are  lenses  so  mounted  in  frames  as  to  be  conveniently 
held  before  the  eyes  to  assist  defective  vision.  The  eyes  of  a  person 
whose  sight  is  much  tried  often  receive  injury  from  delay  in  the  use  of 
spectacles ;  while  the  sight  of  many  persons  is  prematurely  worn  out 
by  the  use  of  glasses  of  too  high  a  power.  Whether  the  glasses  used 
be  concave  or  convex,  the  lowest  power  that  is  available  should  be 
used.  The  use  of  a  single  reading-gliss  instead  of  spectacles  is  in- 
jurious, since,  by  occasioning  one  eye  to  be  more  used  than  the  other, 
the  power  and  focal  length  of  the  two  are  rendered  unequal.  The 
unsteadiness  of  the  gloss  is  also  a  disadvantage.  The  defects  of  the 
single  hand-glass  are  not  removed  by  increasing  its  size  so  much  that 
both  eyes  may  see  through  it,  because  in  that  case  the  axis  of  each 
pencil  of  rays  will  be  distorted  by  parsing  through  the  lens  at  points 
beside  its  centre.  Hand-spectacles,  which  are  made  to  fold  up  into 
nearly  as  small  a  space  as  a  single  glass,  are  better  than  reading- 
glasses  ;  but,  although  steadied  in  some  degree  by  resting  upon  the 
nose,  they  are  not  equal  to  spectacles  well  fitted  to  and  supported  by 
the  head. 

Varieties  in  the  conformation  of  the  eyes,  and  in  the  manner  and 
degree  in  which  they  are  affected  by  use,  render  it  impossible  to  lay 
down  any  rule  for  the  focal  length  of  convex  glasses  for  persons  of  a 
given  age  ;  yet  a  general  idea  of  the  necessair  power  may  oe  obtained 
from  the  following  table,  extracted  from  Ur.  Kitchener's '  Eoonomy  of 
the  Eyes  .•'•— 


Tears  of  at*. 

ladft  of  fgena. 

Teat*  of  afft. 

Inches  of  fosua 

40 

36 

70 

12 

45 

M 

ft 

10 

50 

14 

10 

35 

ao 

85 

38 

18 

80 

60 

16 

100 

6S 

14 

In  some  cases  it  is  advisable  to  use  different  speotades  for  night  and 
day,  to  suit  different  degrees  of  light ;  and  it  is,  generally  speaking, 
well  to  increase  the  power  of  the  glasses  as  the  sight  becomes  weaker 
from  age.  Even  in  this,  however,  caution  must  be  exercised,  lest,  hj 
over-stimulating  the  eye,  its  powers  be  too  rapidly  exhausted,  it 
should  always  be  borne  in  mind,  both  by  young  and  old  persons,  and  in 
changing  spectacles  as  wel]  as  in  first  taking  to  them,  that  the  legiti- 


mate object  of  convex  spectacles  is  to  restore  the  natnral  power  {or 
rather  the  natural  foem)  of  the  eye,  and  not  to  enable  the  wearer  to 
see  objects  lai^er  or  more  distinctly  than  with  the  eye  in  a  strcmg 
and  healthy  condition.  Short^ghtedneas  being  still  leas  dependent 
upon  age,  cannot  be  met  by  any  mle  even  so  mH  as  the  oppoaite 
defect. 

In  choosing  spectacles,  the  frame  should  fit  comfortably  to  the  heed, 
and  be  of  such  a  form  as  to  bring  the  centre  of  each  lens  exactly  oppo- 
site to  the  centre  of  the  eye.  Should  this  not  be  the  case,  the  bridge 
or  wire  that  unites  the  two  halves  of  the  fnme  may  be  stretched  or 
bent  to  suit  the  wearer. 

With  respect  to  the  glass  used  in  speatacles,  it  may  be  taken  aa  a  rule 
that,  except  in  eases  where  it  is  necessary  to  protect  the  eyes  from  aa 
injurious  glare  of  light,  the  most  colourless  material  is  to  be  preferred. 
The  accurate  figure  of  the  lenses  cannot  be  too  strongly  insisted  on, 
and  may  be  tested  by  holding  the  speotaclee  near  to  a  printed  b:-nk, 
and  gradually  moving  them  nearer  to  the  eye ;  by  doing  which,  if  ibs 
glasses  be  not  well-shaped,  the  letters  will  appear  distorted.  Veins  or 
blebs  in  the  glass  are  injurious,  and  may  be  detected  by  holdins  the 
glass  between  the  eye  and  the  fiame  of  a  candle,  and  moving  it  back- 
wards and  forwards,  until  it  appears  full  of  light ;  when  every  such 
defect  will  be  distinctly  seen.  Scratches  sre  nut  quite  ao  injuriooi, 
inasmuch  aa  they  do  not  produce  distortion ;  yet  thej  should  be 
avoided.  Their  diminished  liability  to  injury  by  scratching  forms  ths 
principal  recommendation  of  spectacle  lenses  of  rock  crystal ;  bat  boe^ 
opticians  ootuider  their  tise  injurious,  owing  to  their  tendency  to 
irregular  refraction  of  the  ravs  of  light. 

Several  deviations  from  tlie  ordmary  mode  of  constructing  specta- 
cles may  be  alluded  to.  The  peritcopie  spectacles  of  Dr.  WoUastcn 
were  contrived  in  order  to  allow  considerable  latitude  of  motian  to  the 
eyes  without  fatigue,  by  conforming  the  shape  of  the  glaaaes  to  that 
of  the  eyes.  This  is  effected  by  the  use  of  lenses  either  of  a  meniMni 
or  ooncavo.convex  form  :  the  concave  side  being  in  both  caaes  tnined 
towards  the  eye.    Fig.  1  represents  in  section,  the  form  of  ths  leni 


fig.  I. 


n«.s. 


used  in  convex  or  magnifying  spectades  of  the  perisoopie  oonstruetioB ; 
and  Fig.  2  shows  that  of  a  concave  lens  suitable  ^or  Bhort-sigfated 
persona.  In  the  former  case  the  curve  of  least  radius  is  that  of  thi 
anterior,  and  in  the  latter,  that  of  the  posterior  surboe  of  the  lena. 
Divided  spectacles,  each  glass  consisting  of  two  half-lenaea,  are  some- 
times  used ;  the  upper  half  of  each  glass  being  oocupied  by  a  concave 
lens,  or  one  of  very  slight  convexity,  for  seeing  distant  objects,  while 
the  lower  half  has  a  strong  magnifier,  for  examining  things  near  the 
eye.  Such  spectacles  have  an  awkward  appearance,  on  account  of  the 
joint  along  the  middle,  and  require  some  practice  to  avoid  inoonve- 
nienoe  to  Uie  wearer ;  but  they  have  been  used  with  advantage  by 
artists  and  others  requiring  to  look  alternately  at  near  and  distant 
objects.  Other  plans  have  been  tried  for  obtaining  a  similar  advurtage ; 
such  as  having  a  second  pair  of  glasses  hinged  to  the  frame,  and 
capable  of  either  turning  up  out  of  the  way,  or  being  placed  imme- 
diately before  the  ordinary  lenses,  to  modify  their  power ;  or  having 
two  distinct  pairs  of  spectacles,  eapable  of  being  used  either  separately 
or  together.  Spectaclea  with  glased  wings,  or  frames  partly  filled  with 
orape,  are  sometimes  used  by  travellers ;  the  glasses,  which  may  bs 
plain,  unless  otherwise  required,  being  of  such  a  form  ss  to  shield  ths 
eyes  from  dust 

In  the  Great  Exhibition  of  1861  the  British  exhibitors  of  spectacles 
were  contented  with  improvements  in  the  method  of  mounting,  but 
left  out  of  sight  the  main  object,  the  improvement  of  the  glaHses. 
Thus  there  were  fine  and  delicate  fiamea,  some  weighing  only  II  grains, 
and  the  whole  weight,  including  glasses,  not  amovmtiog  to  more  than 
two  petmyweights.  The  steel  frames  of  theee  spectacles  resembled 
hair  lines,  and  were  imperceptible  at  a  abort  distance.  There  were 
also  ventilating  eye-shades,  designed  to  allow  a  current  of  air  to 
circulate  freely  between  the  shade  and  the  wearer :  there  were  also 
spectacles  for  sketching,  mounted  without  a  rim  to  prevent  obetroctinn 
of  vision.  These,  with  every  variety  of  gold,  sUver,  aad  steel-mounted 
n>ectacles,  were  to  be  found  in  abundance ;  but  it  was  left  to  the 
l^nch  e:^bitors  to  present  glasses  to  suit  almost  every  peculiarity  of 
vision,  a.  Henri,  uniting  the  skill  of  the  optician  with  the  knowledge 
of  tixe  physiologist,  exhibited  spectacles  of  an  improved  kind,  the  gloss 
of  which  was  so  pure  as  to  remove  one  source  of  uneasiness  and 
fatigue  incident  upon  the  use  of  spectacles ;  while  the  foci  were  so 
arranged  as  to  rectify  certain  defects  and  obliquity  of  vision.  Some  of 
then  spectacles  were  furnished  with  a  moveable  diaphragm,  to  be 
shifted  right  or  left  at  will.  These  were  designed  for  the  cure  of 
squinting,  either  converging  or  diverging.      M.  Fotullot  exhibited 
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metallic  woven  apeotacles  {or  the  free  admiasion  ol  air  to  tile  ^M, 
wLile  they  serre  u  a  icreen  agaiiut  dust,  inaecta,  ke,,  and  also  subdue 
the  light. 

SPECTRTTH  (in  optica)  is  the  name  applied  to  the  coloured  image 
of  the  aun,'  or  a  narrow  luminous  object,  when  the  light  proceeding 
from  it  is  transmitted  through  a  priam,  and  either  allowed  to  fall  on  a 
screen  at  some  distance,  or  received  directly  into  the  eye;  [Dibpeb- 
8I0N.]  A  similar  coloured  image,  produced  by  diSraction,  may  be 
obtained  without  a  priam  [DirrsAcnrioN  or  Liqbt],  and  to  it  the 
term  tpeclrum  equally  applies. 

The  fixed  lines  of  the  solar  spectrum  have  been  already  mentioned 
in  the  former  of  the  articles  juat  quoted.  Much  light  has  recently 
been  thrown  on  their  origin  by  the  laboun  of  Professor  KircholF. 
Fraunhofer  long  ago  observed  that  the  spectrum  of  a  candle,  or  of  a 
apirit-lomp,  exhibits  a  double  bright  line,  which  txaetly  coincide  in 
pofUion  with  the  double  dark  line  D  of  the  aolar  apectrum  j  and  Sir 
David  Brewster  noticed  a  similar  correspondence  in  the  case  of  defla- 
grating nitre.  ('Beport  of  the  British  Association,'  for  1842,  p.  16.) 
An  imitation  of  the  fixed  lines  of  the  aolar  spectrum,  aa  to  their  general 
character,  is  obtained  by  aubjeoting  Ught  to  the  absorbing  action  of 
certain  gases,  as  was  fint  discovered  by  Sir  David  Brewster,  in  the 
case  of  nitrous  acid  gas.  If  the  light  of  a  lamp,  which,  if  unmodified, 
would  give  a  continuous  spectrum,  be  transmitted  through  this  gas, 
and  then  analysed,  the  spectrum  is  seen  to  be  traversed  by  numerous 
dark  lines  or  narrow  bands,  which  by  their  sharpness  of  definition, 
narrowness,  and  apparently  capricious  arrangement,  remind  one  of  the 
lines  of  the  solar  spectrum.  That  mme  of  ibe  fixed  lines  of  the  apeo- 
trum  seen  when  the  aun  is  near  the  horizon  are  to  be  attributed  to 
absorption  by  the  earth's  atmosphere,  is  evident  from  the  fact  that 
they  are  not  seen  when  the  aun  is  high ;  but  that  aU  have  not  this 
origin  seems  to  follow  from  the  fact,  observed  by  Fraunhofer,  that 
different  fixed  stars  have  lines  of  their  own,  whereas  were  all  the  lines 
due  to  absorption  in  the  earth's  atmosphere,  the  same  system  ought 
to  be  seen  whether  the  source  of  light  were  the  sun  or  a  fixed  star. 

During  the  researches  In  which  he  was  engaged,  in  common  with 
Professor  Bunsen,  on  the  application  of  the  prismatic  analysis  of 
flames  to  quiditative  chemiofll  analysis,  Professor  Kirchoff  was  led  to 
discover  that  flames  which  exhibit  in  their  spectra  bright  lines  of 
certain  dafinits  rafrangibllitiea  at  the  aame  time  absorb  energetically 
light  of  those  precise  degrees  of  refrangibility.  (PoggendorS's '  Annalen,' 
vol  ox.,  p.  161 ;  or '  Phil.  Mag.'  for  August,  1860.)  He  further  connected 
this  phenomenon  With  Prevoat'a  theory  of  exchanges.  He  found  that 
if  bdiind  a  flame  giving  bright  lines  in  its  spectrum  were  placed 
a  brilUantly  luminous  body  of  higher  temperature,  giving  itself  alone 
a  continuous  spectrum,  the  oommund  light,  consisting  portly  of  light 
emitted  by  the  flame,  partly  of  light  emitted  by  the  luminous  boidy 
behind  it  and  transmitted  through  the  flame,  exhibited  on  analysis 
darlc  lines  in  the  places  of  the  bright  lines  given  by  the  flame  al<nie ; 
the  regions  of  those  lines,  as  compared  with  the  neighbouring  regions, 
BuSering  more  in  luminosity  by  absorption  of  the  light  from  the 
luminous  body  than  they  gained  by  the  light  emitted  by  the  flame.  A 
particvilar  instance  of  tcia  aimultaneoua  emission  and  absorption  of 
rays  of  definite  refrangibility  had  been  observed  in  the  case  of  the 
voltaio  arc  many  years  before  by  Foucault  ('  L'lnstitut,'  for  Feb.  7, 
1849),  who,  however,  had  not  further  followed  the  observation,  nor 
connected  it  with  the  theory  of  exchanges.  Now  the  outer  portions  of 
the  atmosphere  of  the  sun  or  a  star,  and  the  inner  portions,  or  else 
the  solid  or  liquid  body  itself,  may  be  conceived  to  be  in  the  same 
relative  condition  as  the  flame  m  tiie  above  experiment  and  the 
luminous  body  behind  it ;  and  thus  we  are  led  to  connect  tiie  dark 
lines  seen  in  the  spectra  of  light  coming  directly  from  the  sun  or  a  fixed 
star,  with  the  presence  in  their  atmospheres,  in  a  state  of  incandeacence, 
of  those  elements,  which,  when  present  in  flames,  cause  them  to  give 
out  bright  lines  of  the  same  refrangibility.  It  is  found  that  the  intro- 
duction of  small  quantities  of  various  metallic  salts  into  a  flame  causes 
its  spectrum  to  exhibit  bright  lines,  depending  upon,  and  characteristic 
of,  the  metal  introduced ;  and  by  comparing  these  lines  with  the  dark 
lines  of  the  solar  spectrum  we  may  infer  the  presence  or  absence  of 
such  metals  therein.  Thus  Frofsiuon  Bunsen  and  Kirchoff  have  con- 
cluded that  the  solar  atmosphere  contains  potassium  and  sodium,  that 
Uthimm  is  absent,  or  present  in  compamtivsly  small  quantity,  and  so 
fortki. 

SX>E'CULUlf,  a  name  frequently  given  to  a  mirror  uaed  for  any 
scientific  purpose,  as  in  a  reflecting  telescope.  For  the  astronomic^ 
bearings  of  the  speculum  we  refer  to  Telescope,  but  we  here  give  the 
first  part  of  the  simpler  mathematical  description  of  a  pencil  of 


lays  incident  upon  a  mirror,  so  aa  to  make  this  artlole  •  oounterpart 
to  Lens. 

The  convex  mirror  is  comparatively  of  no  importance,  and  the 
formula  for  it  may  be  easily  derived  from  those  for  tiie  concave 


!  mirror,  to  which  we  proceed,  referring  to  Mr.  Griffin's  work  on  Optics 
for  further  information.  Let  a  pencnl  of  rays  fall  on  the  spherical 
mirror  a  b  from  the  point  p,  of  which  rays  p  B  is  one.  Let  p  b  be 
reflected  into  bjj.  It  is  supposed  that  p  is  in  the  radius  o  a,  which  is 
the  axis  of  the  mirror ;  o  being  the  centre  of  the  sphere.  Let  a  o  =r, 
A  p =«,  A  p  =  o.  The  nearer  B  is  taken  to  a,  the  more  nearly  does  the 
point  p  approach  to  a  certain  point  p,  at  which  tiie  image  of  p  is 
said  to  be  formed ;  not  that  any  rays  are  actually  reflected  to  p, 
but  because  all  the  rays  which  are  reflected  from  points  near  to 
A  fall  exceedingly  near  to  p,  which  is  the  cusp,  and  brightest  point 
of  the  Caustio.  If  Ar  =  w,  the  position  of  p  is  determined  by  the 
equation — 

1      a      1 

The  point  p  however  is-always  nearer  to  A,  or  lies  between  »  and  a, 
and  pp,  or  the  longitudinal  aberration,  is  thus  foimd:  let  the  length 
of  the  arc  AB  be  y  /  then 


le'/l        l\i  , 


W 


veiy  nearly,  if  y  be  not  very  great.    And  for  the  lateral  aberration  » t, 
we  have 


w  (1        l\t 


Again,  there  is  for  all  the  rays  proceeding  from  p,  after  reflection,  a 
oirde  through  which  they  all  pass,  as  in  Lbhs,  The  distance  of  this 
oirole  of  least  abenation  from  the  focus  r  toward  A,  is  the  following 
expression :— 


8 1^«  II        l\j 
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if  T  be  the  whole  semi-aro  of  the  mirror  :  it  is  therefore  three-fourths 
of  the  longitudinal  abenation  of  the  extreme  ray.  The  diameter  of 
this  oinle  of  least  aberration  is 


1  »y' 
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1\* 
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(5), 


or  ooe-half  the  lateral  aberration  of  the  extreme  ray. 
When  the  rays  fall  parallel  to  each  other  on  the  mirror,  K  is  infinite, 

and  we  have  -  r  for  the  value  of  w,  Jl  for  the  longitudinal  aberration, 
2  4r 

^  for  the  lateral  abenation,  _  for  the  distance  of  the  circle  of 
2r*  lOr 

least  aberration  from  the  focus,  and  —  for  its  diameter. 

4r 

When  «=«■,  or  the  incident  pencil  is  thrown  from  the  centre,  it  1b 
returned  again  to  the  centre,  and  there  are  no  aberrations. 

When  tt  is  leas  than  r,  or  p  is  between  o  and  A,  r  then  falls  beyond 
o,  and,  as  p  approaches  to  the  middle  point  of  o  a,  recedes  without 

limit.    When  n=  -|  r,  or  F  is  at  the  middle   point  of  oa,  all  the 
reflected  rays  are  parallel  to  one  another  and  to  the  axis  of  the  mirror. 

And  when  u  is  less  than  -  r,  tn  becomes  negative,  or  the  focus  is  on 

2 
the  other  side  of  the  mirror,  and  the  reflected  rays  divei^ge ;  but  only 
tlie  latitudinal  aberration  alters  its  sign. 

The  formula  for  a  convex  mirror  may  be  found  by  making  r  nega- 
tive in  those  for  a  concave  mirror.  Hence  w  is  always  negative,  or  the 
focus  of  every  pencil  is  behind  the  mirror :  the  longitudinal  aberra- 
tions change  sign,  but  nut  the  latitudinal  ones :  and  as  w  has  slso 
changed  sign,  the  effect  is  that  j>  is  always  nearer  to  the  mirror  than 
t,  as  before. 

The  image  in  a  convex  mirror  is  always  upright ;  and  in  a  concave 
one  always  inverted,  except  when  the  object  folk  between  the  principal 
focus  (or  middle  point  of  the  radius)  and  the  mirror. 

The  aetronomical  value  of  the  speculum  depends  on  the  quantity  of 
light  that  it  can  concentrate,  and  on  the  precision  with  which  it  forms 
the  optical  image  of  a  distant  object.  Hence  the  magnitude,  the  cur- 
vature, and  the  surface  polish  are  all  of  importance.  The  figure  may 
be  paraboUo,  where  every  part  has  the  same  focus,  or  it  may  be  on 
ellipsoid,  where  the  edge  is  of  shorter  focus  than  the  centre,  or  if 
longer  an  hyperboloid.  The  grinding  and  polishing  of  lenses  in  a 
refracting  telescope,  to  say  nothing  of  the  difficulty  of  obtaining  good 
optical  glass,  greatly  limit  the  perfection  of  that  form  of  telescope ; 
but  an  amount  of  error  that  would  be  tolerated  in  the  best  lenses, 
would  be  fatal  in  the  speculum  of  a  large  reflecting  telescope.  The 
difficulties  of  forming  an  aocurate  speculum  oonstitute  a  problem  of 
the  highest  order,  the  solution  of  which  has  received  the  careful  study 
of  first-rate  sstronomers  and  meclianiciana.  The  reader  who  is 
desirous  of  seeing  how  these  difficulties  have  been  overcome,  will  do 
well  to  consult  the  memoir  communicated  to  the  Boyal  Society  of 
London  in  1840  by  .Lord  Oxmantown  (now  Earl  of  Bosse)  entitled  '  An 
Account  of  Experiments  on  the  Reflecting  Telescope.'    We  may  also 
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refer  for  a  multitude  olminute  details  to  Holtzapfieiy'iMechanical  Mani- 
pulation,'to  papei-a  in  the  proceedings  of  the  British  Association,  1848, 
1850,  to  the  '  Transactions  of  the  Koyal  Astronomical  Society,'  to  the 
'  Philosophical  Transactions '  for  1850,  and  also  to  the  article  Speculum 
in  Nichol's  '  Cyclopsedia  of  the  Physical  Sciences,'  1860.  All  we  can 
do,  in  this  place,  is  to  indicate  the  nature  of  the  problem  to  be 
solved,  and  briefly  to  state  some  of  the  means  adopted  for  its  solution. 

And  first  as  to  the  material.  Speculum  metal  is  an  alloy  of  tin  and 
copper,  which  according  to  Lord  Rosse  should  be  a  definite  atomic 
compound,  namely,  four  equivalents  of  copper  to  one  of  tin,  or 
126-4  parts  of  copper  to  58*9  of  tin,  or  82  to  16  nearly.  This  is  the 
alloy  used  by  Newton  in  the  first  reflecting  telescope.  It  is  very 
brilliant,  but  so  brittle  as  to  break  with  a  slight  blow  or  sudden  change 
of  temperature,  and  so  hard  and  friable  that  it  cannot  be  worked  with 
steel  tools.  The  introduction  of  other  metals  or  a  larger  proportion  of 
copper  may  diminish  the  brittleness,  but  will  lower  the  brilliancy,  and 
produce  a  metal  more  liable  to  tarnish.  It  is  remarkable  that  speculum 
metal  displays  its  porosity  with  the  aid  of  a  mmple  Coddington's 
microscope.    [Bbonze  ;  Speculuh  Hetal.] 

When  it  is  stated  that  the  6  feet  speculum  of  Lord  Rosee's  telescope 
weighs  4  tons,  it  may  be  imagined  that  the  casting  of  such  a  mass  is  a 
work  of  some  difficulty.  If  a  close  mould  were  used,  or  if  the  metal 
were  rapidly  cooled,  it  would  fly  to  pieces  in  attempting  to  work  it,  or 
if  cast  in  sand,  as  an  open  casting,  it  would  probably  have  a  spongy  or 
crystalline  texture,  which  would  be  visible  when  polished.  SmaU 
specula  jire  cast  in  sand,  and  as  soon  as  they  are  set  the  sand  core  is 
pushed  out  of  the  central  aperture  of  such  as  are  intended  for  Grego- 
rians,  and  the  red-hot  disc  is  surrounded  by  ignited  wood  ashes  to 
delay  the  cooling ;  but  in  large  specula  the  margins  solidify  first  and 
from  want  of  ductility  the  central  parts  are  torn  away  in  the  act 
of  contracting,  and  the  mass  becomes  rent  or  fiawed.  To  prevent 
these  defects  and  accidents,  the  speculum  is  cast  on  a  MU  or  surface 
of  iron  moderately  heated,  the  effect  of  which  is  to  give  a  fine  grain 
and  increased  compactness  to  the  metal  to  a  small  distance  from  the 
surface.  In  Mr.  Lassell's  mode  a  cast-iron  mould  a  little  deeper  than 
the  speculum,  with  its  bottom  convex,  and  of  the  same  radius,  is 
attached  to  the  end  of  a  strong  weighted  lever,  so  that  when  the 
mould  is  empty,  its  bottom  makes  a  considerable  angle  with  the 
horizon,  but  becomes  horizontal  when  charged  with  the  proper 
quantity  of  speculum  metal  The  fused  metal  is  poured  into  a  lateral 
cell,  communicating  with  the  mould  at  its  lowest  point.  In  this  way 
the  metal  rises  smoothly  and  evenly  along  the  bottom,  and  entangled 
ur  and  scoria  are  got  rid  of.  In  Lord  Rosse's  arrangement  the  bottom 
of  the  mould  is  made  of  pieces  of  hoop  iron  on  edge,  wedged  tightly  in 
an  iron  frame,  and  turned  to  the  proper  curvature.  This  holds  the 
fused  metal,  but  allows  the  gaseous  .matter  to  pass  freely  through.  On 
this  a  wooden  pattern  is  laid  about  twice  as  deep  as  tlie  intended 
speculum  and  l-65th  larger  to  allow  for  contraction  :  sand  is  rammed 
round  this,  and  when  the  pattern  ia  removed  and  the  metal  poured 
into  the  cavity,  the  lower  sur&ce  is  chilled,  the  sides  in  contact  vrith 
the  sand  next  harden,  while  the  central  parts  remain  longer  fluid,  and 
the  top  or  back  of  the  speculum  congeals  last,  by  which  arrangement 
the  contraction  and  irregularity  of  texture  occur  where  they  are  least 
injurious.  While  the  cast  is  still  red-hot,  in  which  state  it  is  not 
brittle,  it  is  transferred  to  an  annealing  furnace,  which  has  been  kept 
heated  for  soma  days  so  that  its  interior  brickwork  is  at  a  full  red,  and 
here  it  is  left  to  cool  for  a  month  or  six  weeks  in  case  of  a  6-feet 
speculum ;  smaller  ones,  of  course,  requiring  less  time. 

The  grinding  and  the  polishing,  so  as  to  produce  a  brilliant  polish 
and  a  true  parabolic  figure,  are  still  more  difficult  than  the  casting. 
The  grinding  is  done  by  means  of  a  tool  on  which  are  cemented  smul 
pieces  of  gritstone,  dressed  to  the  convexity  of  the  surface  by  means 
of  a  gauge  of  sheet-iron.  A  convex  and  a  concave  gauge  should  be  at 
hand  :  circular  arcs  are  struck  on  them  of  a  radius  equal  to  twice  the 
focal  length,  and  afterwards  left  free  by  filing  and  grinding.  When  an 
even  surface  is  produced  by  this  tool,  another  is  taken,  of  cast-iron, 
turned  to  the  convex  gauge,  and  cut  up  into  small  squares  by  two  sets 
of  grooves,  about  a  quarter  of  an  inch  wide.  This  is  charged  first  with 
sand,  then  with  emery  and  water,  and  is  made  to  traverse  the  face  of 
the  speculum  by  machinery.  There  must  be  occasional  washing,  and 
emery  of  increasing  fineness  used,  till  all  scratohes  are  removed.  The 
foce  may  be  tested  optically  from  time  to  time,  and  examined  as  to  the 
focus.  Early  in  the  process  the  edge  of  the  speculum  is  ground  true 
with  sand  applied  by  means  of  a  divided  hoop  of  iron,  which  admits  of 
being  tightnied.  The  back  may  also  be  made  uniform.  In  the  grind- 
ing, care  was  taken  to  prevent  the  slightest  jar  of  the  grinder  on  the 
speculum,  as  the  metal  is  so  brittle  that  there  is  great  duiger  of 
breaking  it.  A  niunber  of  thin  wooden  wedges  may  be  placed  on 
the  margin  of  the  speculum,  and  the  polisher  slowly  lowered  upon 
them,  and  then  by  degrees  they  can  be  gently  vrithdrawn. 

In  the  polishing  process,  the  tool,  sometimes  of  lighter  material  than 
the  grinder,  is  coated  with  pitoh  to  a  small  thickness,  but  not  closing 
the  grooves  which  divide  the  surface  into  squares.  The  piteh  must  be 
of  the  degree  of  hardness  such  that  a  sovereign  will  stand  on  it  on 
edge  for  one  minuto,  and  leave  the  impression  of  four  nicks  of  the 
milling.  The  speculum  is  cleaned  from  emery  or  dust,  and  properly 
secured  on  the  polishing-machine,  and  is  smeared  with  a  mixture  of 
water  and  rouge  (peroxide  of  iron),  uid  the  polidier,  at  i^e  temperature 


of  80",  is  placed  on  it  for  a  short  time.  On  raising  it,  all  the  squats 
of  the  piteh  must  have  been  in  full  contact  with  the  speculum,  li 
this  be  the  case,  the  polisher  is  ready  for  work.  In  the  old  method  of 
polishing  by  hand,  the  polisher  is  fixed  to  a  firm  block,  and  the  ope- 
rator, holding  the  speculum  by  a  handle  cemented  to  its  back,  worb  it 
backwards  and  forwards  across  the  polisher  by  straight  strokes,  after  i 
few  of  which  he  shifte  his  position  to  give  them  a  new  directiia, 
turning  the  speculum  somewhat  to  get  rid  as  &r  as  may  be  of 
inequalities  in  the  abrasion ;  and  from  time  to  time  these  crts^a-strokei 
are  varied  by  circular  ones ;  and  as  the  moisture  evaporates,  &  littJe 
'water  must  be  supplied  at  the  edge.  The  adhesion  and  iridion 
increase  rapidly ;  the  polishing-powder  changes  in  colour,  and  at  Uit 
disappears,  when  a  fine  polish  covers  the  speculum,  and  the  opetator, 
by  a  few  circular  strokes,  completes  the  parabolic  figure. 

This  may  be  tested  by  optical  means.  Care  must  be  taken  got  b 
pass  the  proper  figure,  for  it  cannot  be  recovered  except  by  re-giiidiig 
and  repeating  the  whole  process.  The  advocates  for  this  Uborion 
kind  of  work  attach  much  importance  to  the  touch  of  the  openta, 
since  he  can  feel  if  anything  is  going  wrong,  and  correct  it  in  Urn 
But  as  hand-polishing  cannot  be  applied  to  specula  above  nine  inchci, 
and  science  required  those  of  larger  size,  the  introduction  of  nudiiQetT 
was  necessary  to  progress.  The  two  Herschels  availed  themsdvesi^ 
mechanical  aid ;  but  the  first  astronomer  who  has  given  a  minute 
account  of  his  method  is  Lord  Rosse,  in  the  paper  above  referred  to. 
His  plan  is  to  "work  by  a  double  system  of  cross-strokes,  wUle  tk 
speculum  and  polisher  are  slowly  revolving  with  imequal  velocitia, 
The  speculum  is  carried  by  a  chuck  attached  to  a  strong  vertical  shift. 
and  is  surrounded  by  water  at  66°  to  insure  the  proper  consisteaoe  lil 
the  piteh.  The  polisher  is  of  iron,  stifiened  by  means  of  ribs  uranjed 
like  the  walls  of  a  honeycomb,  and  suspended  by  six  points  to  la«ai 
the  chance  of  bending.    The  polishing-bar  has  a  rectilinear  moticn 


from  a  variable  crank.    The  effect  of  this  crank  <»rre«poiii»  *"  ^j^^ 
cross-stroke  in  hand-polishing,  tending  to  a  spherical  form;  "'' 
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rotation  of  the  speculum  teifds  to  lengthen  the  focus  of  the  exterior 
zones  of  its  surface.  There  is  also  an  ezcentric  motion,  which  aug- 
ments to  any  required  extent  the  circumferential  action.  The  figure 
depends  on  four  tilings,  namely,  the  radius  of  the  primary,  that  of  the 
excentric,  and  the  angular  velocities  of  it  and  the  speculum.  In 
polishing  a  six-feet  speculum,  the  number  of  strokes  is  eight  per  minute; 
and  for  smaller  ones,  inversely  as  their  diameter.  The  polishing  of  a 
six-feet  speculum  requires  five  hours.  The  figure  of  the  speculum  was 
tested  in  Lord  Bosses  process,  during  the  grinding  and  polishing,  by 
observing  the  reflection  of  a  watch-dial  placed  perpendicularly  over 
the  speculum,  at  a  height  of  about  90  feet.  By  carefully  watching  the 
inmge  of  this  dial,  the  adjustment  of  the  length  of  stroke  could  be  made 
with  such  accuracy  that  the  three-feet  speculum,  with  its  whole 
aperture,  was  thrown  perceptibly  out  of  focus  by  a  motion  of  the  eye- 
piece amounting  to  less  than  the  thirtieth  of  an  inch.  During  the 
polishing,  it  was  found  necessary,  in  order  to  prevent  irregular  expan- 
sion of  the  speculum,  to  maintain  a  uniform  temperature  in  the 
polishing-room  ;  and  it  was  also  necessary  to  have  a  certain  degree  of 
moisture  in  the  air,  that  the  wet  polishing-powder  should  dry  at  the 
proper  rate.  When  the  air  was  too  damp,  the  polishing  was  not 
attempted ;  if  it  were  too  diy,  a  jet  of  steam  was  introduced.  Instead 
of  water,  ammonia  soap  (or  common  soap  treated  with  ammonia)  was 
sometimes  used  with  the  polishing-powder,  as  this  was  found  to  dry 
more  rapidly. 

A  more  complete  idea  of  the  arrangements  for  grinding  and  polishing 
specula  may  be  formed  from  Mr.  Lassell's  arrangement,  as  improved  by 
Mr.  Nasmyth,  and  represented  in  the  figure  (coL  704),  the  object  being  to 
imitate  as  closely  as  possible  those  evolutions  of  the  hand  by  which  Mr, 
Liassell  had  been  accustomed  to  produce  perfect  surfaces  on  smaller 
specula,  F  L  represent  fast  and  loose  pulleys  for  conveying  the  power,  and 
transmitting  it  by  the  endless  screw  on  the  shaft,  A,  to  the  wheel  a 
The  spindle,  s,  of  this  wheel  has  attached  to  it  a  crank  or  arm,  i,  which 
carries  a  pinion,  J,  and  causes  the  pinion  to  revolve  round  the  toothed 
circumference  of  the  wheel  H,  which  wheel  h,  being  fixed  to  a  bracket, 
causes  the  pinion  J  to  revolve  with  as  many  turns  as  its  circumference 
is  less  than  that  of  the  wheel  H,  or  five  to  one.  The  spindle  of  the 
pinion  J  has  a  wheel,  K,  fixed  to  it  at  its  lower  end,  which  wheel  K,  in 
like  manner,  conveys  motion  to  the  pinion  L,  which  works  on  an 
adjustable  centre-pin ;  and  as  the  T-groove  in  which  the  centre-pin  of 
L  -works  is  radial  to  the  centre  of  the  wheel  B,  this  pinion  may  be  set 
to  any  degree  of  eicentricity,  and  yet  be  in  gear  with  H.  The  pinion  L 
has  also  a  cross-crank,  H,  attached  to  its  under  side,  which,  having  its 
crank-pin,  N,  also  sliding  in  a  T-groove,  it  may  be  set  to  and  fixed  at 
any  degree  of  excentricity ;  so  <£at  by  these  two  excentric  movements 
we  have  the  means  of  giving  to  the  pin  N  any  compound  motion 
required.  The  polisher  Is  of  wood  or  other  suitable  material,  coated 
with  pitch,  and  divided  into  squares. 


This  polisher  is  free  to  move  upon  the  pin  N,  while  »  causes  the 
polisher  to  slide  over  the  surface  of  the  speculum  s  with  a  motion  not 
like  that  represented  in  the  figure  contained  in  Holtzapffel's '  Mechani- 
cal Manipulation,'  where  the  ciuves  are  all  re-entering,  but  rather  as  in 
the  following  figure,  where  the  curves  do  not  re-entw.    In  order  that 


every  part  of  the  surfece  of  the  speculum  may  continually  change  its 
position,  with  respect  to  the  movements  of  the  polisher,  a  slow  revolving 
motion  is  given  to  it  by  an  endless  screw  on  B  working  into  the  teeth 
of  the  wheel  D,  which  forms  the  base  on  which  the  speculum  rests.    It 

ABTS  AKD  SCI.  DIV.  VOL.  YIL 


rests,  in  fact,  on  nine  equilibrium  points  in  the  cell  in  which  it  is  to  rest 
when  actually  in  the  telescope,  so  as  to  inciur  no  risk  of  distortion.  "  By 
means  of  this  arr&ngement,"  says  Mr.  Nasmyth,  "  a  speculum  having  a 
decidedly  hyperbolic  figure  may  be  corrected,  and  brought  to  a  perfect 
parabola,  or  to  a  spherical  curve,  or  the  same  may  be  done  in  the 
reverse  order,  at  pleasure."  In  Lord  Rosse's  arrangement,  the  polisher 
is  traversed  over  the  speculum  with  reciprocating  longitudinal  motion ; 
and  in  Mr.  Lassell's,  the  polisher  has  a  continuous  epitrochoidal  motion, 
the  path  of  which  is  dependent  upon  the  adjustments  of  L  and  u.  The 
polisher  is  made  of  two  thicknesses  of  pine-wood,  with  the  grain  crossed. 
This,  from  its  lightness,  does  not  require  to  be  counterpoised,  as  in 
Rosse's ;  and,  apparently  from  its  being  suflSciently  yielding  to  accom- 
modate itself  somewhat  to  the  form  of  the  speculum,  a  single  coating 
of  pitch  was  found  sufficient,  and  the  polishing  was  completed  with 
wet  powder.  The  value  of  the  two-feet  speculum  thus  produced  is 
shown  by  Mr.  Lassell's  discovery  of  the  satellite  of  Neptime,  an  eighth 
satellite  of  Saturn,  and  the  re-observation  of  the  satellites  of  Uranus, 
which  had  not  been  seen  since  their  announcement  by  Sir  W.  HencheL 
Mr.  Lassell's  polisher  has  served  as  a  type  to  other  skilful  mechanicians, 
such  as  Mr.  De  la  Rue,  Mr.  Grubb,  of  Dublin,  and  Mr.  Lassell  himself 
has  introduced  some  modifications. 

Further  details  re.^eotiug  specula  belong  to  Telescope;  but  we  may 
mention  the  proposal,  if  not  introduction,  of  silver  as  a  substitute  for 
speculum  metal.  It  reflects  0'91  of  the  incident  light,  while  speculum 
metal  only  reflects  0'67.  It  is,  on  the  other  hand,  liable  to  tarnish, 
and  there  are  difficulties  in  tlie  way  of  figuring  and  polishing  it. 
M.  Fouoault,  however,  has  formed  a  speculum  of  glass,  figured  and 
polished  to  a  true  parabola,  and  deposited  a  thin  but  uniform  film  of 
silver  on  its  surface,  by  means  of  Drayton's  process,  in  which  a  solution 
of  nitrate  of  silver  is  reduced  by  means  of  oil  of  cassia.  The  exterior 
surface  of  the  glass  speculum  is  parabolic,  but  has  no  lustre.  That 
property  may  be  impsuted  to  it  in  a  high  degree  without  any  sensible 
change  of  figure,  by  means  of  light  friction  with  wash-leather  and  a  little 
peroxide  of  iron.  In  case  of  tarnish,  the  polish  may  be  renewed  by 
the  same  process,  and  often  be  repeated  before  the  silvering  requires  to 

SPECULUM  METAL.    [Bbokzb.] 

SPEISS.    [Cobalt.] 

SPELTER.    [Zrac] 

SPERMACE'TI,  or  CETACEUM,  a  fatty  material,  obtained  from  . 
the  Phyatter  macrocepJuUia,  (Catodoni  macrocepJialui  of  Beale) 
[Cetacea,  in  Nat.  Hist.  Diy.],  a  species  of  whale,  generally  met  with 
m  the  South  Seas,  but  also  on  the  coast  of  QreenlaJid,  and  occasionally 
stranded  on  the  coasts  of  Britain.  When  purified  it  is  called  caine. 
It  is  also  soluble  in  ether,  and  volatile  and  fixed  oils.  It  has  a 
white,  pearly,  or  silky  appearance,  considerable  tenacity,  but  may 
be  broken  into  mica-like  scales,  with  a  smooth  or  fatty  feel,  slight 
fish-like  odour,  and  mild  mawkish  taste.  Its  specific  gravity  is  '943 ; 
it  melts  at  112",  and  when  a  lighted  body  is  appUed  to  it,  it  burns  with 
a  clear  flame. 

Sulphtiric  is  the  only  acid  which  dissolves  it.  It  is  only  partially 
dissolved  by  the  fixed  alkalies,  and  is  with  difficulty  saponifiable.  Hot 
caustic  ammonia  forms  with  it  on  emulsion,  which  is  not  decomposed 
on  cooling. 

Long  exposure  to  the  air  renders  it  rancid ;  it  may  be  again  purified 
by  washing  in  a  warm  ley  of  potass.  It  should  be  protected  from  air 
and  light. 

A  hundred  parts  of  spermaceti  consist  of  sixty  parts  of  margaric  and 
oleic  acids,  forty  parts  of  ethal,  and  0'9  ports  of  a  yellow  extiactiform 
substance.  The  ultimate  composition  of  cetine  seems  to  be — carbon, 
81 ;  hydrogen,  12 ;  oxygen,  6. 

Spermaceti  possesses  the  properties  common  to  fatty  matters.  It  is 
bland  and  demulcent,  with  considerable  nutritive  qiiaUties,  when  taken 
internally.  It  was  formerly  much  used  in  colds  and  coughs,  united 
with  mucilage  or  syrup,  to  shield  the  throat  from  the  irritation  of  the 
air,  also  in  dysentery.  Triturated  with  sugar-candy,  and  having  warm 
milk  added  to  it,  it  is  a  mild  nutrient  article,  fit  for  children  or  old 
persons.  It  is  however  now  chiefly  employed  externally  as  on  ingre- 
dient in  ointments  and  cerates.  It  is  also  Iat;gely  used  to  form  candles, 
and  to  bum  in  lamps. 

SPHERE,  or  QLOBE,  a  solid  body,  the  surface  of  which  is  every- 
where equally  distant  from  a  given  point  or  centre  within  it.  Tins 
distance  of  each  point  from  the  centre  is  called  the  radius.  In  the 
article  Mehsuration  will  be  found  the  formulas  which  connect  the 
siuface  and  solidity  of  a  sphere  with  the  radius :  we  shall  here  add 
that  the  weight  of  a  sphere  of  pure  water  is  found  in  ounces  avoirdu- 
pois, by  multiplying  the  cube  of  the  number  of  inches  in  the  radius  by 
2*4171 ;  and  in  pounds  avoirdupois  by  multiplying  the  cube  of  the 
number  of  feet  in  the  ladius  by  261'05.  These  results  multiplied  by 
the  specific  gravity  give  the  weight  of  a  sphere  of  any  other  substance. 

A  section  made  by  a  sphere  and  plane  is  olwaj's  a  circle.  When  the 
cutting  plane  passes  through  the  centre  of  the  sphere,  this  proposition 
is  obvious  from  the  definition  of  a  circle.  W^hen  the  plane  does  not 
pass  through  the  centre  the  assertion  follows  so  soon  ns  it  is  shown 
that  a  plane  curve  having  all  its  points  equidistant  from  a  given  point 
not  tn  the  plane  is  a  circle.  A  section  passing  through  the  centre  is 
called  a  ffreat  circle,  and  one  which  does  not  pass  through  the  centre  a 
tmall  circle.    These  terms  are  incorrect,  since  a  small  circle  may  be  in 
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mxo  u  nearly  as  we  please  equal  to  a  great  circle :  the  words  greater 
aud  miaUer  would  be  more  correct. 

The  centre  of  a  circular  section  is  found  by  drawing  a  perpendicular 
from  the  centre  of  the  sphere  to  the  plane  of  the  section.  All  sections 
whose  planes  are  parallel  have  their  centres  on  one  straight  line, 
namely,  the  perpendicular  to  the  planes  which  passes  through  the 
centre  of  the  sphere.  The  great  circle  in  such  a  system  (ouab)  is 
called  the  ;>rti»i<ive,  the  common  perpendicular  (poq)  the  axit,  all  the 
small  circles  (ssrOj  KiiUir,  &c)  garalleU,  the  extremities  of  the  axis 


(p  and  q)  pole$,  and  all  great  circles  passing  through  the  axis  and  poles 
(POQB,  pvq,  FAQ,  Ac.)  secondaria. 

By  ihe  angle  made  by  two  great  circles  is  always  understood  the 
angle  made  by  their  planes,  which  is  also  that  made  by  their  tangents 
at  the  point  of  intersection,  and  that  made  by  the  intersections  of  the 
two  circles  with  the  third  circle  to  which  both  are  secondary.  It  is 
also  the  angle  made  by  the  axes  of  the  two  circles.  Thus  the  spherical 
'angle  bpf  is  the  angle  made  by  the  planes  feq  and  rrq,  or  the  angle 
made  by  tangents  to  the  circles  drawn  through  P,  or  the  angle  no  A. 

The  angle  made  by  two  straight  lines  drawn  from  the  centre  (as  OA 
and  OB)  is  often  confounded  with  the  arc  (a b)  which  that  angle  marks 
out  on  the  sphere.  When  this  causes  any  confusion,  which  at  first  it 
will  sometimes  do,  instead  of  each  arc  mentioned,  read  its  angle  ;  thus 
for  the  arc  AB  read  the  "angle  subtended  by  the  arc  ab"  or  aob. 
Thus  when  we  say  that  the  angle  made  by  two  great  circles  is  the  arc 
Intercepted  between  their  poles,  we  mean  not  to  equate  the  angle  to 
the  length  of  an  arc,  but  to  the  angle  which  that  arc  subtends  at  the 
centre. 

The  following  propositions  are  essential  to  the  doctrine  of  the  sphere 
in  geography  and  astronomy;  they  may  be  easily  proved,  and  will 
serve  as  exercises  in  the  meaning  of  the  preceding  terms  ;— 

1.  If  the  poles  of  a  first  circle  lie  upon  a  second,  the  poles  of  the 
second  will  also  lie  upon  the  first. 

2.  If  a  sphere  be  made  by  the  revolution  of  a  semicircle  round  its 
diameter,  the  diameter  will  be  an  axis,  the  middle  point  of  the  semi- 
circle will  describe  the  primary,  all  other  points  will  describe  parallels, 
and  every  position  of  the  generating  circle  will  be  a  secondary. 

3.  If  a  point  on  a  sphere  be  distimt  from  each  of  two  other  points 
(not  opposite)  by  a  quadrant  of  a  great  circle,  the  first  point  must  be  a 
pole  of  the  great  circle  which  joins  the  second  and  third. 

4.  The  arc  of  a  parallel  (as  kf)  is  found  from  the  corresponding  arc 
of  the  primary  (au)  by  multiplying  the  latter  by  the  cosine  of  the 
angle  (poa)  which  is  subtended  by  the  intercepted  arc  (af)  of  the 
secondary. 

5.  The  surface  of  the  zone  intercepted  between  any  two  parallels  is 
the  rectangle  contained  under  the  circumference  of  the  primary  and 
the  perpendicular  distance  between  the  parallels. 

fl.  The  surface  of  a  lune  contained  between  two  great  circles  is  such 
a  proportion  of  the  whole  surface  of  the  sphere  as  the  angle  contained 
between  the  two  great  circles  is  of  four  right  angles. 

7.  The  part  of  a  lune  contamed  within  any  zone  made  by  two  of  its 
parallels  (as  bpua)  is  such  a  proportion  of  the  whole  «one  as  the  angle 
of  the  circles  forming  the  lune  is  of  four  right  angles. 

We  are  now  to  show  the  method  of  CO-ORDINATES  by  which  points 
in  the  sphere  are  ascertained,  and  their  relative  positions  described. 
Take  any  great  circle  ouab,  and  choose  any  point  n  as  an  origin,  and 
either  direction  to  be  that  in  which  arcs  are  measured.  Say  for  in- 
stance that  OA,  in  preference  to  vc,  shall  be  the  direction  in  which 
arcs  are  measured.  The  position  of  any  point  in  this  great  circle  is 
then  ascertained  simply  by  determining  its  distance  from  u,  since  there 
is  a  tacit  understandmg  as  to  the  direction  in  wliich  that  distance 
shall  be  measured.  If  we  give  a  name  to  that  distance,  be  it  longitude, 
right  ascension,  or  any  other,  the  point  whose  right  asceasion  (if  it  be 
right  ascension)  is  80  means  the  point  which  is  .-vt  80'  distance  from  u 
in  the  direction  UA.  Again,  if  we  wish  to  describe  any  other  point, 
not  in  the  great  circle  chosen,  as  F :  through  f  draw  a  secondary  to 
■  the  great  circle  (ppaq),  then  the  point  p  will  be  known  as  soon  as  A  is 


described,  in  the  manner  jnst  laid  down,  and  also  as  soon  as  the  arc  a  v 
is  given,  and  the  pole  towards  which  it  is  measured.  These  two  co- 
ordinates, UA  and  AF,  when  described  in  magnitude  and  direction, 
form  a  complete  description  of  the  position  of  the  point  F  on  the 
sphere ;  and  the  angles  subtended  by  UA  and  af  are  generally  used 
instead  of  ua  and  af. 

For  the  first  steps  of  the  application  of  spherical  geometry  to  m4io- 
nomy,  see  the  next  article. 

SPHERE,  DOCTRINE   OF  THE.    This  phrase  is  generally  used  ! 

to  signify  the  application  of  the  simple  geometrical  notions  in  the 
artids  Sfbxbb  to  geography  and  astronomy.  It  comes  between 
spherical  trigonometry  and  those  two  sciences,  being  merely  the 
explanation  of  the  circumstances  under  which  the  former  is  to  be 
applied  to  the  latter,  and  the  nomenclature  which  is  employed  to  ba- 
btate  explanation. 

In  geography  the  end  b  almost  gained  when  a  distinct  notion  is 
acquired  of  the  meaning  of  the  terms  terrestrial  latitude  and  terrestial 
longitude,  generally  abbreviat«d  into  latitude  and  longitude.  These 
are  only  names  given  to  a  pair  of  spherical  co-ordinates  as  described  in 
Sfhekb,  the  axis  of  rotation  of  the  earth  furnishing  the  means  of  pre-' 
scribing  the  necessary  data.  The  earth  revolves  round  an  axis,  say  F  Q 
(see  the  diagram  in  Sfhebb),  and  the  great  circle  perpendicular  to  that 
axis  is  the  equator  (o  u  a  b).  An  arbitrary  point  u  is  chosen  as  an 
origin ;  and  F  being  the  pole  which  is  called  north,  n  A  is  the  east 
direction  and  u  o  the  west.  The  English  choose  the  point  u  in  such  a 
way  that  the  secondary  p  u  posses  though  the  Observatory  at  Green- 
wich :  the  French  pay  the  same  compliment  to  their  Observatory  at 
Paris,  and  so  on.  The  co-ordinate  u  a  (or  its  angle)  is  called  longitude, 
east  or  west  according  as  it  falls ;  and  the  co-ordinate  a  t  (or  its  angle) 
is  called  latitude,  north  or  south  according  to  the  pole  towards  which 
it  is  directed.  Thus  the  place  F  (pu  passing  through  Qreenwieh) 
would  be  described  as  in  longitude  v  a  east  of  Oreenwich,  and  F  a  of 
north  latitude ;  but  if  the  fundamental  secondary,  p  v,  be  moved  any 
number  of  degrees  to  the  east,  every  east  longitude  must  be  dimimdied 
and  every  west  longitude  increased  as  much ;  and  all  places  whidi 
the  secondary  passes  over  in  the  transfer,  must  have  the  names  of 
the  directions  of  their  longitudes  changed,  and  take  for  their  new 
longitudes  the  excesses  of  the  angle  of  transfer  over  their  former 
longitudes.  Again,  longitude  might  be  measured  all  the  way 
round  in  one  direction  :  ttius  D,  instiead  of  being  described  as  in  u  c 
of  west  longitude,  mi^t  be  considered  as  in  860*— uo  of  east 
longitude. 

There  are  few  problems  of  much  interest  connected  with  geography 
merely;  and  it  must  be  remembered  that  the  common  terrestrial 
globe,  with  its  brazen  secondary  to  the  equator  (called  a  meridian,  veiy 
incorrectly,  except  as  meaning  that  it  may  be  made  a  meridian  to  any 
place),  its  ecliptic,  and  figured  horiaon,  is  almost  as  mudi  a  represen- 
tative of  the  sphere  of  the  heavens  as  of  the  earth ;  and  the  moat 
useful  problems  are  those  in  which  the  sphere  is  used  conjointly  in  these 
capacities.  But,  merely  to  show  what  we  asserted  at  first,  that  the 
description  and  nomenclature  which  are  called  the  doctrine  of  the  sphere 
ore  nothing  but  the  connecting  link  of  geography,  &c.,  and  spherical 
trigonometry,  let  us  aak  the  following  (Question: — Qiven  a  table  of 
latitudes  and  longitudes,  required  the  distance  between  two  places 
mentioned  ?  Let  d  and  u  be  the  places  (see  diagram  in  Sfbebe),  then 
PD  is  the  co-latitude  of  D,  or  90°— lat.  of  D,  and  F  ■  (on  account  of  k'3 
south  latitude)  is  90° -flat,  of  m;  while  the  spherical  angle,  orx 
(which  is  the  angle  of  the  arc  a  o),  is,  on  account  of  the  longitudes 
being  of  difiierent  names,  the  sum  of  the  longitudes -of  d  and  k. 
Hence,  if  D  and  m  be  joined  by  the  are  of  a  great  circle,  we  have  given 
(from  the  tables)  two  sides  tmd  the  angle  included,  in  the  spherical 
triangle  D  F  M.  From  these  data  the  third  side,  D  u,  can  be  found,  in 
degrees,  &c.  :  convert  this  into  miles,  at  the  rate  of  69  miles  to  a 
degree  (which  is  accurate  enough  for  the  purpose),  and  the  result  will 
be  the  distance  required. 

We  now  make  the  passage  from  the  terrestrial  to  the  cdeatial 
sphera  The  latter  is  a  fiction,  derived  from  the  imposaibiUty  of  dis- 
tinguishing the  distances  of  the  heavenly  bodies,  on  which  account 
they  all  seem  at  the  same  distances,  on  a  sphere  so  great  that  the 
earth,  its  centre,  is  but  a  point  in  comparison.  But  it  must  be 
remembered  that  the  appearances  of  the  heavenly  bodies  conform 
themselves  to  this  fiction,  so  that  the  development  of  the  consequences 
of  the  latter  amounts  to  an  explanation  of  the  phenomena  of  the 
heavens.  And  first,  the  rotation  of  the  earth  from  west  to  east  gives 
to  the  sphere  of  the  heavens  an  apparent  motion  from  east  to  west, 
round  an  axis  which  is  obtained  by  lengthening  the  axis  of  the  earth. 
The  point  of  the  heavens  which  answers,  for  the  moment,  to  the 
spectator's  position  on  the  earth,  is  that  point  which  is  directly  over 
lus  head,  or  his  zenith.  And  since  the  spectator  is  not  exactly  at  the 
centre  of  the  celestial  sphere,  we  give  the  following  diagram,  illustra- 
tive of  the  manner  in  which  Uie  efiect  of  this  misplacement  is  destroyed 
by  the  largeness  of  the  sphere. 

The  eye  of  the  spectator  is  at  B,  and  his  zenith-line  is  O  z.  The 
smaller  circle  is  a  section  of  the  earth,  and  the  larger  of  the  aphere  of 
the  heavens.  The  figure  is  dravm  of  dimensions  so  Mae,  uiat  the 
sphere  of  the  heavens  is  represented  about  ai  well  as  a  common  orrery 
represents  the  solar  system.  The  HoBIZON  is  the  small  circle  drawn 
perpendicular  to  oz   tiirough  Vn;  the  altitude  of  the  pole  of  the 
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heavens  (P*  beinj<  that  of  the  earth)  b  the  angle  N  E  P.    Now  suppose 
the  earth  and  the  spectator  to  diminish  untU  they  cannot  be  distin- 


guished &om  the  point  o,  the  sphere  of  the  heavens  remaining  the 
same.  All  angles  at  o  remain  unaltered :  the  altitude  of  the  pole  of 
the  heavens  becomes  <j  o  p,  equal  to  the  angle  a  o  B,  the  latitude  of  the 
spectator,  and  the  horizon  of  the  latter  coincides  with  the  great  circle 
drawn  through  R  q  perpendicular  to  o  z.  The  great  circle;  Q  p  z  R, 
passing  through  the  pole  and  the  zenith,  is  the  meridian  ;  the  second- 
ary to  the  horizon  perpendicular  to  the  meridian  is  the  prime  vertical. 
We  here  exhibit  a  sketetes  of  the  sphere,  showing  nM  z  p  »,  half  the 


meridisD ;  ir  Sit,  the  horizon  (k,  e,  n,  its  north,  east,  and  south  points) ; 
z  E,  the  prime  vertical ;  a  portion  of  vo,  the  axis;  eh,  the  equator, 
perpendicular  to  the  axis. 

We  now  give  three  positions  of  the  sphere,  differing  only  in  the 
manner  of  projecting  the  fieure.  Each  one  represents  the  state  of  the 
heavens  some  two  or  three  hours  before  noon  in  an  October  morning, 
in  a  latitude  somewhat  greater  than  our  own.  The  first  figure  is  pro- 
jected on  the  plane  of  the  meridian ;  that  is,  the  meridian  is  the 
eircle  which  bounds  the  view  of  the  sphere.  The  second  is  projected 
on  the  prime  vertical;  the  third,  on  the  horizon. 

Z 


The  diagrams  have  many  letters  and  numerals  which  are  useless, 
except  in  tracing  the  affinitiee  of  the  figures.  The  meridian,  n  p  z  N ; 
the  prime  vertical,  zsz;  the  horizon, «  BW,  and  its  poles,  the  zenith 
and  nadir,  z  and  z ;  the  equator,  M  Em,  and  its  pola  P  and  p  (which 
are  called  the  poles,  from  their  importance),  are  supposed  to  be  well 
known.  The  reader  who  is  new  to  the  subject  should  learn  to  see  the 
following  propositions  t'n  each  of  the  fi::ura,  namely :— the  poles  of  the 
meridian  are  the  east  and  west  points  of  the  horizon ;  the  poles  of  the 
prime  vertical  are  the  north  and  south  points  of  the  horizon ;  the 
equator  and  prime  vertical  make  an  angle  equal  to  the  latitude  of 
the  place  of  observation  (which  is  p  H,  or  the  angle  of  p  n) ;  the  equator 


and  horizon  make  an  angle  equal  to  the  colatitude  (90°— lat)  of  tho 
place  of  observation ;  a  star  which  ia  distant  from  the  north  pole  by 
less  than  the  latitude  of  the  place  of  observation  can  never  set  nor  go 
below  the  horizon  (it  is  called  a  circampolar  star). 


The  diunial  motion  carries  the  sphere  round  the  axis  in  the  direotion 
of  the  arrows  marked  upon  the  equator.  The  meridian,  horizon,  and 
prime  vertical,  must  be  considered  as  detached  from  the  sphere,  and 
not  moving  wiUi  it,  Every  point  of  the  sphere  describee  a  small 
circle  parallel  to  the  equator  :  and  all  stars  which  are  at  the  same  dis- 
tance from  the  pole  describe  the  some  small  circle.  The  whole  revolu- 
tion takes  place  in  what  is  called  a  lidereal  day  [Time],  about  four 
minutea  less  than  the  mean  aolar  day  shown  by  a  good  clock.  A 
secondary  to  the  equator  describes  angles  uniformly  about  the  pole  at 
the  rate  of  360°  to  24  sidereal  hours,  or  16°  to  1  sidereal  hour.  [Ajjole.] 
Hence  if  we  would  know  how  long  it  will  be  before  the  diurnal  motion 
will  bring  a  star  at  K  into  the  position  8,  we  must  turn  the  aog^  spk, 
which  is  measured  by  tiie  arc  qS,  into  sidereal  time  at  the  rate  of  16° 
to  1^,  and  then  turn  the  sidereal  time  so  obtained  into  conmion  clock 
time,  at  the  rate  of  about  23<>  56"  of  clock  time  to  24''  of  sidereal 
time.  For  purposes  of  general  explanation,  the  two  species  of  time 
may  be  confounded.  The  sidereal  day  is  always  made  to  begin  when 
a  certain  point  of  the  equator,  presently  to  be  noticed  (the  venial 
equinox),  comes  on  the  south  side  of  the  meridian,  and  the  hours  are 
measured  on  to  24^ 

We  shall  now  explain  the  systems  of  co-ordinatee  whidi'  are  made 
use  of  in.  describing  the  positions  of  stars. 

1.  Horizontal  Si/sttm.  Altitude  and  Azimuth. — In  this  case  tho 
horizon  is  the  primitive  circle  employed ;  its  north  point,  w,  is  ths 
origin,  and  the  position  of  a  point  w  is  determined  by  its  azimuth,  Nl, 
and  its  altitude,  L  w ;  z  w  L  being  a  secondary  to  the  horizon.  Since 
the  altitude  and  azimuth  are  reckoned  by  means  of  a  fixed  circle,  both 
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are  perpetually  changing  their  valuea  for  any  one  star.  The  foUowiu^ 
aasertiona  will  serve  to  try  the  reader's  comprehension  of  these  terms : — 
points  on  the  north  side  of  the  meridian  are  in  azimuth  0°,  on  the 
south  side  in  azimuth  180° ;  the  zenith  has  all  azimuths,  and  every 
other  point  of  the  east  side  of  the  prime  vertical  90°  of  azimuth ;  the 
altitude  of  a  star  which  sets  is  greatest  when  it  is  on  the  meridian ; 
the  meridian  altitudes  of  a  circumpolar  star  are  the  greatest  and  least 
of  all  its  altitudes,  and  their  half  sum  is  always  the  latitude  of  the 
place  of  observation.    [Altitude  ;  Azihuth.] 

2.  EqueUorial  System.  Right  Aicemion  and  Declination. — ^Tfae  pri- 
mitive circle  here  is  the  equator ;  the  point  of  the  equator  called  the 
vernal  equinox  (presently  described)  is  the  origin,  and  the  direction  of 
the  sun's  motion  from  west  to  east  is  the  direction  in  which  right 
atcention  is  measured.  In  the  diagrams  T  is  not  the  vernal,  but  the 
autumnal  equinox,  the  point  opposite  to  the  vernal  equinox,  conse- 
quently T  has  180°  of  right  ascension,  and  so  have  w,  v,  and  all  points 
on  the  same  half  of  the  secondary  fwt.  The  other  co-ordinate, 
declination,  is  measured  on  the  secondary  to  the  equator  north  or  south 
according  to  its  direction  :  thus  8  has  for  its  right  ascension  180°  -f  T  Q, 
and  Q  s  of  south  declination ;  while  B  has  the  same  right  ascension, 
and  Q  B  of  north  declination.  The  secondaries  to  the  equator  are  called 
hottr-cirdet,  and  the  difTerence  of  the  right  ascensions  of  two  stars  is 
the  angle  made  by  their  hour-circles :  thus  the  angle  q  F  5,  measured 
by  the  arc  q  6,  is  obviously  the  difference  of  the  right  ascensions  of  the 
point  B  and  1.  The  equator  moves  with  the  sphere,  so  that  the  right 
ascension  and  declination  of  a  star  remain  the  same,  as  long  as  it  moves 
only  with  the  diurnal  motion.  The  right  ascension  is  generally  ex- 
pr^sed  in  time,  as  before  described ;  and  the  following  assertions  will 
serve  for  exercise  in  the  meaning  of  these  terms : — the  sidereal  day 
beginning  when  the  vernal  equinox  is  on  the  meridian,  the  right 
ascension  of  any  star,  turned  into  time,  expresses  the  moment  of  the 
sidereal  day  at  which  that  star  will  be  on  the  meridian ;  when  the 
vernal  equinox  lb  on  the  meridian  of  Greenwich,  the  longitude  of  any 
place,  measured  eastwards,  is  the  same  as  the  right  ascension  of  a  star 
which  is  on  the  meridian  of  that  place;  the  meridian  altitude  of  any 
star,  diminished  by  its  declination  (if  north),  or  increased  by  its 
declination  (if  south),  is  the  co-latitude  of  the  place  of  observation ; 
every  star  which  has  the  same  declination  as  the  place  of  observation 
has  latitude,  passes  directly  over  the  head  of  the  spectator  at  that 
place;  the  time  of  rising  of  a  star,  and  the  time  during  which  it 
remains  above  the  horizon,  depend  solely  upon  the  declination,  and  not 
at  an  upon  the  right  ascension.     [Right  Ascension  ;  Declination.] 

8.  Ediptic  Syttem.  Celestial  Longitude  and  Latitude. — The  ecliptic 
(b  I  s  i)  is  the  circle  which  the  sun  appears  to  describe  in  the  course  of 
a  year,  the  direction  of  this  orbital  motion  being  from  west  to  east. 
One  half  of  it  is  north,  the  other  half  south,  of  the  equator ;  and  the 
point  of  the  equator  in  which  the  ecliptic  cuts  it,  and  through  which 
the  sun  passes  when  it  leaves  the  southern  and  enters  the  northern 
part  of  the  ecliptic,  is  the  vernal  equinox,  the  opposite  point  being  the 
autumnal  equinox.  Consequently,  T,  as  drawn,  is  the  autumnal 
equinox,  for  motion  from  west  to  east,  or  in  the  direction  B  T  s,  makes 
the  sun  pass  from  the  northern  to  the  southern  side  of  the  equator. 
In  this  system  of  co-ordinates  the  ecliptic  is  the  primitive  circle,  the 
vernal  equinox  is  the  origin,  longitude  is  measured  from  west  to  east 
on  the  ecliptic,  and  latitude  north  or  south,  as  the  case  may  be,  is 
measured  on  a  secondary  to  the  ecliptic  drawn  through  the  star.  In 
fact,  celestial  longitude  and  latitude  are  to  the  ecliptic  precisely  what 
right  ascension  and  declination  are  to  the  equator.  The  obliquity  of 
the  ecliptic  is  the  angle  made  by  the  equator  and  the  ecliptic ;  and  the 
secondaries  to  the  ecliptic,  drawn  through  the  vernal  and  autumnal 
equinoxes,  are  the  equinoctial  and  solsticial  colures.  [Lonqitude  and 
Latttudz.] 

A  complete  understanding  of  all  these  terms  makes  the  comprehen- 
nonof  thei^obe  easy,  and  also  the  application  of  spherical  trigonometry 
to  those  who  know  the  latter  science.  We  now  describe  the  diagrams, 
in  order  to  point  out  how  such  applications  are  made.  The  point  s  is 
the  sun,  of  course  in  the  ecliptic ;  its  right  ascension  is  180°  -I-  T  q,  its 
declination  qb  south,  its  longitude  180°  4- ts,  its  Utitude  0*,  its 
•Eimath  N  L,  its  altitude  l  s,  its  how-angU  ( a  name  given  to  the  angle 
made  by  the  hour-circle  of  a  star  with  the  meridian)  s  p  M,  measured 
by  H  Q.  The  parallel  to  the  equator  c  s  K  c  would  be  the  diurnal  path 
of  the  sun,  if  it  continued  at  the  point  s  of  the  ecliptic ;  but  as  the  sun 
has  a  slow  motion  of  its  own  towards  k,  it  is  not  strictly  (though  very 
nearly)  correct  to  say  that,  for  the  day  in  question,  the  sun  continues 
in  the  paralleL  Hence  we  may  say,  without  sensible  error,  that  the 
sun  moves  over  c  K  during  half  the  night,  and  through  K  c  dtuing  half 
the  day.  It  rises  when  at  the  point  K,  and  the  angle  K  p  s,  turned  into 
time,  shows  the  sidereal  time  elapsed  since  the  rising,  while  the  angle 
S_P  K  shows  the  time  which  is  yet  to  elapse  before  noon.  As  to  the 
time  of  the  year,  observe  that  the  sun  was  at  the  autumnal  equinox  t 
on  the  21st  of  September,  since  which  time  it  has  moved  over  T  s, 
independently  of  the  diurnal  rotation  of  the  sphere.  We  see  then 
what  is  meant  by  saying  that  the  diagram  represents  some  morning  in 
October.  The  use  of  the  globe  is  thus  explained,  as  far  as  setting  it  for 
any  houf  and  day  is  concerned.  The  pole  p  must  first  be  elevated 
until  the  elevation  is  equal  to  the  latitude  of  the  place,  the  sun  must 
then  be  put  in  its  proper  place  in  the  ecliptic  for  the  time  of  the  year, 
and  its  hour-angle  must  then  be  made  to  represent  the  time  which  is 


wanted  of  noon,  or  has  elapsed  since  noon.  All  this  on  the  globe  is 
done  without  attending  to  the  distinction  of  sidereal  and  solar  time, 
which  need  hardly  be  attended  to  when  no  greater  degree  of  accuracy 
is  wanted  than  can  be  obtained  on  a  globe.  We  now  refer  the  reader 
to  works  on  the  use  of  the  globes,  and  shall  conclude  this  article  by  a 
few  Indications  of  the  mode  of  applying  spherical  trigonometry. 

To  find  the  time  of  sunrise,  observe  that  in  the  spherical  triangle 
FEN,  right-angled  at  N,  we  have  P K  given,  being  90°  +  the  sun's 
declination,  and  also  pn,  the  latitude  of  the  place  of  observation. 
Hence  the  angle  KPN  can  be  found,  which  being  turned  into  sidereal 
time,  gives  a  good  approximation  to  the  time  of  sunrise,  refraction  and 
the  sun's  proper  motion  being  neglected. 

Given  bIj  Uie  sun's  altitude,  and  the  latitude  of  the  place;  required 
the  time  of  day.  In  the  triangle  8  z  p,  we  now  know  z  8  the  sun's  co- 
altitude,  a  F  which  is  90°  +  dedination,  and  z  p  the  co-latitude  of  the 
place.  Hence  the  angle  s  p  z  can  be  found,  and  thence  the  time  from 
noon.  If  8,  instead  of  the  sun,  were  a  known  star,  the  question  would 
be  solved  in  the  same  way,  except  that  the  sun's  hoiur-angle  is  no  longer 
8PZ,  but  that  angle  increased  or  diminished  by  the  difference  of 
the  right  ascensions  of  the  sun  and  star. 

Two  known  stars,  w  and  s,  are  observed  to  be  in  the  same  circle  of 
altitude  s  w  L  at  a  given  place ;  required  the  time  of  day.  Here  P  w 
and  F  8,  the  co-declinations  of  the  stars,  are  known,  and  also  the  angle 
w  p  8,  which  is  the  difference  of  their  right  ascensions ;  hence  in  the 
triangle  8  w  p  the  angle  s  w  p  can  be  found,  and  thence  its  supplement, 
the  ajogle  z  w  p.  Then,  in  the  triangle  w  z  P,  we  know  the  angle  z  w  p, 
F  w  the  co-declination  of  the  star  w,  and  z  v  the  co-latitude  of  the 
place :  whence  the  angle  w  p  z  can  be  found ;  and  thence,  by  com- 
parison of  w  with  the  sun,  the  time  of  day. 

For  the  actual  applications  we  must  refer  to  mathematical  works  on 
astronomy. 

SPHERICAL  ABERRATION.  If  a  lens  or  mirror  could  accom- 
plish all  that  we  should  desire  in  it,  it  would  refract  or  reflect  rays 
diverging  from  or  converging  towards  a  point  so  th.-it  the  directions  of 
the  refracted  or  reflected  rays  should  accurately  pass  through  a  point. 
This  however  can  in  general  be  only  approximately  effected ;  and  the 
failure  of  the  rays  to  pass  accurately  through  a  point  is  termed 
aberration.  It  depends  partiy  on  the  form  of  the  surfaces,  parUy  on 
the  compound  nature  of  light  itself.  The  former  is  termed  ipkerical, 
the  latter  chromatic  aberration.  Spherical  aberration  is  of  course  the 
only  kind  which  exists  in  the  case  of  a  mirror.  For  the  formulas 
relating  to  the  spherical  aberration  of  lenses  and  minors,  see  Lens  and 

SPECITLnH. 

SPHERICAL  ANGLE.    [Sphebioal  Trigonoiiictbt,  &c.] 
SPHERICAL  EXCESS.    [Spherical  Tbioonomktbt,  lua^ 
SPHERICAL  TRIANGLE.     [Sphebical  TRiaONOMETKY,  *c] 
SPHERICAL    TRIGONOMETRY,    SPHERICAL    TRIANGLE, 
SPHERICS.    We  shall  confine  ourselves  in  the  present  article  to  such 
a  collection  of  the  properties  of  a  spherical  triangle  as  may  be  useful 
for  reference,  referring  for  demonstration  to  the  treatise  on  the  subject 
in  the  '  Library  of  Useful  Elnowledge,'  and  to  that  on  Geometry; 
adding  to  the  former  nothing  but  a  shorter  mode  of  obtaining  Napier's 
Analogies. 

By  a  spherical  triangle  is  meant  that  portion  of  the  sphere  which  is 
cut  off  by  three  arcs  of  great  circles,  each  of  which  outs  the  other  two 


aB  A  B  a  It  is  now  usual,  however,  to  consider  the  spherical  triangle  aa 
a  sort  of  representative  of  the  solid  angle  formed  at  the  centre  of  the 
sphere  by  the  planes  a  o  B,  b  o  c,  o  c  a,  as  follows  : — The  arcs  a  b,  b  o, 
c  A,  are  the  measures  of  the  angles  a  OB,  b  c  o,  c  o  a,  and  are  used  for 
them :  the  spherical  angles  bao,  aob,  oba  are  by  definition  the 
angles  made  by  the  planes  boa  and  a  o  o,  A  o  o  and  o  o  B,  o  o  B  and 
BOA.  The  sperical  triangle  then  has  six  parts  corresponding  in 
name  to  the  six  parts  of  a  plane  triangle ;  but  a  tide  of  it  means  the 
angle  made  by  two  straight  Una  of  a  solid  angle,  while  an  angle  of  it 
refers  to  the  angle  made  by  two  planet  of  the  solid  angle. 

Throughout  this  article  we  shall  designate  the  angles  by  a,  b,  o,  tho 
sides  opposite  to  them  by  a,  b,  c ;  the  half  sum  of  the  sides  by  i. 
And  by  a.',  if,  d,  o',  b',  <f,  we  mean  the  supplements  of  a,  b,  4c,  so 
tiiat  A  -t-  a'  <=  180°,  a  ■*■  a'  —  180°,  &c.  No  triangle  is  considered 
which  has  either  a  nde  or  an  angle  greater  than  1 80°. 

Three  circles  divide  the  sphere  into  eight  spherical  triangles.  Of 
these  four  ai-e  equal  and  opposite  to  the  other  four,  with  which  they 
agree  in  every  respect  but  one  [Stuuetrical]  with  which  we  have 
nothing  here  to  do.  Of  the  four  which  are  distinct,  if  a  B  c  be  one, 
there  are  three  others  thus  related  to  it :  the  first  has  for  its  sides 
a,  V,  d,  and  for  its  angles  a,  b',  o',  j  the  second  has  a',  b,  (/,  for  sides, 
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and  a',  b,  d,  for  angles ;  the  third  has  a',  h,'  e  for  ddes,  and  a',  b',  c, 

for  angles.  Hence  every  spherical  triangle  has  another,  with  one  side 
and  its  opposite  angle  remaining  unchMiged,  and  all  the  other  parts 
changed  into  their  supplements, 

A^]dn,  if  the  three  oirdes  be  taken  which  have  A,  B,  and  c  for  their 
poles,  tiie  intersections  of  these  new  circles  are  themselves  the  poles  of 
A B,  BO,  and  0  A ;  and,  of  the  eight  new  triangles  thus  formed,  each 
one  has  all  its  angla  supplemental  to  the  lida  of  its  corresponding 
triangle  in  the  first  set,  and  all  its  tides  supplemental  to  the  atu/lei. 
Thus  there  exists  a  triangle  which  has  the  sides  a',  b',  o',  and  the 
angles  a',  i',  </ ;  which  is  called  the  supplemental  triangle  of  that 
wUch  has  a,  (,  c,  for  sides,  and  a,  b,  c,  for  angles.  Hence  if,  in  any 
general  formula,  sides  be  changed  into  supplements  of  angles,  and 
angles  into  supplements  of  sides,  the  result  is  also  a  general  formula. 

Any  two  sides  of  a  spherical  triangle  are  together  greater  than  the 
third,  and  the  sum  of  the  three  sides  Lb  not  so  great  as  360°.  Any 
two  angles  of  a  spherical  triangle  are  together  less  than  the  third  angle 
increased  by  180°,  and  the  sum  of  the  three  angles  is  more  than  two,and 
less  than  six,  right  angles.  And  the  greater  side  of  a  spherical  triangle 
is  opposite  to  the  greater  angle ;  and  the  sum  of  two  sides  is  greater 
than,  equal  to,  or  less  than,  180°,  according  as  the  sum  of  the  opposite 
angles  is  greater  than,  equiU  to,  or  less  than,  180°, 

The  formula  for  the  solution  of  a  spherical  right-angled  triangle  ore 
six  in  number.  Let  O  be  the  right  angle,  and  let  c  be  called  the 
hi/pothenuie,  as  distinguished  from  a  and  b,  which  are  still  called  ii<2e>, 
[ClBCULAR  Pabts,] 

1,  2,  The  cosine  of  the  hypothenuse  is  equal  to  the  product  of  the 
cosines  of  the  sides,  and  of  the  cotangents  of  the  angles : 

cos  c  =  cos  a  cos  b ;  cos  e  =  cot  a  cot  B. 

3.  The  sine  of  a  tidt  is  the  sine  of  the  hypothenuse  into  the  sine  of 
the  oppoiiie  angle : 

sin  a  »  sin  e  sin  a  ;  sin  &  .^  sin  c  sin  B, 

4.  The  tangent  of  a  side  is  the  tangent  of  the  hypothenuse  into  the 
cosine  of  the  included  angle : 

tan  a  =  tan  ccobb;  tan&  =  tanecosA. 

6.  The  tangent  of  a  aide  is  the  tangent  of  its  opposite  angle  into  the 
side  of  the  otJber  side  : 

taaa=:taaAsi&6;  tani  =  tan  B  sin  a. 

6.  The  cosine  of  an  angle  is  the  cosine  of  its  opposite  side  into  the 
side  of  the  other  angle  : 

coe  A  =  cos  a  sin  B ;  cos  b  =  cos  i  sin  A. 

These  formulse  are  sufficient  for  every  case.  Name  any  two  out  of 
the  five  a,  b,  c,  a,  b  (c  being  a  right  angle),  and  in  the  preceding  six 
formulie,  by  repetition  ten,  will  be  found  those  two  combined  with 
each  of  the  other  tliree.  Thus,  having  given  a  side  a  and  its  adjacent 
angle  B,  we  find  the  other  parts  from 

tan  a 
tan  istanBsina,  tan«=  X^^>  oo«  a  =  cos  a  sin  B. 

These  formuhe  should  be  committed  to  memory :  the  abbreviation, 
so  called,  described  in  Ciboulab  Pabts,  is  only  an  expeditioaa  mode 
of  wasting  time. 

When  all  the  angles  are  oblique,  the  principal  formulas  are  as  follows 
(in  most  cases  we  give  only  one,  those  for  other  sides,  &0.,  being  easily 
supplied) : — 

sin  A       sinB       sine 

8in~a  ~  aa  b  "  sln^'  ■*' ^'''"''''os  of  sides  »t«  to  one  another 
as  the  sines  of  their  opposite  angles, 
2.cose=co8acos&-t-sina8inicQsa 
2  _         /  sin  »  sin  (»  -  e) 
2         ^      sin  a    sin  6 
(i]i  2  _     .   /  sin  (»  —  g)  sin  (»  —  b) 


8.  cos  ; 


4.  tan 


\'  sina    sin6 

/sin  (»  —  g)  sin  (»  -  6)" 


2         'V        sin  «   sin  (s  —  c)  sin  («  — e) ' 

where  u  =  V(»n  (»  -  «)  sin  (»  -  6)  sin  (»  -  c)  -i-  sin  »). 
A  +  B  ocosi(a  —  6) 

fi-fa>°-T-='»°*2-cos4(g  +  i) 
A  — B  0  sin  i  (g  -  b) 

tan    -^   =  cot  §  .^-j^^TTi)- 

6.  cot  g  sin  e  =  cos  ccosB  +  sinBcotA. 


7.  tan  9  =  sin  i  c  V  sin  g    sin  &  -f-  sin  4  (g  —J), 

gives  sin  i  c  =  sin  4  (g  —  i)  -7-  cos  0. 

8,  sin  9  =■  sin  i  0  Vsing    sin~6 -j- cos  4  (g  —  i)/ 

gives  cos  i  e  »  cos  4  (a  —  i)  cos  •. 


The  formuliB  (5)  which  are  called  Napier's  Analogies,  may  be  demon- 
strated more  easily  than  in  tlie  usual  way,  as  follows.    First — 

tmjAtanJo  +  tan  4  B  tan  4  0 
t«n(4A  +  4B).tan4o=  j ^^^ *— 


from  {i)  tan  4  a  tan  4  B  > 
taa(4A  +  tan4B).tan4o> 


sin  (s 


-(-ton  4  Atan  4b 

sint      '**'• 
sin  (t  —  I)  +  sin  (»  —  g) 
sin  <     4^  sin  ((  —  e)' 
2  sin  4  c    cos  4  (g  ' 


6) 


[TsiaoifoiiETBY,]    tsa(4A  +  4B).tan4o- o        1  ./     .   m 

•>  *•         »'  »         2Bm4ccos4(a  +  o) 

since  2»  —  a  —  h  =  c.    Hence  the  first  of  (5)  easily  follows,  and  the 
second  in  a  similar  manner. 

The  formula  (6)  is  not  easily  remembered,  except  by  the  following: 
— Write  the  sides  in  any  successive  pairs,  as  oj,  be,  ca,  or  ac,  ci,  ig  .• 
change  the  last  three  into  the  corresponding  angles  giving  ah,  io,  c  A, 
or  gc,  CB,  B  A ;  remembering  the  formula  cos  -f-  sin  —  cot  make  the 
middle  terms  cosines,  those  on  the  right  and  left  sines,  and  those  on 
ate  extreme  right  and  left  cotangents.    We  have  then— 

ootgsin&  =  coB&ooBO  +  sino  cot  a, 

which  is  a  case  of  the  formula  in  question. 

We  now  proceed  to  the  different  cases  of  triangles,  observing  that 
these  ma^  be  taken  in  pairs,  owing  to  the  property  of  the  supple- 
mental triangle.  Thus,  suppose  it  granted  that  we  can  solve  the  case 
of  finding  the  three  angles  when  the  sides  are  given,  it  follows  that  we 
can  solve  that  of  finding  the  three  sides  from  the  three  angles.  For,  if 
A,  B,  and  0  be  given,  find  the  anglei  of  the  triangle  whose  sides  are  a', 
b",  and  </.  If  a',  V,  and  1!  be  these  angles,  then  a,  i,  c  are  the  sides  of 
the  original  triangle.  Nor  is  it  worth  while  to  separate  the  several 
cases,  since  it  generally  happens  that  out  of  each  pair  one  is  of  much 
more  frequent  occurrence  than  the  other. 

Gate  1. — Given  the  three  sides,  to  find  the  thi-eo  angles.  If  one 
angle  only  be  wanted,  one  of  the  formuloj  (3)  answers  as  well  as  any- 
thing. If  all  three  angles  be  wanted,  the  shortest  way  is  to  calculate 
Mfrom 

K  =  V  {sin  (» - g)    sin(«— i)    sin  (s  —  c)-^ sin*} 
and  then  the  angles  from 


tan  4  a  : 


S.  t»n  4  B  - 


T,  tan  4  0  = 


sin  («  -  g)' -"  »  "  -  sin  (»- 6)' "-"»""  sin  (f-c) 

SappUmenU—Qiyea  the  three  angles,  to  find  the  three  sides.  Make 
the  supplements  of  the  given  angles  sides,  calculate  the  three  angles, 
and  the  supplements  of  the  last  three  angles  will  be  the  sides 
required. 

Com  2. — Given  two  sides  (g  and  i),  and  the  included  angle  o,  to  find 
the  remaining  parts.  If  all  the  parts  be  wanted,  calculate  4  U  +  b) 
and  4  (a  —  B)  from  (5),  and  then  find  A  and  B  by  addition  and  sub- 
traction :  lastly,  find  c  from  one  of — 


sin  e  •■  sm  0  ~: — ,  sm  e  = 


sin  o 


or  from  both,  which  will  be  a  verification.  But  if  the  remaining  side 
only  be  wanted,  use  the  formula  (7)  or  (8),  which  givee  this  thira  side 
at  once,  by  means  of  the  subsidiary  angle  9.  Or  from  the  extremity 
of  the  shorter  side  given  (say  g),  let  fail  a  perpendicular  arc  s  on  b, 
dividing  b  into  x  and  y.    Then — 

tan  X  =  tan  goosO,    8ins  =  Bingsino 
ye6  —  X,    cosc  =  ooazoosy. 

Su^emmt — Given  a  aide  (e)  and  the  two  adjacent  angles  (a  and  b)'; 
required  the  remaining  parts.  Make  a'  and  B*  the  sides  of  a  triangle, 
and  c'  the  included  angle ;  find  o*  the  remaining  side,  and  a'  and  b'  the 
remaining  angles.  Then  0  is  the  remaining  angle  of  the  original 
triangle,  and  a  and  b  are  the  remaining  sides.  To  find  the  remaining 
mdes  alone,  the  following  formula  may  be  used  : 


a  +  b  c 

tsa      o     =tan 


^  cos  4  (a  —  b) 


2    cos  4  (a  +  b) 
a  —  b  e    sin  4  (a  —  b) 

tan  -Y"='*«'2*^4(a+b) 

Gate  8. — Given  two  sides  (g  and  b)  first  both  less  than  a  right  angle, 
and  an  angle  opposite  to  one  of  them  (a)  ;  required  the  remaining 
parts.  This  case  may  afford  no  solution  at  all,  or  may  give  two 
solutions ;  it  is  therefore  sometimes  called  the  ambiguous  case.  The 
formula  (6)  may  be  used  by  the  usual  introduction  of  a  subsidiary 
angle ;  but  we  diould  recommend  a  person  who  is  not  well  practised 
in  the  subject  to  prefer  the  following  simple  method :— Fiom  the 
extremity  of  b  which  is  not  adjacent  to  the  given  angle,  drop  a 
perpendicular  z  on  the  aide  c,  and  let  x  bo  the  segment  adjacent  to 
A,  Let  g'z  and  b'z  be  the  angles  made  by  a  and  b  with  z.  And  first 
calculate  sin  i  sin  a  ;  if  tiiis  be  greater  than  unity,  the  triangle  does 
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not  exist ;  if  it  be  equal  to  vinity,  the  triangle  is  right  angled  at  B,  and 
may  be  treated  as  a  right-angled  triangle.  But  if  ein  6  fiiu  A  be  leea 
than  unity,  find  z  from  sin  2  =  ein  2i  sin  a,  and  x  ahd  b  from 

sini 
tan  X  =  tan  &  cos  a,  sm  b  =  sm  a  r^^- 

There  are  two  values  of  B,  supplements  of  each  other,  both  of  which 
are  possible  answers.  Let  B  be  the  on»  which  is  less  than  a  right 
angle,  and  B'  that  which  is  greater. 

First,  when  a  is  acute  and  a  leas  than  b.  Calculate  y  from  cos  y  = 
00s  a  -^  cos  t,  and  b't  and  a'z  from 

tan  t 
cot  b't  =  cos  i  tan  a,    cob  a*«  =  ti^^* 

There  are  two  triangles  wUch  satisfy  the  data  ;  in  the  first, 
e  =  a;  —  y,  b'  is  the  angle  opposite  to  b,  and  c  =  b'z  —  a~z ;  in  the 
second,  e  =  z  +  y,  B  is  the  angle  opposite  to  b  and  c  =  b'z  +  a'z. 

Secondly,  when  a  is  acute  and  a  equal  to  or  greater  than  6.  Cal- 
culate exactly  as  in  the  last  case,  but  there  is  only  one  triangle  which 
satisfies  the  data,  namely,  the  second  of  the  preceding. 

Thirdly,  when  A  is  obtuse,  in  which  case  there  is  no  triangle,  unless 
a  be  greater  than  b.    Calculate  (using  a  as  more  convenient) 

.    ■    .      ,  .  .  ,  sin  6 

an  s  =  sm  0  sm  a  ,  tan  x  =  taa  0  cos  a,  sm  D  =  sm  A  —■ — 

am  it 

Use  the  value  of  B  which  is  less  than  a  right  angle ;  calculate  b'z  and 
a'z  from 

tan  s 

ool  ('2  =  cos  &  tan  a',  cos  a*«  =  iir^. 

tan  a 

Then  e  ~  y  —  X,  and  0  =  a'z  — 6*j. 

In  the  ca<e  in  which  one  or  both  of  the  sides  are  greater  than  a  right 
angle,  which  rarely,  if  ever,  occurs,  it  is  best  to  have  recourse  to  one 
of  the  adjacent  triangles  described  at  the  beginning  of  this  article,  and 
to  use  it  in  the  same  manner  as  the  supplementary  triangle  has  been 
used.    It  is  not  however  necessary  to  dwell  on  this  point. 

Supplement. — Given  two  angles  (a  and  b)  and  a  side  opposite  to  one 
of  them  (a) ;  required  the  remaining  parts.  Let  a'  and  b  be  the  sides 
of  a  triangle,  and  a'  the  angle  opposite  to  a'.  Find  c'  the  remaining 
side,  and  6'  and  e'  the  remaining  angles ;  then  c  is  the  remaining 
angle  of  the  original  triangle,  and  b  and  c  the  remaining  sides. 

All  the  cases  would  need  some  subdivision  to  adapt  them  to  cal- 
culation, if  it  were  really  often  required  to  solve  triangles  with  very 
large  sides  and  angles.  But  in  application  it  generally  happens  that 
the  reasoning  of  the  previous  part  of  the  process  is  so  conducted  as  to 
throw  the  calculation  entirely  upon  triangles  wliich  have  at  least  two 
sides  and  two  angles  severally  less  than  a  right  angle.  Divide  a  great 
circle  into  three  parts,  and  we  have  the  extreme  limit  of  a  spherical 
triangle  :  the  sum  of  its  sides  being  360*,  and  the  sum  of  its  angles 
six  right  angles.  But  a  triangle  which  should  be  very  near  to  this 
limit  would  be  best  used  in  reasoning,  and  solved  in  practice,  by  means 
of  one  of  the  other  seven  triangles  into  wliich  its  circles  divide  the 
sphere.  And  if  one  of  the  sides  should  be  greater  than  two  right 
angles,  the  remainder  of  the  hemisphere  would  be  the  triangle  on 
which  calculation  is  employed.  And  it  is  to  be  vmderstood  that  all 
the  formulie  are  demonstrated  only  for  the  case  in  which  every  side  is 
less  than  two  right  angles.  At  the  same  time  we  should  recommend 
the  beginner  to  procure  a  small  sphere,  and  to  habituate  himself  to  the 
appearance  of  all  species  of  triangles. 

The  area  of  a  spherical  triangle  is  singularly  connected  with  the  sum 
of  its  angles,  on  which  alone  it  depcndii,  the  sphere  being  given.  Let 
any  two  triangles,  however  diSerently  formed,  have  the  sum  of  their 
angles  the  same,  and  they  must  have  the  same  area.  If  the  angles  be 
measured  in  theoretical  units  [AnoleJ,  the  formula  is  as  follows :  r 
being  the  radius, 

Ar«a  ■•  r*  (a  +  B  +  0  —  t), 

which  gives  the  number  of  square  units  in  the  area,  the  radius  being 
expressed  in  corresponding  linear  units.  But  if  the  angles  be  measured 
in  degrees  and  fractions  of  a  degree,  the  formula  is 

Area  =  •01745329262  r»  (a  -h  B  -h  0  —  180). 

The  angle  a  +  b  +  0  —  180°  is  called  the  fpherieal  exceu,  and  it  may 
be  found  at  once  from  the  sides  by  the  formula 


taQi 


sph.  ex. 
2 


*        $  —  a        t 
•tan  s  tan  —5—  tan  - 


—  b       t  —  e 


•o  that  the  area  of  a  triangle  is  easily  found  from  its  sides.  If  a 
apherical  triangle  were  flattened  into  a  plane  one,  without  any  alta»- 
tion  of  the  lengths  of  its  sides,  it  is  obvious  that  the  sum  of  the  angles 
would  undergo  a  diminution,  being  reduced  to  180°.  The  angles 
would  not  diminish  equally ;  but,  if  the  sphericity  of  the  original 
triangle  were  small,  or  if  it  occupied  only  a  small  ptvt  of  the  q>here, 
the  diminutions  which  the  seveial  angles  would  undergo  in  the  process 
of  being  flattened  would  be  so  nearly  equal,  that  it  would  be  useless, 
for  any  practical  purpose,  to  consider  them  as  unequal.    For  a  triao^ 


of  small  sphericity,  then,  it  may  be  assumed  that  in  being  flattened, 
each  of  ite  angles  loses  one-thiixi  of  the  spherical  excess.  This  pro- 
position is  one  of  considerable  use  in  the  measurement  of  a  degree  of 
the  meridian. 

SPHEROQSAPH,  an  instrument  invented  in  1856,  for  facilitating 
the  practical  use  of  spherics  in  navigation,  &c.,  being  a  contrivance  for 
constructing,  without  divtden  ot  scales,  any  possible  spheric  triangle, 
and  reading  off  the  measures  of  the  parts  required;  thus  in  most 
cases  saving  much  time  and  labour.  The  degree  of  accuracy  of  the 
instnunent  is  limited  only  by  its  size,  but  it  has  been  found  by  navi- 
gaton  that  circles  of  6-inch  radius  will  work  any  question  which  arises 
at  sea,  sufflcientiy  near  for  the  practical  purposes  of  the  navigator. 

The  description  of  the  instnimeut  will  be  better  understood  by 
giving  some  general  preparatory  hints  as  to  tiie  names  of  the  (wdinuy 
lines  of  the  sphere. 

In  the  following  figure,  'So.  1,  the  observer  is  supposed  to  be  at  the 
centre  c  of  a  hollow  transparent  sphere,  on  which  the  usual  lines  are 
drawn  as  upon  a  terrestrial  globe.  He  would  see  the  sun  ns  at  o  upon 
Uw  globe's  surface  amongst  these  lines.     Rejecting  all  superfluous 


circles.  See.,  and  confining  our  description  io  such  parts  as  affect  the 
sun's  position  at  the  time,  we  have  in  fy.  I  what  is  called  a  pro- 
jection of  the  sphere  on  the  plane  of  the  meridian,  the  primitive  circle 
representing  the  meridian  of  the  place  of  the  observer,  H  being  the 
south  part  of  the  horizon  a  R,  and  R  being  the  north,  z  will  be  the 
zenith,  n  the  nadir,  0  will  be  the  east  or  west  point  of  the  hoiison,  p 
the  north  pole,  s  the  south  pole  of  the  world  ;  a  I  parallel  of  altitude 
in  which  the  sun  is  at  the  moment  of  observation,  d  c  the  sun's  decli- 
nation, ( to  a  parallel  of  18°  distance  below  the  horizon,  limiting  twilight 
to  the  period  at  which  the  sun  is  traversing  from  <  where  he  sets,  to  c 
where  he  will  be  at  midnight,  d  being  his  place  at  noon ;  H  d  being 
the  meridian  altitude,  F  B  being  the  latitude  (represented  by  the 
height  of  the  pole  above  the  horizon),  then  F  z  will  be  the  co-latitude, 
on  the  sun's  altitude  as  measured  upon  the  azimuth  circle  zn;  OS 
will  be  the  zenith  distance ;  0/  being  the  sun's  declination  as  measured 
upon  the  hour  circle  p/  s,  o  F  will  be  the  polar  distance,  E  q  the  equator, 
z  I  the  amplitude  of  the  sun  at  setting — the  angle  B  p<  being  the  time 
of  sun-set,  the  angle  zfo  the  time  of  observation.  The  smidl  circle 
dt  ia  the  semi-diurnal  arc,  or  half  the  length  of  the  day,  and  $  c  the 
semi-nocturnal  arc,  or  half  the  length  of  the  night  (c  falling  within  R  w 
there  will  be  no  real  night,  only  twilight),  r  s  ia  the  six  o  clock  hour- 
circle,  z  N  the  prime  vertical,  to.  In  the  spherograph  only  five  terms 
are  principally  used,  namely,  latitude,  declination,  time,  azimuth,  and 
altitude,  and  what  precedes  will  have  fuUy  prepared  the  mind  ol  the 
reader  for  the  application  of  the  instrument  to  practical  purposes. 

The  instrument  is  composed  of  two  pieces  of  stout  card-board,  nicely 
attached,  and  revolving  concentrically  upon  a  pin  carefully  turned  to 
work  without  lateral  motion  in  an  ivory  collar.  The  upper  card  has 
the  ruled  part,  on  which  the  lines  are  described,  formed  ot  stout  trans- 
parent tracing  paper,  and  it  is  ruled  like  Jig.  2;  having  only  azimuths 

P1».J. 


and  parallels  of  altitude  (it  has  an  oval  space  cut  so  as  to  enable  the 
observer  to  put  pencil  marks  on  the  under  sphere),  while  the  undei 
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one  ifig.  3)  hu  hour  cirolea  uid  parallels  ol  declination :  for  of  tbe 

three  parts  always  given  in  every  tpbetio  triangle,  two  will  fall  on 

tig.*. 


either  one  of  the  cards,  and  their  intersection  is  made  to  touch  the 
third  datum  as  found  in  the  other.  We  will  suppaw,  in  illustrotion, 
that  we  have  given  the  sun's  altitude  48°,  the  declination  10°  N.,  and 
the  apparent  time  11  h.  A.U.,  to  find  the  latitude.    If  we  discard  all 

Us.*. 


the  lines  that  are  not  necessary  to  the  worldng  of  this  qneetion,  w» 
shall,  in  Jig.  i,  have  a  view  of  the  spheric  triangle  imder  consideration, 
which,  had  it  been  merely  projected  on  a  plane,  must  have  been  worked 
by  computation,  thus  :  in  the  spheric  triangle  z  o  f  we  have  o  z  =  zenith 
distance,  o F the  polar  distance,  and  zro  the  hour  augle,  to  find  z p  the 
co-latitude,  and  thence  PR  the  latitude.  By  the  spherograph  this 
question  of  latitude  is  answered  (simultaneouuy  with  numerous  other 
results  not  asked  for  in  this)  by  simply  turning  the  upper  tphere  on  the 
under,  until  the  place  where  the  time  and  declination  on  the  under 
sphere  coincide  with  some  port  of  the  p.'u-allel  of  given  altitude  on  the 
npper.  The  instrument  is  thus  said  to  be  set,  and  ihe  measures  of 
altitude,  azimuth,  time  of  sun  setting,  rising,  &c.,  are  at  once  read  off; 
while  without  the  spherograph  the  latitude  alone  would  require  the 
following  work  (and  one  iUustration  of  its  saving  of  time  ai^  labour 
will  suffice) : — 

After  letting  fall  a  perpendicular  in  fg.  4  from  the  centre  g 
through  o  to  z  [Sfhebic&l  Tkiqokohstbt],  o<f  p  will  be  a  right  aogje, 
then  by  cucular  parte  in  triangle  pz  o  find  angle  z,  thus, — 


As  line  lenith  dlstane*  o  s,  11° 
la  to  sine  hoor^angla  r,  li°  , 
So  i>  sine  polar  diiUnea  o  *,  80°  . 


••.  ar.  0-i;448> 

.  9-4I299a 

.     .  S-99>SS1 


To  sine  angle  s,  180°— lt°  M'=l*7°  37'  >s9-»808M 

In  A<IPOfind(ip. 

As  sotaor,  polar  distance,  10^  .  oo,  ar.  0-7S8t81 
Is  to  eonne  bou-angle,  1»°  .  .  .  (•984944 
Bo  la  radios (.10* 

To  tangant  side  d  r,  79°  »C 

Id  A<)zoflnd<Iz. 

As  eotang.  senith  distaaoe,  43°  .  so.  ar.  (■9«44S) 
Is  to  ooalne  180°— 197°  S;'s>2'  18'  .  9-9S89S1 
Bo  is  radios 10« 


i>10-7888S<»79°89' 


To  tangent  of  ds,  89°  47' 


=9-930418  =  S9°47' 


Oo>lstltnde=S9  S3 
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The  spherograph  is  of  different  forms,  to  suit  special  purposes. 
Figures  2  and  8  combined,  2  being  the  upper  sphere,  represent 
its  general  form  for  latitude  time,  azimuth,  altitudes,  and  declina- 


tion ;  and  it  has  introduced  a  new  mode  of  navi^ting  ahips  ^ 
places  subject  to  fogs  and  haze :  for  instance,  the  Montreal  trader* 
use  it  on  the  Banks  of  Newfoundland,  by  substituting  azimuth  for 
altitude,  in  the  three  things  given,  when  the  horizon  is  entirely 
invisible,  the  sim  being  in  sight.  It  also  dispenses  with  double  alti- 
tudes, inasmuch  as  latitude  can  he  as  well  determined  by  it  from  a 
rlu^le  observation  as  from  two,  rendering  all  elapted  time  uncalled  for. 
But  it  is  not  our  purpose  to  describe  these  methods  in  detail  It  seems, 
however,  that  a  means  of  so  readily  finding  the  position  of  a  fast-soiling 
steamer  when  approaching  the  land  is  important. 

It  is  well  known  that  one  common  source  of  error  in  woiling  sea 
observations  taken  at  night,  ia  the  liability  to  mistake  the  name  of  a 
star.  This  instrument  provides  a  very  handy  method  of  correctly 
finding  the  name  of  any  star  of  the  first  magnitude,  even  when  othen 
around  it  are  obscured.  The  inventor  of  the  spherograph,  Mr.  Stephen 
Martin  Saxby,  B.N.,  had  noticed  that  no  two  stars  of  the  first  magni- 
tude bad  equal  declinations  in  either  hemisphere,  or  were  within  two 
or  three  degrees  of  each  other  in  that  respect.  By  having  a  list  of 
such  stars  and  their  declinations  on  the  face  of  the  instrument,  the 
name  of  any  star  of  first  magnitude  is  easily  obtaiaed  in  the  fullonring 
manner  : — Using  merely  approximate  data,  such  as  latitude,  altitude, 
and  azimuth,  we  apply  them  thus :  suppose  a  st»r  has  an  altitude  of 
about  10°,  its  true  bearing  [Bearinq]  being  N.E.,  the  estimated  lati- 
tude of  the  place  being  43°  N. ;  setting  the  instrument  to  the  latitude, 
the  intersection  of  these  three  elements  would  on  the  line  of  declina- 
tion be  384°  ^-  Reference  to  the  list  of  stars  on  the  instrument 
would  at  once  show  that  this  declination  could  only  apply  to  the  star 
a  Lyrto. 

In  working  a  night  observation,  the  finding  of  the  right  ascension  is 
rendered  in  the  spherograph  peculiarly  simple,  and  is  divested  of  all 
liabiUty  to  error  from  the  occasional  fault  of  adding  instead  of  sub- 
tracting; &C.     A  form  of  spherograph  is  prepared  for  this,     (See  Jig.  5.) 


tv 


Midnight 


The  inner  drde  a  revolves  upon  a  centre-pin  connecting  it  with  6  the  under 
part.  On  this  circle  the  principal  stars  are  delineated  according  to  their 
right  ascensions,  which  are  measured  on  its  circumference,  and  their 
declinations  as  measured  upon  a  radius.  To  avoid  confusion,  we  omit,  in 
the  above  figure,  all  but  Rqgulus.  Suppose  at  2'  12""  a.m.,  on  the  Sth  of 
Novembsr,  a  navigator  was  desirous  of  using  Regulus  ss  a  means  of 
obtaining  his  latitude,  &c.  On  turning  the  circle  till  the  date  £th 
November,  marked  on  it,  coincided  with  2'*  12°'  marked  upon  the  outer 
part  h,  he  would  find  that  a  line  through  Regulus  would  out  a  point 
on  the  part  h  at  the  distance  of  5'  S"  from  the  part  of  the  circle 
marked  Noon.  This,  then,  would  be  the  star's  distance  from  the 
meridian,  and  would  be  used  in  the  common  form  of  spherograph 
made  up  of  Jigt.  2  and  3,  as  if  it  were  time  by  the  sun.  Thus  night 
observations  ore  rendered  as  easy  as  those  taken  by  day. 

There  is  another  peculiarity  of  the  instrument.  Heavy  southerly 
gales  in  the  English  Channel,  when  they  clear  up,  generally  do  so 
by  the  clouds  breaking  in  the  N.W.  to  N.,  so  that  the  polar  star 
is  generally  about  the  first  star  visible.  At  such  times,  the  mariner 
eagerly  attempts  to  obtain  his  latitude,  and  the  form  of  spherograph 
fig.  6,  is  a  very  great  convenience.  Suppose  he  have  obtained  an 
Altitude  of  the  polar  star  =  60°  5'  at  2''  12'"  a.m.  of  5th  November; 
having  set  the  date  to  the  hour  as  before,  the  polar  index  engraved  on 
the  circle  will  point  to  some  one  of  the  figures  engraved  round  the 
circle  on  the  part  b ;  in  this  instance  it  would  be  to  47'  subtractive  : 
then  60°  5'-47'=49°  18',  the  true  latitude,  to  the  nearest  mile.  The 
readiness  of  the  method  admits  of  increased  number  of  observations  ; 
and,  consequentiy,  by  nsing  the  nutm*  of  such  observations,  the  present 
prevailing  error  from  the  indistinctness  of  the  horizon  is  greatly 
diminished. 

We  shall  only  notice  one  other  use  of  the  spherograph  as  greatiy 
oortailing  labour  of  computation — namely,  in  lunar  observations.  The 
lines  on  fig.  6  are  thus  obtained  (and  here,  again,  a  knowledge  of  the 
principles  on  whioh  the  lines  are  constructed  is  not  at  all  necessary  to 
the  successful  use  of  it) : — 

Taking  advantage  of  the  circumstance  that  refraction  varif  s  nearly 
as  the  tuigent  of  the  zenith  distance,  and  as  tan.  45°  =  radius,  we  take, 
in  the  projeotion  for  refraotion,  the  radius  as  the  refraction  at  45* 
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cenith  distance.  It  fortunately  happens  that  68''-4,  the  number  of 
seconds  in  the  refraction  at  45°,  nearly  corresponds  with  the  niunber  of 
minutes  in  the  mean  horizontal  parallax.  The  same  diagram  does 
therefore  for  both  parallax  and  refraction,  substituting  seconds  for 
minutes. 

In  the  following  figure  (6),  therefore,  o  A,  or  o  M,  or  o  d  =  moon's 
horizontal  parallax ;  ii  c  s  =  apparent  distance  between  the  sun  and 
moon,  M  being  the  moon's  place  in  the  figure  and  s  the  sun's ;  or  the 
arc  II  s  =  apparent  distance.  M  B  =  the  moon's  zenith  distance,  or,  as 
every  part  of  the  small  parallel  of  altitude,  7  B,  is  equally  distant  from 
u,  0  H  on  the  line  of  siaea  will  equal  the  moon's  altitude. 

And  again,  s  T  will  be  the  sun's  zenith  distance,  and  therefore  c  K  on 
the  line  of  sines  will  equal  the  sun's  altitude,  a  d  being  the  moon's 
horizon  and  h  r  the  sun's ;  h  b  will  be  the  moon's  parallax  in  altitude ; 


Fig.  8. 


Kg. 


and  B  ■  :  0  o  : :  cos.  e  d  :  radius,  or  the  moon's  parallax  in  altitude  s 
hor.  pax.  x  cos.  moon's  alt. 
radius 
And  in  the  orthographic  projection  of  the  lunar  triangle  M  B  z  on  a 
scale  where  radius  is  =  moon's  hor.  parallax,  or  o  D,  the  angle  u  is  the 
angle  at  the  moon  corresponding  with  the  angle  c  in  the  usual  lunar 
construction,  as  in  fy,  7 ;  and  o  x  (the  distance  of  the  orthographic 
great  «ircle  u  N  passing  tlurough  z,  where  the  sun's  and  moon's  horizons 
coincide)  is  the  cosine  of  this  compared  with  radius  c  D.    But  o  D  : 

ON  ::  BE  :  Hz;  or  bz  is  the  correction  for  parallax  =  -— ^^-^,  and  is 

radius 
measured  from  B  z  by  the  scale  of  chords  from  the  nature  of  the  pro- 
jection. (In  fg.  7,  0  0*  :  0  D  : :  rad.  :  cos.  o,  o  c'  being  the  moon's 
parallax  in  altitude,  and  c  D  the  correction  for  parallax.)  In  fig.  6, 
moreover,  XB= tangent  of  moon's  zenith  distance,  in  seconds  for  alt. 
45° ;  M  P,  correction  for  moon's  refraction  in  seconds ;  s  V  =  correction 
for  sun's  refraction  in  seconds.  Such  being  the  principles  on  which 
this  part  of  the  spherograph  is  constructed,  the  following  is  the  form 
of  each  of  the  parts  :  The  under  sphere  has  its  line  M  o  crossed  by 
parallel  circles  drawn  to  the  scale  of  sines,  or  on  the  orthographic 
projection ;  these  are  again  crossed  by  lines  parallel  to  M  o,  o  D  being 
dividod  into  60  parts  by  the  line  of  chords  (being  very  nearly  58''4  of 
refraction  at  45",  as  above). 

The  practical  use  of  the  spherograph  in  correcting  a  lunar  distance 
may  be  thus  briefly  illustrated :  suppose,  for  example,  the  apparent 
distance  given  — 72°,  the  moon's  altitude  =  26°,  the  sun's  altitude =82", 
and  the  reduced  horizontal  parallax  =  59'.  Moving  the  circles  oonoen- 
trically  until  M  and  8  are  moved  72°  apart  in  fig.  6;  =  the  apparent 
distance,  where  the  two  horizons  a  d  and  o  T  cut  each  other,  vrill  give 
a  point  which,  counting  the  vertical  lines  from  u  o,  each  will  be  one 
minute  of  correction  (as  read  upon  c  d)  ;  this  correction,  multiplied  by 
B  number  taken  from  a  small  table  printed  on  the  back  of  the  instru- 
ment, gives  at  once  a  correction  for  the  distance,  thus : 

Tbe  number  read  on  o  s   =         .        .    .     24' 

Ibe  Ubnlar  mulUpUer     cm    ,       .        ,  •9S2 

8S0S 
1904 


The  apparent  distanee        .       ■       , 
Bom  of  corrections  (snbtraetive)     . 

True  distance  by  spberograpb     .        , 
Elaborate  logaritbm  oalcnlstion  gives 


sstitssrtr 

.  72°    0'    0" 
22  11 


.  71   17     ( 

,  71    37     8 


1"  error. 

When  the  intersection  of  the  horizons  falls  on  the  right  of  ho, 
the  correction  is  subtractive ;  when  to  the  left,  it  is  additive.  The 
spherograph  is  especially  useful  to  check  observations  when  worked  out 
by  logaiithms,  and  imparts  confidence  to  a  navigator.  A  little  work 
published  by  Longman  and  Co.,  called  '  Calculation  and  Projection  of 
the  Sphere,  plainly  illustrates  the  general  mode  of  spheric  con- 
struction. 

SPHKROID,  a  name  given  to  the  class  of  surfaces  which  are  formed 


by  the  revolution  of  an  ellipse  about  either  its  longest  or  shortest 
diameter.  When  the  longer  diameter  is  the  axis,  the  spheroid  is 
called  prolate;  when  the  shorter,  Mate,  The  earth  is  an  oblate 
spheroid,  or  very  near  indeed  to  such  a  figure :  hence  the  oblate 
spheroid  is  of  much  more  importance  than  the  prolate  one.  The 
general  properties  of  the  spheroid  are  either  those  which  belong  to  it 
as  particular  cases  of  Sdbfaczs  or  the  Secoxo  Dxobeb,  or  those 
which  are  useful  in  geodesy,  and  which  belong  more  to  the  generating 
ellipae  than  to  the  surfoce. 
SPHEROIDAL  CONDITION  OF  LIQUIDS.  [EBULLmoN.J 
SPHINX.  The  name  applied  in  glyptic  art  to  the  combinations  of 
lions'  bodies  with  other  forms ;  that  with  a  human  head  being  called 
androsphinx,  with  a  ram's  criosphinx,  and  with  a  hawk's  hieracosphinx. 
They  appear  to  have  been  derived  from  Rgypt,  where  they  were 
sculptured  as  symbolical  representations  of  kings  and  queens,  and  they 
expressed  in  the  hieroglyphic  texts  the  idea  of  neb  lord,  or  aiar 
victoiT,  or  the  sun  on  tlie  horizon.  In  Egyptian  art  they  are  reprs- 
■ented  couchant,  with  a  human  head,  the  portrait  of  the  monarch  they 
personify ;  and  recent  excavations  at  Tanis  have  shown  that  they  are 
as  old  as  the  17th  dynasty  of  Shepherds,  the  king  Apepa  or  Aphophis 
being  thus  represented.  In  Egyptian  art  they  are  rarely  winged,  the 
only  example  being  the  sphinx  of  the  queen  Mutnemt  at  Turin; 
Thothmes  IIL  and  other  monarchs,  even  the  young  Alexander  and 
Ptolemies  are  personified  as  sphinxes,  and  there  are  some  small  sphinxes 
in  European  collections,  as  one  in  the  Louvre,  at  Paris,  of  Rameses  II., 
23  feet  long,  of  a  block  of  red  syenite,  and  a  black  granite  sphinx  of 
Amenophis  III.  at  St.  Petersburg ;  but  the  largest  is  that  at  Qizeh,  of 
143  feet  long  and  62  feet  high,  cut  out  of  the  solid  rock,  and  lying 
about  1960  feet  east  of  the  second  pyramid.  This  was  called 
Har-ma-khu,~or  Hanuakhis, "  Horus  on  the  Horizon,"  and  adored  as  a 
god  by  Thothmes  IV.  and  Barneses  II.  It  was  approached  by  a  stair- 
case and  surrounded  by  a  kind  of  peribolos,  having  a  temple  of 
alabaster  and  granite  attached  to  it,  in  which  was  a  well  filled  with 
Nile  water,  into  which  had  been  thrown  seven  statues  of  green  and 
yellow  breccia  of  the  monarch  Shafra,  or  Kephren,  the  builder  of 
the  second  pyramid.  Winged  sphinxes  are  often  seen  in  Assyrian  and 
Babylonian  art,  and  seem  to  represent  deities  or  monarclis  under  this 
form. 

The  few  remains  of  Phcenician  art  show  that  this  people  bad 
adopted  the  form  of  the  sphinx,  probably  from  Egyptian  sources,  and 
the  Etruscans  seem  to  have  derived  the  same  from  their  oriental  con- 
nection, their  early  works  of  art  being  often  decorated  with  repre- 
sentations of  this  monster.  The  same  may  be  also  said  of  the  Greeks 
and  other  cognate  races,  winged  sphinxes  being  a  common  type  in 
Qreeoe,  Lycia,  and  other  londities.  At  the  earliest  period  of  art 
sphinxes  have  recurved  wings,  but  on  some  later  monuments  they 
are  miwiuged.  They  have  the  face  and  breasts  of  a  beautiful  but 
cruel  female,  the  body  of  a  lioness,  and  sometimes  the  tul  of  a  dragon. 
According  to  the  earliest  myths,  the  Sphinx  was  the  daughter  of 
Typhon  and  Echidna,  Orthus  or  Typhon  and  ChimEera,  and  being 
sent  by  Juno  to  punish  the  Thebans,  proposed  a  fatal  riddle  or 
enigma  which  was  solved  by  CEdipus,  and  the  Sphinx  destroyed. 
Spmnxes  are  also  found  in  India  as  the  ornaments  of  temples. 

(Mariette,  Aug.,  Xevue  Archtolagique,  1860,  p.  18-20,  1861,  p.  20; 
Birch,  Mu>.  Olata.  Aniiq.  II.  p.  27 ;  Vyse,  Pyramid;  III.  p.  107 ; 
Letronne,  Inter,  dree.  ii.  460-461 ;  Champollion,  Lett.  A  it.  It  Due  de 
Blacat,  8vo,  Paris,  1824;  Layard,  Nineveh;  Winckelmann,  Werie ; 
VoBs,  Mylh.  Br.  ii.  p.  22 ;  MUller,  .4rcA.  d.  Kuna,  p.  700.) 

SPIQELIA  MARYLANOICA,  Carolina  pink,  perennial  worm-grass, 
or  worm-seed;  a  perennial  herbaceous  plant,  native  of  the  southern 
states  of  the  American  Union.  It  is  from  six  inches  to  two  feet  high, 
leaves  opposite,  sessile,  ovate,  and  acuminate.  Tbe  root  has  a  short 
caudex,  from  which  issue  nuiberous  fibres ;  all  which  parts  are  of  a 
yellowish  colour  when  first  dug  up,  but  became  black  on  drying.  It 
IS  collected  by  the  Indians,  and  sold  to  the  white  traders,  who  pack  it 
in  caslis,  or  make  it  up  into  bales,  weighing  from  three  hundred  to 
three  hundred  and  fifty  poimds.  The  odour  of  the  fresh  plant  is 
disagreeable,  the  taste  sweetish,  slightly  bitter,  and  nauseous.  The 
leaves  are  less  potent  than  t^e  root,  which  part  consists  of  woody 
fibre  82,  a  peculiar  principle  like  tannin  10 ;  bitter  acrid  extractive 
4 ;  and  an  acrid  resin  ;  also  a  fixed  and  a  volatile  oil.  Both  the 
resin  and  extractive  have  emetic  properties.  Spigelia  has  slight  narcotio 
powers,  and  in  large  doses  causes  vomiting  and  purging.  In  America 
the  fresh  plant  has  decided  anthelmintic  virtues,  but  it  is  only  useful 
against  the  Aiearii  lumbricoida,  or  large  round  worm.  In  Europe  'it 
is  little  used,  having  lost  much  of  its  power  by  long  keeping.  Dr. 
Barton  recommends  it  as  a  cure  for  the  infantile  remittent  fever, 
which  often  terminates  in  hydrocephalus,  or  water  in  the  head.  In 
such  a  case  it  acts  beneficially  by  removing  the  worms,  the  irritation 
of  which,  when  propagated  to  the  brain,  gives  rise  to  the  more  serious 
disease.  But  the  expulsion  of  the  worms  by  any  other  means,  and  the 
exhibition  of  any  tonic  and  astringent,  Uke  the  tannin  of  the  Spigelia, 
will  prevent  their  recurrence     [Anthelmintics.] 

Spigelia  is  given  in  powder,  or  as  an  infusion  or  decoction.     It  is 

usually  combined  with  senna  or  some  other  purgative,  but  it  is  better 

to  give  it  alone,  and  follow  its  administration  by  a  dose  of  calcmil  and 

jalap. 

The  Spigelia  Anthehnia,  a  native  of  Brazil,  which  is  a  much  more 
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potent  plant,  a  eometimea  mistaken  and  given  for  the  other.  It 
contains  an  alkaloid  called  apigelina,  which  is  volatile,  aometrhat  like 
nicotina,  the  effects  of  which  it  also  resembles,  causing  formidable 
narcotic  symptoms,  to  which  lemon- jviice,  sugar,  or  carbonate  of  potash 
is  said  to  be  an  antidote. 

SPINA  BI'FIBA,  or  cleft-Bpine,  is  a  disease  commencing  in  foetal 
life,  and  which  consista  in  an  imperfection  of  the  posterior  part  of  the 
spinal  canal  It  is  almost  always  accompanied  by  an  excessive  secre- 
tion of  spinal  fluid,  and  in  these  cases  it  may  be  regarded  as  a  disease 
of  the  same  kind  affecting  the  spinal  canal  as  that  which,  existing  in 
the  skull,  constitutes  hydrocephalus.  The  two  are  indeed  not 
unfrequently  coincident ;  and  spina  biflda  is  sometimee  called  hydro- 
rachis. 

ITie  arch  of  each  vertebra  [Skklktou,  in  Nat.  Hist.  Drv.]  is 
developed  and  ossified  in  two  pieces  which  meet  behind  in  the  middle 
line  at  the  base  of  the  spinous  process.  This  is  also  developed  in  two 
lateral  portions  which  subsequently  unite  together  and  with  the  arch, 
so  as  to  form  the  one  piece  of  bone  which  we  find  in  the  adult  closing 
in  the  back  of  the  spinal  canaL  This  development  and  union  of  the 
arches  of  the  vertebrce  goea  on  during  an  early  period  of  foetal  life, 
while  the  spinal  column  is  growing  rapidly,  and  the  fluid  of  the  spinal 
canal  and  arachnoid  sac  is  being  constantly  secreted.  If  this  fluid  be 
secreted  in  an  unnaturally  large  quantity  before  any  or  a  part  of  the 
arches  of  the  vertebrte  are  completely  ossified,  it  may  exert  such 
pressure  upon  them  as  to  separate  their  component  parts,  and  produce 
a  permanent  aperture  in  the  back  of  the  spinal  canal,  through  which 
a  sac  containing  the  excess  of  fluid  will  protrude.  Or  if  the  develop- 
ment and  ossification  of  any  or  all  of  the  arches  take  place  more  slowly 
than  it  should,  then  a  secretion  of  not  more  than  the  ordinary  quantity 
of  fluid  may  suffice  to  keep  them  permanently  opeiL  A  deft  spine 
will  thus  be  produced  without  the  watery  tumour ;  but  the  openness 
of  the  spine  will  generally  in  cases  of  this  kind  lead  to  the  secretion  of 
on  unnatural  quantity  of  the  spinal  fluid ;  for  it  seems  a  general  law 
that,  other  things  being  equal,  the  quantity  of  fluid  secreted  in  each 
part  is  inversely  proportionate  to  the  resistance  ofiered  by  the  walls  of 
the  cavity  into  which  it  is  poured. 

Spina  bifida  is  almost  always  characterised  by  a  tumour  situated 
over  the  defective  vertebrte,  lobular,  elastjo,  and  fluotnating,  often 
attached  by  a  narrowed  base,  and  varying  in  size  according  to  the 
extent  of  the  fissure  in  the  spinal  canal  It  is  usually  covered  by 
healthy  skin,  and  conpiBts  of  the  dura  mater,  and  one  or  more  of  the 
other  membranes  of  the  spinal  cord,  protruded  in  a  sac  through  the 
space  between  the  separated  arahes,  and  filled  by  a  clear  serous  fluid. 
On  pressing  such  a  tumour  the  patient  may  become  insensible,  or  be 
convulsed ;  for  the  fluid  within  it  commumcating  witt  that  within  or 
aro\md  the  brain  and  spinal  chord,  the  pressure  made  upon  it  is  felt 
with  equid  foree  by  the  whole  of  those  organs.  The  parts  of  the  body 
below  the  tumour  are  often  paralytic,  not  from  the  pressure  of  the 
fluid,  for  that  is  equally  diffused,  but  from  disease  of  the  cord  coinci- 
dent with  that  of  the  arches. 

Spina  bifida  is  most  common  in  the  lumbar  and  sacral  rejpons,  in 
which  the  vertebral  arbhes  are  latest  completed  :  it  is  most  rare  in  the 
neck,  and  is  there  also  most  dangerous,  because  of  the  great  number  of 
nerves  which,  by  [the  coincident  dis^e  of  the  spinal  cord,  may  be 
paralysed.  It  does  not  commonly  interfere  with  the  general  health : 
but  by  the  friction  to  which,  when  the  tumours  are  large,  the  skin  is 
subjected,  and  by  the  distension  produced  by  the  increasing  secretion 
of  fluid,  the  sac  is  liable  to  inflame  and  ulcerate,  till,  exposing  the 
spinal  cord,  or  its  membranes,  death  is  produced  by  their  inflamma- 
tion ;  or,  ti»e  quantity  of  fluid  secreted  may  be  so  great  as  to  produce 
death  by  its  pressure  on  the  cord  and  brain,  in  a  manner  similar  to 
that  in  which  hydrocephalus  often  terminates. 

In  one  of  these  modes,  spina  bifida,  when  accompanied  by  excessive 
secretion,  almost  always  terminates  &tally,  though  patients  may  siuTvive 
with  it  for  ten  or  even  twenty  years.  LUe  may  generally  be  prolonged 
by  maintaining  a  gentle  even  pressare  upon  ute  tumour,  so  as  to 
supply  the  necessary  resistaqce  to  the  effasion  of  more  fluid.  In  » 
few  cases  a  repeated  evacuation  of  the  fluid,  and  then  firm  pressure 
upon  the  sac,  has  been  found  successful ;  and  lately,  M.  Tavignot  has 
reHated  some  cases  'which  he  cured  by  slicing  off  the  tumour,  and 
instantly  bringing  together  the  edges  of  the  mouth  of  the  sac,  and  so 
holding  them  till  they  had  united  and  formed  a  firm  cicatrix. 

That  just  described  is  by  far  the  most  common  form  of  S{nna  bifida; 
others  more  rare  are  those  in  which  not  the  arches  only,  but  the  bodies 
of  the  vertebrse  also  are  deft,  the  two  lateral  portions  in  which  each  is 
devdoped  being  kept  apart,  so  that  a  portion  of  the  spinal  canal  is 
open  in  front  towards  the  cavity  of  the  abdomezL  Some  differences  of 
character  also  depend  on  the  seat  of  the  fluid  secreted  :  it  is  generally 
in  the  sac  of  the  arachnoid,  but  sometimes  is  in  liie  tissue  of  the  pia 
mater,  or  in  both  it  and  the  aao,  or,  yet  more  rarely,  in  the  oenbal 
canal  of  the  spinal  cord. 

SPINA  YENTO^A  is  a  term  now  olftolete,  which  was  applied  by 
old  surgeons  to  abscesses  in  bone,  accompanied  with  excessive  swelling, 
and  then  to  nearly  all  the  diseases  indiscriminately  io  which  either 
bones  or  joints  become  enlarged. 

SPINACH.  One  of  the  spedes  of  this  genus,  the  S.  oleraeea,  tiie 
oonunon  spinach,  is  well  known  on  account  of  its  use  in  the  kitchen. 
It  has  an  herbaceous  stem  one  or  two  feet  high,  branched,  and  hollow ; 
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arrow-duped  leaves;  male  flowers  in  long  spikes,  abounding  with 
pollen ;  female  flowers  on  another  plant,  axillary,  herbaceous,  and  small. 
The  fruit  is  a  small  round  nut,  which  is  sometimes  very  prickly. 

There  are  two  principal  varieties  cultivated  in  gardens,  the  prickly- 
fruited,  with  triangular,  oblong,  or  sagittate  leaves,  and  the  smooth- 
fruited,  with  round  or  blunt  leaves.  The  former  is  considered  the 
hardiest,  and  is  therefore  employed  for  winter  culture ;  the  latter  is 
used  for  summer  crops.  Of  these  varieties  there  are  several  sub- 
varieties,  varying  in  the  size,  thickness,  aud  shape  of  their  leaves. 

For  the  winter  crop  the  seed  is  sown  at  the  beginning  of  August. 
A  light,  dry,  rich  soil  should  be  preferred,  and,  if  possible,  in  a 
shdtered  situation.  When  the  plants  have  put  forth  two  pair  of  leaves, 
the  ground  should  be  hoed  and  the  plants  thinned.  By  October  or 
November  the  outer  leaves  of  the  spinach  are  fit  for  use.  In  February, 
when  fine  weather  occurs,  the  plants  should  be  again  attended  to, 
cleaned,  and  thinned  out,  and  in  this  way  it  may  be  made  productive 
till  April  or  May,  by  which  time  the  summer  sort  will  be  ready.  The 
first  sowing  of  the  round-leaved  spinach  or  smooth-fruited  should  take 
place  at  the  end  of  January  in  some  sheltered  border.  This  crop 
should  be  successively  thinned  out  till  the  plants  ore  dght  or  ten  inches 
apart.  Successive  sowings  may  be  made,  in  order  to  ensure  a  constant 
supply  in  February,  Maroh,  and  April,  and,  if  desirable,  these  sowings 
may  take  place  between  rows  of  cabbages,  &c. 

Spinach  is  often  sown  in  narrow  drills,  whidi  is  rather  more  trouble- 
some at  first,  but  this  is  made  up  for  by  the  facility  with  which 
clearing,  thinning,  and  gathering  are  afterwards  accomplished. 

For  preserving  seed,  those  plants  which  are  of  the  most  stocky 
growth  should  be  sdected.  The  winter  crops  run  up  soonest,  but  seed 
may  be  obtained  from  spring  crops  in  Jidy  and  August.  The  new 
seed  is  the  best  for  sowing,  although  it  will  keep  very  well  for  a  year. 
When  the  plants  are  saved  for  seed,  the  male  plants,  which  are  easily 
distinguished  by  their  flowers,  may  after  fertilisation  be  drawn  and 
thrown  away. 

Spinach  is  sometimes  grown  by  the  &rmer  for  the  purpose  of 
obfadning  a  crop  of  seed  for  the  uses  of  the  gardener.  In  the  selection 
of  land  for  this  purpose,  care  should  be  taken  that  it  is  findy  prepared 
by  ploughing  and  harrowing  in  the  early  spring,  and  some  well-rotted 
dung  should  be  ploughed  in  where  the  soil  is  not  of  the  best  quality. 
When  the  spinach  has  blossomed,  the  male  plants  should  be  drawn 
out,  which  serve  at  this  time  aa  excellent  food  for  pigs,  and  might  be 
given  to  other  aiumals  with  advantage.  There  is  much  uncertainty 
about  this  kind  of  crop;  sometimes,  however,  it  turns  out  very 
advantageous. 

SPINAL  IRBITATION.  This  term  has  been  appUed  to  those 
functional  disorders  of  the  spinal  cord  and  its  nerves,  which  do  not 
Veadily  fall  under  the  definitions  of  diseases  of  the  same  organs  having 
more  precise  symptoms.  Under  the  heads  Tetakub,  Chobea.,  Hts- 
TBBIA,  Nkubaxoia,  Htdbophobia,  and  Paraltsis,  will  be  found  de- 
scriptions of  definite  derangements  of  the  spinal  cord  and  its  nerves. 
But  there  is  a  general  state  of  the  nervous  system  in  which  some  of 
the  symptoms  of  one  or  all  of  these  diseases  may  occasionally  be  pre- 
sent, and  in  which  there  is  very  commonly  present,  pain  in  the  spinal 
column  induced  or  increased  by  pressure  or  perousaion.  To  this  state 
the  term  "  spinal  irritation  "  has  been  applied.  What  the  precise  con- 
dition of  the  nervous  system  is  in  this  disease  it  is  impossible  to  say, 
but  the  general  theory  of  its  nature  is  that  the  spinal  cord  at  some  one 
or  more  points  is  congested,  and  that  this  congestion  acts  upon  the 
sensitive  or  motor  nerves  proceeding  from  this  part  of  the  cord, 
and  gives  rise  to  the  pains,  spasms,  and  other  anomalous  symptoms 
oomplained  of  by  the  patient.  This  condition  is  not  unfrequentiy 
referred  to  hysteria,  but  as  it  may  come  on  in  the  male  as  weU 
as  the  female,  there  is  evidenUy  an  impropriety  in  the  use  of  this 
term. 

It  would  be  quite  impossible  to  describe  here  all  the  nervous 
symptoms  that  may  be  referred  to  spinal  irritation.  Wherever  nerves 
of  motion  and  sensation  are  distributed  they  may  become  disordered, 
and  thus  there  is  no  organ  or  part  of  the  body  that  may  not  be  tiie 
seat  of  excessive  pain  or  paralysis  of  sensation,  of  spasmodic  or  con- 
vulsive action,  and  of  a  paralysis  of  motion.  Such  symptoms  when 
they  are  not  fixed,  and  are  connected  with  pain  on  pressure  of  the 
spinal  cord,  are  said  to  depend  on  spinal  irritation.  Whether  these 
^mptoms  depend  on  a  morbid  condition  of  the  spinal  cord,  or  of  the 
muscular  or  nervous  tissue,  or  of  the  blood,  are  still  questions 
admitting  of  discussion. 

The  treatment  of  these  cases  has  been  directed  very  much  by  tiie 
theory  held  with  regard  to  the  cause  of  the  nervous  symptoms.  Those 
who  advocate  the  theory  of  congestion  of  certain  portions  of  the  cord, 
recommend  the  employment  of  counter-irritants  over  the  tender  port 
of  the  spine,  whilst,  those  who  believe  that  they  arise  from  an  under 
nutrition  of  the  nervous  and  muscular  tissues,  recommend  a  treatment 
addressed  to  the  restoration  of  the  nutritionary  powers  of  the  system. 
Those  who  think  the  blood  is  the  souroe  of  the  disorder,  likewise  adopt 
the  same  general  prindples  of  treatment. 

Whatever  may  be  the  theoretical  views  hdd  with  regard  to  the 
nature  of  the  symptoms,  known  under  the  name  of  spinal  irritation, 
there  seems  to  be  a  general  agreement  that  they  come  on  in  asthenic 
states  of  the  systMu,  and  that  antiphlogistic  measures  must  not  be  had 
recourse  to  without  gr«at  caution. 
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Belief  from  preedng  occopationa,  a  nutritious 'dist,  changa  of  sir, 
pdd  bathing,  the  preparations  of  iron  and  quinine,  are  the  great  means 
that  must  be,  looked  to  for  the  core  of  the  disordered  states  of  the 
netYOus  syBtem.  When  the  poinful  s;^ptomB  arise  from.  OTer-axertion 
of  the  muscles,  as  is  often  the  case,  artifioial  support  may  be  given 
with  advantage  to.  the  particular  muscles.  Friction  over  the  seat  of 
pain,  and  the  ^ppUoatiqn  of  stimli hints,  as  turpentine,  ammonia,  and 
binndy,  in  the  fonq  of  embrocation  with  oil  or  glycerine,  has  been 
found  very  beneficial.;.  Where  the  pain  js  very  acute,  or  the  muscular 
action  excessive,  sedatives,  as  opium,  hfenbane,  and  belladonna,  may  be 
given  internally  and  spidied  externally.  .    ." 

(Laycock  On  (Ae  NervomtJ^mataqf  (Fonsn;  Bennett,  ThePri»eiple$ 
and  Practice  cf  Medieme;  Ijunan,  The  Pkmomeni  ef  Spinal  Jrrita- 
tiou,) 

SPINET,  a  musical  instrument  of  the  harpsichord  kind,  but  differing 
in  shape  and  power,  formerly  much  in  use,  though  now  entirely 
superseded  by  the  piano-forte.  Tho  Sonnet  had  but  one  string  to  each 
note,  which  was  struck  by  a  quiUed  jack,  the  UMer  acted  on  in  the 
usuaJ  manner  by  a  key.  The  tone  was,  of  course,  comparatively  weak, 
but  pleasing,  and  as  the  instrument  was  small  in  dfmensions  and  dieap 
in  price,  it  answered  the  purpose  of  tiioiBe  who  did  not  find  it  convenient 
to  purohsae  a  harpsichord.  The  outline  of  its  ordinary  form  was 
nearly  that  of  a  harp  laid  horizontally,' supposing  iho  clavier,  or  key- 
board, to  be  placed  on  the  outside  of  tin  trunk,  or  sounding  part,  of 
tite  last-named  instrument, 

SPINNINO.  There  are  two  entirely  distinct  nunnfacturing  opera- 
tions to  which  this  name  is  given — ilie  one  rdsting  to  aniuuJ  and 
vegetable  fibres,  and  the  other  to  certain  soft  mefadg. 

Pibre  Spinning. — This  kind  of  spinning  consists  in  forming  a  flecrible 
cylinder  of  greater  or  lees  diameter,  and 'of  indeterminate  length,  oat 
of  vegetable  or  animal  fibres,  arrsnged  as  equally  ss  possible  tJongside 
and  at  the  ends  of  each  other,  so  that,  when  twisted  together,  they 
may  form  an  uniform  continuous  thread.  The  primitivo  modes  of 
gpinning  by  the  spindle  and  distaff,  and  by -the  spinning-wheel,  which 
are  still  extensively  practised  in  the  East,  and  not  entirely  superseded 
in  some  remote  districts  of  Sootland,  only  ern^le  the  spinner  to  produce 
a  single  thread ;  but  with  the  almost  automatic  spmning-machinery 
which,  has  been  called  into  existeuce  by  the  eotton  mani&ctiire,  one 
ittdtvidusl  may  prodtice  nearly  two  thousand  threads  at  the  same  time. 
The  history  of  the  series  of  inventions  by  wfaiob  this  result  has  been 
gradually  attained  has  been  already  given  under  Cotton  MAmrVAC- 
ture;  together  wilJi  wood-cuts  and  descriptiohs  of  some  of  the 
chief  machines.  The  spinning  of  flax,  mlk,  and  wool  partake  of  the 
same  general  character  as  that  of  cotton ;  so  for  as  they  differ  they  will 
be  found  noticed  imder  Lisen  Manufaotuhe  ;  Snai  MAKurAOTCBB ; 
and  Woollen  AUB  WoKSTED  MAKCFAOTtniK. 

Metal  Spinning. — This  is  a  peculiar  branch  of  Birmingham  «md 
Sheffield  manufactm^^  in  which  articles  of  use  and  onAment  are  pro- 
duced without  forging,  casting,  stamping,  or  -cutting,  by  ^bringing  into 
play  the  ductility  of  the  mebU  The  metal  employed  is  chiefly  one  or 
oUier  of  the  soft  mixed  white  metals,  such  as  Britannia  metal.  Tea- 
pots, and  Buch-Uke  artides,  are-  shaped  in  this  metal  almost  entirely  by 
the  process  of  spinning.  There  is  first  prepared  a  wooden  mould,  of 
the  exact  size  and  shape ;  and  this  mould  is  fixed  upon  a  latiie.  Then  a 
circular  piece  of  the  thin  sheet  metal  is  taken  and  flxsd  temporarily 
in  contact  with  the  bottom  or  flat  surface  of  the  lathe.  Bumlehers 
and  smooth  tools  are  then  pressed  cautiously  against  the  metal,  While 
the  mould  is  rotating,  and  made  to  conform  to  oil  its  curvaturSs — 
stretching  out  a  littie  to  cover  the  convexities,  and  compressing  a  littie 
to  cover  the  concavities.  The  ductility  of  the.  metal  alone  enables  it 
to  do  ttiis ;  the  bending  takes  place  gradually,  so  as  to  enable  the 
particli's  of  the  metal  to  aceommsdate  themsslves  to  their  altered 
position.  Teapots,  plated  candlesticks,  dish-covers,  bell  mouths  of 
musical  instruments,  &c.,  are  made  by  a  succession  of  processes  of 
which  this  is  the  chief;  and  a  largo  quantity  of  cheap  Birmingham 
jewelleiy  is  worked  into  form  in  a  mmilar  way. 

SPUlAL^a  name  belonging  properly  to  curve*  which  wte4  "sound  a 
pomt  in  suceeasiTB  oonvolutions.  The  easiest  mode  of  representing 
Buch  curves  algebraically  is  by  means  of  polar  Coobdikates  :  henc«t,-in 
many  of  the  older  English  works,  any  curve  refwred  to  such  coordi- 
nates is  said  to  be  considened  as  a  spiral.  Thus  we  have  the  circle 
considered  as  a  spiral ;  the  elUpse  considered  as  a  qnral,  and  so  on. 
The  rest  of  this  article  is  intended  only  for  tiiose  who  have  some 
knowledge  of  the  mathematical  port  of  the  subject. 

If  r  be  the  radius  vector  of  a  curve,  8the  angle  which  it  makes  with 
a  given  line,  and  r=<f>  («)  the  equation  of  the  curve,  it  is  obvious  that 
if  «e  be  a  c«)mmon  tiigom  metrical  function  of'sin  «,  cos  9,-&c.,  the 
curve  wiU  not  have  an  unlimited  nnmber  of  convolutions.  The  whole 
of  the  curve  from  »=ar  to  »=4».  will  be  merely  a  repetition  of  that 
from  «=0  to  «=2v.  Thus,  j-=sin  8  is  the  eqoatioD  of  a  droleof  a 
umt  diameter,  tangent  at  the  origin  to  the  Una  ftwra  which  r  sets  out  ; 
titq  filteentu  half  revolution  of  the  radius  vector  is  only  the  fifteenth 
descnption  of  this  circle.  It  is  then  only  when  tiie  angle  9  ooeuii' 
independently  of  trigonometrical  quantities,  that  any  curve  is  repre- 
sented which  can  properly  be  caUed  a  spiral.  Thus,  the  spiral  of 
Archimedes,  or  Conon,  of  which  the  equation  is  r=o3,  has  a  convolu- 
tion m  which  r  changes  from  0  to  ira,  while  »  changes  from  0  to  2ir ; 
another,  in  which  r  changes  from  2ira  to   iwa,  while  9  changes 


from  2*  to  4ir,  and  so  On.    The  principal  spirals  to  which  distinct 

names  have  been  given,  are — 

Equation. 
1.  Spiral  of  Archimedes     .        .        ,       r  =  aS 
i.  Beciprocal  Sfiral   .   .       .       .    .     r9  =>  a 
8.  Lituus  ....      •  _     .        •    .   •    f^S  =  *  a 
i.  Logarithmic  or  Equiangular  Spiral       r  =  a5 

with  some  others  of  less  note.     The  figures  of  these  spirals  are  given 
in  all  books  on  the  application  of  algebra  to  geometry. 

It  has  hitherto  been  universal  to  consider  spirals  in  a  manner  wliidi 
has  deprived  these  curves  of  half  their  convolutions ;  this  has  been 
done  by  refusing  to  entertain  negative  values  of  the  radius.  For 
example,  in  the  spiral  of  Archimedes  r=a8,a  being  a  positive  quantity, 
the  curve  is  supposed  to  have  no  convolutions  when  9  is  n^;ative,  or 
when  the  radius  revolves  negatively.  The  consequence  is,  that  the 
cnrre  begins  abmptly  at  iJie  origin.  It  woidd  be  a  matter  of  little 
importance  to  insist  on  the  existence  of  the  additional  branches  which 
belong  to  the  negative  radii,  if  it  were  not  that  the  other  mode  of 
representing  curves,  by  means  of  rectangular  coordinates,  always  gives 
the  additional  branches  :  so  that,  if  we  refuse  to  receive  the  latter  as 
coming  from  the  polar  equation,  we  have  only  the  alternative  of  sup- 
posing that  the  mere  transformation  of  coordinates  destroys  a  part  of 
the  curve.  In  the  spind  of  Arohimedes,  for  example,  the  rectangular 
and  poUr  equations  are — 

y  =  a;tan -■ ,^  r=at. 

The  first,  treated  in  the  usual  way,  gives  a  curve  of  which  iiiere  is 


one  suooession  of  oonvolutions  beginning  with  o  a  bod,  and  another 
beginning  with  o  a  6  o  (2.  But  the  second  equation,  which  is  only  the 
first  in  a  different  form,  does  not  yield  any  of  the  second  set  of  con- 
volutions, unless  by  means  of  the  negative  values  of  the  radius  vector 
answering  to  negative  values  of  8. 

,  The  manner  in  which  the  negative  value  of  i*  is  to  be  treated,  is  as 
follows : — Every  line  passing  through  the  origin,  as  p  o  Q,  makes  two 
angles  with  the  positive  side  of  the  axis  of  x,  FOD,less  than  a  right  angle  in 
the  diagram,  and  Q  o  s,  between  two  and  three  right  angles :  the  second 
of  which  may  be  considered  as  the  common  angle  q  O  D,  taken  nega- 
tively. The  bounding  directions  of  these  angles  are  different,  o  f  and 
o  Q :  the  rule  is,  whichever  angle  the  straight  line  Q  o  p  is  supposed  to 
make  with  o  d,  let  the  bounding  direction  of  that  angle  be  the  positive 
diroction,  and  the  other  direction  negative.  Thus,  when  P  o  S  is  the 
angle,  o  p  is  positive  and  o  Q  negative  :  when  Q  c  D  is  the  angle,  o  4  is 
positive  and  o  p  negative.  In  this  manner  it  will  be  found  that  the 
first  three  of  the  four  spirals  above  enumerated  have  never  been  com- 
pletely drawn.  There  is  littie  need  to  insiat  much  on  the  necessity  of 
the  extension  here  described :  one  more  instance  may  suffice.  Let  the 
teader  trace  the  curve  whose  equation  is — 

2j^  =  1  -  4a!  -  a«?  +  Vr=l^ 

derived  from  f  ^1— 2  cos  0.  The  rectangular  equation  gives  a  curre 
of  two  loops,  of  whioh  the  polar  equation  will  only  yield  one,  un- 
less negative  values  of  r  be  employed,  in  the  manner  above 
described.  Nevertheless,  if  the  process  hod  been  inverted,  and  tiie 
polar  equation  deduced  from  the  rectangular,  we  should  have  found 
r=:  +1—2  cos  9  for  the  former;  and  the  effect  of  the  double  edgn  is 
that  the  positive  values  of  r  only,  in  the  two  equations  r = 1 — 2  oos  0, 
and  r=  ^1—2  COS  0,  will  pre  the  complete  curve  deduced  from  the 
rectangular  equation.  As  far  as  this  instance  goes,  it  might  seem  as  if 
the  complete  polar  equation,  aa  reduced  from  the  rectangular,  would 
give  the  whole  curve  by  means  of  positive  radii ;  though  at  the  same 
time  a  single  instance  hardly  proves  anything.  .  But  even  granting 
that  the  passage  from  the  rectangular  to  the  polar  equation  will  always 
give  forms  enough  to  the  latter  to  trace  the  whole  curve  from  positivB 
radii,  it  remains  indisputable  that  the  other  transition,  from  the 
polar  to  the  rectangular,  requires  the  negative  radii  to  be  taken  into 
account. 

SPIRAL  OP  ARCHIMEDES.     [SpiBAt.] 

SPIRE  (m  German,  SpitMt,  or  Tkurm-^fnixe  ;  in  French,  JPl^^),  in 
Oothio  an:hit(«,ure,  U  used  to  designate  the  tapering  pyramidal  mass 
erected  on  a  tower  by  way  of  finish  and  ornament.    The  origin  of  the 
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qure,  ]ik«  that  o{  tiio  pointed  aroh>  is  meretjr  nattter  of  conjeoturtt. 
The  probability  ia  iJbat  it  arose  out  o{  the  p«iked  roof  usually  giren 
to  eamponilea  and  toners  of  a  preceding  period,  which  form  yraa  after- 
Trords  gradually  improTed  upon  and  reSned,  till  it  eventually  grew  up 
into  the  aleodsr  tapering  spirei  The  tower  of  Than  ohuroh,  Kormandy, 
engrared  under  Nosuait  AjtOHlTBOSuai^  may  be  referred  to  as  an 
example  ezhilNtiiig  the  rudimente  of  the  spire,  it  beiiig  no  more  than 
a  steep  peaked  roof  or  low  pyramid,  wliose  height  does  not  exceed 
three-fourths  ol  its  base.  A.  peak  of  .this  kind  differs  also  from  the 
spire  both  in  being  the  same  in  plan  as  the  tower  on  which  it  is  placed, 
and  in  being  immediately  :aet  upon  it,  whereas  the  spire  is  almost 
invariably  an  octagon  or  other  polygon,  and  is  surrounded  at  its  base 
with  a  parapet.  In  Italy,  where  oampanilea  are  usually  detached 
equate  towers  of  very  (lender  or  lofty  proportions,  the  spire  is  almost 
unknown,  for  such  towers  have  seldom  more  than  a  mere  pyramidal 
roof  or  peak.  There  are  some  few  iostanoes  of  square  spires ;  among 
them  a  very  singular  one  at  Egeln  in  Qermany,  where  two  such  spires 
are-^  set  immediately  together  upon  the  same  tower.  But  however 
slender  in  their  proportions  such  spires  may  otherwise  be,  they  have  a 
certain  heavy  nussLveneaa  of  form.  When  therefore  greater  loftiness 
and  lightness  were  aimed  at  in  this  feature,  the  adoption  of  a  polygonal 
plan  for  it  became  almost  matter'  of  course;  for  although  in  a  geo- 
metrical drawing  the  ^neral  outline  ind  proportions  of  a  spire  are  the 
same  whether  it  be  square  or  octangular  in  plan,  the  perspective  or 
actus]  appearance  ia  vndely  different  ;"becauae  in  the  latter  case  the 
diagonal  breadth  of  the  square  tower  below  is  cut  off,  and  eeoh  side  or 
plane  of  whioh  the  spii«  is  composed  becomes*  much  more  pointed 
triangle.  Besides  which,  the  polygonal  spire  produoes  a  degree  of 
contrast  and  variety  highly  favourable  to  general  effect  in  the  Pointed 
style.  . 

A  giadoal  and  progressive  transition  from  the  mere  peak  or  i^n»< 
midalroof  to  the  slender  tapering  spire,  cannot,  however,  be  clearly 
tisced.  On  tb«  oontrary,  some  of  tite  earliest  deviations  from  the 
sim{de  pyramidal  form  appear  to  hav«  prodooed  unoontfaneas  rather 
than  lightness ;  for  although  nrach  greater  loftiness  upon  the  whole 
was  BO  oecasiqaed,  the  appearance  of  it  was  reduced  by  the  sides  of  the 
tower  being  loade  to  terminate  in  ^blea  -  cutting  into,  and  therefore 
partly  cutlmg  off)  the  base  of  the  pyramid  or  s{dre  itsell  Many  of 
the  etuiier  German  .edifioee- contain  examples  of  this  peculiarity — one 
almost  confined  to  them ;  among  others  the  cathedrals  of  Worms  and 
Oelnhausen,  l^e  church  at  Andetnaoh,  and  that  of  the  Apostles  at 
Cologne,  exhibit  many  varieties  of  spites,  or  rather  tpire-roofi,  springing 
up  from  gables  at  their  base :  and  in  some  the  gables  sre  so  Ivge,  and 
rise  up  so  high,  that .  the  appeoronoe  of.  spire  is  slmoet  entirely  lost. 
Such  is  the  case  witb  the  pyramidal  oovering  of  the  square  tower  at 
the  west  end  of  tbe  ohuroh  at  Qelnbausen,  of  which  the  portion  above 
the  gaUe  forms  a  men  oapping..  Iq  this  country  the  spires  in  the 
First  Pointed,  or  Esrly  ^gli&  style,  were  usually  mu(^  less  acute 
than  in  those  of  the  Second  Pointed  period,  when  this  feature  arrived 
•t  its  greatest  peif estion  both  in  demgn  and  decoration.    The  outline 


of  spires  of  this  Second  Pointed  period  is  commonly  very  graceful  and 
refined,  a  well-considered  entasis  being  ofteh  given :  the  spires  of 
Salisbury  Cathedral  and  St.  Mary's  Church,  Oxford;  ore  well  known 
and  admirable  ezamplee  of  this  period. 

Spires  vary  much  in  oharaoter.  In  this  country  a  epat  set  imme- 
diately upon  a  tower  without  any  parapet,  Sca^  at  its  base,  is  technically 
described  by  tbe  term  ii-oocA,  There  arei^eed  bo  many  peciiliaritiei 
in  spires,  that  it  is  highly  desirable  to  have  descriptive  terms  for  thenu 
First,  as  regards  its  base,  a  spire  may  be  said  to  be  cltater-batedyihen 
surrounded  below  with  pinnacles  connected  with  it,  and  from  among 
which  it  seems  to  spring  up :  of  which  kihd  St  Mary's,  Oxford,  is  a 
celebrated  example.  The  Hdtel-de-Ville,  at  Ypres,  has  a  spire  clustered 
with  four  exceedingly  tall  pinnacles  or  lesser  spires.  Where  there 
are  windows  placed  agaitut  a  spire,  rising  upright  like  the  dormers  or 
luoames  on  a.roof,  the  tenn  iMcamed  would  express  that  character;  we 
have  therefore  not  scrupled  to  make  use  of  it  in  the  annexed  table  of. 
spires,  where  it  is  applied,  among  others,  to  those  of  Lichfield  cathedral> 
whioh  have  several  tiers  of  such  windows,  and  are  deecribedacconliDgly. 
Where  the  height  does  not  exceed  two  diameters  of  its  base  a  spire 
might  not  inconveniently  be  termed  a  itnmp-tpirt.  Oroettted  and 
banded  are  terms  requiiing  no  explanation ;  but  in  regard  to  the  first 
it  may  be  remarked,  that  spires,  otherwise  quite  plain,  ore  sometimes 
omamented'with  orocketi  along  their  edges ;  and  with  respect  to  bandi, 
they  ajt»  sometimes  little  more  than  string-mouldings,  but  in  other 
oases  broad  and  enriched  surfaces.  Many  of  the  spires  in  Normandy 
are  ornamented  witit  such  a  number  of  bonds,  that  thOT^  form  alter- 
nating oeurses  'with  the  plain  spaces  between  them.  FinialUd  is  a 
term  whicb'doee  not  apjdy  to  any  of  our  BngliBh  spires ;  but  that  of 
Sk  Stephen's,.  Vienna,  and  some  other  continental  spires,  have  an 
woeedingiy  laqge  and  rich  finial,  which  ornament  gives  them  a  par- 
tieuUr,  boldness  of  expression.  The  TabemaeU-ipin  abo  is  one  of  which 
there  is  no  example  in  this  country,  but  of  which  the  one  just  men- 
tioned, and  those  of  Strasburg,  Ulm  (as  designed),  ThanU'  in  Alsace, 
and  many  others,  ore  specimens,  the  tower  and  spire  being  carried  up 
from  the  ground  in  a  succeauon  of  diminishing  stages,  tdl  profusely 
adorned  with  ponnellinj^  nidies,  canopies,  pinnacles,  and  other  taber- 
nacle-work, in  such  a  manner  that  it  is  barely  possible  to  distinguish 
where  the  uprigtii  portion  or  tower  terminates,  and  the  spire  itself 
begins,  the  latter  seeming  little  more  than  the  uppermost  st^ein  con- 
tinuation of  the  rest.  Neither  have  we  any  instances  of  Open-w>rh 
spires,  or  -otsuoli  as,  if  not  actually  perf<»atsd,  are  yet  entirely  covered 
with  tracery.  That  at  Freyburg,  and  those  at  Burgos  and  Batolha, 
are  ezoeedingly  rich  speoimens  of  the  kind.  The  chapter-house  of 
Burgee  also  has  a  seriee  of.  very  large  pinnacles  or  small  spires  of 
tabernacle  character.  Cambrai  and  Esslingen  on  the  Nedou-  nSbrd 
other  examples  of  open-work  spires. 

There  are  various  other  circumstances  which,  though  they  do  not 
afieet  the  qiire  itaelf,  produce  greater  or  less  difference  in  regard  to  the 
character  .of  the  stnwture  of  which  it  is  a  component  feature.  Very 
much,  for  instance,  depends  upon  its  situation  in  the  general  plan  :  at 


.Xablb  ov  Sfiris,  EirausH  and  Fobeiqn. 


Tower. 

Spire. 

Total 
Heighk 

3Senurks. 

Feet. 

Feet. 

FeeU 

Old  St.  Paul's  . 

260 

274 

634 

Six  diameters  hlgb. 

SalUbnry     .        ... 

jor 

197 

404 

Date  about  1350.    Three  enrtehed  bandi.-  Nearly  5  diameters. 

Konrieh  .... 

140 

183 

303 

Plain,  ratber  more  than  3  dlametets  high. 

Llchfleld      .        .        .    . 

114 

138- 

252 

Lucamed,  5  tiem  of  windows.    Nearly  »  diameters  litgh. 

,,       two  weatcra 

89 

108 

192 

Lnoamed,  4  tiers;  4|dlameteri  hfgfa. 

Chichester  .       .       .    . 

•• 

«  • 

270 

Pinnacled  and  Ineamed  below;  banded  wilj>  two  broad  rich  bands;  else  fnlte  plain.    Both 
tower  and  aptnr  MU,  Feb.  21. 1861. 

Oxford  Cathedra)      . 

S4 

62 

146 

Date  about  1220. 

OxforavSt.  Uary'a        .    . 

■ 

88 

94 

180. 

Spire  itaelf  quite  plain,  lucamed  with  a  oanupied  window  below,  on  four  aides,    Embaied  bj 
very  rich  canopi|Cd  nichw  and  pinnaclw. 

Louth  ...... 

14» 

140 

283 

Embosed  with  lofty  pinnacles  and  flying  buttreues.     Crocketed.     6  diameters. 

Graatbam  (aboot)  '      .    . 

140 

,  , 

250 

'  Luearned,  orockoted,  large  crocketed  pinnacles  at  base.    Base  of  spire  less  than  tower. 

Bloxham  .... 

lOI 

94 

195 

^  very  beautiful  example.     Spire  5  diameters  bigb.     Date  about  1350.                           ^.  , 

St.  Michael's,  Coventry     . 

isa 

184 

800 

This  tower  and  spire  a  very  fine  example. 

St.  Marj'B,  Stanitord 

, , 

,  , 

,  , 

Date  about  1260.     Base  without  parapet  or  pinnacles.    Lucamed,  4  tiers.    Spire  2|  diameters. 

Cologne  (u  designed)  .    . 

sto 

200 

680 

Two  west  spires  enriched  with  tracery,  and  erowued  by  luge  flniais. 

384 

110 

474 

Two  west  towers,  only  north-west  spire. 

Bt.  Stephen'!,  Vienw   .    . 

S8S 

180 

465 

On  south  side  of  church.    Example  of  a  tabernacle  tower  and  spire. 

VJm(B*d(sigasd)    .,       . 

820 

a7i 

491 

Tabernacle  exsmple.    Tower  and  spire  in  centre  of  weal  front. 

Fr^borg     .        .     ^..    . 

221 

169. 

880 

Blch  open-work  spire.     Tower  and  spire  in  centre  of  west  front. 

Harbnrg  .        .        . '      . 

184 

88 

272 

Two  west  towers  and  spires.     Base  of  spire  gabled.     Spire  4    diameters. 

NOmberg,  St.  Lanrence     . 

180 

90  . 

270 

Two  west  towers  and  spires.     Baae  of  spire  gabled.     Spite  4    diameters. 

NOraberg,  St.  Sebaldus     . 

170 

90 

260 

Two  west  towers  and  spires.    Base  of  spire  gabled.     Spire  *\  diameters. 

Antwerp  .        .        .        , 

•  * 

^^ 

866 

Two  west  towers,  only  north-west  spire. 

Chartret  "New  Spired 

,, 

•  • 

871 

Two  west  spires,  the  north-west,  or  "  New,"  spire  loftier  and  more  enriched  than  the  other. 

Bajeux    .... 

142 

104 

^48 

Two.  west  spires.    The  north-west  spire  baa  6  broad  bands ;  the  other  plain.    Diameter  at  base 

2Tfeet. 
Lueitraed  at  base  and  banded. 

Osen,  St  Stephea's  -   .    . 

IM 

107 

282 

Caen,  St.  Peter's       .  .    . 

184 

ito 

244 

Base  of  spire  24  fseL    Spire  has  9  bands,  with  smaU  hexafbll,  qaatrelbU,  and  trefoil  apertures 
.  between  them.    Crocketed. 

Batolha        .        .        .   '. 

lis 

87 

170 

Very  rich  open-work  spire.    Diameter  at  base  10  feet. 

Burgos  Cathedral      . 

,,   • 

_   •• 

280 

Two  short  or  stomp  but  very  rich  open-work  spires,  at  west  end.    Date  of  spires  1442. 

Glasgow       •        .        .    . 

115 

•105 

220 

Lucamed,  banded,  lower  band  richly  moulded  and  qnatieltailed,  and  smnounted  by  flenrons. 
Diameter  at  base  27  feet. 
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Saliabury  and  Norwich,  the  apire  is  raised  upon  a  tower  at  the  inters 
aection  of  the  cross,  or  in  the  centre  of  the  plan ;  whereas  in  most 
continental  cathedrals  and  large  churches  there  are  two  spires  on  the 
towers  of  the  west  front,  though  in  some  instances  (Strasburg,  Ant- 
werp) only  one  has  been  erected.  Several,  however,  have  a  single 
tower  and  spire  in  the  centre  of  the  west  front  (Ulm,  Freyburg,  Thann 
in  Alsace),  in  which  case  the  tower  itself  begins  to  diminisu  almost 
from  the  ground,  and  the  whole  becomes  what  we  have  described  as 
of  the  tabemade  character.  In  most  of  our  English  churches  (not 
cathedrals)  the  spire  is  placed  upon  a  tower  at  tiie  west  end,  as  at 
Grantham,  Louth,  Blozham,  Ac.  If  we  except  Peterborough,  where  they 
are  very  diminutive,  the  only  English  cathedral  which  has  two  western 
spires  is  Lichfield,  which  is  further  remarkable  as  having  a  central 
tower  and  spire  also.  Besides  the  richness  and  variety  thus  produced, 
the  larger  central  spire  serves  to  balance  the  whole  composition, 
whereas  else  the  body  of  the  structure  is  apt  to  look  low  in  comparison 
with  the  west  end.  At  St.  Stephen's,  Vienna,  the  tower  and  spire  are 
singularly  placed  on  the  south  side  of  the  edifice,  it  having  been 
intended  to  balance  them  by  a  corresponding  tower  on  the  north 
side.  At  Qelnhausen,  on  the  contrary,  there  is  a  group  of  spires  at  the 
east  end. 

Though  so  much  depends  upon  the  proportion  of  spires  to  their  own 
diameters  and  to  the  height  of  the  towers,  almost  the  only  thing  that 
is  specified  in  the  usual  description  of  spires  is  the  entire  altitude  from 
the  ground,  which  single  measturement,  unaccompanied  by  others,  gives 
no  idea  of  l^e  relative  dimensions  of  the  spire  or  how  it  is  proportioned. 
Some  of  the  loftiest  spires,  as  they  are  popularly  termed,  are  by  no 
means  lofty,  being  not  above  a  third  of  the  entire  height,  and  not  more 
than  four  of  their  own  diameters.  The  spire  of  Strasburg,  for 
instance,  is  only  110  feet  out  of  474,  or  less  than  one-third  of  the  tower 
itself.  At  Antwerp  again  the  spire  is  a  mere  peak  crowning  the  upper- 
most stage  of  the  tower,  while  the  tower  itself  is  twice  as  high  as  the 
roof  of  tie  church.  If  we  compare  Salisbury  with  Norwich,  the  spire 
of  the  latter  cathedral  will  be  found,  though  of  leas  dimensions,  much 
loftier  in  relation  to  the  rest  than  the  other,  being  in  the  ratio  of  163 
to  308  feet,  while  Salisbury  is  only  197  to  404.  We  have,  tiierefore, 
drawn  up  a  short  table  of  spires  (see  preceding  page)  showing, 
where  we  can,  the  separate  as  well  as  united  heights  of  the  respective 
towers  and  spires. 

SPIREIN.  (C4,H„0„r)  The  yellow  colouring  matter  of  tiie 
meadow-sweet  {Spiraa  ulmaria).  It  is  a  crystalline  yellow  powder 
insoluble  in  water,  but  very  soluble  in  alcohol  and  eUier.  The  dilute 
solution  is  yellow,  but  becomes  dark  green  on  concentration.  It 
possefees  a  slight  acid  reaction,  and  cannot  be  volatilised  witiiout 
decomposition. 
SPIHIN.    [Sauctlio  Group.] 

SPIRIT,  a  term  used  in  chemistry.  When  employed  alone,  it  is 
now  almost  exclusively  applied  to  spirit  of  wine,  or  alcohol ;  formerly 
however  the  name  spirit  was  given  to  most  substances  capable  of  being 
vaporised  and  condensed  by  distiUation,  and  to  some  not  obtained  by 
diatillatiun.  It  will  be  requisite  merely  to  name  a  few  of  those  com- 
pounds to  show  how  extensively  it  was  used  in  naming  substances  of 
very  different  origin  and  composition :  thus  nitric  acid  was  called 
spirit  of  nitre  :  hydrochloric  acid,  spirit  of  salt ;  suljdiurio  acid,  spirit 
of  sulphur ;  chloride  of  tin,  spirit  of  Libavius ;  solution  of  anmionia, 
spirit  of  sal-ammoniac,  or  sometimes  spirit  of  hartshorn. 

SPIRIT-LEVEL,  a  tube  of  glass  nearly  fiUed  with  spirit  of  wine  or 
distilled  water,  and  hermetically  sealed  at  both  ends,  so  that  when 
held  with  its  axis  in  a  horizontal  position,  the  air  which  occupies  a  part 
not  filled  with  the  spirit  or  water  places  itself  contiguously  to  the 
upper  surface.  The  tube  being  supposed  to  be  perfectly  cyUndrical, 
the  exact  horizontality  of  its  axis  is  ascertained  by  the  extremities  of 
the  air-bubble  being  at  equal  distances  from  the  middle  point  in  the 
length  of  the  glass. 

The  spirit-tube  is  used  in  determining  the  relative  heights  of  ground 
at  two  or  mora  stations,  and  in  order  to  render  it  available  for  this  pur- 


pose, it  is  placed  within  a  brass  case  having  a  long  opening  on  the  side 
which  is  to  be  uppermost,  and  is  attached  to  a  telescope ;  the  telescope 


and  tube  are  then  fitted  to  a  frame,  or  cradle,  of  braas,  which  is  sup- 
ported on  three  legs.  In  the  interior  of  the  telescope,  at  the  common 
focus  of  the  object-glass  and  eye-glasses,  are  fixed,  generally,  two  wires, 
at  right  angles  to  each  other,  their  intersection  being  in  the  line  of 
collimation,  or  that  which  joins  the  centres  of  all  the  lenses. 

The  case  containing  the  spirit-tube  is  made  to  turn  on  a  joint  at  one 
extremity,  as  a,  by  the  revolutions  of  a  screw,  b,  at  the  opposite  extre- 
mity ;  sod  the  telescope  rests,  near  each  end,  within  two  arms  at  the 
top  of  a  small  pillar,  a  or  B,  the  pillar  and  its  arms  resembling  the 
letter  T,  and  the  intraior  sides  of  the  arms  being  tangents  to  the  tube 
of  the  telescope.  One  of  these  pillars  is  made  capable  of  a  small 
movement  in  a  vertical  direction  by  tviming  a  screw,  o,  at  its  base,  for 
the  purpose  of  elevating  or  depressing  one  end  of  the  telescope  and 
spirit-tube ;  and  in  the  more  perfectiy  constructed  instruments,  both 
tiie  pillars  may  be  so  moved.  The  pillars  are  at  the  extremities  of  a 
strong  brass  plate,  B  r,  the  under  side  of  which  is  connected  with  the 
tripod-stand,  which  supports  the  whole  instrument ;  and  a  compass- 
box,  o,  is  attached  immediately  to  the  plate,  as  in  the  figure,  or  is 
raised  above  the  telescope  by  means  of  four  small  pillars.  A  hollow 
conical  socket,  H,  of  brass  is  screwed  to  the  under  side  of  the  plate,  and 
is  intended  to  receive  a  piece  of  bell-metal  of  a  correspon(Ung  form, 
which  constitutes  tiie  upper  part  of  the  stand.  This  piece  serves  as  a 
vertical  axis,  upon  which  the  telescope,  the  spirit-level,  and  the  com- 
pass are  to  turn  round  horizontally :  sometimes,  however,  the  conical 
pivot  projects  from  the  under  part  of  the  plate,  E  r,  and  the  socket  is 
on  the  stand. 

The  three  legs  which  ore  to  support  the  instrument  are  firmly  fixed 
to  a  circular  plate,  x,  perforated  at  its  centra,  and  haidng  about  the 
perforation  a  hollow  spherical  zone,  resembling  a  small  inverted  cup. 
In  the  simpler  kinds  of  spirit-Ievds  a  circular  plate,  L,  of  the  same 
dimensions  as  the  last,  carries  above  it  the  pivot  before  mentioned ; 
and  from  below  it  projects  a  stent,  terminating  in  a  ball,  which  fits  the 
inverted  cup  or  socket.  By  means  of  four  screws  which  pass  through 
one  of  these  two  plates  (the  upper  plate  in  the  cut),  nearly  at  the 
extremities  of  two  diameters  at  right  angles  to  one  another,  the  upper 
plate  is  made  parallel  to  the  horizon,  and  consequentiy  the  conical 
pivot  which  it  carries  is  brought  to  a  vertical  position. 

The  above  is  a  general  description,  which  will  serve  nearly  for 
every  spirit-level  at  present  in  use,  whatever  be  its  form;  and  the 
following  is  -the  nsuiu  manner  of  performing  the  adjustments,  prepa- 
ratory to  the  instrument  being  employed  on  the  ground : — 

The  telescope  should,  by  a  proper  opening  of  the  legs  of  the  stand, 
be  at  first  rendered  as  nearly  level  as  can  be  estimated  by  the  eye ;  then, 
being  turned  so  as  to  lie  vertically  above  the  line  joining  two  opposite 
screws  in  what  are'called  the  parallel  plates  (k  and  l),  tiie  spirit-tube 
is  brought  to  horizontal  position  by  relaxing  the  screw  nearest  to  its 
higher  end,  and  tightening  that  which  is  opposite  to  it:  the  like 
operation  is  to  be  performed  with  the  other  pair  of  screws,  after  placing 
the  telescope  vertically  above  them.  In  order  to  render  the  spirit- 
tube  parallel  to  the  axis  of  the  telescope,  after  tlie  bubble  of  air  has 
been  made  to  occupy  the  middle  place  by  the  process  just  mentioned, 
let  the  telescope  be  reversed  in  the  arms  (the  Ys  as  they  are 
called) ;  then  ii  the  bubble  does  not  still  occupy  the  middle,  it 
must  be  made  to  do  so  by  successive  trials,  endeavouring  to  correct 
half  the  error  by  means  of  the  screw  b,  and  the  other  half  by  the 
screw  0. 

The  eye-pieoe  of  the  telescope  must  be  moved  inwards  or  outwards 
till  the  wires  in  the  field  of  view  are  distinctiy  seen ;  and  the  object- 
glass  must  also  be  moved  by  means  of  the  pinion,  u,  till  the  station- 
stafij  placed  at  any  convenient  distance  (suppose  100  yards),  is  also  dis- 
tinctly seen.  .  By  a  few  trials,  the  distance  between  the  eye  and  the 
object-glass  may  be  made  such  that  the  intersection  of  the  wires  will 
appear  to  remain  constantiy  at  one  point  on  the  staff  while  the  observer 
in  looking  through  the  telescope  varies  the  position  of  his  eye.  It  is 
necessaty  besides  that  the  intenwction  of  the  wires  should  be  precisely 
in  the  Ime  of  collimation,  or  the  optical  axis  of  the  telescope :  for  this 
purpose  the  point  of  inteiseotion  should  be  directed  to  some  well- 
defined  mark  at  a  considerable  distance.  The  telescope  must  then  be 
turned  on  its  axis ;  and  if  the  intersection  remains  constantiy  on  the 
mark,  that  adjustment  is  complete;  otherwise  it  must  be  rendered  so 
by  means  of  the  screws,  e  d,  so.,  on  the  telescope ;  those  screws  being 
placed  at  the  extremities  of  two  diameters  at  right  angles  to  one 
another,  on  being  turned  they  move  the  plate  carrying  tiu»  wires  in 
tiie  directions  of  those  diameters.  In  order  that  the  correction  may  be 
made,  the  apparent  displacement  of  one  of  the  wires,  in  consequence 
of  the  telescope  being  turned  half  round  on  its  axis,  should  be  observed, 
and  the  screws  turned  till  half  the  displacement  is  corrected ;  the  like 
observation  and  correction  may  then  be  made  for  the  other  wire  :  a  few 
repetitions  of  each  adjustment  will  probably  be  necessary  before  the 
error  is  wholly  removed. 

The  level  constructed  by  the  late  Mr.  Troughton  diffeis  from  that 
which  has  been  above  described  in  having  the  spirit-tube  sunk  parUy 
in  the  telescope ;  and  the  latter,  being  incapable  of  a  movement  about 
its  axis,  does  not  admit  of  a  separate  adjustment  for  the  intersection 
of  the  wires. 

Mr.  Qravat,  who  made  considerable  improvements  in  the  mechanism 
of  these  instruments,  recommends  the  foUowing  method  by  which  the 
error  in  the  positions  of  the  croas-wiies  and  spirit-tube  may  be  ascer- 


Digitized  by 


Google 


;i» 


SPIRIT  OF  SALT. 


SPLEEN,  DISEASES  OF  THE. 


7N 


tained  and  corrected  : — Let  three  pickets  be  driven  into  the  ground  in  I 
a  line  and  at  equal  distances  from  one  another,  and  let  the  spirit-level  I 
be  set  up  succeesively  in  the  middle  between  the  first  and  second,  and 
between  the  second  and  third  pickets ;  then,  having  by  the  screws  o£ 
the  instrument  adjusted  the  spirit- tube  so  that  the  bubble  of  air  may 
retain  the  same  place  while  the  telescope  is  turned  round  on  the 
vertical  axis,  direct  the  object-end  o{  the  telescope  successively  to  the 
station-staves  held  up  on  the  different  pickets,  read  the  several  heights, 
and  take  the  diSerencee  between  those  on  the  first  and  second,  and  on 
the  second  and  third  staff.  Now  the  staves  being  at  equal  distances 
from  the  instrument,  it  is  obvious  that  any  error  which  may  have 
existed  in  the  line  of  collimation,  or  from  <he  spirit-tube  not  being 
parallel  to  that  line,  will  be  destroyed,  and  the  diiferences  between  the 
readings  on  the  staves  are  the  differences  in  the  levels  of  the  heads  of 
tiie  pickets ;  but  unless  the  adjustments  are  perfect,  this  will  not  be 
the  case  if  the  instrument  be  set  up  at  any  point  which  is  unequally 
distant  from  all  the  pickets;  therefore  from  such  point  direct  the 
telescope  to  the  staves,  and  take  the  differences  of  the  readings  as 
before.  On  comparing  these  differences  with  the  former,  a  want  of 
agreement  will  prove  that  the  intersection  of  the  wires  is  not  in  the 
optical  axis :  and  the  error  may  be  corrected  by  means  of  the  screws 
belonging  to  the  wire  plate.  After  the  agreement  has  been  obtained, 
should  the  bubble  of  air  not  stand  in  the  middle  of  the  tube,  it  may  be 
brought  to  that  position  by  the  screw  b,  at  one  extremity  of  the  case, 
and  the  instrument  is  then  completely  adjusted.  ^Simms, '  Treatise 
on  Mathematical  Instruments.') 

The  spirit-level  is  usually  provided  with  a  damp,  H,  and  a  screw,  p, 
by  which  when  the  axis  of  the  telescope  has  by  hand  been  brought 
near  the  object,  the  coincidence  may  be  accurately  made  by  a  slow  and 
steady  motion  about  the  vertical  axis. 

The  sfnrit-tube  or  level  which  is  employed  for  the  adjustment  of 
transit  telescopes  or  astronomical  circles  is  contained  in  a  case  with  feet 
or  with  loops  at  its  extremities,  in  order  that  it  may  either  rest  above 
oV  be  suspended  below  the  horizontal  axis  of  the  instrument  to  be 
levelled ;  also  the  upper  part  of  the  case  is  furnished  with  a  graduated 
scale,  the  divisions  of  which  are  numbered  on  each  side  of  a  zero  point, 
this  point  being  usually  placed  near  each  of  the  two  extremitiee  of  the 
air-bubble  when  the  tube  is  in  a  horizontal  position.  Saving  set  up 
I  or  siispended  the  spirit-tube,  the  two  particular  graduations  at  which 
'  the  extremities  of  the  air-bubble  rest  are  marked ;  and  half  the  sum, 
•r  half  the  difference  of  these  numbers,  according  as  the  extremities 
he  bubble  are  in  the  same  or  in  opposite  directions  from  the  two 
>-pointa,  being  taken,  gives  the  distance  of  the  centre  of  the  bubble 
a  the  middle  between  those  points.  The  level  being  then  reversed, 
the  jcndaations  at  which  the  air-bubble  rests  are  again  marked,  and 
half%e  sum  or  half  the  difference  is  taken  as  before.  A  mean  of  the 
two  dstances  thus  found  is  the  true  distance  of  the  centr«  of  the 
bubbleXfrom  the  middle  point  on  the  scale;  and  the  screw  which 
elevatesVor  depresses  one  end  of  the  axis  of  Uie  telescope  being  then 
turned,  till  eiUier  extremity  of  the  bubble  has  moved,  m  a  direction 
oontran  to  that  in  which  the  centre  of  the  bubble  had  moved  from 
the  middle  of  the  scale,  through  a  number  of  divisions  eqiud  to  that 
mean  distance,  that  axis  will  be  brought  to  a  horizontal  position.  This 
method  is  used  in  preference  to  that  of  suooeesive  trials,  in  order 
to  avoid  the  trouble  of  making  several  reveiaions  of  the  whole 
instrument. 

The  levelling-staff  till  lately  in  general  use  for  finding  the  relative 
heights  of  ground  is  a  rod  consisting  of  two  parts,  each  six  feet  long, 
which,  by  being  made  to  slide  on  one  apother,  will  indicate  differences 
of  level  nearly  as  great-as  twelve  feet.  The  face  of  the  rod  is  divided 
into  feet,  inches,  uid  tentiis,  or  into  feet  with  centesimal  subdivisions ; 
and  a  vane,  or  cross-piece  of  wood,  perforated  through  the  middle,  is 
moved  up  or  down  upon  the  rod  by  an  assistant  till  a  chamfered  edge 
at  the  poioration  is  seen  by  the  observer  at  the  spirit-level  to  coincide 
with  the  horizontal  wire  in  the  telescopei  The  height  from  the  ground 
to  the  chamfered  edge  of  the  vane  must  be  read  by  the  assistant ;  and 
it  being  out  of  the  power  of  the  observer  to  detect  any  mistake  in  the 
reading,  it  becomes  very  desirable  that  the  graduations  on  the  rod 
should  be  sufficiently  distinct  to  allow  the  heights  to  be  read  at  the 
spirit-level  itself.  The  rod  proposed  by  Mr.  Oravat  for  this  purpose  is 
^vided  into  hundredths  of  a  foot  by  stripes  which  are  idtemately 
black  and  white,  and  are  numbered  at  every  foot  in  the  usual  way  with 
figures  great  enough  to  be  seen  on  looking  through  the  telescope ;  the 
tenths  of  a  foot  are  indicated  by  lines  longer  than  the  othera.  A 
similar  staffhas  been  proposed  by  Mr.  Sopwith  and  Mr.  W.  P.  Barlow; 
and  the  former  gentlenum,  besides  the  number  of  every  foot,  hat  given 
a  number  to  every  first,  third,  fifth,  and  ninth  dedmaL  Mr.  Barlow's 
rod  is  also  divided  into  centesimals  of  a  foot ;  but  the  marks,  instead 
of  being  stripes  whose  edges  are  parallel  to  one  another,  have  ^e  form 
of  triangles :  each  tenth  mark,  however,  is  in  the  form  of  a  lozenge,  or 
double  triangle,  for  the  sake  of  greater  distinotnen. 
SPIRIT  OF  SALT.  [Chlobii™,] 
SPIRIT  OF  WINE.  tAuwHOL.] 
SPIRIT  THERMOMETER.  [THEBUOKBm.1 
SPIRIT  TRADE.  [Wra*  amb  SpiRrr  Tbade.] 
SPIRITUAL  COURTS.  [Ecolksiastioal  Coubts.] 
SPIROILIO  ACID.     Another  name  for  hydride  of  niirowJicyl. 
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SPIROILOUS  acid.  Synonymous  with  hydride  of  salicyh 
[Salictlio  Group.] 

SPIROUS  ACID.  Synonymous  with  hydride  of  salicyl.  [Saw- 
OTUO  Gbohp.] 

SPLEEN,  DISEASES  OF  THE.  These  do  not  appear  to  have 
been  much  studied  in  this  country,  because  they  do  not  very  frequently 
occur ;  they  are,  however,  by  no  means  of  unusual  occurrence  in  moist 
climates,  whether  warm  or  temperate,  as  Italy,  Holland,  South  America, 
and  some  pirts  of  India ;  in  fact,  wherever  malaria  exists.  The  spleen 
is  liable  to  many  sorts  of  disease :  Dr.  Bigsby  ('  Cyclop,  of  Praot.  Med.') 
enumerates  as  many  as  ten,  but  of  these  only  the  most  important  can 
be  here  noticed.  Splenitis,  or  inflammation  of  the  spleen,  may  be 
either  acute  or  chronic ;  though  Dr.  Baillie  remarks  that  this  organ  is 
much  less  subject  to  inflammation  than  many  other  of  the  abdominal 
viscera.  ('  Posthumous  Lectures  and  Observations  on  Medicine,'  1825, 
unpublished.)  Acute  inflammation  of  the  spleen,  together  with  heat, 
fulness,  and  tenderness  in  the  splenic  region,  with  pain  upon  pressure, 
is  accompanied  with  the  usual  pyrectic  signs,  and  often  with  a  pain 
extending  over  the  whole  of  the  abdomen,  but  particularly  in  the  left 
side,  and  shooting  from  the  diaphragm  to  the  left  shoulder.  There  is 
also  not  unfrequently  a  dry  short  cough,  and  sense  of  constriction  in 
the  pncoordia,  sickness,  or  nausea,  and  a  discharge  from  the  rectum  of 
black  or  livid  blood,  from  a  rupture  of  some  of  the  splenic  vessels. 
Of  this  disease  a  remarkable  instance,  which  terminated  in  nine  days, 
has  been  reicorded  by  Dr.  Ley,  in  the  '  Transactions  of  the  College  of 
Phymcians  of  London'  (voL  v.  p.  804).  The  texture  of  the  spleen 
after  death  wss  in  this  case  so  altwed  as  to  resemble  an  extremely  soft 
piece  of  sponge,  of  which  the  cells  had  been  filled  with  an  intimate 
mixture  of  pus  and  grumous  blood.  On  placing  it  in  water,  innumer- 
able vessels,  as  fine  as  the  fibres  of  swans'  down,  floated  separately, 
rising  from  every  point  of  the  superficies  of  the  organ.  The  contents 
of  this  spongy  mass  having  been  removed  by  repeated  washings,  some- 
thing like  an  attempt  at  the  formation  of  cavities  to  contain  the  matter 
manifested  itself.  No  regular  cyst  however  had  been  formed.  All  the 
other  viscera,  abdominal  and  thoracic,  were  healthy,  except  the  utertis, 
whose  inner  sur&ce  was  gangrenous.  The  common  causes  of  inflam- 
mation of  the  spleen  are  much  the  same  as  those  of  inflammation  of 
the  liver,  namely,  suddenly  suppressed  perspiration,  especially  from 
currents  of  cold  and  damp  air,  and  excess  of  spirituous  potation ; 
sometimes,  however,  the  cause  is  too  obscure  for  detection.  With  re- 
spect to  the  treatment,  the  usual  antiphlogistic  remedies  may  be 
employed,  but  promptly  and  energetically.  Dr.  Baillie  says,  he  is  not 
aware  that  inflammation  of  the  spleen  would  require  a  different  treat- 
ment from  that  of  other  viscera. 

If  after  a  certain  period  the  inflammation  do  not  yield,  it  assumes 
the  chronic  form,  in  which  the  variation  in  the  severity  and  duration 
of  the  complaint  is  very  great.  If  it  baa  accompanied  ague,  the  symp- 
toms may  possibly  not  have  been  urgent  in  the  outset,  but  it  is  almost 
always  a  painful  as  well  as  formidable  disease.  It  commonly  lasts  fpr 
some  months,  and  may  continue  for  years  with  remissions.  With 
respect  to  the  terminations  of  chronic  splenitis,  resolution  does  not 
take  place  often ;  suppuration  is  also  rare  upon  the  whole,  and  Dr. 
Baillie  says  he  "  bxul  never  met  with  an  abscess  in  the  spleen  in  all  the 
dead  bodies  which  he  had  examined."  When  pus  is  formed,  it  is  of 
the  ordinary  creamy  kind,  but  is  sometimes  concrete;  it  varies  in 
amount  from  a  few  ounces  to  many  pounds.  The  matter  may  find  ita 
way  into  the  stomach,  colon,  or  peritoneal  cavity ;  it  may  burst  into 
the  left  side  of  the  chest,  or  into  the  longs,  inducing  symptoms  of 
phthisis ;  or  it  may  empty  itself  outwards  through  the  abdominal 
walls.  Ossification  of  the  spleen  after  inflammation  is  rare,  as  is  also 
gangrene ;  softening,  induration,  and  hypertrophy,  especially  the  lost, 
ore  much  more  common.  With  respect  to  the  treatment  of  chronic 
splenitis,  perhaps  the  best  plan  that  can  be  adopted  is  the  combination 
of  aperients  with  iron  and  sedatives ;  the  good  effects  of  mercury  in 
this  disease  being  now  generally  considered  precarious,  trivial,  and  at 
best  temporary.  Local  applications,  such  as  cupping,  issues,  setons,  &o., 
are  sometimes  productive  of  great  benefit. 

Besides  the  inflammatory  softening  of  the  spleen,  there  is  another  of 
a  character  quite  peculiar,  and  unattended  by  any  of  the  characteristics 
of  inflammation,  wherein  the  structure  of  the  spleen  is  more  or  leas 
destroyed,  and  it  is  often  reduced  to  a  simple  \>&g,  containing  a  sub- 
stance wluch  varies  from  the  state  of  clotted  or  grumous  blood  to  that 
of  tar.  This  was  very  frequeut  in  the  Walcheren  fever,  in  which  cases 
the  spleen  was  usually  found  after  death  of  great  size,  and  generaUy 
a  mere  bag  filled  with  a  liquid  like  tar,  and  weighing  from  three  to 
five  pounds. 

One  of  the  most  common  diseases  of  the  spleen  is  hypertrophy,  tha 
most  usual  causes  of  which  are  ague  and  remittent  fever.  It  is  there- 
fore chiefly  to  be  found  where  these  are  endemical,  but  it  is  not  very 
uncommon  in  sny  port  of  Great  Britain.  The  size  which  this  organ 
sometimes  attaifaa  is  enormous,  and  it  is  surgrising  to  find  how  long 
persons  can  carry  about  with  them  very  enlarged  spleens,  and  at  last 
die  of  some  other  disease.  Dr.  Bigsby  quotes  from  Lieutaud  the  case 
of  a  woman  who  had  for  seventeen  years  a  spleen  weighing  thirty-two 
pounds ;  similar  facts  are  to  be  found  in  Haller.  Dr.  Baillie  mentions 
('  Posthumous  Lectures ' )  having  met  with  cases  where  it  was  so  large 
as  to  occupy  nearly  all  the  left  side  of  the  abdomen,  extending  from 
the  diaphngm  to  the  pelvis.    When  the  enlai^gement  ia  so  considerably 
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tiiat  the  lower  end  of  the  spleen  am  be  felt  under  the  mai^  of  the 
ribs  upon  the  left  side,  there  can  be  no  doubt  with  r«speot  to  the 
diseae&  When  the  hypertrophy  does  not  reach  this  extent,  its  most 
characteristic  symptoms,  are  a  sense  of  weight  in  the  left  side,  with 
or  without  evkleDt  ewelling ;  inability  to  lie  with  ease  on  the  light 
side ;  debility,  without  oorTeBponding  emaciation ;  disordered  stomach, 
irritable  bowds,  diy  eoogh,  and  absence  of  fever.  The  spleen,  when 
enlarged,  is  always  felt  to  be  harder  than  in  a  natural  state,  bat  pressure 
upon  it  with  the  hand  seldom  produces  pain.  An  hypertrophy  of  the 
spleen  is  sometimes  followed  by  ascites;  but  there  will  frequently  be 
no  dropsy  of  the  abdomen,  even  where  this  oi^gan  has  been  for  a  long 
time  much  enlarged.  When  this  form  of  disease  has  been  connected 
with  ague,  it  more  frequently  subsides  than  in  any  other  case;  and  the 
quina,  which  has  been  prescribed  to  cure  the  latter  affection,  will  pro- 
bably be  seivioeable  also  to  the  fonner.  "  When  i^e  enlargement  has 
taken  {dooe  indepeadentity  of  this  cause,"  says  Br.  Baillie,  "  it  hardly 
ever  subsides  of  itself,  or  is .  materially  diminished  by  medicine. 
According  to  my  experienoe,  mercury,  administered  both  externally 
and  internally,  produces  very  seldom  any  good  effect ;  I  have  seen,  I 
think,  more  advantage  frota  a  seton  inserted  under  the  skin  which 
covers  the  spleen.  In  some  cases  it  has  appeared  to  be  diminished  in 
size  by  this  remedy,  and  to  be  uendered  softer ;  but  I  do  not  recollect 
a  sitigle  instance^  eaoept  after  ague,  in  which  it  has  been  reduced  to 
nearly  its  natural  size.  Temperate  living,  abstaining  from  violent 
exercise,  and  keeping  the  bowels  opon,  must  be  to  a  certain  degree 
useful  in  retarding  the  progress  of  theilisease."  The  remedy  lai^^y 
employed  in  India  for  the  oure  of  chrotna  tumour  of  the  spleen  is  a 
compound  of  garlic,  aloes,  and  sulphate  6f.iron.  When  emaciation 
and  diarrhoea  are  present,  the  garlic  and  aloes  are  macerated  in  brandy; 
under  other  oimtmatances,  in  vinegar.  The  proportion  of  aloes  is  so 
r^^ilated  as  to  produce  three  evacuations  daily ;  and  the  medioine  also 
produces  copious  aecretiona  from  the  kidneys.  Tlie  Jkeoetum  Alott 
Gompotitum  with  the  TiTtetwra  or  Aeetum  SdUa  would  probably  prove 
equally  effectual  The  moxa,  and  even  the  actual  cautery,  have  been 
reeonmiended  for  this  disease ; .  and  emetic  cataplasms  of  tobacco- 
leaves,  renewed  constantly  so  as  to  keep  up  frequent  vomitilig,  have  in 
some  instances  produced  the  hi^ipiest  effects. 

Atrophy,  of  the  spleen  ia  by  no  means  so  common  as  hypertrophy ; 
and  though,  some  instanoes  are  related  by  modem  writers,  yet  their 
statements  are  so  meagre  and  unsatisfactory,  ttiat  no  use  can  be  made 
of  them.  It  is  sometimes  found  exceedingly  small  and  even  shrivelled 
when  some  «thar.  oream  is  much  enlarged,  where  there  have  been 
great  discharges  of  blood,  ia  ascites,  and  in  extensive  chronic  disease. 
Tliis  form  of  disease  of  the  spleen  obviously  admits  of  no  remedy. 

Hydatids  in  the  tpiaea  are  found  now  and  then,  but  not  very  often ; 
Dr.  Baillie  had  never  met  with  a  single  case  of  them.  It  is  hardly 
possible  to  discover  their  existence  during  the  life  of  the  patient,  nor, 
even  if  it  were  more  easy,  could  the  complaint  receive  any  cure,  or 
even  amendment,  from  medicine.  The  disease  arises  quite  uncon- 
sciously to  the  patient;  the  first  intimation  of  its  existence  being 
debility,  dyspepsia,  and  the  uneasiness  crested  by  a  slowly  increasing 
tumour,  which  in  its  progress  causes  further  derangement  liy  com- 
pression and  displacament  of  other  organs,  and  becomes  itself  per- 
ceptible extenuUyi  It  is  only  when  the  containing  membrane,  or 
some  organ,  becomes  inflamed,  that  fever,  pain,  and  their  fatal  con- 
sequences ensue.  Hydatids  may  prove  fUal  by  passing  into  the 
peritoneal  cavity  from  ulceration  of  the  containing  sac;  or  by  disturbing 
the  circulation,  or  by  irritating  other  viscera;  or  the  patient  may  live 
Very  long  with  tiiia  complaint,  and  die  eventually  of  another  disease 
during  the  indolent  continuance  of  this. 

Melanosis  and  calculi  of  the  spleen  are  noticed  shortly  by  Dr. 
Bigeby,  but  the  instances  are  too  rare  to  require  any  particular  remarks 
here. 

Rupture  of  the  spleen  from  some  external  violence  occurs  not 
nnfrequently ;  but  in  the  majority  of  caaen  the  injury  is  so  over- 
whelming that  little  is  loft  for  the  medical  practitioner  to  do.  FWe 
venesection  and  perfect  rest  have  occasionally  saved  life ;  but  in  many 
instances  the  patjent  dies  in  a  few  hours.  In  these  latter  cases  the 
symptoms  are  great  shiverings,  ooldoeas  of  body,  vomiting,  and  other 
signs  of  extreme  ocdlapse  j  when  there  is  time  and  strength  for  reaction, 
there  is  considerable  fever,  with  a  remarkable  heat  of  skin,  and  great 
pain  in  the  left  side  or  all  over  the  abdomMi ;  the  stools  and  urine  are 
not  materially  affected. 

(Oood's  Study  of  lied. ;  Oregory's  Theory  and  Praet.  0/  Med.  ; 
Bigsby.  m  Cydap.  of  Pract.  Med-f  from  which  works,  yiith  Dr.  Baillie's 
(posthumous)  Lectura  and  Observ.  on  Med.,  great  part  of  the  patho- 
logical port  of  thia  article  is  taken.) 

SPLINT  is  a  inece  of  wood  or  other  rigid  subetaaee  which  is  used 
m  surgery  to  maintain  any  part  of  the  body  in  a  fixed  position,  and 
especuUly  for  the  purpose  of  holding  steadily  together  the  portions  of 
a  fractured  bone.  Splints  vary  almost  infinitely  in  form  and  size, 
according  to  the  part  to  which  they  have  to  be  adafrted,  and  tie 
position  m  whidk  it  is  to  be  held  ;  the  number  and  the  arrangement  of 
them  in  each  oMe  are  equaUy  subject  to  variation ;  nor  can  a  surgeon 
have  a  better  rule  than  that  of  fofiowing  no  general  plan,  but  of  deter- 
mming  in  each  case  the  apparatus  best  fitted  for  its  peculiar  exigencies. 
[FnAOTUBE.]  The  material  of  which  they  are  commonly  made  is  light 
wood ;  each  splint  consisting  either  of  one  pieoe  cut  nearly  to  the  form 


and  sire  of  the  limb,  or  of  several  pasted  together  with  a  strap  of  linea 
so  as  to  be  flexible  in  one  direction.  In  soma  cases  tin  is  a  preferable 
material ;  in  some  stiff  pasteboard.  In  many  cases  also  it  ia  very 
advantageous  to  adapt  the  splints  exactly  to  aU  the  irregularities  of 
the  limb ;  and  as  this  cannot  be  done  with  wood  or  any  unyielding 
material,  it  is  usual  to  employ  one  which,  being  applied  moist  and  soft, 
gradually  hardens.  Stiff  pasteboard  will  sometiiiMB  be  eul&eierat, 
especially  for  children.;  but  a  better  material  for  general  we  ia  sole- 
leather  or  gutta  percha,  applied  while  quite  pliant  after  having  beei^ 
well  soaked  in  hot  water,  and  then  bandaged  closely  to  the  Uml)  and 
allowed  to  dry.  Another  plan  of  this  kind  now  much  emjdoyed  is  to 
form  a  splint  of  linen  and  some  glutinous  material,  such  as  starch,  orji 
mixture  of  white  of  egg  and  flour,  or  of  mucilage  of  gum-arabic  and 
whiting,  made  as  thick  as  bird-lime.  In  using  these,  the  limb  or 
other  part  should  be  thinly  padded  with  soft  lint ;  then  strips  of  Qoane 
linen  soaked  in  the  tenacious  material  should  be  laid  on,  me  over  the 
other,  till  on  each  side  of  the  limb  th^  form  a  layer  about  as  thick  as 
a  common  wooden  splint.  The  whok  should  then  be  surrounded 
with  aneatiy-applied  bandage  soaked  in  starch.  When  dry,  splints  of 
this  kind  will  so  exactly  fit  the  part  to  which  they  are  applied,  and  be 
so  rigid,  that  a  patient  may  with  safety  execute  liie  slighter  natonl 
movements  of  a  limb  within  a  fortnight  after  it  has  been  fractured. 
All  the  further  care  of  a  simple  case  of  fracture  will  generally  consist 
in  the  occasional  replacement  of  the  starched  bandage,  and  the 
adaptation  of  the  splints,  by  cutting  their  edges,  to  tiie  change  of 
form  which  the  limb  may  undergo  as  the  swelling  diminishes, 
flints  of  tius  kind  however  must  not  be  applied  till  all  the  inflam- 
mation immediately  consequent  on  the  fraotuie  has  ceased.  Set 
Druitt's '  Surgeon's  Vada-mecum.' 

SPONDEE  (ipondetu,  irroySfujs)  is  a  foot  whicb  consists  of  two  I019 
syllables  (  -  ■  )■  The  ^name  is  derived  from  mroySh,  a  libation,  as  the 
metrical  prayers  on  such  on  occasion  were  genenlly  of  a  slow  and 
solemn  movement.  To  produce  thit  solemnity  the  spondee  is  often 
used  instead  of  a  dactyl  in  the  hexameter  or  .pentameter :  and  in 
iambic,  trochaic,  or  anapcstic  metres,  instead  of  an  iambus,  trochee^ 
or  anapaist.  There  is  no  metre  which  consists  of  spondees  alone,  and 
indeed  such  a  metre  would  be  very  disagreeable,  even  if  it  were 
possible ;  but  spondees  produce  a  good  effect  when  mixed  with  other 
feet,  An  hexameter  veise  which  has  a  spondee  in  th6  fifth  place,  is 
called  a  epondaie  verse. 

SPONQIA,  MEDICAL  USES  OF.  The  use  of  sponge  by  suigeono, 
in  its  notur^  state,  to  absorb  fluids,  needs  no  notice,  but  it  is  also 
employed  by  them  under  the  name  of  sponge  tent,  when  prepared  ia 
a  particular  manner.  This  consists  in  dipping  the  sponge  in  melted 
wax,  and  compressing  it  between  iron  plates  till  it  hardens  on  oooUng ; 
it  is  then  out  into  cylindrical  or  other  forma.  The  pieoea  are  intro- 
duced into  sinusee  and  other  narrow  canals,  with  the  intention  of 
j;i»fi,«g  them  by  the  expansion  of  the  sponge^  when  the  wax  melts  by 
the  heat  of  &e  part.  Sponge  tents  are  however  little  used  by  modem 
surgeons. 

According  to  the  analysis  of  HomeDumn,  sponge  oonsistB  of  a 
substanoe  similar  to  .oamaaome,  animal  mucus,  fat  oil,  a  substance 
soluble  in  water,  a  substance  only  actable  in  potash,  and  traues  of 
chloride  of  sodiiuu,  iodine,  sulphur,  phosphate  of  lime  (?),  ailiea, 
alumina,  and  magnesia.  -.i 

When  sponge  has  been  cat  into  pieces,  beaten  in  order  to  free  it 
from  little  stones  and  sheila,  and  burnt  in  a  closed  inn  voael,  till  it 
is  black  and  friable,  it  is  then  called  itaitt  qxmge  {^cmgia  «s(«).  As 
the  virtues  of  this  greatly  depend  on  the  propoition  of  iodme  con- 
tained in  the  sponge,  much  of  which  is  .volatiUaed  by  the  high 
temperature  required  in  calcination,  it  has  been  propased  only  to 
expose  it  to  sucSi  a  heat  as  will  thoroughly  dry,  odUna  it  brown,  snd 
render  it  friable,  when  it  maybe  powdered,  and  preserved  in-weil- 
dosed  bottles.  For  use  it  is  generally  formed  into  an  eleotaaiy  or  into 
Idaenges.  A  test  of  its  goodness  oonmsts  in  heating  it  in  a  gim  flask 
with  sulphuric  acid,  and  if  copious  violet-coloured  fumes  be  evalved, 
this  proves  that  it  oonioins  much  iodme.  Burnt  sponge  has  been 
almost  completely  superseded  in  the  treatment  of  bronchooele  and 
scrofula  by  iodine  and  its  preparations ;  but  as  it  obviously  consists 
of  a  natural  combination  of  many  of  the  principles  which  have  been 
deemed  useful  in  scrofula,  it  ought  not  to  be  hastily  discarded.  It  la 
with  great  propriety  retained  in  the  Dublin  Pharmaoopoeia. 

SPONTANEOUS  COMBUSTION.    [CoiiBU8Ti0Hr| 

SPORADIC  (the  Greek  word  irropaSucit,  with  Um  tennintftiaa 
dropped)  is  a  term  applied  to  any  disease  which,  being  uaoallyetddamie 
or  contagious,  occurs  at  any  time  in  a  few  persons,  without  spreading- 
extrasi'^y  through  a  district.  For  example,  in  the  year  1841  aevenl 
coses  of  iponuUc  <Stoleia  ooourred ;  that  is,  seversl  persons,  at  difbrsot 
times  and  in  «tifl<>rent  parts  of  the  oountry,  were  affected  with  a<dissaM 
in  no  respect  diCferent  from  the  cholera  which  raged  as  an  epidemio 
in  1832  ;  but  it  did  not  spread  beyond  them  by  contaAion,'nor  did  it 
attack  a  number  sufficient  to  give  it  the  character  or  ab  ^idemic. 
The  circumstances  on  which  the  oocasional  oocuirenoe  of  diseases  that 
are  usually  epidemic,  in  a  sporadic  form,  depend,  ore  altogether 
unknown. 

SPOUT,  WATER.    [Watku  Spout.] 

SPRAIN,  or  STRAIN,  is  an  injury  of  muscular  or  tendiooa3  tis- 
sues, resultiiig  from  their  being  forcibly  stretched  beytmd  their  natanl 
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length.  Its  ordinaiy  consequence  is,  after  the  firtrt  psdn  is  gone'by,  to 
produce  some  degree' of  awelliug,  and  a  considerable  dull  aching  pain 
pf  the  injured  part,  which  is  greatly  increased  by  any  movement  of  it. 
These  signs  are  due  to  an  inflammation  of  the  sprained  tissues,  which 
partakes  of  the  slowness  and  obstinacy  that  characterise  all  the  diseases 
of  the  tendons  and  ligaments,  and  which,  if  not  early  and  duly 
attended  to,  frequently  terminates  in  thickening,  ripdity,  and  even 
more  serious  disorganisation  of  them  and  the  adjacent  parts. 

The  treatment  to  be  adopted  for  sprains  is  the  immediate  application 
of  leeches,  in  nuniber  proportionate  to  the  severity  of  the  injury  and 
the  importance  of  the  part.  They  should  be  repeated  till  the  pain  and 
swelling  are  distinctly  decreased  :  the  part  should  be  kept  perfectly  at 
rest  and  cool,  and  the  patient's  general  health  should  be  kept  or  made 
good.  When  the  pain  has  nearly  ceased,  and  there  remains  little  more 
than  stiffness  of  the  injured  part,  stimulating  liniments  (the  common 
soap  liniment,  or  a  mixture  of  hartshorn  and  oil,  for  example)  may 
be  used.  ,      * 

SPRING.    [Seabons,  Chasob  OF.] 

SPRING,  in  Mechanioe,  is  an  elastic  plate  or  rod,  which  js  em- 
ployed as  a  moving-power,  or  a  regulator  of  the  motions  of  wheel- 
work  ;  also  to  ascertain  the  weights  of  bodies,  or  to  diminish, the  effects 
of  concussion. 

The  elder  Bernoulli  was  the  first  whose  attention  was  directed  to 
the  curvature  assumed  by  elastic  bodies,  and  he  succeeded  in  resolving 
the  problem  in  the  case  of  a  rectilinear  plate  being  fixed  at  one  end  and 
bent  by  a  weight  applied  at  the  other  :  it  being  assumed  as  a  prinotple 
that,  ataoy  point  in  an  elastic  body,  the  force  by  which  the  body  when 
bent  by  any  power  endeavours  to  recover  its  previous  position  is  pro- 
portional to  the  angle  of  contact  at  that  point ;  that  is,  to  the  angle 
which  a  tangent  to  the  curve  suifaoe  of  the  body  makes,  at  the  point, 
with  that  surface. 

In  order  to  give  some  idea  of  tiie  manner  in  whieh  the  efieots  of 
elasticity  are  to  be  determined  mathematically,  let  A  B  be  a  thin  elastic 
plate  immovably  fixed  at  A,  and  bent  into  the  form  ab'  by  a  power  p 
applied  at  B,  and  let  o,  a,  aaf  be  two  consecutive  elementaiy  portions 
of  the  bent  plate  :  let  tJso  E  represent  the  unknown  force  of  dasticity 
acting  perpendicularly  to  a  a'  by  which  that  element  tends  to  recover 
the  direction  a,  a,  bom  which  it  has  been  made  to  deviate  by  the 
power  at  B  i  and  for  simplicity  let  it  be  supposed  that  this  power  acta 
in  the  direction  b'o  panJlel  to  AB.  liet  tall  up  perpendicularly  on 
b'o;  also  represent  B'j).by  x  and  op  by  y.  Then,  by  mechanics  p.y 
expresses  the  momentum  of  the  power  at  B*  to  bend  the  plate  at  a, 
and  in  the  case  of  equilibrium  we  have  F.y =8.    But  E  varies  with  the 


angle  of  contact,  or  the  angle  between  the  element  so'  and  a^ a  pro- 
duced, and  that  angle  in  any  part  of  a  b'  varies  inversely  with  the 
radius  of  curvature  at  that  part ;  therefore  let  r  be  the  known  radius 
of  curvature  at  a  point  where  the  force  of  elasticity  is  given,  and  let 
this  force  be  represented  by  e:  also  let  B  be  the  radius  of  cur- 
vature at  a  point,  as  a,  where  the  force  is  represented  by  E.    Then 

i  1  «!•  E" 

-  :  (  •  ■  V  •  ■'  "^  "k"  ~  *'  """^  putting  B*  for  er;  we  hare  F.y  =  — . 
Substituting  in  place  of  n  the  dififorentiol  expression  for  the  radius  of 
curvature,  the  elastic  force  might  be  obtained  by  the  processes  of 
integration.  The  integral,  however,  can  only  he  obtained  approxi- 
mately. 

If  Uie  elastio  plate  were  in  a  vertical  position  with  its  lower  end  a 
resting  on  an  immovable  object,  and  a  weight  F,  applied  at  the  upper 
extremity  b',  were  to  act  in  a  direction  towards  a,  the  equations  of  the 
curve,  approximately  determined,  are  (the  deflection  being  small) 


jf  =  Aanx 


(^)*,andL  =  (!.».    ^)h. 


where  x  is  any  abscLssa  from  b'  on  the  line  Bf  a,  y  is  the  corresponding 
ordinate,  A  is  the  greatest  deflection,  or  the  ordinate  at  the  middle 
point  in  b'a,  &  =  B  a,  and  L  is  the  length  M  the  curve  line  aqb'  :  also 
the  greatest  weight  which  the  plate  or  ipring  will  bear  without  bend- 

"       E'.T- 

ing  when  pressed  in  that  direction  is  expressed  by  "Tj".  (»=  8"1416). 

If  r  exceed  by  a  small  quantity  the  value  of  m*  -rr*,  where  m  is 

any  whole  number  whatever,  the  spring  will  make  several  bends 
crossing  the  gtnight  line  a  B*  in  m  —  1  points  Iketween  the  two  ex- 
tremities. 

When  the  elastic  plate,  in  a  horizontal  position,  is  fixed  at  one  end, 
as  A,  and  the  weight  P,  applied  at  the  extremity  b',  acts  always 
vertically,  the  equation  becomes  (tiie  deflection  being  small) 


Y,(gp*«  +  o«) 


where  0  is  the  tangent  of  the  angle  of '  contact  at  b'.  If,  on  account  of 
the  sraallness  of  this  angle,  c  be  neglected,  it  will  foUow,  when  x  is 
made  equal  to  b' o,  that  the  whole  deflection  AC  or  B b'  will  vary 
nearly  with  the  weight  F,  and  with  the  cube'  of  the  length  of  tlna 
spring.      * 

The  use  of  a  spring  as  a  moving-power  may  be  best  exemplified  in 
its  application  to  watch-work.  The  mun-spring  of  a  watch  is  a  thin 
and  narrow  plate  of  well-tempered  steel,  which  is  coiled  in  a  spiral 
form  :  one  of  its  extremities  is  attached  to  a  pivot  or  axle,  and  the 
other  to  the  interior  circumference  of  the  cyUndrioal  box  in  which  it  is 
contained.  In  being  wound,  the  spring  closes  round  the  axle,  and 
afterwards,  in  the  effort  by  its  elasticity  to  recover  its  former  position, 
it  turns  the  cylinder  in  a  contrary  direction  :  thus  the  chain  which  is 
attached  to  the  exterior  circumference  of  the  cylinder  and  to  the  fusee 
causes  the  latter  to  revolve. 

A  slender  and  highly  elastic  spring  of  a  like  form  is  employed  to 
produce  a  vibratoiy  motion  in  uie  balance  ring  of  a  watch :  one  ex- 
tremity of  the  spring  is  attached  to  the  axle  of  the  balance,  aad  the 
other  to  some  part  of  its  circumference.  If  a  movement  of  small 
extent  about  the  axle  be  g^ven  in  one  direction  to  the  balance,  the 
spring  will  be  compressed  near  the  axle,  and,  in  the  effort  to  recover 
its  previous  state,  the  balance-ring  will  be  moved  round  in  a  contrary 
direction ;  but  the  force  of  elasticity  carries  any  point  in  the  ring 
beyond  the  place  which  it  occupies  when  the  ring  is  in  a  state  of  rest ; 
and  when  that  force  is  destroyed  by>the  compression  again  produced 
in  the  spring,  near  the  axle,  the  balance  is  made  to  return  in  the 
direction  in  which  it  was  first  moved.  Thus  an  alternate  motion  in 
the  balance-ring  is  continued ;  the  time  of  the  vibrations,  and  con- 
sequentiy  the  velocities  with  which  the  wheels  revolve,  depending 
upon  the  force  of  elasticity  in  the  spring.  The  elastic  power  of  the 
spring  varies  with  the  tension,  and  is  direcUy  proportional  to  the 
angle  through  which  the  spring  is  wound  about  the  axle;  and  thus  tha 
vibrations  of  a  spring,  like  those  of  a  pendulum  in  a  cycloidal  are, 
are  isochronous.  [Elasticitt.]  The  length  of  the  spring  and  the 
diameter  of  the  balance  are  increased  by  heat  and  diminished  Inr  cold; 
consequently,  without  some  compensating  power,  the  times  <«  vibra- 
tion will  vary  according  to  the  changes  of  temperature. 

When  a  carriage  moving  along  a  level  road  passes  suddenly  over  an 
obstacle,  so  that  a  point  in  the  circumference  of  the  wheel  is  in  contact 
wiih  the  obstacle,  the  centre  of  the  wheel  desoribes  a  circular  aro 
about  the  point  of  contact  as  a  centre ;  and  then,  if  the  eaniage  is 
perfectly  rigid,  a  portion  of  ii»  velocity  will  be  lost.  In  order  to 
maintain  that  velocity,an  additional  force  of  draught  would  be  necassaiy  ; 
and  an  expression  fortius  additional  foroe  is  investigated  in  Whewell's 
'Mechanics'  (art.  261,  and  the  foUowlDg).  Fart  of  this  additional 
force  is  employed  in  counteractii^  the  motion  of  asoent,  aad  the  re- 
mainder, which  is  generally  much  the  greater  quantity,  in  ilinniniahing 
the  effect  of  the  sudden  cbange.which  takes  place  in  the  direction  of 
the  motion  of  the  carriage.  This  latter  part  may  be  in  a  oonsiderable 
degree  removed  by  the  use  of  springs ;  for  then,  on  th«  wheel  meeting 
the  obstacle,  the  suspended  body  of  the  carriage  bending  the  qnings 
by  its  weight,  the  centre  of  gravity  of  that  body  is  made  to  describe  a 
curve  line,  to  which  its  previous  rectilinear  direction  is  a  tangent ;  and 
thus  the  jerks  which  arise  from  movements  in  diiectiona  •"■'^•"c  finite 
angles  with  one  another  are  avoided. 

The  force  of  draught  required  in  addition  to  that  whidh  is  due  to 
friction,  when  a  stiff  carriage  passes  over  a  roughly  paved  road,  varies 
as  the  square  of  the  velocity  imd  the  height  of  the  stones  direcUy,  and 
as  the  radius  of  the  wheel  inversely. 

SPRING -BALANCE.     [Balahcb;    SrnAiaos;    Whobsio-Ma- 

CHISKS.] 

SPRING  CARRIAGK,  The  progress  of  a  wheel-caniage,  even 
upon  the  best  of  roads,  is  impeded  by  the  wheels  coming  in  oontaut 
with,  and  being  compelled  to  rise  over,  undulations  of  surface  which 
check  tiieir  tolling  motion.  In  many  old  rough  pavements,  owing  to 
the  openness  of  the  joints,  and  the  wear  of  the  stones,  the  road 
consists  of  a  series  of  blunt  ridges,  in  passing  over  which  the  motion  of 
the  wheel  can  be  no  other  than  a  succession  of  }olt&  The  surface  of  a 
well-made  rood  of  broken  stone,  when  in  perfect  order,  presents  few 
important  asperities;  but  when  metal  or  broken  stone  has  been 
recently  laid  on,  it  is  exceedingly  rough.  If  a  rigid  carriage  be  dnwn 
over  any  of  these  surfaces,  the  irregularities  which  aSect  the  path  of 
the  wheels  will  be  communicated  through  them  to  the  body,  to  which 
they  will  impart  a  jolting  or  vibratory  motion.  In  a  four-wheeled 
carriage  the  movement  of  the  body  will  be  influenced  by  the  disoor- 
dant  motions  of  the  fore  and  hind  wheels ;  and  it  will  be  continually 
liable,  owing,  to  the  imperfections  of  tiie  road,  to  have  the  whole  of  its 
weight  thrown  upon  three  wheels,  whereby  the  framework  will  be 
exposed  to  injurious  strains.  To  enable  it  to  sustain  such  strains,  the 
fnunework  must  be  made  very  strong  and  heavy ;  and  the  destructive 
and  painful  eSbct  of  increasing  the  velocity  of  inelastic  carriages  would 
alone  have  been  sufficient  to  lunit  the  speed  of  vehiclas. 

One  of  the  simplest  means  of  alleviating  concussion  is  that  often 
adopted  in  light  carts,  of  suspending  the  seat  from  the  sides  of  the 
body  by  leather  straps.  Next  to  this  is  the  use  of  straps  to  suspend 
the  body  itself,  an  expediuit  which  seems  to  have  been  occasional^ 
i^esorted  to  from  an  early  period.  With  vei;  few  exoeptions,  it 
appears  tiiat  slung  or  suspended  carriages  were  not  used  until  the  17th 
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century.  In  the  early  carriages  of  this  kind  the  straps  were  usually  I 
attached  to  a  framework  of  wood  at  each  end  of  the  vehicle,  rising  to  a 
considerable  height  above  the  axles.  The  antique  four-wheeled 
carriages  of  Europe  used  for  state  purposes  are  mostly  constructed  on 
this  plan ;  and  their  great  weight  and  slow  movement  pnvent  any 
violent  concussion.  A  serious  dliadvantage  of  this  construction  is  the 
great  length  of  carriage  that  it  renders  necessary,  and  the  cumbrous 
character  of  the  wooden  framework  which  supports  the  bracee.  The 
carriage  must  also  be  heavily  loaded,  in  order  to  make  the  motion 
tolerably  comfortable,  especially  when  the  straps  are  suspended  from 
points  not  much  higher  than  the  bottom  of  the  body.  To  remedy  the 
defects  of  the  primitive  slung  carriage,  it  was  desirable  to  render  the 
pillars  from  which  the  straps  were  suspended  somewhat  elastic.  This 
could  not  be  readily  effected  with  wood,  because  the  pillars  were 
necessarily  short,  and  therefore  stifT.  Hence  arose  the  use  of  elastic 
steel  supports,  which  have  gradually  assumed  the  form  now  well  known 
as  C-springs. 

Straight  springs  of  steel  probably  owe  their  origin  to  the  straight 
wooden  springs  occasionally  used  in  light  vehicles  in  this  and  other 
countries.  Used  either  singly  or  in  combination,  they  afford  sufBcient 
elosUcity  for  many  purposes,  without  raising  the  body  to  an  incon- 
venient degree,  or  interfering  with  its  form ;  since  they  may  be  placed 
entirely  beneath  it,  and  require  but  littleroom  for  their  play.  BUip- 
tical  springs  have,  in  some  degree,  the  same  advantages;  but  they 
require  rather  more  depth  than  straight  springs. 

Carriage-springB  are  usually  formed  of  several  thin  plates  of  steel,  of 
various  lengths,  so  laid  and  fastened  together  that  the  spring  shall  be 
thick  in  the  centre,  or  at  the  end  by  which  it  is  fixed,  and  thin,  or 
consisting  of  only  a  single  plate,  at  the  end  or  ends  where  the  greatest 
play  is  required.  The  steel  used  is  of  coarse  quality,  and  has  little 
carbon  in  ite  composition.  It~ia  fashioned  by  rolling-machinery  to  the 
transverse  dimensions  required,  which  vary  from  one  inch  and  a  half 
to  three  inches  in  width,  by  one-eighth  of  an  inch  to  half  an  inch  in 
thickness.  The  plate  forming  ihe  back  of  the  spring  is  usually 
thicker  than  the  rest,  on  account  of  its  being  the  longest,  and  having 
its  ends  formed  into  bolt- eyes,  to  receive  the  bolts  by  which  the  body 
is  connected  with  it.  With  this  exception,  it  is  not  usual  to  make  any 
difference  in  thickness  in  the  several  plates  of  a  spring,  notwithstanding 
their  different  lengths.  After  the  plates  have  been  wrought  into  the 
form  required,  they  are  hardened  by  heating  in  a  hollow  fire,  and  then 
plunging  into  water.  They  are  subsequently  tempered  by  drawing 
them  again  through  the  fire,  until  they  become  so  hot  that  a  stick 
rubbed  oxer  the  surface  will  be  kindled  to  a  blaze.  Any  accidental 
warping  acquired  in  these  processes  is  removed  by  hammering,  the 
plates  being  slightly  warm  during  the  operation,  to  avoid  the  risk  of 
breakage.  They  are  then  finished  by  filing  all  the  parts  that  will  be 
exposed  to  view  when  the  spring  is  complete  j  and  are  finally  put 
together  and  secured  by  a  square  hoop  of  iron,  which  is  shnmk  on  hot, 
and  by  a  rivet  passing  through  the  hoop  and  through  all  the  platesi 

Coach-makers  apply  distinct  names  to  a  great  many  varieties  of 
springs;  but  those  which  are  most  generally  used  may  be  briefly 
enumerated.  The  straight  spring,  if  single,  is  the  ringle-dbow  ipring. 
The  double-elbow  spring  is  a  straight  spring,  acting  on  both  sides  of  the 
fixed  point.  It  is  a  kind  of  spring  very  extensively  used  in  stage- 
coaches, omnibuses,  and  light  two-wheeled  vehicles.  ElUplie  ipringi 
are  used  single  in  some  carriages,  between  the  axle  and  the  frame- 
work ;  the  spring  resting  on  the  axle,  and  being  connected  with  the 
carriage  by  means  of  a  curved  bar  of  iron,  called  a  dumb-iron,  placed 
over  it  like  another  spring.  The  spring  is  then  called  an  under-tpring. 
Elliptic  springs  are  often  used  in  pairs,  under  the  name  of  nut-cracker 
springs,  the  two  springs  being  hinged  together  at  each  end,  so  as  to 
form  a  long  poinf«d  ellipsis.  In  this  way  elliptical  springs  are  much 
used  in  such  four-wheeled  carriages  as  have  no  perches.  C-springt 
consist  of  two  thirds  of  a  circle,  lengthened  out  into  a  tangent ;  the 
tangent  being  laid  horizontally,  and  bolted  down  to  the  framework  of 
the  carriage.  When  these  springs  are  used,  the  body  ia  not,  as  in 
most  other  cases,  connected  immediately  with  the  springs,  laut  is 
suspended  by  leather  straps,  which  pass  round  the  back  of  the  springs, 
and  are  fastened  to  the  framework  near  to  their  base.  Tclegraph- 
tpringt  are  combinations  of  straight  springs  in  sets  of  four.  Two  are 
placed  longitudinally,  resting  either  immediately  upon  the  axles,  or 
upon  the  lower  framework  of  the  carriage ;  and  two  others,  placed 
transversely,  are  suspended  from  their  ends  by  shackles.  The  body  ia 
supported  upon  the  centres  of  these  transverse  springs.  Tilbury- 
tpringt  are  another  combination  of  straight  springs.  Two  single-elbow 
springs  are  attached  to  the  hinder  part  of  the  body,  and  suspended  by 
leather  braces  from  a  transverse  spring  elevated  on  an  iron  standard  at 
the  back  of  the  framework.  The  front  of  the  body  is  suspended  from 
the  shafts  by  two  single-elbow  springs  with  short  leather  braces  ;  and 
sometimes  a  pair  of  double-elbow  springs  are  interposed  between  the 
shafts  and  the  axle,  Dennet-tpringi  are  a  combination  of  three  straight 
,  springs,  two  of  them  placed  across  the  axle,  and  attached  at  their  foi-e 
ends  to  the  shafts  or  the  framing  of  the  body,  and  the  tUrd  placed 
transversely,  suspended  by  shackles  from  their  hinder  extremities,  and 
fastened  to  the  body  at  its  centre.  The  bodies  of  private  cabriolets 
are  usually  hung  upon  C-tprinr,t,  with  small  curved  springs  in  front, 
and  double-elbow  springs  frequently  added  between  the  shafts  and  the 
axle.    The  combination  of  springs  used  in  under-spring  carriages  is  the 


most  effectivs  which  has  yet  been  discovered  for  producing  the 
minimum  of  concussion  or  motion  to  the  passengers.  The  body  of 
such  a  vehicle  is  suspended  by  braces  from  C-springs ;  and  the  frame- 
work of  the  carriage  to  which  the  C-springs  are  fastened,  is  supported 
upon  under-springs,  which  intercept  concussion  from  the  unevenness 
of  the  road. 

Of  these  various  springs,  none  but  the  C-springs  with  leather  braces 
allow  universal  motion  to  any  important  extent.  In  some  carriages 
loops  of  leather  or  caoutchouc  have  been  used,  instead  of  iron  shackles, 
for  connecting  straight  springs,  by  which  means  the  motion  is  rendered 
pleasanter,  and  the  rattling  noise  of  the  shackles  is  avoided.  Another 
defect  of  ordinary  springs  is  their  want  of  adjustibility  to  the  weight 
they  have  to  cany.  They  must,  of  course,  be  made  strong  enough  to 
sustain  the  maximum  weight  they  are  intended  to  bear ;  but,  by  being 
so,  they  become  too  stiff  to  play  easily  under  a  light  load.  To  meet 
the  deficiencies  of  the  springs  in  common  use,  Mr,  Bridges  Adams  con- 
trived^ne  on  the  principle  of  the  bow,  which  will  yield  in  any  direction, 
and  may  be  made  capable  of  adjustment,  by  means  of  screws,  to  a  light 
or  heavy  load.  This  spring  consists  of  a  single  plate  of  well-tempered 
steel,  forced  into  a  curved  form  by  the  tension  of  a  chord  of  prepared 
hempen  rope,  or  of  a  riband  of  iron  or  steel,  and  to  which  the  axle  is 
attached.  There  are  two  bow-springs,  a  b  and  c  d,  connected  with  each 
other  and  with  the  same  axle.    These  are  jointed  together  at  6  c,  and 


attached  to  the  body,  of  which  the  lower  framing  is  shown  at  //,  by 
movable  joints  at  a  and  d,  which  allow  the  springs  to  lengthen  and 
shorten  in  playing.  The  chord  of  each  bow  is  in  two  parts  of  unequal 
length,  each  of  which  is  connected  at  one  end  with  the  bow,  and  at 
the  other  with  the  axle  at  e;  so  that  the  chord  of  the  bow,  a  b,  takes 
the  direction  aeb,  and  that  of  the  l)Ow,  c  d,  the  direction  ced.  Among 
the  advantages  claimed  for  them  are  their  lightness  and  extreme 
elasticity,  arising  from  the  superior  quaUty  of  the  steel,  and  the 
absence  of  the  friction  which  attends  the  action  of  the  common 
laminated  springs. 

All  the  springs  that  have  been  alluded  to  in  this  article  are  bearing- 
ipringi,  for  supporting  the  weight  of  the  body  of  the  carriage,  and  of 
the  load  which  it  conveys.  In  ordinary  carriages  no  other  springs  are 
used  ;  but  in  those  employed  upon  railways,  springs  are  also  used  to 
impart  elasticity  in  the  direction  of  the  line  of  draught,  so  as  to  render 
the  starting  and  stopping  of  the  carriages  gradual  and  easy. 

SPRINGS.  Rain  and  snow  fall  in  quantitieB  so  unequal  in  different 
districts,  and  on  soils  which  exercise  upon  them  such  various  influ- 
ences, that  the  phenomena  of  springs,  which  are  primarily  dependent 
on  the  penetration  to  some  depth  in  the  eeirth  of  water  which  was 
absorbed  at  the  surface,  are  extremely  complicated  and  curious.  It  is 
very  interesting  to  geologists  to  classify  and  determine  the  causes  of 
tbese  phenomena,  and  very  important  in  agriculture  and  the  arts  to 
acquire  a  power  of  directing  the  water  currents  in  and  below  the  soil 
and  strata.  The  art  of  draining  conusts  essentially  in  giving  to  the 
difiused  and  injurious  springiness  of  particular  soils  and  situations  a 
concentrated,  perhaps  beneficial,  current ;  while  artesian  wells  relieve 
the  hydrostatic  pressure  prevalent  at  great  depths,  and  yield  copious 
streams  in  dry  lands  and  deserts. 

As  a  general  rule,  springs  are  permanent  in  proportion  to  the 
depth  to  which  the  water  which  supplies  them  has  descended  from 
the  surface;  they  are  perennial  and  almost  invariably  constant  in 
temperature  and  volume,  whether  hot  or  cold,  copious  or  full,  in 
situations  where,  from  the  arrangement  of  the  mineral  masses  of  the 
globe,  deep  subterranean  channels  exist  for  the  reception  of  rain,  and 
particular  impediments  direct  and  contract  the  passages  of  reflux  to 
the  surface.  Such  cases  are  common  in  stratified  countries  where 
jointed  limestones  or  sandstones  receive  water  at  elevated  points  on  the 
surface,  and  conduct  it  downwards  below  strata  of  clay,  which  are  only 
pervious  at  a  few  points,  and  there  permit  natural  discharges  at  lower 
levels  than  the  recipient  surfaces.  Frequently  these  argillaceous  strata 
are  so  nearly  impervious,  that  artificial  perforations  relieve  the  pressure 
of  the  subterranean  columns  of  water  better  than  the  few  natural 
points  of  efflux,  and  thus  pits  and  levels  excavated  for  mines  may  drain 
springs  at  some  distance. 

On  the  contrary,  in  a  country  which  contains  narrow  and  frequently 
mixed  masses  of  clay  and  gravel,  or  clay  and  sand,  which  cover  the 
solid  rocks,  concentrated  springs  ai-e  almost  absent,  but  tliere  is  a 
prevalent  humidity  and  diffused  springiness  along  the  limit  of  the 
gravelly  or  sandy  tracts.  After  a  continuance  of  dry  weather  such 
springs  and  wetness  disappear,  to  be  renewed  after  the  next  fall  of 
rain. 

The  particular  points  at  the  surface  where  springs,  or  "  wells,"  as 
they  are  often  called  in  the  districts  where  somewhat  of  the  Saxon 
elements  of  our  language  remains  {quelle,  in  German,  signifying  not 
what  ia  commonly  understood  by  the  English  word  "  well,"  and  the 
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French  "  putt,"  bat  a  >pruig),  are  detemuned  in  general  by  one  of 
three  things: — 

1.  They  occur  at  the  point  of  lowest  level,  on  the  edge  of  the 
impervious  clay  which'  dams  up  the  water.  This  happens  in  the 
cretaoeoua  and  oolitic  districts  of  England. 

2.  They  are  often  dependent  on  the  hnea  of  great  joints,  or  fissures 
of  the  rocks,  produced  in  the  course  of  the  consolidation  and  shrinking 
of  the  minenl  masses.  Large  springs  are  thus  poured  out  of  the 
mountain-limestone  of  England. 

8.  The  waterB  are  directed  to  Hie  surface  by  lines  of  &ult,  which  are 
often  quite  impervious  to  water,  and  traverse  the  rocks  in  vertical  or 
inclined  planes.  The  hot  q)rings  of  England  and  Wales  are  mostly 
thus  circumstanced. 

In  general,  then,  the  water  which  issues  from  the  earth  in  one 
copious  spring  has  been  received  by  minute  absorption  on  a  large 
aur&oe  :  as  the  living  tissue  of  a  sponge  receives  water  by  absorption 
through  the  numerous  pores,  collects  it  internally  in  a  few  channels, 
and  rejects  it  by  a  very  limited  number  of  orifices,  or  as  the  capillaries 
collect  blood  for  the  veins,  and  these  supply  the  heart,  so  the  porous 
texture  and  channelled  structures  of  rocks  permit  that  continual 
circulation  of  water  below  the  earth's  surface,  on  which,  in  a,  great 
degree,  its  habitable  character  depends. 

Between  perennial  or  constant  springs,  and  those  which  are  merely 
dependent,  on  the  last  shower  of  rain,  the  gradations  are  insensible, 
and  the  explanation  is  entirely  obvious  upon  the  general  principles 
stated.  One  of  the  most  interesting  cases  of  this  intermediate  series,  is 
that  of  the, "  intermitting  "  springs.  It  is  a  common  circumstance  on 
the  chalk  downs  of  the  South  of  England  (Wiltshire,  Dorsetshire)  for 
the  valleys  to  be  quite  dry  in  one  part  of  the  year  (autumn  or  winter), 
and  very  fully  watered  in  another  (spring,  summer) ;  the  springs 
bursting  higher  up  the  valley  in  some  years  than  in  others,  according 
to  the  quantity  of  rain  which  fell  in  some  previous  season  (as  the 
autumn),  and  the  rate  of  its  transmission  through  the  jointed  and 
absorbent  chalk. 

Another  peculiarity  of  springs  flowing  out  of  cavernous  limestone 
rocks  is  marked  by  a  variable  discharge ;  the  springs  new  gush  with 
vehemence,  now  subside,  shrink  away,  and  disappear.  These  ebbing 
and  flowing  wells  are  noticed  in  many  districts,  as  near  Dynevor  in 
Caermarthenshire,  at  Tideewell  in  Derbyshire,  and  near  Settle  in 
Yorkshire.  The  explanation  most  generally  received  supposes  the 
-water  to  fill  cavities  underground,  from  which  the  discharging  channels 
are  siphon-formed,  so  that  at  a  particular  moment  the  full  cavity 
begins  to  be  discharged  and  finally  runs  out,  and  the  current  then 
ceases  tiU  the  space  be  again  filled  to  the  vertex  of  Uie  siidton-formed 
aidi. 

In  thus  descending  downwards  and  rising  upwards  through  various 
mineral  masses,  springs  become  impregnated  with  gaseous,  saline, 
earthy,  or  metallio  admixtures — as  carbonic  acid  gas,  sulphuretted 
hydrogen  gas,  nitrogen,  muriate  of  soda,  sulphate  of  lime,  carbonate  of 
lime,  silica,  carbonate  of  iron,  tco.  [Abtbsian  Wsll;  Watebs, 
Mineral.] 

SPRINGS,  MINERAL.    [Watkes,  Mdibbal.] 

SPY.  In  the  discussion  of  this  and  many  other  questions  of  inter- 
national law  the  terms  Right,  Law,  Lawful,  and  otiiers  of  the  same 
class,  must  be  tmderstood  in  a  difieroit  sense  from  their  proper 
technical  meaning.  What  writers  on  international  law  speak  of  as  a 
Right  is  very  often  merely  what  appears  fair,  reasonable,  or  expedient 
to  be  done,  or  to  be  permitted.  It  is  this  reasonableness  or  expediency 
alone  which  is  the  foundation  of  those  various  usages  which  are  recog- 
nised by  independent  civilised  nations  in  their  intercourse  among  one 
another,  and  constitute  what  is  called  the  Law  of  Nations.  Thus  a 
person  or  a  power  is  said  to  have  a  right  according  to  the  Law  of 
Nations,  which  means  that  the  usage  of  civilised  nations  permits  the 
act,  and  this  is  the  least  objectionable  sense  in  which  the  word  Right 
is  used. 

No  doubt,  we  believe,  has  ever  been  intimated  by  any  writer  of 
authority  on  International  Law,  as  to  the  right  of  nations  at  war  with 
each  other  to  avail  themselves  of  the  service  of  spies,  or  secret 
emissaries,  in  carrying  on  their  hostile  operations :  and  still  more 
expressly  is  the  general  right  of  employing  spies  conceded  to  every 
conductor  of  military  operations ;  but  it  is  equally  admitted  that  spies 
when  caught  by  the  enemy  may  be  hung,  and  such  is  their  usual  fate. 
Vattel  says, "  A  man  of  honour  always  declines  serving  as  a  spy,  as 
well  from  his  reluctance  to  expose  himself  to  this  chance  of  an 
ignominious  death,  as  because,  moreover,  the  office  cannot  be  performed 
without  some  degree  of  treachery."  In  ordinary  coses,  he  adds,  "  the 
general  must  be  left  to  prociu'e  spies  in  the  best  way  he  can,  by 
tempting  mercenary  souls  by  rewards."- 

_  The  employment  of  spies  is  conceived  to  be  subject  to  certain 
limitations  in  respect  to  the  manner  of  it  and  the  object  attempted  to 
be  gained  by  it.  "We  may  lawfully  endeavour,"  says  Vattel,  "to 
weaken  the  enemy  by  all  possible  means,  provided  they  do  not  affect 
the  common  safety  of  human  society,  as  do  poison  and  assassination." 
Accordingly  the  proper  business  of  a  spy  is  merely  to  olitain  intelli- 
gence, and  such  secret  emissaries  must  not  be  employed  to  take  the 
Uvea  of  any  of  the  enemy,  although  that,  done  in  another  way,  is 
conunonly  the  main  immediate  object  of  the  war.  Yet  it  might  be 
somewhat  difficult  to  establish  a  clear  distinction  between  what  would 
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be  called  an  act  of  assassination  by  a  spy,  and  many  of  those  surprises 
of  an  enemy  which,  so  far  from  being  condemned  or  deemed  dig- 
honourable  to  the  acton,  have  usually  been  admired.  A  distinction 
however  has  been  token ;  and  it  has  been  maintained  that  an  officer  or 
soldier  cannot  be  treated  as  a  spy  if  he  had  his  uniform  on  when 
apprehended.  See  Martens  '  Pr^  du  Droit  des  Qens  Modemes  de 
I'Europe'  (traduit  de  I'Allemand),  Paris,  1831,  liv.  viil,  ch.  iv.,  §  274; 
where  references  are  made  to  Bruckner,  'De  Explorationibus  et 
Exploratoribus,'  Jen.,  1700;  to  Hanhov.,  'Gel.  Anzeigen,'  1751,  pp. 
883  et  seq. ;  and,  in  regard  to  the  celebrated  case  of  Andr^  in  the 
American  war,  to  Martens, '  Eizahlungen  merkwiirdiger  Fiille,'  i.  303 ; 
and  to  Kamptz, '  Beytrage  zum  Staats  und  Volkerrecht,'  tom.  1.,  No.  8. 

A  question  closely  connected  with  the  so-called  lawfulness  of 
employing  spies,  and  mdeed  forming  in  one  view  a  part  of  that  question, 
is  that  of  the  lawfulness  of  soliciting  the  enemy's  subjects  to  act  as 
spies,  or  to  betray  him.  Such  measures,  says  Vattel,  are  practised  in 
ail  wan,  but  they  are  not  honourable  nor  compatible  with  the  laws  of 
a  pure  conscience.  "  If  such  practices,"  he  coucludee, "  are  at  all 
excusable,  it  can  be  only  in  a  very  just  war,  and  when  the  immediate 
object  is  to  save  our  country  when  threatened  with  ruin  by  a  lawless 
conqueror.  On  such  an  occasion  (as  it  should  seem)  the  guilt  of  the 
subjeot  or  general  who  should  betray  his  sovereign  when  engaged  in  an 
evidenUy  unjust  cause  would  not  be  of  so  very  odious  a  nature."  But 
who  ever  heard  of  a  war  that  was  not  thought  by  those  engaged  in  it 
to  be  a  just  war  on  their  own  side  and  on  unjust  war  on  the  part  of 
their  adversaries  t  So  that  this  distinction  settles  nothing.  It  is  held, 
however,  to  be  perfectly  allowable  in  every  point  of  view  merely  to 
accept  the  offera  of  a  traitor. 

The  proper  question  as  to  the  so-called  law  of  nations  with  regard  to 
spies,  is  what  practices  are  sanctioned  by  the  general  usage  of  indepen- 
dent civilised  nations.  Such  practices  as  are  now  permitted  by  such 
usage  constitute  a  part  of  this  so-called  international  law.  Those 
practices  which  are  not  generally  permitted  or  acknowledged  are  nut 
yet  a  part  of  such  law.  Persons  who  have  occasion  to  write  or  think 
on  this  subject  will  find  that  much  of  the  indistinctness  and  confusion 
observable  in  the  treatises  on  the  law  of  nations  will  be  removed  if 
they  will  first  form  for  themselves  a  clear  conoeption  of  the  proper 
meaning  of  the  word  Law,  and  of  the  improper  meanings  which  it  has 
also  acquired ;  and  Ihey  will  thus  be  enabled  to  give  the  necessary 
precision  to  those  terms  which  are  used  so  vsguely  by  writera  on 
international  law.    [Law;  Rioht.] 

SQUADRON  is  supposed  to  be  derived  from  "squadra"  (Italian), 
whidi  is  itself  corrupted  from  the  Latin  word  "  quadratum ; "  acies 
quadrata  denoted  a  body  of  men  drawn  up  in  a  square  form.  The 
term  "escadron"  occun  in  Froissart's  '  Chrunicles,'  and  probably  it 
was  very  early  used  in  the  French  armies  to  designate  a  body  of 
cavalry.  It  is  generally  used  to  designate  a  part  of  a  fleet,  or  eren  of 
an  army.  Milton  speaks  of  '  squadron'd'  angels.  Technically,  however, 
it  means  the  principal  division  of  a  regiment  of  cavalry,  which  is 
divided  into  two  troops,  each  of  which  is  commanded  by  its  captain, 
who  has  under  him  a  lieutenant  and  a  comet. 

The  strength  of  an  army,  with  respect  to  cavalry,  is  usually  ex- 
pressed by  the  number  of  squadrons  in  the  field,  as  it  is  with  reup  ct 
to  infanti^  by  the  number  of  battalions. 

For  the  maimer  in  which  a  regiment  of  cavalry  is  encamped,  see 

EnOAMPKEIIT. 

SQUARE.  We  believe  that  the  old  English  meaning  of  this  nnrd 
had  reference  only  to  the  comera  of  a  figure,  or  at  mudt  to  right  aoglt-J 
comers.  The  old  word  for  any  oblong,  or  rectangle,  is  a  fowr-nquare 
figure ;  the  carpenter's  rule  for  drawing  a  right  angle  is  called  ■& 
T-square  to  this  day.  The  French  word  iquerre  (anciently  etquerre, 
originally  derived,  Uke  the  Italian  tmuuira,  irqica  quadratam)  is  the 
immediate  origin ;  and  this  (in  Frendi)  means  also  an  instrument  for 
drawing  a  right  angle.  In  Reoorde's  '  Ground  of  Arts,'  the  earUest 
F.ngliBh  geometry  extant,  he  calls  what  is  now  a  square  by  the  name  of 
sjuore  quadrate  (jjuore,  right-angled,  quadrate,  four-sided  figure) ;  and 
it  is  not  until  he  is  considerably  advanced  in  his  work  that  he  seems  ta 
find  out  that  he  may  drop  the  second  word  and  retain  the  first  only. 
There  was  still  an  incorrectness,  for  a  square  figure  should  have  meaut 
one  having  all  its  angles  right  angles ;  that  is,  what  we  now  call  a  rect- 
angle, whether  its  sides  were  eqiud  or  not.  To  complete  the  proof  of 
connection  between  the  square  and  the  right-angled  comer,  we  may 
mention  that  before  now  a  right-angled  triangle  has  been  called  a 
tquare.  In  or  about  1618,  Thomas  Bedwell  published  a  work,  of  which 
the  title  was '  Triganum  Archite(!fonicum,  the  Carpenter's  Squire.' 

In  geometry,  a  square  means  a  four-sided  plane  figure  with  all  its 
sides  equal,  and  all  its  angles  right  angles.  In  algebra,  it  signifies  the 
number  produced  by  multiplying  a  number  by  itself.  The  reason  of 
the  double  meaning  is  obvious  enough.  [Rectanole.]  A  square  of 
7  units  long  contains  7x7  square  units ;  so  that  the  operation  7x7 
is  the  aritbjnetic  of  finding  the  content  of  a  square  of  7  units  in 
length  and  breadth.  We  have  spoken,  in  the  article  just  cited,  of  the 
collusion  which  is  caused  by  this  double  use  of  the  word  square ;  and 
proposed  to  correct  it  by  Speaking  of  the  square  on  a  line  in  geometry, 
and  the  square  of  a  numb^  in  algebra.  It  has  been  the  fashion  of  late 
years  to  publish  what  ore  called  tymJbolical  editions  of  Euclid,  in  which 
A  B'-'  is  made  to  stand  for  the  square  on  the  line  a  b,  because  a'  stands 
for  the  square  o/the  number  a.    The  learner  who  uses  this  species  of 
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symbol  will  not,  without  great  care,  avoid  falae  reasoning  in  maUng 
the  connection  between  geometry  and  algebra. 

A  square  is  divided  by  its  diagonal  iuto  two  isosceles  right-angled 
triangles  :  its  diagonals  are  equal,  and  bisect  each  other  at  right  angles. 
The  easiest  way  o{  drawing  a  square  is  to  describe  two  circles  on  the 
side  A  B,  and  bisecting  a  c  in  s,  to  make  0  e  and  o  F  equal  to  A  D ;  the 
figure  A  E  F  B  is  then  a  square. 

Of  all  similar  figiu-es,  squares  are  those  to  the  areas  of  which 
teasoning  is  most  easily  applied.    If  three  similar  figures  be  described 


**n  the  sides  of  a  right-angled  triangle,  the  sum  of  those  on  the  sides  is 
equal  to  that  on  the  hypothenuse.  This  proposition  is  learned  with 
reference  to  squares  [Hyfothemuse]  long  before  it  can  be  proved  with 
reference  to  similar  figures  in  general :  the  consequence  is,  that  the 
general  proposition  is  almost  overlooked  by  the  previous  occurrence  uf 
the  particular  case.  We  have  noted  in  the  article  just  cited  the  Hindu 
proof  of  this  celebrated  case;  the  simplest  properties  of  the  square 
may  be  made  to  give  a  more  easy  proof,  founded  on  the  same  prin- 
ciple; it  being  remembered  that  the  fiist  four  propositions  of  the 
second  book  of  Euclid  do  not  require  the  last  two  of  the  first  book. 
The  proof  is  as  follows  : — Let  a  B,  bo,  be  the  sides  of  a  right^ngled 
triangle,  and  on  their  sum  describe  a  square ;  make  a E,  F  B,  el,  each 
equal  to  a  B.  It  is  easily  proved  that  l  B  B  E  is  the  square  on  the 
hypothenuse  of  the  triangle ;  and  it  is  made  by  subtiacting  four  times 
the  triangle  from  the  whole  square  A.  F.    But  U  four  times  the  triangle 
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be  subtracted  by  taking  away  the  rectangles  ah  and  OD,  we  have  (Buo., 
li  4)  the  sum  of  the  squares  on  the  aides,  which  is  therefore  the  same 
as  toe  square  on  the  diagonal. 

SQUARE  ROOT,  the  name  given  to  a  number  with  referenoe  to  its 
square.  Thus,  49  being  the  square  of  7,  7  is  the  square  root  of  49. 
When  an  mteger  has  no  integer  square  root,  it  has  no  square  root  at 
all  in  finite  terms  :  thus  2"  hss  no  square  root  But  since  1-4142186 
multiplied  by  itself  gives  very  nearly  2,  or  has  a  square  very  near  to  2, 
it  IS  customary  to  say  that  1-4142186  is  very  nearly  the  square  root  of 
2  :  more  properly,  the  square  root  of  something  very  near  2. 

The  extraction  of  the  square  root  came  into  Europe  with  the  Indian 
anthmetio,  the  method  followed  by  Theon  and  other  Greeks  (which 
was  substantially  the  same)  having  been  forgotten.      The  earliest 

?^Qwl*  'Txlfu""  J'H  fH^  ^  ^^^  °^  P-  A.  Cataldi  (Bologna, 
1613),  though  the  books  of  algebra  and  arithmetic  had  then  been  long  in 
the  habit  of  givmg  the  rule.  The  process  presently  given  for  finding 
the  square  root  of  a  number  in  a  continued  fraction  was  first  given  (in 
a  less  easy  rule)  by  the  same  Cataldi,  who  was  thus  the  first  who  used 
continued  fractions.  This  fact  was  pointed  out  by  M.  Libri,  before 
which  Lorf  Brounker  was  generaUy  considered  as  the  first  who  used 
contmued  fractions. 

The  rule  for  the  eitraction  of  the  square  root  is  » tentative  inverse 
process  very  much  resembling  division,  and  is  contained  under  the 
general  rule  pyen  m  iNvoLUTioir  and  EvoLnTiOF.  The  peculiar 
Bimphcity  of  this  case,  however,  allows  of  a  condensation  of  form,  and 

be  demonstrated  on  the  same  princip^  ■ 

iul5°t^ll%^To*^l°^2*"  fa  "  "*o  *«  square  of  o  + 6,  WB  must 
«ddtoth6fOTiner2a6+«',or(2o+J)J.    Thu  f oUows  from 

(a  +  6)»=o'  +  2o6  +  }«. 
«,,'!^wT/* "is ""^  •'">w.,^<'w  *«  •<1'»«  «>ot " extracted ;  first 
number  be  104718.    The  square  of  100  being  10000,  which  is  much 


too  small,  we  go  on  adding  100  to  the  square  root,  until  no  more  hun- 
dreds can  be  added ;  all  the  while  forming  the  squares  by  the  rule, 
each  square  from  the  preceding.  We  then  begin  to  add  tens,  forming 
the  squares  also,  until  the  addition  of  one  more  ten  would  bring  the 
square  post  104718;  we  then  add  vinits,  until  either  the  square  Ib 
exactly  104718,  or  the  nearest  to  it.  Or,  instead  of  continual 
additions,  we  might  subtract  every  number,  as  we  get  it,  from  104713 
until  no  more  si^tractions  can  be  made.  Both  modas  are  exhibited  in 
the  following : — 

100«=    10000  104713 

100  (2  X  100  •«■  100)  =    30000  10000 


200>-    40000 
100  (2  X  200  -1-  100)  =    60000 

94718  a 
80000 

800'=    80000 
10  (2  K  800  +  10)  -     6100 

64713  5 
60000 

810>»    96100 
10  (2  X  310  +  10)  =     6300 

14718 « 
6100 

8203  =  102400 
1(2x820+1)=,      641 

8613  d 
6800 

821'  =  103041 
1  (2  »c  821  Hr  1  ==       643 

2818  « 
641 

822*  =  108684 
1  (2  X  822  •<- 1)  =       645 

328«  =  104829 
1(2x328+1)=       647 

824'  =  104976 


1672/ 
643 

1029  a 
645 

884  A 


In  the  first  column  we  feel  our  way,,  so  to  speak,  by  hundreds,  by 
tens,  and  by  units,  up  to  the  result  that  823'  is  too  small,  and  32^ 
too  great ;  so  that  we  see  that  104718  has  no  square  root.  In  the 
second  column  we  go  down  from  104713,  and  subteuiting  the  squares 
already  foqned  in  tiie  first  column,  we  come  to  the  result  that  104713 
is  384  more  than  828*,  but  less  than  824'.  The  results  of  the  second 
column  are — 


84713  =  104718  -  IOC 

64713  =  104713  -  200« 

14718  =  104713-800' 

8618  =  104718 -810* 


2318  =  104718 -820» 

1672  =  104718  -  821' 

1029  =  104713-322' 

884  =  104718  -  828' 


The  best  method  of  making  the  trials  depends  upon  the  following 
circumstances : — 

1.  A  square  number  followed  by  an  even  number  of  ciphera,  such  as 
16000000,  is  also  a  square  number. 

2.  If  i(2a-i-i)  is  to  be  found  as  near  as  possible  to  B,  and  if  2a  be 
considerable  compared  with  6,  the  value  of  6  is  near  to  that  given  by 
bx  2o=B,  or  i  =  B-i-2a. 

Taking  the  number  104718,  and  parting  it  into  periods  of  two  num- 
bers each,  we  have  10,  47,  13,  and  9,00,00  is  the  highest  square 
belonging  to  a  simple  unit  followed  by  ciphen,  which  oan  be  contained 
in  it.  Choose  300  for  the  first  port  of  the  root,  and  we  have  14713  for 
the  remainder.  If  6  be  the  number  of  tens  in  the  root,  we  have  to  make 
106  (2  X  SOO-t-lOi)  as  near  as  we  canto  14713,  or  10  i  not  being  much 
compared  vrith  600,  we  must  try  106  x  600  =  14718^  or  6= 14718-V-6000, 
whence  2  is  the  highest  (perhaps  too  high,  but  that  will  be  seen  by 
the  remainder).  If  6=2,  106  (600-1-106)  is  12400,  which,  subtracted 
from  14718,  gives  2313.  The  part  of  the  root  now  obtained  is  320, 
and  if  e  be  the  number  of  units,  c  (2  x  820  +  e)  must  be  made  equal,  or 
as  near  as  can  be,  to  2313.  Now  c  is  very  small  compared  with  640, 
and  c  X  640=2318  shows  that  c=3  at  most,  giving  8  x  643,  or  1929, 
to  be  subtracted  from  281^  which  leaves  884.  The  process  may  be 
written  thus  ;— 

104718  (800  +  SO  -t-  8 
90000 


600    \1471S 
SO    J12400 


«40    \ 
8    )  1929 

884 

which,  omitting  superfluous  ciphers,  is  the  one  commonly  used.  We 
do  not  intend  to  dwell  on  the  common  process,  which  is  in  all  the 
booln,  but  confine  ourselves  to  the  expUmation,  whioh  is  fr«qu«rtly 
omitted. 

We  now  take  a  longer  instance,  «t  full  length,  followed  by  a  state- 
ment of  its  resnlti : — 
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7tt 


J/ 10000 
100000000  \  7000 

80 

20000\  190225296  6 

7000n89000000 


S4000\  1225296 
80n020900 


84060N 204306 
67204896 


Tlie  toUofring  are  the  raeoeaaiTe  ooncliuioiui  >— 

290225296  - 10000>  -  190225296 
290225296  -  ITOOO*  «  1225296 
290226298 -17080i=  204396 
290225296 -17036>=-         0 

whence  the  (pren  number  U  the  aqiiare  of  17036. 

The  ratiomJe  of  the  approximate  extraction  is  aa  folloWB : — Suppose 
we  wish  to  find,  to  four  places  of  decimals,  the  square  root  of  1'74  ; 
that  is,  to  find  a  fraction  a,  such  that  a*  shall  be  less  than  1*74,  but 
that  (a +'0001)'  shall  be  greater  than  1*74.  Oive  this  fraction  the 
denominator  1,00,00,00,00,  which  requires  that  its  numerator  sKall  be 
1,74,00,00,00.  This  numerator  is  found,  by  the  integer  rule,  to  lie 
between  1S190<  and  18191*,  or  178976100  and  174002481.    We  have, 

(1-8190)'  =  1-78976100 
{1-8191)»=  1-74002481 

which  satisfy  the  conditions. 

The  common  process  of  contraction,  explained  in  books  of  arithmetic, 
has  the  following  rule  : — When  the  number  of  places  in  the  divisor 
has  so  much  increased  as  to  exceed  by  2  or  more  the  number  of  places 
yet  remaining  to  be  found,  instead  of  proceeding  with  the  complete 
operation,  leave  the  remainder  unaugmented  by  any  new  period,  strike 
one  figure  off  the  divisor,  and  proceed  as  in  contracted  division.  If 
B  be  the  remainder,  a  the  part  of  the  root  found,  i  that  remaining  to 
be  found,  we  have  b{2a  +  i)  =  B.  If  a  be  ver^  large  compared  wiut  b, 
2 ai  =  R  nearly,  or  i =8-^2 a  nearly;  now  2a  18  the  dttMor  in  tile  rule. 
The  fact  is  that  b  must  lie  between 


±  and 
2a 


2a 


ProceaMS  of  this  sort  are  often  best  shown,  aa  to  mere  opention,  by 
an  instance  in  which  the  numerical  computation  gives  no  trouble. 
The  following  is  a  complete  instance  of  the  rule,  exhibited  in  finding 
the  square  root  of  4444'444444,  &a  : — 

4iii-  44444i,  fto.  (66  ■  666S66666667 
86 
126)844 
756 
1826)8844 
7956 
18826)88844 
79956 


188826)888844 
799956 
1833826)8888844 
7999956 
18883326)88888844 
79999956 
18,8,8,8,8,8,2)8888888 
7999999 
888889 
800000 


The  given  number  i»,  in.  tue^  iiiit,  wh»dt  is  tbe  mptn  of  ( 


When  B  is  the  remainder,  and  a  the  part  of  the  i«ot  found,  the 
remaining  ^art  of  ibe  root  is  the  continued  fraction  [F&aoiIOKS. 

COHTIKUSD.J 

B  B  B  B 

Sa+  2a  +_2a  +  2a  +  ka. 

But  this  is  not  a  continued  fraction  of  the  most  useful  form,  except 
when  B  =  1.  To  reduce  the  remainder  of  a  squxu<e  root  to  a  continued 
fraction  in  which  all  the  numerators  are  snita,  proceed  as  foUowa  (Out 
procees  comes  first  and  is  followed  by  the  explanation)  :— 

To  extiact  the  square  root  of  21 — 


4 

18    8    14    4 

1 

1 

5    4    8    4    5    1 

B 

4 

112    118 

1 

Let  the  number  be  v,  the  integer  part  of  its  root  a,  and  write  under 
one  another  in  Ihe  first  column,  a,  1,  a.    Proceed  to  form  the  second, 

third,  &c.,  columns,  each  from  the  preceding,  in  the  following  way  : 

Up,q,r,  be  in  one  column  (found),  and  y,  j*  r*  in  the  next  (to  be 
found),  tiieit— 

H— JJ* 

L  5*  is — - — ,  and  is  always  integer. 


2i  r'  is  the  integer  port  of 
8.  p*  is  2  V  -  p. 


a+p 

i  ' 


Tbxis,  for  the  second  column  we  hare' (21 — 16).^1,  or  S,  fw  the  second 
row ;  the  integer  of  (4  +  4)-^5,  or  1,  for  the\hiid  row;  and  1  x  6—4, 
or  1,  for  the  first  row.  In  the  third  column  we  have  (21  — 1)-;-5,  or  4, 
for  the  second  row ;  the  intq^  of  (4  +  1)-t-4,  or  1,  for  the  third  row; 
and  1  X  4—1,  or  8,  for  the  finrt  row.  In  the  fourth  column  we  have 
(21— 9)J-4,  or  8,  for  the  second  row ;  the  integer  of  (4  +  8)-^8,  or  2,  for 
the  third  row;  and  2  x  3—3,  or  8,  for  the  first  row,  and  so  on.  This 
procees  must,  after  a  time,  begin  to  repeat  itself;  as  soon  as  this 
happens,  the  last  row  shows  the  integer  of  the  square  root,  and  th 
succession  of  denominators  of  the  continued  fraction,  which  must  be 
repeated  as  often  as  is  necessary  to  give  the  required  degree  of  accuracy. 
Thus, 

m      A      1_1_L_L_L_L_?_L-1      1       1 
VZl-4+j^  1+  2+  1+  1+  8+  1+  1+  2+  r+lT'** 

If  we  proceed  with  the  continued  fraction  as  in  the  arUcle  cited,  we 
have  for  the  succeesive  approximations  to  its  value — 

11847    60W^127m448  j;69 

1  i  6  7  12  108  115  218  661  769  1820*  ** ' 


760 
and  4  -1-!^  only  differs  from  -v/Sl  in  the  8th  decimal  place. 
1820      '  »  »• 


The  use 


of  this  method  is,  not  to  extract  the  square  root  of  any  nimiber  which 
accidentally  occurs,  but  to  find  convenient  approximations,  if  possible, 
for  square  roots  which  frequently  occur,  and  as  to  which  it  is  therefore 
wortn  examination  whether  there  may  not  be  some  common  fraction 
which  will  serve  the  purpose  as  well  as  a  decimal  of  considerable  accu- 
racy. For  instance,  we  take  V2  and  V8,  which  represent  the  diagonab 
of  a  square  and  a  cube  having  a  unit  for  their  aides.  The  prooessei 
are  as  follows : — 


1    I   1    1,  fte.  1       11 

1       1    1,  Ac  1       2    1 

1    I   2    2,  Ac  1       12 

va^.i  +  lrlrrTAs:  vs-i-h^T 


1  1,  &0. 

2  1,  &0. 
1    2,  &0. 

2+   1+  2+'"* 


The  Ruooeasive  approximations  to  the  fiactiona 
12£122970    169408 
2  6  12  29  70  169  408  985>  ^ 


1  2  8  £  U  80  41  112  158  418  671 
T  8  4  11  16  41  66  168  209  671  78u'  ** 

Thus  we  immediately  see  a  convenient  mode  of  finding  the  diagonal 
of  a  square,  derived  from 


29 


99 


,o      ,       -        -        100-1 
Va  =  l-fy5  =  ^=        yo     ,  nearly, 

the  excess  of  which  above  the  truth  is  less  than  the  11830th  part  of 
the  side.  Thu^,  to  find  the  diagonal  of  a  square  of  769-23  feet,  we 
have 

76928 
769-28 


70)76168 -77 
1087  ■  911 
which  is  too  great  by  only  about  6-hundredths  of  a  foob 
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The  rule  for  extractiiig  the  square  root  of  an  algebraical  quantity  ia 
very  little  needed,  but  is  a  remarkably  good  ezeitnse  in  the  operations 
Of  algebra.  Arranging  the  square  in  powers  of  some  one  letter,  the 
rule  is  identical  with  that  for  the  square  root  of  numbers  in  every 
point  but  this,  that  the  new  term  is  always  found  by  dividing  the  frtl 
term  of  the  remainder  by  the  fint  term,  of  the  divisor.  A  couple  of 
examples  will  suffice.  Let  it  be  required  to  find  the  square  root  of 
l  +  2a;  +  8a«  +  4a»+  .... 

l  +  2z  +  Sj:'  +  4a:»+ 

1  (l  +  a:+a?+a^+... 


2  +  a;)2x  +  3jc»+  ... 

2x+  a?      . 

2  +  ix+x^2i?+iaf- 

h&C»+.... 

far* 

2  +  ix+2x'+3^)23» 
2x> 

^2^«  +  2a*■^ 

1=f 
af 

Again,  to  find  the  square  root  of  ] 
1  +  x(l  +  1  -  8    + 

2^«^ 
+  x: 

3? 

16  ■ 

a* 
64 

h4a*  + 

6a!« 
"  128 

"  64 

6a* 
+  ., 

-9    »f 
8+*-8)-r 

-T-8    * 

a»    x>\;>» 

64 
16  ~ 

*'  256 

- 

5x' 
64 

af 

~  256 

SQUINTING  {Slrabumiu).  It  is  a  condition  essential  to  correct 
vision  that  the  axes  of  both  eyes  correspond  in  direction,  and  be 
turned  simultaneously  towards  the  object  we  regard.  Now  to  ensure 
the  fulfilment  of  this  condition,  the  orbital  muscles  (motoi«s  oculorum) 
are  eg  supplied  with  nervous  influence,  that  we  cannot  will  the  move- 
ment of  one  eye  without  the  other  being  called  into  involuntary  and 
harmonious  action.  There  are  some  individuals,  however,  whose  optic 
axes  are  not  parallel,  and  whose  eyes  do  not  move  in  harmony  with 
each  other ;  such  persons  are  said  to  squint,  or  to  be  affected  with 
strabismus.  Squinting  may  take  place  either  upwards,  downwards, 
inwards,  or  outwards,  or  in  the  intermediate  directions ;  it  may  also  be 
confined  to  one  eye ;  or  may  affect  both.  As  the  inward  and  outward 
varieties  of  squint  are  by  far  the  most  common,  we  shall  devote  the 
following  remarks  to  them  alone. 

Inieard  fqvint,  or  StraMmM  conrergetu,  is  met  with  in  three  distinct 
forms  :  1,  single  convergent  strabismus  ;  2,  double  convergent  strabis- 
mus ;  and  3,  alternating  strabismus.  In  the  first  form  of  the  affection 
one  eye  is  habitually  turned  more  or  leas  inwards  towards  the  inner 
angle  of  the  orbit,  whilst  the  other  maintains  it*  BatonJ  porition, 
and  is  capable  of  being  directed  to  any  object  that  the  individual 
wishes. 

On  closing  the  sound  eye,  the  inverted  one  then  becomes  strught, 
and  can  be  turned  in  every  direction  nearly  to  the  same  extent  as  the* 
other ;  but  as  soon  as  it  is  again  opened,  the  one  affected  with  stra- 
bismus revolves  inwards,  and  there  remains;  or  if  it  ^o  move  along 
with  the  good  eye,  yet  never  so  as  to  permit  the  two  axes  to  be  pointed 
at  the  same' object.  Double  convergent  strabismus  differs  from  the 
preceding  in  its  affecting  both  eyes ;  the  axis  of  each  eye  is  inclined 
■  unnaturally  inwards,  as  if  the  person  were  regarding  some  object 
placed  close  to  hlMface.  On  directing  his  attention  to  distant  objects, 
the  eyes  do  nut  become  parallel,  but  the  one  least  affected  (for  one  is 
always  more  so  than  the  other)  becomes  straight,  whilst  its  fellow  pre- 
serves its  former  position,  or  is  turned  more  strongly  inwards.  With 
regard  to  the  relative  frequency  of  strabismus  m  one  or  in  both 
eyes,  it  is  said  to  affect  most  frequently  one  eye  onfy,  and  this 
the  left 

Alternating  Strabismus  differs  from  the  ordinary  form  of  squint,  in 
its  affecting  both  eyes  equally,  though  never  both  at  a  time.  An  in- 
dividual thus  affected  appeara  to  use  either  eye  indifferently ;  and  the 
change  of  inversion  from  one  eye  to  the  other  is  a  voluntary  act, 
Indejieiident  of  the  opening  or  closing  of  the  eyelids. 

Outward  Sqaiut,  or  SlraMmuu  diveryent.—'Seaxlj  all  that  has  been 


said  in  reference  to  convergent  strabismus,  may  be  applied,  mutaiit 
miUandit,  to  divergent  squint.  In  this  form  of  the  affection,  one  eye 
is  more  or  less  everted,  whilst  the  other  is  directed  straight  forwards  ; 
the  patient  is  likewise  incapable  of  directing  both  eyes  inwards  simul- 
taneously. These  cases  we  believe  to  be  most  frequently  of  the 
alternating  kind ;  that  is,  the  individual  can  employ  either  eye  singly, 
and  bring  it  into  the  central  axis,  but  then  its  fellow  becomes  everted. 
It  is  a  more  rare  affection  than  the  formei'  one,  and  the  deformity 
arising  from  it  is  seldom  so  obvious.  Whether  we  re^id  strabismus 
as  affecting  one  eye  or  both,  it  is  certain  that  the  vision  of  the  one 
most  distorted  is  nearly  always  imperfect,  and  usually  in  a  direct  ratio 
with  the  degree  of  distortion.  Now  we  know  that  if  impressions  on 
the  two  retinae  are  dissiniilar  in  force,  the  mind  disregards  the  weaker, 
and  takes  cognizanoe  only  of  the  stronger;  so  that  a  person  who 
squints  badly  generally  sees  objects  with  the  sound  eye  only.  If  the 
sight  of  both  eyea  is  equal  or  nearly  so,  double  vision  results  when- 
ever both  are  employed  together,  because  the  images  of  objects  do  not 
fall  on  corresponding  portions  of  the  two  retinse  [Sioht,  Detects  or] ; 
and  as  the  defect  of  sight  is  generally  in  a  direct  ratio  with  the  degree 
of  distortion,  double  vision  is  most  frequently  experienced  in  slight 
cases  of  squint. 

Cauta. — The  inequality  of  power  in  the  two  eyes  has  been  regarded 
by  many  as  a  cause  of  strabismus ;  the  defective  eye,  it  is  said, "  in- 
stead of  being  fixed  on  the  object  before  it,  is  left  to  wuider  from  the 
true  axis  of  vision."  When,  however,  we  consider  how  numerous  are 
the  axamples  of  unequal  vision  with  the  two  eyes,  yet  unattended 
with  squint,  and  the  great  and  immediate  improvement  of  sight  which 
generally  results  from  the  operation  for  the  removal  of  the  defect,  we 
may  &irly  question  the  influence  of  this  cause  in  the  production  of 
straKsmus.  Among  the  remote  causes  which  unquestionably  con- 
tribute to  this  effect,  may  be  enumerated  convulsions,  teething,  the 
irritation  arising  from  worms,  ophthalmia,  imitation,  a  habit  of  mis- 
directing the  eyes,  as  by  frequently  looking  at  a  mole  on  the  nose,  te. 
The  proximate  cause  resides  in  some  affection  of  the  muscles  or  nerves 
of  the  eyel»U;  either  the  balance  of  power  between  the  former  is 
lost,  or  the  sympathy  which  exists  natuially  between  the  motor-oculi 
nerves  of  the  two  eyes  is  impaired. 

2Vea(men(.'— This  moat  depend  upon  whether  the  affection  is  of  a 
temporaiy  or  permanent  nature ;  in  the  former  case  it  will  be  found 
to  arise  m>m  some  lo^  irritation,  and  can  be  removed  by  suitable 
therapeutic  remedies;  in  the  latter,  an  operation  will  generally  be 
required.  Among  the  different  other  plans  of  treatment  which  occa- 
sionally have  proved  successful,  we  may  enumerate  binding  up  the 
sound  eye;  the  employment  of  spectacles  having  glasses  of  different 
power ;  blinders  projecting  in  front  of  the  temples,  with  »  view  of 
attracting  the  eyes  outwards ;  electriaty,  &a  The  operation  for  the 
cure  of  strabismus  is  said  to  have  suggested  itself  first  to  Dr.  Stzomeyer, 
from  witnessing  the  success  of  tenotomy  in  contractions  of  the  Umb& 
Dr.  Dieffenbach  of  Berlin,  however,  was  the  first  who  had  the  boldness 
to  carry  it  into  practice  on  the  living  subject  The  operation  oonslsti 
in  dividing  the  muscle  by  which  the  distortion  is  produced,  and  thua 
allowing  its  antagonist  to  draw  the  eye  again  into  the  centre  of  the 
orbit  Although  most  cases  of  strabismus  may  be  either  completely 
cored  or  very  much  bettered  by  this  operation,  it  is  proper  to  remark 
that  in  some,  neither  this  nor  any  other  plan  of  treatment  is  of  any 
avail.  Provided,  however,  that  the  subjects  to  be  operated  on  are 
judiciously  selected,  and  the  siu;geon  qualified  for  the  task,  there  is  no 
operation  within  the  whole  range  of  surgery  which  is  more  simple, 
more  free  from  danger,  or  more  satisfactory  in  its  results,  than' the  one 
in  question. 

STABLE  AND  UNSTABLE;  STABILITY.  A  system  U  said  to 
be  stable  when  a  slight  disturbance  of  its  actual  condition  would  not 
produce  a  continually  increasing  effect,  but  one  which  finally  ceases  to 
increase,  diminishes,  becomes  an  effect  of  a  contrary  character,  and  so 
on,  in  an  oscillatory  manner.  The  onlinary  vibration  of  a  pendulum 
is  an  instance ;  the  oscillation  takes  place  about  a  stable  position  of 
equilibrium.  We  can  give  no  instance  of  an  unstable  position ;  for  by 
definition,  such  a  thing  is  a  mathematical  fiction.  Any  disturbance, 
however  slight,  produces  upon  sn  unstable  system  an  effect  which  con- 
tinually increases :  no  imstable  equilibrium  therefore  can  exist  a 
moment,  for  no  system  made  by  hunuui  hands  can  be  placed  with 
mathematical  exactness  in  a  given  position.  The  pendulum  has  a 
position  of  equilibrium  exacUy  opposite  to  that  about  which  it 
can  oscillate,  but  no  nicety  of  adjustment  will  retain  it  in  that 
position  :  it  may  appear  to  rest  for  a  moment,  bat  will  almost  instantly 
begin  to  fall. 

The  following  curves  or  lines  are  all  such  that,  supposing  them  to 
be  rigid  matter,  a  molecule  placed  at  ▲  would  rest : — 


In  the  first,  a  displacement  to  the  right  or  left  would  produce 
nothing  but  oscillation,  and  the  equilibrum  is  stable ;  in  the  second, 
neither  displacement  would  be  followed  by  any  tendency  to  rastoia- 
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tion,  and  the  equilibrium  is  unstable ;  in  the  third,  diaplacement 
would  only  be  a  removal  to  another  position  of  rest,  and  the  equili- 
brium is  (Killed  indifiurent.  In  the  fourth,  displacement  to  the  right 
would  be  followed  by  restoration,  but  the  velocity  acquired  in  restora- 
tion would  carry  the  molecule  to  the  left,  on  which  side  there  is.  no 
tendency  to  restoration  :  the  equihbrium  would  then  be  permanently 
disturbed,  and  practically  unstable ;  though  it  might  be  convenient  to 
say  that  it  is  stable  as  to  the  disturbances  to  the  right,  and  unstable  as 
to  those  to  the  left.  In  the  fifth,  the  equilibrium  at  a.  is  unstable, 
but  if  a  push,  however  slight,  were  given  to  the  molecule,  it  would 
obviously,  by  reason  of  the  two  contiguous  stable  positions,  oscillate 
about  A,  as  if  .A.  were  itself  a  stable  position :  and  in  the  same 
manner  a  stable  position,  with  an  unstable  one  near  to  it,  might,  for  a 
disturbance  of  sufficient  magnitude,  present  the  phenomena  of  an  un- 
stable position. 

Now,  suppose  that  the  point  A,  instead  of  being  a  single  molecule, 
is  the  centre  of  gravity  of  a  system  acted  on  by  its  own  weight  only ; 
and  let  the  curve  drawn  be  the  path  of  the  centre  of  gravity,  which, 
owing  to  the  connection  of  the  parts  of  the  system  with  its  supports, 
that  centre  is  obliged  to  take.  The  phenomena  of  the  single  point 
still  remain  true :  there  is  in  every  case  a  position  of  equilibrium 
when  the  system  is  placed  in  such  a  position  that  its  centre  of  gravity 
is  at  A.  In  (1)  the  equilibrum  is  stable;  in  (2),  unstable;  in  (3), 
indifferent;  in  (4)>  stable  or  unstable,  according  to  the  direction  of 
disturbance  ;  in  (6),  unstable,  with  results  like  those  of  stability.  It 
is  an  error  to  state,  as  is  frequently  done,  that  there  is  no  equilibrium 
in  such  a  system  except  when  its  centre  of  gravity  is  highest  or 
lowest ;  as  is  obvious  from  (8)  and  (4).  The  general  proposition  which 
u  true  is  this — that  a  system  acted  on  by  its  own  weight  is  in  equili- 
brium then,  and  then  only,  when  its  centre  of  gravity  is  placed  at  that 
point  of  its  path  which  has  its  tangent  parallel  to  the  hoticon,  or  per- 
pendicular to  the  direction  of  gravity. 

When  a  system  is  supported  on  three  or  more  points,  it  is  well 
known  that  there  is  no  equilibrium  unless  the  vertical  passing 
through  the  centre  of  gravity  cuts  the  polygon  formed  by  joining 
these  points.  This  must  not  be  confoimded,  as  is  sometimes  done, 
with  a  case  of  distinction  between  stable  and  unstable  equilibrium ; 
for  it  is  a  case  of  equilibrium  or  no  equilibrium,  according  as  the 
central  vertical  cuts  or  does  not  cut  the  base  of  the  figure.  Of  course 
it  is  in  the  power  of  any  one  to  say  that  stability  means  equilibration 
and  instabiUtjr  non-equilibration ;  but  such  is  not  the  technical  use  of 
these  words  in  mechanics :  stability  and  instability  refer  to  equili- 
brium, stable  equilibrium  being  that  which  would  only  be  converted 
into  oscillation  by  a  disturbance,  and  unstable  equilibrium  that  which 
would  not  be  so  converted. 

Neither  must  the  effects  of  friction  or  other  resistances  be  con- 
founded with  thoee  of  a  stable  or  unstable  disposition.  A  ladder  rest- 
ing against  horizontal  ground  and  a  vertical  wall  is  maintained  by 
friction ;  were  it  not  for  friction,  there  would  not  be  rest  in  any  posi- 
tion ;  and  as  it  is,  the  angle  which  the  ladder  makes  with  the  ground 
must  not  be  too  small.  There  is  thus  a  set  of  positions,  from  the 
vertical  one  to  a  certain  inclination,  depending  on  the  amount  of 
friction,  in.ftll  of  which  there  'a  eqiiilibrium ;  while  in  every  other 
position  there  is  no  equihbrium.  In  no  case  must  the  words  stability 
and  instab0ty  be  used  in  such  manner  as  to  confuse  their  popular 
with  their  teraonical  sense. 

Under  Solar  Ststeh  is  pointed  out  what  is  meant  by  the  stability 
of  that  system.  When  a  system  has  a  motion  of  a  permanent  charac- 
ter, it  is  stable  if  a  small  disturbance  only  produce  oscillations  in  that 
motion,  or  make  permanent  alterations  of  too  slight  a  character  to 
allow  the  subsequent  mutual  actions  of  the  parts  to  destroy  the  per- 
manent character  of  the  motion.  Suppose  a  material  body,  for 
instance,  to  revolve  about  an  axis  passing  through  the  centre  of  gravity 
unacted  on  by  any  forces  except  the  weight  of  its  parts.  If  this 
axis  be  one  of  the  principal  axes,  the  rotation  on  it  is  permanent,  that 
is,  the  axis  of  rotation  will  continue  imaltered,  even  though  chat  axis 
be  not  fixed.  The  rotation  however,  though  permanent,  is  not  ttabU 
about  more  than  two  out  of  the  three  principal  axes.  Let  the  first 
rotation  be  established  about  the  axis  which  has  the  greatest  moment 
of  rotation,  or  the  least,  and  if  a  slight  displacement  or  disturbance  be 
given,  which  has  the  effect  of  producing  a  Uttle  alteration  of  the  axis 
of  rotation,  that  alteration  will  not  increase  indefinitely,  but  will  only 
occasion  a  perpetual  transmission  of  the  rotation  from  axis  to  axis,  all 
the  lines  lying  near  to  t^e  principal  axis  first  mentioned.  But  if  that 
axis  be  chosen  about  which  the  moment  of  inertia  is  neither  greatest 
nor  least,  any  disturbance,  however  sUght,  will  continually  remove  the 
axis  of  rotation  farther  and  farther  from  the  first  axis,  near  which  it 
will  not  return  imtil  it  has  made  a  circuit  about  one  of  the  other  two 
principal  axes. 

For  the  mathematical  part  of  this  subject,  ao  far  as  we  give  it,  see 

VlBTUAL  VeLOCITIBS, 

STADE  DUTIES  are  so  called  from  Stade,  in  the  kingdom  of 
Hanover,  a  town  situated  on  the  right  bonk  of  the  Schwinge,  three  or 
four  miles  from  where  it  &lls  into  the  Elbe,  and  22  miles  west  by 
north  from  the  city  of  Hamburg.  The  name  Briinihauten  TolU  is  now 
more  commonly  used,  from  the  village  of  Brunahausen,  at  the  mouth 
of  the  Schwinge,  where  there  is  a  custom-house  and  a  royal  guard-ship, 
and  where  the  duties  are  collected  which  are  levied  on  vessels  and 


merchandise  passing  up  the  Elbe.  The  original  duties,  which  were 
regulated  by  a  treaty  made  in  1691,  were  light,  but  were  gradually 
increased  by  the  Hanoverian  government  till  they  amounted  to  about 
40,0002.  a-year.  The  duties  levied  ware  about  ^  per  cent,  ad  valorem, 
more  on  some  articles  and  less  on  others.  British  vessels  by  a  procla- 
mation of  G^.  II.,  December  1,  1736,  were  allowed  under  certain 
regulations  to  sail  directly  up  to  Hamburg,  without  coming  to  anchor 
at  the  mouth  of  the  Schwinge,  aa  other  foreign  vessels  were  obliged 
to  do. 

By  a  convention  between  the  King  of  Hanover  and  the  heads  of  the 
other  Elbe-bordering  states  (Emperor  of  Austria,  King  of  Prussia, 
King  of  Saxony,  King  of  Denmark,  Duke  of  Mecklenburg-Schwerin, 
Duke  of  Anhalt-Coethen,  Duke  of  Anhalt-Dessau,  Duke  of  Anholt- 
Bemburg,  Free  and  Hanseatic  town  of  Liibeck,  and  Free  and  Hanseatio 
town  of  Hamburg),  dated  April  IS,  1844,  in  conformity  with  articles 
108  and  116  of  Act  of  Congress  of  Vienna,  of  June  9,  1816,  the 
Brunshausen  Tolls  were  revised,  regulated,  and  settled  according  to  a 
Toll-Tariff  agreed  upon  by  the  contracting  parties. 

These  rates,  by  a  treaty  with  Qreat  Britain  in  July,  1844,  were  to 
continue  in  force  till  January  1, 1864.  The  treaty  was  then  renewed, 
temporarily,  while  the  question  of  the  abolition  of  the  duties  was 
considered,  as  they  were  felt  to  be  oppressive  and  unjust,  nothing 
being  done  to  benefit  the  navigation  in  return  for  them.  At  length  a 
compensation  of  3,000,000i.  was  offered,  of  which  Hamburg,  which 
would  derive  the  greatest  benefit,  was  to  pay  one-third ;  Qreat  Britain 
1,12S,20G2.,  and  idl  the  other  commercial  states  of  Europe  with  the 
United  States  of  America  the  remainder,  in  proportion  to  their  com- 
merce. This  has  been  agreed  to,  but  the  ratification  has  not  yet  been 
completed. 

STADIUH  (i  rritiet  and  rh  ariiioii),  the  principal  Greek  measure  of 
length,  was  equal  to  600  Oreek  or  625  Roman  feet,  that  is,  to  606  feet 
9  inches  English,  The  Roman  nule  contained  8  stadia.  The  Roman 
writers  often  measure  by  stadia,  chiefly  in  geographical  and  astro- 
nomical measurements.  (Herod.,  iL  149 ;  PUn., '  Hist.  Nat,,'  ii,  23  or 
21 ;  ColumelL, '  Re,  Bust.,'  v.  1 ;  Strabo,  viL,  p.  497.) 

The  standaid  length  of  this  measure  was  the  distance  between  the 
pillars  at  the  two  ends  of  the  foot-iace  course  at  Olympia,  which  was 
itself  called  tUulium,  from  its  length,  and  this  standard  prevailed 
throughout  Qreece.  Some  writers  have  attempted  to  show  that  there 
were  other  stadia  in  use  in  Oreece  besides  the  Olympic.  The  only 
passages  in  which' anything  of  the  kind  seems  to  be  stated  are  one 
in  Censorinus  ('De  Die  Natali,'  c.  13),  which,  as  far  as  it  can  be 
understood,  evidently  contains  some  mistake;  and  another  which 
is  quoted  by  Aulus  Gellius  (i.  1)  from  Plutarch,  but  which 
speaks  of  the  race-courses  called  stadia,  not  of  the  stadium  as  a 
measure. 

The  principal  argument  for  a  variety  of  stadia  is  that  of  Major 
Rennell  ('  Geog.  of  Herod ,'  s.  2) ;  namely,  that  when  ancient  authors 
have  stated  the  distances  between  known  places,  and  a  comparison  is 
made  between  their  statements  and  the  actual  distances,  the  distances 
stated  by  them  are  invariably  found  to  be  too  great,  never  too  small 
Hence  the  conclusion  is  drawn  that  they  used  an  itinerary  stade  shorter 
than  the  Olympic  H  so,  it  is  strange  that  the  very  writers  who  have 
left  us  these  statements  of  distances  have  not  said  a  word  about 
the  itinerary  stade  which  they  are  supposed  to  have  used,  while  several 
of  them  often  speak  of  tiie  Olympic  stade  as  containing  600  Greek  feet. 
But  there  is  a  very  simple  explanation  of  the  difficulty,  which  is  given 
by  Ukert,  in  his  '  Geographie  der  Griechen  imd  Komer '  (i.,  ii ,  p.  66, 
&C.).  The  common  Greek  method  of  reckoning  distances,  both  by  sea 
and  land,  was  by  computation,  not  by  measurement.  A  journey  or 
voyage  took  a  certain  number  of  days,  and  this  number  was  reduced 
to  stadia,  by  allowing  a  certain  number  of  stadia  to  each  day's  journey. 
The  number  of  stadia  so  allowed  was  computed  on  the  supposition  that 
circumstances  were  favourable  to  the  traveller's  progress ;  and  there- 
fore every  impediment,  such  as  wind,  tide,  currents,  windings  of  the 
coast,  a  heavily  laden  or  badly  sailing  ship,  or  any  deviation  from  the 
shortest  track  by  sea,  and  the  corresponding  hindrances  by  land,  would 
all  tend  to  increase  the  number  of  days  which  the  journey  took,  and 
consequently  the  number  of  stadia  wmch  the  distance  was  computed 
to  contain.  These  circumstances,  together  with  the  &ct  that  the  Greek 
writers  are  by  no  means  agreed  as  to  the  number  of  stadia  contained 
in  a  day's  journey,  and  other  sources  of  inaccuracy  which  we  know  to 
have  existed,  furnish  a  satisfoctoiy  explanation  of  the  discrepancies 
which  we  find  in  their  statements  of  distances,  both  when  compared 
with  one  another,  and  when  compared  with  the  actual  fact,  without 
there  being  any  occasion  to  resort  to  the  supposition  of  a  stade  different 
from  the  Olympic.  Colonel  Leake  '  On  the  Stade  as  a  Linear  Measure ' 
('Journal  of  the  Royal  Geogra{^cal  Society  of  London,'  voL  ix., 
1889),  has  also  come  to  the  conclusion  "  that  the  stade,  as  a  linear 
measure,  had  but  one  standard,  namely,  the  length  of  the  foot-race, 
or  interval  between  the  iiptHifm  and  KOforr^f  in  all  the  stadia  of 
Oreece,  and  which  is  very  clearly  defined  aa  having  contained  600 
Greek  feet." 

When  we  come  however  to  writen  as  late  as  the  Srd  century  of  Uie 
Christian  era,  we  do  find  stadia  of  different  lengths.  Of  these  the 
chief  are  those  of  7  and  7i  to  the  Roman  mile.  ( VVilrm, '  De  Pond.,' 
Ac.,  §  58.) 

The  folloTving  table,  from  the  Appendix  to  Hussey's   'Ancient 
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Weights  and  Money,'  repreaentB  the  supposed  varieties  of  the  Qreek 
Btadium: — 

Tdi.  Ft.  Inoh. 
Stade  aaslgned  to  Aristotle's  measurement  of  the 

euth'i  anrraee 109     1  3-ieg91 

Mean   geographical   atade,  oompntod   Ij   Major 

BeoneU   .        .        .        .  .        .        .    .    ICS    1  • 

Oljmplo  stade SOS    0  0 

Stadeof?!  totheBomanmlle  .        .         .     .    SIS     i  2-4 

Stade  of  7  to  the  Bomaa  mile       .        .        .        .    ISl    0  5-124 

2.  The  race-course  for  foot-races  at  Olympia  was  called  stadium,  as 
above  mentioned,  and  the  some  name  was  applied  to  all  other  such 
courses. 

The  stadium  consisted  of  a  flat  area,  surrounded  by  raised  seats,  and 
was  made  either  in  a  spot  which  had  by  nature  the  required  shape,  or 
in  the  side  of  a  hill,  or  on  a  phun.  In  the  last  two  cases  the  stadium 
was  constructed  by  forming  a  mound  of  earth  of  the  proper  shape,  and 
covering  it  with  stone  or  marble  for  the  seats.  The  second  of  these 
three  forms  was  the  most  common.  Of  the  third  we  have  a  fine 
example  in  the  Panathenaic  Stadium  at  Athens.  The  area  of  the 
stadium  was  oblong,  terminating  at  one  end  in  a  semicircle.  At  the 
other  end  it  was  bounded  by  a  wall,  at  the  two  extremities  of  which 
were  the  entrances,  one  on  each  side  of  the  stadium.  Here  was  the 
starting-place  {&<pt<rt!,  ypaiinii,  SottXijJ,  or  /SoAiSis),  marked  by  a  square 
pillar  in  the  middle  of  the  breadth  of  the  area.  Another  such  pillar 
was  placed  at  the  other  end  of  the  course,  at  the  distance  of  a  stadium 
from  the  former,  and  at  or  near  the  centre  of  the  semicircular  end 
of  the  area.  This  pillar  marked  the  termination  of  the  simple  foot-race 
[Olyufian  Qau£sJ,  but  in  the  Diaulus  the  runners  turned  round  it  and 
went  back  to  the  starting-place ;  in  the  Dolichus  they  turned  round 
both  pillars  several  times,  according  to  the  number  of  stadia  of  which 
the  course  consisted.  The  end  of  the  course  was  called  tipjui,  $arrfip, 
Ti\os,  Kofarriip  and  yitraa.  Halfway  between  these  pillars  stood  a 
thirdt  On  tiie  pillar  at  the  starting-place  was  inscribed  the  word 
ipbrtvt  (excd) ;  on  the  middle  one,  avevSt  (ha»teti) ;  on  the  one  at  the 
goal,  Kd/t^y  (turn).  The  semicircular  end  of  the  area  (ffiptrioirli)  was 
thus  not  used  in  the  foot-race.  Here  probably  the  other  gymnastic 
contests  took  place;  for  though  the  stadium  was  originally  intended 
[mly  for  the  foot-race,  yet  as  the  other  contests  came  to  be  added  to 
the  games,  they  also  took  place  in  the  stadium,  except  the  horse-racea, 
for  which  a  separate  course  was  set  apart,  shaped  like  the  stadium,  but 
larger ;  this  was  called  lirK6Spofios. 

Among  the  seats  which  surrounded  the  area,  a  conspicuous  place, 
opposite  to  the  goal,  was  set  apart  for  the  three  Hellanodicae,  who 
decided  the  cont^ts,  and  who  entered  the  stadium  by  a  secret  passage. 
Opposite  to  them  on  the  other  side  of  the  stadium,  was  am  altar,  on 
which  the  priestesses  of  Demeter  Chamyne  sat  to  view  the  games. 
The  area  was  ornamented  with  several  altars  and  statues. 

The  position  of  the  stadium  was  sometimes,  but  not  always,  in  con- 
nection with  the  gymnasium. 

Under  the  Romans  many  of  the  Grecian  stadia  were  modified  so  as 
to  resemble  the  amphitheatre. 

There  still  exist  considerable  ruins  of  stadia  :  among  the  most  re- 
markable of  which  are  those  at  Delphi,  Athens,  Hessene,  Kphesus,  and 
Laodicea. 

(Pausanias,  ii.  27,  6 ;  vi.  20,  6, 6  ;  ix.  28,  1 ;  Miiller's  ArchSologie  da- 
Kuntt,  sec.  290 ;  Knuse,  Die  Oymnattik  und  Agmtietik  der  HeUeiien, 
t,  p.  131,  Ac.) 

STADTHOLDER  (Statlhalter  in  Germon,  Stadhouder  in  Dutch) 
means  lieutenant  or  governor.  The  appellative  Statthalter  is  used  in 
the  cantons  of  German  Switzerland,  to  denote  the  civil  officer  who  i| 
next  to  the  landamman  or  chief  magistrate.  In  the  federal  republic 
of  the  Seven  United  Provinces  of  the  Netherlands,  the  stadhouder  was 
himself  the  first  magistrate  or  president  of  the  Union.  When  several 
of  the  towns  of  Holland  revolted  against  the  tyranny  of  the  Duke  of 
Alba,  the  lieutenant  of  King  Philip  of  Spain,  they  chose  for  their 
governor  William,  prince  of  Orange,  swearing  allegiance  to  him  as  the 
king's  stadhouder,  thus  implying  that  they  had  revolted  against  the 
Duke  of  Alba  and  not  against  King  Philip.  But  it  was  not  until  after 
the  death  of  William,  in  1584,  tiiat  the  three  united  provinces  of 
Holland,  Zealand,  and  Utrecht  agreed  to  have  one  stadhouder  in 
common,  and  appointed  to  that  office  Maurice  of  Nassau,  son  of  the 
deceased  William.  (Pufiendorf.)  From  that  time  the  stodhoudership 
continued  in  the  house  of  Nassau  till  the  death  of  William  III.  in 
1702,  when  the  mole  line  of  William  I.  becoming  extinct,  the  office 
remained  vacant,  and  was  considered  as  tacitly  abolished.  But  in  1747, 
after  a  struggle  between  the  republican  and  the  Orange  parties,  the 
latter,  having  triumphed,  proclaimed  William  IV.,  of  a  collateral  branch 
of  the  Nassau  family,  hereditary  stadhouder  of  the  Seven  United 
Provinces.  His  son  William  V.  was  expelled  by  the  French  in  1796, 
and  resigned  the  stadhoudership  by  treaty  with  France  in  1802,  since 
which  the  office  has  not  been  revived,  the  republic  of  the  Netherlands 
having  been  transformed  into  a  kingdom. 

STAFF,  in  Music  The  five  parallel  lines  and  the  four  spaces 
between  the  lines,  on  which  notes  and  other  musical  oharactere  are 
placed,  are,  collectively,  called  the  Staff. 

STAFF,  MILITARY.  In  Uie  British  empire  this  consista,  under  the 
sovereign  and  the  general  commanding-in-chief,  of  those  general,  field, 


ond  re^mental  officers  to  whom  is  confided  the  care  of  providing  the 
means  of  rendering  the  military  force  of  the  nation  efficient,  of  main^ 
taining  discipline  in  the  army,  and  regulating  the  duties  in  every 
branch  of  the  service. 

Besides  the  commander-in-chief,  his  nulitaiy  secretaries  and  aides* 
de-camp,  the  general  staff  consists  of  the  adjutant  and  quartermaster- 
generals,  with  their  respective  deputies,  assistants,  and  deputy-assis- 
tants, a  deputy,  assistant,  and  deputy-assistant  adjutant-general  for  the 
royal  artillery,  and  a  deputy  and  assistant-adjutant-general  for  the 
royal  engineers ;  the  director-general  of  the  medical  department,  and 
the  chaplain-general  of  the  forces.  The  staff  of  the  ordnance  depart- 
ment consisted  formerly  of  the  master-general  and  lieutenant-general, 
vrith  their  deputies  and  assistants:  the  inspector-general  of  fortifica- 
tions, and  the  director-general  of  artillery,  &c.  The  duties  connected 
with  the  Ordnance  having  been  transferred  to  the  War  Deportment^ 
the  office  of  master-general  has  been  abolished,  and  the  staff  made  a 
part  of  the  War  Office.  The  head-quartera  for  the  general  staff  are  in 
London.  There  are  also,  for  the  several  military  districta  into  which 
Great  Britain  is  divided,  inspecting  field-officere,  assistant  adjutants- 
general,  and  majora  of  brigade,  together  with  the  officera  attached  to 
the  recruiting  service.  The  head-quarters  for  Scotland  are  at  Edin- 
burgh. For  Ireland,  besides  the  lord-lieutenant  and  his  aidea-d»<smp, 
the  chiefs  of  the  stiff  consist  of  a  deputy-adjutant  and  a  deputy- 
quartermaster-generol,  with  their  assistants.  Their  head-quartera  are 
at  Dublin ;  and  there  are,  besides,  the  several  officen  for  the  mihtary 
districts  of  that  part  of  the  empire.  Lastly,  in  each  of  the  colonies 
there  is  a  stitff  graduated  in  accordance  with  the  general  staff  of  the 
army,  and  consisting  of  the  general  commanding,  his  aides-de-camp, 
military  secretaries,  and  majors  of  brigade,  an  inspecting  field-officer,  a 
deputy-adjutant,  and  a  deputy-quartermaster-generoL  _ 

The  adjutant-general  of  the  army  is  charged  with  the  duty  of 
recruiting,  clothing,  and  arming  the  troops,  superintending  their 
discipline,  granting  leave  of  absence,  and  discharging  the  men  when 
the  period  of  their  service  is  expired.  To  the  quartermaster-general 
is  confided  the  duty  of  regulating  the  marches  of  the  troops,  providing 
the  supplies  of  provisions,  and  assigning  the  quarters,  or  places  of 
encampment. 

All  military  commandera  of  territories  or  of  bodies  of  troops  in 
Great  Britain,  Ireland,  or  in  foreign  stations,  transmit  periodically  to 
the  adjutant-general  of  the  army  circumstantial  accounts  of  the  state 
of  the  territory  and  of  the  troops  which  they  command;  and  the 
reports  are  regularly  submitted  to  the  general  commanding-in-chiet 

The  stoff  of  a  regiment  consists  of  the  adjutant,  quartermaster,  pay- 
master, chaplain,  and  surgeon. 

The  first  establishment  of  a  permanent  mihtaiy  staff  (^tat  majeur, 
IS  it  was  called)  was  made  in  France  in  1 783,  about  the  conclusion  of 
the  Revolutionary  war  between  Great  Britain  and  the  United  States 
of  America.  The  officera  who  held  the  highest  rank  in  it  were  con- 
sidered OS  assiatant-quartermaster-generalB,  and  their  deputies  as 
captains.  The  first  duties  consisted  in  collecting  tlie  reports,  the 
ordera,  and  instructions  which  had  formerly  passed  between  the 
genends  of  the  French  armies  and  the  minister  of  war,  together  with 
the  plans  of  the  ground  on  which  the  most  important  «tctions  had 
taken  place ;  and  &om  these  documents  it  was  endeavoured  to  acquire 
a  knowledge  of  the  causes  of  success  or  defeat  as  far  as  theee  depended 
on  the  dispositions  of  the  troops  and  the  nature  of  the  ground.  The 
persons  who  were  allowed  to  enter  the  department  of  the  £tat  majeur 
were  such  as,  to  a  knowledge  of  the  general  theory  of  military  tactics, 
added  that  of  topographical  surveying,  and  who  were  skilful  in  the  art 
of  representing  on  a  plan  ihe  features  of  ground  so  as  to  {»resent  to 
the  eye  at  once  a  view  of  its  capabilities  as  a  military  position,  and  of 
the  facilities  which  it  might  afford  for  the  march  of  troops  with  thear 
artillery  and  stores. 

About  the  year  1800  the  British  government  first  formed  a 
particular  school  for  the  purpose  of  instructing  officers  in  tile  art  ot 
surveying  ground  in  connection  with  that  part  of  tactics  which  relates 
to  the  choice  of  routes  and  of  advantageous  poBitions  for  troops. 
These  officera  were  independent  of  the  master-general  of  the  ordnance, 
and  served  under  the  ordera  of  the  quartermaster-general  or  adjutant- 
general;  they  were  called  staff-officera,  and  were  selected  from  the 
cavalry  or  infantry  after  having  done  duty  with  a  regiment  at  least 
four  years.  They  were  first  employed  in  Egypt,  where  they  rendered 
considerable  service;  and  the  school  was  afterwards  united  to  the 
Royal  MiUtaiy  College,  which  hod  been  then  recently  instituted  for  the 
instruction  of  cadets  who  were  to  serve  in  the  cavolry  or  thein&ntry  of 
the  line.  At  that  institution  a  limited  number  of  officen,  under  the 
name  of  the  senior  department,  continue  to  bo  instructed  in  the  duties 
of  the  staff,  and  in  the  scieuoes  connected  with  the  military  art  All 
officera  are  now  obliged  to  pass  an  examination  before  they  can  be 
employed  on  the  staff  of  the  army,  and  they  may  either  enter  the  Staff 
CoUege  at  Sandhurst  by  a  competitive  examination,  and  remain  there 
for  two  yeara,  or  may  qualify  for  the  staff  by  passing  the  same 
examination  as  is  required  of  the  officen  at  Bandhurat  at  the  end  of 
their  course  of  study. 

During  the  war  in  Spain,  from  1808  to  1818,  the  staff-offioere  were 
oonstantiy  employed,  previously  to  a  march  or  a  retreat,  in  surveying 
the  coimtiy  at  least  one  day's  jouftiey  in  front  of  the  army.  After  th« 
death  of  the  Diike  of  York,  lie  staff  corps  ceased  to  be  kept  up,  and 
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for  several  yeara  it  was  reduced  to  a  single  company,  wbich  was 
charged  with  the  duty  of  repairing  the  military  canal  at  Hythe.  This 
company  was  afterwards  incorporated  with  the  corps  of  sappers  and 
miners. 

The  duties  of  officers  belonging  to  the  quartermaster-general's  BtaGr, 
though  in  certain  respects  similar,  are  different  from  those  of  the 
military  engineers ;  the  latter  are  employed  in  the  construction  of 
permanent  fortifications,  batteries,  and  field-works ;  while  the  former 
survey  ground  in  order  to  discover  roads,  or  sites  for  military  positions, 
for  fietds  of  battle,  or  quarters  for  the  troops.  The  education  of  a 
Btaff-officer  ia  such  as  may  qualify  him  for  appreciating  the  military 
character  of  ground  :  for  this  purpose  he  leams  to  trace  the  directions 
of  roads  and  the  courses  of  rivers  or  streams ;  and  in  mountainous 
countries  to  distinguish  the  principal  chains  from  their  ramifications, 
to  examine  the  entrances  of  gorges,  and  to  determine  the  heights  of 
eminences  or  the  depths  of  ravines.  He  has,  besides,  to  acquire  a 
facility  in  determining  or  estimating  the  resources  of  a  district  with 
respect  to  the  means  it  affords  of  supplying  provisions  or  quarters  for 
the  troops.  [Reooknaissakoe.] 

The  staff-officer  ought  also  to  know  how  to  correct  the  illusions  to 
which  the  eye  is  subject  in  eramining  ground,  from  the  different  states 
of  the  air,  and  the  number  and  nature  of  the  objects  which  may  inter- 
vene between  himself  and  those  whose  positions  are  required.  He 
ought  to  be  able  to  estimate  the  number  of  men  whom  a  visible  tract 
of  ground  can  contain,  and  to  form  a  judgment  concerning  the 
dispoaitiona  and  stratagems  which  it  may  permit  an  army  to  put  in 
practice. 

STAGE  CABRIAGE.  Although  the  law  regards  differently  a  ttage 
carriage  and  a  hadmey  carriage,  we  may  conveniently  treat  of  both 
here.  The  former  group  comprises  ttagt  coaches  and  omnilnaei,  for  the 
use  of  which  passengers  pay  at  the  rate  of  so  much  per  journey ;  the 
latter  group  comprises  hackney  coaehet  and  eabt,  for  which  passengers 
pay  eitjier  at  so  much  per  mUe  or  so  much  per  quarter  of  an  hour. 
As  to  coaches  generally,  it  needs  simply  to  be  observed  here,  that  they 
were  introduced  into  England  about  1570,  and  that  a  long  time 
elapsed  before  their  use  be«une  customary  among  wealthy  persons. 

Machtej/  Carriaga. — The  derivation  of  the  word  Hackney,  as 
applied  to  a  class  of  public  conveyances,  has  occasioned  much  specula- 
tion. The  suburb  of  Hackney;  the  French  Hacqaaiit  and  Haque, 
both  derived  from  the  Latin,  eqyua,  a  horse ;  and  the  Anglo-Saxon 
equivalent  for  "neighing"  have  been  severally  proposed  as  the 
probable  origin  for  the  name.  However  this  may  be,  it  is  sufficiently 
evident  that  the  term  hackney  was  first  applied  to  horses  let  for  hire, 
and  then,  by  a  very  natural  transition,  extended  to  coaches,  and 
subsequently  to  sedan-chairs,  employed  in  a  similar  way. 

Hackney  carriages  appear  to  luive  originated  in  London.  It  was  in 
1625  that  they  b^;an  to  ply  in  Ixindon  streets,  or  rather  at  the  inns, 
to  be  called  for  as  they  were  wanted ;  and  they  were  at  this  time  only 
twenty  in  number.  In  1634  sedan-chairs  appear,  for  the  first  time,  to 
have  entered  into  competition  with  hackney-coaches,  the  sole  privilege 
being  granted  in  that  year  to  Sir  Sanders  Duncomb.  In  the  following 
year  an  attempt  was  made  to  check  the  increasing  annoyance 
occasioned  by  the  "general  and  promiscuous  use  of  coaches"  by  a 
proclamation  from  the  king  (Charles  I.)  that  no  hackney  or  hired  coach 
should  be  used  in  London,  Westminster,  or  the  suburbs,  unless  it 
were  engaged  to  travel  at  least  three  miles  out  of  the  same ;  and  that 
every  hackney-coach  owner  should  constantly  maintain  four  able  horses 
for  Uie  royal  service  when  required.  Finding  it  impossible  to  prevent 
the  nse  of  so  great  a  convenience,  a  commission  was  issued  to  the 
master  of  the  horse  in  1637  to  grant  licences  to  fifty  hackney-coach- 
men in  and  about  London  and  Westminster,  and  as  many  others  as 
might  be  needful  in  other  places  in  England,  each  coachman  being 
allowed  to  keep  not  more  than  twelve  horses.  In  1652  the  number^ 
hacknqr-coaches  daily  plying  in  the  streets  was  limited  to  200;  in 
1654  it  was  increased  to  800,  allowing  however  only  600  horses ;  and 
an  increase  was  at  different  times  allowed  till  1771,  when  the  number 
of  coaches  was  further  increased  to  1000.  Notwithstanding  this  steady 
increase  in  the  use  of  hackney-coaches,  they  were  long  assailed  as 
public  nuisances. 

The  first  hackney-coach  ttand  was  established  in  1684,  by  one 
Captain  Baily,  near  the  May-pole  in  f^e  Strand.  Even  so  late  as  1660 
Charles  II.  issued  a  proclamation  against  hackney-coaches  standing  in 
the  streets  to  be  hired.  The  monopoly  long  enjoyed  by  the  London 
backn^-ooachmen  produced  great  indifference  to  the  increasing  wants 
of  the  ccnumunity ;  even  down  to  the  year  1828,  while  that  monopoly 
was  undisturbed,  hackney-coaches  appear  to  have  simk  lower  and 
lower  in  the  scale  of  efficiency. 

While  this  was  the  state  of  things  in  London,  a  lighter  kind  of 
vehicle,  drawn  by  one  horse,  called  cabrioUU  de  place,  had  been  brought 
Into  extensive  use  in  Poris.  But  it  was  not  till  1828,  and  then  with 
great  difficulfy,  that  licences  were  obtained  for  eight  cabriolets  to  be 
started  at  fares  one-third  lower  than  those  of  hackney-coaches.  The 
new  vehicle  was  a  hooded  chaise,  drawn  by  one  horse,  and  carrying 
only  one  passenger  besides  the  driver,  who  sat  in  the  cabriolet  (or,  as 
more  commonly  called  for  brevity,  the  cab),  with  his  fare.  An  improved 
build  was  soon  introduced,  by  which  room  was  provided  for  a  second 
passenger,  and  the  driver  was  separated  from  tiie  fara  With  the 
rapid  extension  of  this  lighter  doss  of  vehicles,  numerous  varieties  of 


construction  h^ve  been  introduced,  in  which  comfortable  and  safe 
accommodation,  with  complete  shelter  from  the  weather  and  separation 
from  tiie  driver,  is  provided  for  two,  three,  or  four  persons.  The  name 
cab  is  still  commonly  applied  to  all  hackney-oorriages  drawn  by  one 
horse,  whether  on  two  or  four  wheels.  During  the  first  few  years 
of  the  employment  of  such  carriages  their  number  was  restricted  to 
65,  while  uie  number  of  coach-licences  was  increased  to  1200 ;  but  in 
1882  all  restriction  as  to  the  number  of  hackney  carriages  was 
removed. 

Since  the  year  1822  hackney  carriage-drivers  have  been  required  to 
deposit  any  articles  which  may  be  accidentally  left  in  their  vehicles 
with  the  registrar  of  licences,  to  whom  the  owners  of  the  lost  property 
may  apply  for  its  restoration.  The  property  thus  recovered  has  often 
exceedcxl  10,000^  in  a  single  year.  To  lessen  the  risk  in  reference  to 
one  important  department  of  hackney  carriage  business,  the  railway 
companies  which  have  termini  in  London  enter  into  arrangements  by 
which  a  limited  number  of  carriages,  driven  only  by  men  of  weU 
attested  respectability,  are  allowed  to  stand  within  their  stations,  to 
convey  passengers  to  tiieir  respective  destinations,  under  a  system  of 
supervision  so  strict,  that  any  case  of  misconduct  or  overchaige  is 
almost  certain  to  be  brought  home  to  the  guilty  party. 

The  hackney  carriages  of  the  metropolis  are  now  regulated  as  to 
vehicles,  drivers,  and  fiu^  by  the  Act  16  &  17  Vict  c  38,(1853).  Every 
owner  of  a  stage-carriage  must  be  licensed.  On  applying  to  the 
Commissioners  of  Police  for  a  licence,  his  vehicle  is  to  be  inspected; 
if  it  be  approved  on  inspection,  the  Commissioners  grant  a  certificate, 
stating  how  many  persons  the  vehicle  ia  permitted  to  carry.  On  the 
presentation  of  this  certificate,  the  Board  of  Inland  Revenue  grants  a 
licence.  The  police  commissioners  are  empowered,  at  any  time  deemed 
by  them  proper,  to  order  an  inspection  of  meixopoliton  stage  and 
hackney-carriages  and  horses ;  if  any  ore  found  in  improper  condition, 
notice  thereof  is  sent  to  the  proprietor ;  if  he  neglect  to  attend  to  this 
warning,  the  commissioners  may  suspend  his  licence  for  a  stated  time, 
and  take  away  his  Stamp  Office  plate  until  after  the  expiration  of  that 
time.  The  fares  for  hackney-carriages  are  fixed  at  6d.  for  every  mile 
or  fraction  of  a  mile,  or  2t.  per  hour.  Back  fares  are  disallowed ;  but 
6d.  per  quarter  of  an  hour  is  allowed  for  detention.  Each  hadmey- 
carriage  is  to  be  provided  with  a  table  of  fares,  and  each  driver  with  a 
book  of  fares,  which  he  is  to  produce  when  required.  The  driver 
must  not  refuse  to  carry  a  fare,  if  the  distance  be  within  six  miles  or 
the  time  within  an  hour;  beyond  these  limits  he  may  exercise  an 
option.  When  hired  by  time,  the  driver  is  not  bound  to  go  more  than 
four  miles  an  hour,  unless  pud  6d.  per  mile  extra.  The  driver  is  to 
give  a  ticket  to  his  fare,  inscribed  with  the  Stamp  Office  number  of  the 
carriage.  The'  carriage  must  contain,  in  writing,  a  notification  of  the 
number  of  persons  it  may  carry  at  once.  A  reasonable  quantity  of 
luggage  is  to  be  taken  free  of  charge.  Property  left  in  carriages  is  to 
be  accounted  for,  by  the  driver,  under  certain  r^ulations.  Lamps  are 
to  be  lighted  in  or  on  the  carriages  at  night.  The  police  are  to  have 
control  over  all  the  coach-stands.  In  the  cases  where  a  hackney- 
carriage  is  drawn  by  more  than  one  horse,  an  addition  of  one-third  may 
be  made  to  the  fare.  The  driver  may  refuse  to  chai;ge  by  time  instead 
of  distance,  between  eight  in  the  evening  and  six  in  the  morning.  If 
more  than  two  persons  ride  in  a  haclmey  carriage,  6d,  for  each  is 
charged  (over  any  distance)  beyond  the  regular  fare. — All  these  pro- 
visions are  enforced  by  fine  or  imprisonment. 

The  above  act  related  chiefly  to  hackney-carriages  in  connection 
with  the  public.  Another,  relating  to  their  connection  with  the 
revenue,  was  passed  in  the  same  year  (16  &  17  Vict.  o.  127).  The  old 
duties  {BL  for  a  licence,  and  10>.  per  week)  were  repealed,  and  lower 
duties  imposed.  The  licence  for  every  hackney-carriage  is  to  be  2L, 
and  the  duty  is  to  be  6j.  or  7>.,  according  as  the  carriage  is  to  be 
worked  six  or  seven  days  in  a  week.  Every  licence  is  for  one  year 
only,  and  is  to  be  renewed  annually.  The  number-plate  is  proof  of 
the  licence.  Drivers  are  entitled  to  charge  1<.  per  mile  instead  of  6c2. 
for  any  portion  of  their  route  beyond  four  miles  from  Charing  Cross ; 
provided  the  carriage  is  ditcharged  beyond  that  limit.  A  proprietor 
must  not  withdraw  his  hackney-carriage  from  plying,  beyond  one  day 
at  a  time,  without  giving  notice  of  his  intention  to  that  effect. 

We  must  here  state  that  hackney  carriages,  as  regulated  by  law, 
comprise  only  those  which  work  witlun  the  police  limits  of  the  metro- 
polis. Beyond  those  limits,  the  owners  have  to  pay  poit-hone  duty 
[Posnvo],  and  possibly  some  local  tax  imposed  b^  municipal  authori- 
ties; but  none  of  the  duties  mentioned  in  this  article.  The  sum 
contributed  to  the  national  revenue  by  the  London  cabs  (for  in  the 
middle  of  1860  there  was  only  one  pair-horse  hackney-coach  left)  is 
considerable.  The  duty  of  a  shilling  a  day  brings  in  about  80,0002. 
or  85,000/.  per  annum ;  while  the  cab  licence,  and  the  drivers'  and 
watermen's  licences,  raise  this  to  about  40002.  more.  There  were  rather 
over  5100  London  cabs  in  the  middle  of  1860.  The  driven  are  more 
numerous  than  the  cabs ;  for  there  are  often  a  day  driver  and  a  night 
driver  for  the  same  vehicle.  The  six-day  cabs,  which  do  not  run  on 
Sundays,  bear  for  distinction  numbers  expressed  by  five  figures, 
beginning  with  10,000.  Of  the  sum  realised  by  the  government  from 
the  metropolitan  cabs,  about  13,0002.  is  annually  handed  over  to  the 
Commissioners  of  Police,  to  defray  the  expenses  of  supervision,  water- 
men, coach-stands,  &c.  It  is  computed  that  seven  horses  are  on  an 
average  kept  for  three  cabs,    8oiae  of  the  oab-mastera  own  abovtt 
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fifty  Tehioles  each ;  meet  of  them  own  a  few  only :  and  in  oertain  eases 
the  cabman  is  the  owner  of  the  vehicle  which  he  drives.  The  patent 
or '  Hansom '  cabs,  peculiar  for  their  construction  and  their  high  speed, 
are  well-horsed ;  and  there  is  observably  a  gradual  improvement  in  the 
genenl  condition  of  the  horses  employed  in  the  London  cabs. 

Jn  Paris,  the  hackney  carriages  are  under  strict  regulation.  The 
general  custom  has  been  to  chai^ge  so  much  for  a  eoune,  or  journey, 
whether  long  or  short,  provided  it  be  within  the  limits  of  Paris.  This 
charge  used  to  be  one  franc  ;  but  practically,  a  fee  to  the  driver  raised 
it  to  a  few  sous  more.  A  few  years  ago  this  system  was  changed ; 
every  vehicle  was  provided  by  the  authorities  with  a  timepiece  or 
watdi,  and  fares  were  charged  by  the  hour..  For  some  reason  this 
system  was  abandoned  after  a  trml,  and  the  old  method  of  paying  for 
the  course  resumed.  The  pernicious  custom  of  allowing  the  driver 
to  demand  a  fee  or  "  pour  baire,"  without  defining  ita  amount,  con- 
tinues. 

liutje  Oarriaget. — We  have  next  to  notice  those  public  carriages 
which  run  regular  stages  or  routes,  and  which  charge  by  the  journey, 
not  by  the  mile  or  the  hour. 

Stage-coaches  were  first  used  in  England  soon  after  the  introduction 
of  hired  carriages.  In  Scotland,  in  1678,  Provost  Campbell  established 
a  coach  to  run  from  Glasgow  to  Edinburgh,  "  drawn  by  sax  able 
horsHS,  to  leave  Edinboro'  ilk  Uonday  morning,  and  return  again  (God 
willing)  ilk  Saturday  night."  The  first  inail  coach  travelled  from 
London  to  Edinburgh  about  1785,  and  to  Glasgow  in  1788.  Springs 
were  the  first  means  towards  better  travelling ;  since  their  invention, 
the  increased  speed  and  better  appointment  of  English  atage-coaches 
have  been  caused  by  the  improvement  of  roads,  in  conjunction  with  the 
great  demand  for  rapid  travelling.  In  this  country  the  best  stage- 
coaches were  very  perfect  machines,  and  Ijie  amngements  by  which 
they  were  conducted  were  well-planned,  but  some  deterioration  has 
taken  place  since  their  very  general  displacement  by  railways.  The 
expense  of  honing  a  four-horse  coach,  running  at  the  speed  of  from  nine 
to  ten  miles  an  hour  was  reckoned  at  Sj.  a  double  oiile  for  28  days  (a 
lunar  month);  so  that  a  person  horsing  ten  miles  of  a  coach  passing 
backwards  and  forwards  each  day,  required  to  earn  or  receive  by  way  of* 
remuneration  13  times  302.  or  3902.  a  year  for  his  work.  Mails  are 
exempt  from  turnpike  tolls,  but  a  tax  is  paid  for  them  to  the  govern- 
ment, and  mileage  to  the  contractor  for  the  use  of  the  coach.  The 
Poet-office  allows  them  a  certain  sum,  determined  by  circumstances, 
per  mile  for  carrying  the  letters;  in  consideration  of  this,  it  claims  a 
light  to  limit  their  number  of  possengera,  and  regulate  their  speed  and 
time  of  starting :  the  guard  is  the  servant  of  the  Post-office. 

Short-etage-coaches,  plying  in  the  neighbourhood  of  towns,  have 
been  nearly  superseded  by  omnibuses. 

Until  about  the  year  1830,  in  the  metropolis  a  few  slow  and  un- 
punctual  stages  were  the  only  means  of  transit  provided  for  the 
citizens  to  convey  them  to  their  suburban  residences.  A  little  earlier, 
only  one  stage  plied  from  Paddington  to  the  Bank ;  and  tiiis  single 
vehicle,  going  in  the  morning  and  returning  at  night,  was  not  always 
full.  Its  fares  were  two  shillings  inside,  and  eighteen-pence  outside. 
The  old  stage-coaches  could  only  carry  four,  or  at  most  six,  inside 
passengers ;  and  when  an  attempt  was  made,  about  the  year  1800,  to 
introdbce  a  more  commodious  kind  of  vehicle,  resembling  an  omnibus, 
the  project  failed,  in  consequence  of  a  general  prejudice  against  th; 
hearse-like  appearance  of  the  carriage.  The  long-bodied  carriage  then 
tried  was  drawn  by  four  horses,  and  had  six  wheels.  When  re- 
introduced from  Paris,  the  omnibus  had  four  wheels,  but  was  much 
longer  and  heavier  than  at  present,  and  was  drawn  by  three  horses 
abreast.  The  first  successful  omnibus  in  London  was  started  by  a 
coach-builder  named  Shillibeer,  in  1829,  to  run  between  Greenwich 
and  Charing-Cross,  at  fares  considerably  less  than  those  of  the  old 
short  stages ;  in  addition  to  which  advantage,  the  greater  part  of  the 
passengers  were  sheltered  from  the  weather.  Success  in  the  first 
experiment  led  Shillibeer  to  establish  omnibuses  between  Paddington 
and  the  Bank.  After  opposing  the  innovation  most  violently  for  a 
time,  the  old  coach-proprietors  followed  his  example,  started  omnibuses 
of  their  own,  and  by  combined  opposition  succeeded  in  driving  him 
entirely  off  the  road ;  not,  however,  before  the  new  system  of  travelling 
was  fully  established. 

A  few  notices  concerning  the  omnibus  system  of  the  present  day 
may  be  added;  but  we  must  fint  speak  of  the  legislation  on  the 
subject  of  stage-carriages. 

In  1799  the  Act  of  Parliament  was  passed  (19  Geo.  III.,  c  61) 
which  first  imposed  a  duty  on  hired  carriages  of  any  description.  This 
duty  has  at  times  been  variously  regulated.  By  an  Act  passed  in 
1888,  the  duty  on  stage-coaches  was  made  to  depend  on  the  number  of 
miles  such  carriage  is  authorised  by  the  licence  to  travel  in  the  day, 
week,  or  month,  as  the  case  may  be.  This  duty  might  be  compounded 
for.  Every  stage-carriage  is  to  have  a  numbered  plate  affixed  to  it ;  a 
licence  is  necessary  for  every  pair  of  plates,  and  the  number  of 
passengers  each  carriage  is  aUowed  to  carry  is  stated  in  the  licence. 
These  regulations  are  applicable  to  all  such  carriages  throughout  the 
country,  and  include  the  more  recently  introduced  oi»nt6ia,  a  word  in 
no  way  recognised  by  the  legislature.  The  conduct  of  the  stage- 
carnages  which  are  employed  in  London  and  within  ten  miles  of  the 
General  Post-office,  ia  further  regulated  by  an  Act  passed  in  1838,  in 
which  they  are  directed  to  be  called  "  tnetropolitan  stag»carriages,"  i 


and  by  which,  besides  the  rules  applicable  by  previous  acts  to  these 
conveyances  as  stage-carriages,  other  enactments  are  made  as  to  the 
Stamp-Office  plates,  Ac. '  It  also  empowers  the  Secretary  of  State  to 
appoint  a  Registrar  of  Metropolitan  Stage- Carriages,  whose  duty  it  is  to 
issue  the  licence  which  the  Commissioners  of  Stamps  are  authorised  to 
grant  to  drivers  and  conductors.  These  licences  the  registrar  may 
grant  to  any  person  above  16  years  of  age  who  can  produce  certificates 
of  his  ability  to  drive,  and  of  good  character.  The  licence  is  renewable 
yearly,  and  with  it  is  given  an  abstract  of  the  laws  and  penalties  to 
which  the  receiver  is  amenable,  and  a  numbered  ticket,  the  latter  of 
which  he  is  to  wear  conspicuously  on  his  person,  and  not  to  transfer 
or  lend.  The  duty  is  calculated  in  the  proportion  of  so  much  per  mile 
according  to  the  number  of  passengers  the  carriage  may  be  licensed  to 
carry. 

Aiiother  regulative  Act  was  passed  in  184S.  Proprietors  are,  as 
before,  to  fix  their  own  fsres ;  but  the  list'  of  &ree  is  to  be  painted 
within-side  the  coach  or  omnibus.  A  further  Act,  passed  in  1855, 
contained  two  or  three  clauses  relating  to  stage-carriages.  The  mileage 
duty  ia  reduced  from  Hd.  to  Id.  per  mile.  The  charge  for  a  supple- 
mentary licence  is  reduced  from  58.  to  la.  On  ihe  other  hand,  the 
liberty  to  compound  for  stage-carriage  duties  is  withdrawn. 

In  1836,  a  joint-stock  association  called  the  "  London  Conveyance 
Company"  was  established,  which  proposed  to  run  omnibuses 
along  the  principal  lines  of  traffic,  starting  at  short  and  regular  in- 
tervals, and  conducted  by  men  of  sober  and  respectable  character. 
The  result  of  this  experiment  was  so  successful,  that  other  owners 
formed  themselves  into  bodies  of  similar  character.  In  the  course 
of  a  few  years  the  association  system  was  almost  universally  adopted 
in  the  metropolis.  For  some  years  the  traffic  from  Paddington  to  the 
Bank  through  Holbom  was  managed  by  the  London  Conveyance  Com- 
pany, with  more  than  eighty  omnibuses,  and  no^  leas  than  a  thousand 
horses.  Each  of  the  omnibuses  performed  upon  an  average  six  double 
journeys  per  day,  and  required  at  least  ten  horses  to  work  it,  inde- 
pendent of  casualties.  These  horses  were  selected  for  strength  and 
activity,  and  an  experienced  veterinary  surgeon,  with  a  staff  of  assistants 
and  farriers,  was  employed  to  attend  to  them.  The  annual  receipts 
of  this  company  alone  were  roughly  estimated  at  80,0002,  to  100,0u02. 
About  the  year  1844  it  was  found  that,  out  of  1400  metropolitan 
omnibuses,  200  were  engaged  on  various  routes  to  Paddington.  In 
1855  a  "London  GenerU  Omnibus  Company"  was  established.  It 
was  of  French  origin,  as  a  SocUti  en  Commandite,  but  was  afterwards 
transformed  into  an  English  Company  with  limited  liability.  A  capital 
was  raised  by  shares;  and  the  company  proceeded,  not  to  establish 
new  omnibuses  and  omnibus  routes,  but  to  purchase  those  already 
existing.  The  sets  of  omnibuses  known  as  the  "  Wellington,"  "  Atlas, 
"  Waterloo,'  "  Favourite,"  &c.,  were  one  by  one  bought  up.  On  an 
average  the  company  purchased  eleven  horses  with  each  omnibus.  In 
order  to  propitiate  the  public  the  company  promised  new  and  superior 
vehicles.  They  offered  a  prize  of  1002.  for  a  design  for  an  improved 
omnibus ;  but  though  the  prize  was  awarded,  the  company  have  not 
adopted  that  or  any  other  particular  model  in  the  build  of  their 
omnibuses.  The  operations  gradually  extended  untU  the  company 
became  possessed  of  more  tliui  600  omnibuses :  each  omnibus,  with 
its  stud  of  horses,  harness,  and  "  goodwill "  of  the  business  already 
established,  cost  on  an  average  about  7002.  The  horses  exceed  6000 
in  number.  It  has  been  found  that  these  metropolitan  omnibuses,  one 
with  another,  run  more  than  20,000  miles  a  year  each.  In  renewing 
the  stock  the  average  expenditure  has  been  about  1202,  per  omnibua, 
802.  per  horse,  and  122.  harness.  Each  horse,  under  average  prices, 
costs  26«.  per  week  for  food,  litter,  medicine,  shoeing,  atteudanoe,  &c. 
The  "  wear  and  tear  "  of  omnibus  and  harness  per  week  is  about  2il. 
The  horses  run  about  12  miles  per  day  each  on  an  average. 

The  transactions  of  this  company  during  the  year  1860  present  a 
strange  result  in  a  financial  point  of  view :  40,000,000  passengers  bad 
been  conveyed,  and  had  paid  about  589,0002.  to  the  company  for  that 
service ;  but  the  expense  incurred  in  rendering  the  service  was 
591,0002.,  showing  a  small  but  actual  loss  on  the  whole  year's  operap 
tions,  and  leaving  no  dividend  whatever  for  the  invested  capital.  The 
receipts  show  an  average  of  about  34c2.  per  passenger. 

The  omnibuses  in  Glasgow,  Liverpool,  Manchester,  and  several  other 
towns,  are  in  most  respects  superior  to  those  of  London.  Projects 
have  been  formed  for  running  omnibuses  on  tramways  in  the  public 
streets;  this  plan  was  commenced  at  Birkenhead  in  1860. 

The  mileage  duty  paid  to  the  government  for  the  metropolitan 
omnibuses  amounts  to  about  70,0002.  a  year ;  to  which  is  added  about 
15,0002.  a  year  for  stamp-duty,  and  drivers'  and  conductors'  licences. 
Stage-coaches  and  omnibuses  are  not  so  severely  tased  in  other  parts 
of  the  kingdom.  In  Ireland  the  road  traffic  is  mostly  conducted  by 
means  of  Bianconi's  stage  can — a  remarkable  example  of  successful  and 
effective  private  enterprise. 

STAINING.    [Dtbiko;  Glass  Makdfaotube  ;  Papkb  HaKcwa.] 

STAIRCASE.  This  is  an  indispensable  part  of  the  interior  of 
buildings  which  oonsist  of  more  than  a  ground-fioor,  and  stairs  of  some 
sort  must  have  always  been  employed  wherever  there  were  upper 
rooms,  and  even  to  obtain  access  to  the  terraced  roofs  which  are  used  in 
the  East.  But  we  are  altogether  ignorant  of  the  character  of  ancient 
stau-coses.  Vitruviua-— who  touches  upon  so  many  matters  that  are 
very  remotely  connected  with  his  subj^— gives  no  information  about 
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siaircases ;  neither  has  much  light  been  thrown  upon  the  subject  by 
the  discoveries  of  Pompeii.  Scarcely  any  indications  even  of  upper 
floors  to  the  bouses  have  there  been  found,  and  what  few  traces  of 
staircases,  or  rather  of  stairs,  remain,  show  them  to  have  been  exceed- 
ingly incommodious,  fitted  only  for  obtaining  access  to  an  upper  loft, 
or  to  the  roof,  and  not  at  all  adapted  for  constant  communication 
between  dwelling  apartments  on  different  floors.  It  may,  therefore, 
very  safely  be  taken  for  granted — at  least  untU  some  direct  evidence  to 
the  contrary  shall  be  found — that  the  houses  of  the  ancients  were  in 
this,  as  well  as  in  many  other  respects,  greatly  inferior  to  our  own, 
and  hod  nothing  whatever  corresponding  to  the  modem  staircase. 
Nearly  the  same  may  be  said  wiiii  respect  to  the  ancient  domestic 
architecture  of  our  own  country,  where,  even  in  residences  of  the 
highest  class,  the  staircases  were  generally  very  confined,  placed  within 
turrets,  and  exceedingly  steep  and  narrow :  narrow  not  only  as  regards 
the  actual  width  of  passage  up  and  down,  but  as  regards  the  diameter 
or  space  occupied  by  the  whole,  there  being  no  veil,  or  central  opening, 
but  the  steps  winding  around  a  solid  newel ;  so  that,  in  ascending  or 
descending,  a  person  is  continually  revolvinj^  without  any  "  foot  paces  " 
for  resting  upon,  and  cannot  see  whether  ne  will  encounter  any  one 
else.  Tmtp&e  was  a  term  formerly  applied  to  staircases  of  this  kind ; 
also  rite,  from  their  spiral  or  screw-like  shape,  whence  the  more 
modem  appellation  of  corhicrea  stairs,  corresponding  with  the  ItaBan 
tcala  alia  lumacda,  or  teala  aila  chiocaola,  with  the  French  eicalUr 
A  Kmafon,  and  the  Oennan  v)enddtrg>pe. 

It  was  not  till  about  the  time  of  Elizabeth  that  staircases  began  to 
be  planned  more  eommodiously  in  this  country,  and  were  made  a  deco- 
rative feature  in  the  interior  of  a  mansion.  But  thou^  they  were 
greatly  improved,  the  flights  being  made  vrider,  and  the  steps  parallel  to 
each  other,  with  intermediate  Umdings  or  resting-places  between  tiie 
several  flights,  and  although  considerable  decoration  was  bestowed 
upou  them, — the  walls  being  panelled,  and  the  parapet  of  the  stairs 
formed  either  by  richly  carved  balusters  or  open  fretwork,  frequently 
with  heraldic  figures  of  animals  on  the  pedestals  at  the  angles  of  the 
different  flights, — the  staircase  itself  was  usually  inclosed  within  a 
comparatively  small  area,  so  as  to  admit  of-  no  general  view  of  the 
wholo  of  it,  there  being  very  little  open  space,  or  tcell,  as  it  is  termed, 
sometimes  none  at  all.  The  staircases  at  Aldemuston,  Berks ;  Crewe 
Hall,  Cheshire  ;  and  Knole,  Kent,  may  be  -taken  as  examples  of  the 
kind.  At  a  later  period,  staircases  in  mansions  of  a  superior  class  were 
made  disproportionably  spacious,  being  upon  a  scale  as  to  size  with 
which  the  apartments  uiemselves  were  not  at  all  in  keeping. 

The  planning  of  a  staircase  is  generally  considered  one  of  the  most 
difficult  matters  in  internal  architecture,  and  it  is  certainly  one  that 
requires  great  consideration.  Yet  there  is  no  particular  difficulty, 
except  where,  as  is  generally  the  case  in  moderate-sized  houses,  the 
architect  is  cramped  for  room,  more  especially  if,  while  restricted  in 
that  respect,  the  ascent  from  one  floor  to  snother  is  greater  than  usual 
The  number  of  stsiis,  and  the  space  required  for  the  convenient  arrange- 
ment of  them,  are  easily  estimated  when  the  height  of  the  ascent  from 
one  floor  to  another  is  given,  and  the  dimensions  ore  determined  for 
the  risers  and  treads.  Stairs  are  technically  described  as  consisting  of 
ritert  and  treadt,  the  former  being  the  fronts  or  heights  ot  the  stras, 
and  the  other  their  fiat  surfaces  or  breadths.  Stairs  aro  farther  dis- 
tinguished as  being  fyert,  those  which  ascend  straightforward ;  and 
mnden,  which  having  ttieir  treads  triangular,  coming  quite  to  a  point 
At  their  ends  near  the  balusters,  afford  no  footing  there,  and  oug^t 
consequently  to  be  avoided  whenever  it  is  at  all  practicable  to  do  so. 
A  Jligal  is  a  consecutive  series  of  stairs  in  the  same  direction,  or 
between  one  quarter-ipace  or  half-ipaee  (palier)  and  another,  which  last 
are  short  intermediate  landings,  serving  to  lessen  the  fatigue  of  a  con- 
tinuous ascent,  by  subdividing  it  into  shorter  flights.  For  the  area 
containing,  or  rather  constituting,  the  staircase  itself,  we  have  no 
distinct  term  in  addition  to  the  general  one,  similar  to  the  fVendi  eoffe, 
the  Italian  gabbia,  and  the  German  trtppenham. 

Wo  proceed  to  notice  the  kiost  convenient  proportions  of  the  stairs 
themselves  as  to  height  and  breadth  for  their  length.  As  to  the 
breadth  of  the  flights,  that  is  comparatively  arbitrary :  it  should  never 
be  much  less  than  4  feet,  so  as  to  allow  two  persons  to  pass,  except 
in  back-staircases ;  but  it  may  be  as  much  more  as  the  space  will 
permit,  or  the  effect  aimed  at  in  the  design  may  require.  The  best 
general,  and  what  may  be  considered  standard,  proportions,  are  6  inches 
for  the  risers  and  12  inches  for  the  treads;  though  from  64  to  7  inches 
may  be  allowed  for  the  former,  and  only  ten  for  the  latter,  in  secondary 
staircases.  In  those  of  a  very  superior  kind,  on  the  contraiy,  the 
risers  do  not  exceed  5  or  even  i  inches  (less  height  than  which  lost 
would  be  more  fatiguing  than  convenient),  and  their  treads  are  then 
made  from  li  to  16  inches.  The  height,  therefore,  to  the  landing 
of  the  floor  to  be  reached  being  given,  it  is  easy  to  calculate  either 
how  many  risers  of  a  certain  number  of  inches  will  be  required ;  or 
what  must  be  the  dimensions  of  the  risers  and  treads,  in  order  to 
ascend  within  the  space  allowed.  Supposing  the  first-mentioned 
height  to  be  11  feet,  and  the  risers  6  inches,  two  risers  will  be  equiva- 
lent to  1  foot  of  ascent,  and  consequently  twenty-eight  risers  will  be 
required,  or  twenty-seven  treads,  the  upper  landing  ^ing  the  tread  to 
the  last  riser.  In  such  case,  hardly  less  thui  an  area  of  20  by  8  feet, 
on  the  level  of  the  upper  floor,  would  be  sufficient  for  the  staircase, 
unless  there  were  winders  instead  of  qiurter-spacef,  or  of  a  single  half- 
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space  between  the  two  flights.  The  number  of  risers  required  is 
ascertained  by  reducing  the  given  altitude  of  ascent  to  inches,  and 
dividing  it  by  the  height  of  the  risers :  thus,  taking  the' altitude  as 
before  (11  feet),  and  the  risers  at  5  inches,  iJbtere  must  either  be  33 
risers  a  trifle  more  than  5  inches  each,  or  84  a  trifle  less.  Bondelet 
gives  the  following  very  simple  formula  for  calculating  iha  dimension* 
of  tixe  treads  and  risers  respectively,  namely,  calling  k  the  riser,  and  ( 
the  tread,  2h  +  l=2  feet ;  it  is  based  on  the  principle  that  the  ordinory 
length  of  a  pace  is  equal  to  2  feet,  and  that  the  effort  exercised  in 
lifting  the  leg  vertically  is  double  the  effort  required  to  move  it 
horizontally. 

Pallodio,  and  others  following  him,  have  laid  it  down  that  the  stair- 
case  ought  to  be  seen  immediately  on  entering  a  building ;  but  it  is 
impossible  to  establish  any  positive  rule  for  what  must  depend  upon 
particular  circumstances,  and  this  is  by  no  means  the  best  general 
arrangement.  In  a  public  building  or  place  where  strangers  go  in  and 
out  without  inquiry,  it  may  be  desirable  that  the  staircase  should 
present  itself  at  once ;  but  certainly  this  is  not  the  case  in  private 
mansions.  On  the  contrary,  it  is  in  every  respect  better  that  the 
staircase  should  be  kept  out  of  view  until  the  firet  vestibule  has  been 
passed  through,  and  that  it  should  be  placed  in  a  position  as  remote 
from  the  entrance  into  the  house  as  the  plan  will  admit,  both  in  order 
that  the  approach  to  it  may  be  lengthened,  and  that,  in  case  it  has  any 
architectural  pretensions  at  all,  it  may  strike  the  more  by  not  coming 
into  view  at  once.  At  all  evenis,  only  the  lower  part  of  the  staircase 
— ^no  more  than  is  sufficient  to  indicate  its  situation — should  be  visible 
from  the  entrance,  otherwise  it  will  be  inconveniently  exposed ;  and  if 
there  ore  doora  to  several  rooms  on  the  upper  landing,  persons  passing 
from  one  to  the  other  would  be  seen  from  the  hall.  It  is  therefore  a 
great  error  to  place  the  staircase,  as  is  sometimes  done,  in  the  first  or 
entrance  hall  of  a  mansion,  because,  in  addition  to  the  inconvenience 
just  pointed  out,  such  hall  must'  be  made  the  height  of  two  floors,  and 
consequently,  if  otherwise  suitably  proportioned  to  such  height,  it  will 
be  the  most  spacious  and  loftiest  room,  and  so  &r  bo  attended  by  a 
degree  of  effect  which,  instead  of  being  afterwards  increased  or  kept 
up,  is  greatly  diminished.  Such  arrangement  also  cuts  off  the  com- 
munication above  between  the  rooms  on  one  side  of  the  hall  and  those 
on  the  other,  except  there  is  a  gallery  or  continuation  of  the  landing 
carried  over  the  entrance. 

Even  when  kept  apart  from  the  entrance-hall  or  other  vestibule,  a 
staircase  will  always  be  sufficiently  striking  in  proportion  to  the  rest 
of  a  house,  because  it  will  produce  greater  architectural  effect,  and  be 
loftier  than  the  rooms  themselves.  We  are  now  speaking  only  of  what 
is  usually  termed  a  "grand  staircase,"  leading  up  no  higher  than  the 
principal  floor,  so  that  the  whole  of  the  space  from  the  level  of  the 
landing  is  perfectly  clear,  and  there  are  no  flights  leading  up  higher, 
for  if  Uiere  were,  the  space  over  head  would  appear  encumbered  and 
confused.  There  is  in  fact  no  part  of  an  interior  which  aooommodates 
itself  more  readily  to  architectural  character  and  display,  or  which 
admits  of  greater  variety  of  design  both  as  to  plan,  section,  and  decora- 
tion, than  a  staircase  of  the  kind  just  referred  to.  If  the  house  itsdf 
be  not  upon  a  very  large  scale,  there  is  danger  of  doing  here  rather  too 
much  than  too  little.  In  regvd  to  altitude,  there  will  here  always  be 
greater  magnitude  than  elsewhere ;  if  therefore  corresponding  magni- 
tude of  area  be  given  to  it,  the  staircase  will  overpower  everything 
else,  cause  the  rooms  to  appear  small  by  comparison,  and  appear  in 
itself  too  larg»  for  the  house.  It  is  therefore  desirable  to  nuke  the 
area,  at  least  the  visible  area  of  the  staircase,  rather  less  than  more  than 
that  of  any  of  the  principal  rooms.  It  is  also  rather  a  solecism  to  affect 
magnitude  of  space  in  other  respects  corresponding  to  that  of  height. 
While  it  serves  as  a  contrast  to  the  apartments,  loftiness  or  excess  of 
height,  as  compared  with  length  and  breadth,  is  as  much  an  appropriate 
characteristic  of  a  staircase  as  it  is  of  a  tower.  Its  altitude  therefore 
from  the  bottom  of  the  first  flight  to  the  ceiling,  may  very  properly  be 
made  between  two  or  three  times  the  breadth.  Accordingly  it  will  be 
found  expedient  to  enclose  the  landing,  if  continued  quite  round  the 
staircase,  not  merely  by  a  screen  of  columns,  but  in  such  manner  as  to 
shut  it  out  from  view,  with  only  partial  openings  at  intervals,  in  order 
to  avoid  too  much  spaciousness  on  that  level,  and  to  keep  the  cage  of 
the  same  size  from  bottom  to  top.  Of  such  staircase  upon  a  large 
scale  there  is  an  example  at  Taymouth  Castle,  the  seat  of  the  Uorquess 
of  Breadalbane,  which  is  about  40  feet  square  by  100  feet  in  height, 
with  an  upper  corridor  surrounding  it,  with  open  arches. 

One  of  the  most  simple  and  effective  yet  least  common  arrange- 
ments of  a  staircase,  is  that  which  may  be  described  by  the  term 
avenue  itaircoK,  the  stairs  being  continued  in  a  straight  Une,  thotigh 
broken  by  tpacee  into  a  succession  of  flights,  within  what  would  else 
be  a  level  corridor  or  gallery ;  and  occupying  its  entire  width.  There 
is  something  particularly  noble  and  majestic  in  a  staircase  of  this  kind, 
for  although  it  may  be  narrow,  considered  as  a  gallery,  it  looks 
unusually  spacious  as  a  staircase,  the  fiyht  itself  being  wider  than 
those  of  staircases  placed  within  a  mudi  lai^r  area ;  besides  which, 
the  whole  is  more  regularly  disposed,  and  forms  a  more  striking  piece 
of  perspective.  Still,  simple  as  such  plan  is  in  itself,  it  is  by  no  means 
adapted  to  general  application,  because,  although  it  requires  only 
moderate  width,  it  requires  considetable  length,  short  flights,  and 
ample  spaces  between  them,  and  stairs  with  low  risers  and  broad 
treads;   otherwise,  the  descent,  as  viewed  from  above,  being  in  a 
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Btraight  lice,  looks  precipitous,  or  at  least  has  no  dignity  of  appear- 
ance. Another  circumstsmce  which  limits  a  staircftse  of  this  kind  to 
particular  Sasee,  is,  that  in  order  for  it  to  produce  proper  effect,  the 
height  to  be  ascended  should  be  very  moderate,  hardly  more  than 
seven  or  eight  feet ;  for  else,  the  space  at  the  foot  of  the  stairs  looks 
confined,  and  the  upper  flights  scarcely  show  themselves  from  that 
station.  Hence,  though  it  may  be  referred  to  as  an  instance  of  an 
avenue  staircase,  the  one  leading  to  the  keep  or  round  tower  at 
Windsor  Castle,  is  more  remarkable  than  beautiful  or  grand,  leaving 
decoration  out  of  the  question ;  the  altitude  ascended  being  so  very 
great.  Sir  John  Soane  has  given  some  ideas  of  the  kind  in  his  designs 
for  a  '  Scala  Begin ' — a  favourite  subject  with  him.  The  staircase  of 
the  Chamber  of  Peers  at  Paris,  designed  by  Peroier  and  Fontaine,  was 
an  example  of  the  kind,  but  not  the  best,  for  the  ascent  was  so  great 
that  the  columns  on  its  sides,  on  the  same  level  as  the  landing,  looked 
quite  insignificant.  The  National  Gallery,  again,  afforded  instances  of 
a  different  modiiiaation  of  the  same  arrangement,  half  the  ascent  being 
by  an  external  flight  in  the  vestibule,  the  remainder  by  another  within 
the  corridor  leading  from  it ;  and  though  not  exactly  suited  for  such 
a  building,  the  idea  is  pleasing  in  itself  and  would  produce  a  striking 
effect,  in  one  of  less  proteusion. 

In  public  edifices  or  large  mansions,  whatever  be  the  plan  of  the 
principal  staircase,  it  is  generally  branched,  that  is,  there  is  first  a  wide 
centraj  flight,  and  then  two  other  narrower  ones  branching  off  from  it 
one  on  each  side,  either  at  right  angles  to  it  or  as  return  flights  parallel 
to  it ;  and  it  is  hardly  necessary  to  observe,  that  in  aU  such  stairoases 
ihe  foot-spaca  are  large,  and  that  there  are  no  winders.  Extreme  care 
should,  however,  be  taken  in  planning  staircases  of  this  (or  indeed  of 
any)  description  for  places  of  public  resort,  as  theatres,  concert- 
rooms,  &c.,  to  so  design  them  as  to  produce  the  least  possible  hindrance 
to  the  rapid  passage  of  the  audience  in  case  of  the  occurrence  of  a  panic 
■The  branched  staircase  at  Goldsmiths'  Hall,  which  is  parted  off  from  the 
vestibule  by  a  glazed  screen,  is  an  example  of  more  than  ordinary 
splendour,  being  lighted  by  a  dome.  The  branching  flights  at  right 
angles  to  the  first,  lead  to  a  landing  on  each  side,  which  has  a 
double  screen  of  Corinthian  coliunns,  so  that  the  view  across  from 
side  to  side,  in  the  upper  part,  is  unusually  rich.  At  Buckingham 
Palace,  there  is  first  a  very  wide  flight,  entered  from  between  columns, 
branching  off  right  and  left  in  curved  flights,  the  Ci^e,  which  is 
about  36  by  26  feet,  being  curved  elliptically  on  those  sides  or  ends. 
In  this  example,  the  stairs  rest  upon  a  graduated  podium  or  wall 
enclosing  the  space  immediately  beneath,  which  serves  as  a  private 
passage  behind ;  a  mode  frequently  adopted  in  similar  cases,  being  one 
\rhioh  contributes  to  solidity  and  nobleness  of  appearance,  and  pro- 
vents  that  mass  of  shadow  beneath  the  stain  which  gives  a  gloom  to 
the  lower  part  of  the  staircase. 

Instead  of  there  being  a  central  flight  below,  the  ascent  frequently 
begins  on  each  side,  and  is  carried  up  in  one  or  more  flights  to  the 
-  common  landing,  where  both  branches  terminate ;  from  which  point 
the  stairs  are  sometimes  continued,  returning  in  an  upper  central  flight, 
whichis  carried  across  an  arch  thrown  from  that  landing  or  half-space, 
to  a  higher  landing.  Staircases  of  this  kind,  which  may  be  termed 
bridge  staircases,  occur  in  the  Custom  House  and  the  Auction  Mart. 
Their  effect,  however,  is  not  good,  because  the  upper  suspended  flight 
or  bridge  darkens  the  lower  part  of  the  staircase,  and  has  a  strangely 
awkward  cumbersome  appearance  when  viewed  from  that  station.  At 
the  best,«theref ore,  they  are  suitable  only  for  places  of  evening  resort, 
where  they  can  be  lit  up  below  as  well  as  above. 

The  staircase  of  the  Fitzwilliam  Museum,  Cambridge,  claims  notice, 
not  only  on  account  of  the  richness  of  the  general  design,  but  of  some 
peculiarities  in  its  arrangement  Strictly  speaking  however,  this 
example  can  hardly  be  given  as  that  of  a  staircase,  according  to  the 
usual  meaning  of  the  term,  the  stairs  being  mere  flights  of  steps  in 
tho  entrance  hall.  That  in  the  centre  is  a  broad  descending  one,  lead- 
ing down  to  the  libraries,  wliich  are  on  a  lower  level  than  the  hall ; 
and  on  each  side  of  it  is  a  rather  narrower  ascending  flight  to  the 
spocious  landing  carried  around  three  sides  of  the  hall,  and  serving  as 
a  statue  gallery.  Though  the  lower  area  is  only  32  by  26  feet,  conse- 
quently that  of  the  floor  very  much  less,  owing  to  the  space  occupied 
by  the  flights  of  steps,  that  of  the  upper  part  on  the  level  of  the  land- 
ing is  68  by  ii  feet,  the  landing  itself  being  about  17  feet  wide.  In 
■ome  degree  similar  in  plan,  although  very  different  in  design,  is  the 
hall  at  Holkham,  the  seat  of  the  Earl  of  Leicester,  which  has  a  noble 
flight  of  steps  witliin  a  recess  or  tribune  enclosed  by  columns  which  are 
continued  along  the  sides  of  the  hall. 

The  grand  staircase  of  the  Reform  Club-house,  London,  is  an 
example,  somewhat  unusual  in  this  country,  though  common  enough 
in  Italy,  of  what  may  be  called  an  enclosed  staircase;  the  flights  are 
shut  up  between  walls,  and  consequently  there  is  no  open  well,  nor  can 
the  whole  be  seen  at  one  view.  A  plan  of  this  kind  therefore  differs 
from  the  avenue  staircase,  merely  in  not  being  carried  straight-forward, 
but  either  returning  in  a  parallel  flight  from  the  half-space  or  first 
landing,  or  having  the  second  flight  at  right  angles  with  the  first. 
The  last  is  the  case  at  the  Reform  Club-house,  where  the  staircase 
consists  of  three  enclosed  flights,  tho  last  being  a  return  one  to  the 
first,  and  landing  upon  the  gallery  around  the  upper  part  of  the  inner 
hall  or  saloon.  Tliat  at  Burleigh  too  is  similarly  planned.  The  same 
mode  may  bo  adojjted  for  circuhr  or  semi-circular  as  well  as  rectan- 


gular plans ;  and  one  advantage  attending  it  is,  that  while  the  asoeiit 
itself  is  as  spacious  and  commodious  as  if  the  whole  wero  entirely 
open,  there  may  be  a  secondary  staircase  for  servants,  shut  up  within 
the  larger  one. 

The  architectural  effect  of  a  staircase  will  greatly  depend  npon  the 
mode  of  lighting  it.  Where  it  is  carried  up  only  one  floor,  the  best 
mode  is  to  light  it  entirely  from  above,  either  through  a  dome  or 
lantern  in  the  ceiling,  or  by  making  the  upper  part  of  the  walla  just 
beneath  the  ceiling  a  continued  lantern.  If  there  are  windows  on  tho 
landings  of  the  several  flights,  the  effect  will  bo  improved  by  their 
being  filled  with  stained  glass,  especially  if  towards  a  back  court ;  or, 
if  a  conservatory  can  be  carried  out  on  the  level  of  the  first  landing, 
BO  as  to  show  itself  through  glazed  folding-doors,  a  very  pleasing  aod 
cheerful  efiisot  is  obtained,  even  though  the  conservatory  itself  should 
be  hardly  more  than  a  glazed  veranda.  As  to  material,  stone  is  greatly 
preferable  to  wood  for  stairs,  if  only  on  account  of  greater  security  in 
case  of  fire ;  in  lieu  of  stone,  cast-iron  may  be  employed.  Marble  ia 
very  rarely  used  for  stairs  in  this  country,  and  whenever  it  is,  it  should 
be  left  unpolidied  on  the  treads,  or  it  would  be  dangerous  to  descend 
them.  The  same  remark  applies  to  stairs  of  wainscot,  unless  they  are 
carpeted  nearly  their  entire  width. 

STALL-FEEDING.  The  feeding  of  cattle  in  stalls  for  the  puiposs 
of  fatting  them  more  readily  than  by  simple  grazing,  and  at  a  time 
when  they  cannot  get  fat  on  pastures,  as  a  regular  part  of  the  procea 
of  husbandry,  is  comparatively  modem.  In  former  times  cattle  were 
slaughtered  in  October  and  November,  which  latter,  in  most  languag&i 
derived  from  the  Teutonic,  is  called  Slaughter-month,  there  being  no 
possibility  of  buying  fresh  meat  of  any  degree  of  fatness  during" winter, 
and  salt  meat  was  the  food  of  all  classes  in  that  season.  But  now  the 
process  of  fatting  cattle  goes  on  without  interruption  during  the  whole 
year,  and  fat  beasts  come  as  regularly  to  market  m  winter  as  in  summer. 
Stall-feeding  is  now  the  principal  means  by  which  oxen  and  cows  are 
rendered  fit  for  the  market. 

It  has  been  observed,  in  the  article  Soitivo,  that  one  object  of  that 
system  was  to  save  the  waste  of  food  which  is  occasioned  by  the  tread- 
ing of  cattle  in  pastures,  and  by  their  choosing  the  sweetest  grasaes  to 
the  neglect  of  the  coarser.  The  principal  object  however  is  to  save 
the  manure,  which  in  the  pastures  goes  to  waste,  but  in  the  yards  or 
stijl  is  all  preserved.  In  stall-feeding  another  object  is  looked  to,  that 
of  increasing  the  substance  of  the  animal,  especially  the  fat ;  and  to  do 
this  judiciously  and  with  profit  requires  much  experience  and  attri- 
tion. It  has  been  proved  that  animals  require  a  certain  portion  of 
meat  and  drink  to  keep  them  alive,  and  that  this  quantity,  in  the  same 
species,  is  in  general  in  proportion  to  the  weight  of  the  animal.  If  an 
animal  has  his  exact  ration  of  food,  he  wiU  continue  in  health,  but  he 
will  not  increase  in  weight :  in  this  case  therefore  it  only  produces  a 
certain  portion  of  manure,  which  is  not  equivalent  to  the  food  con- 
sumed. If  a  larger  quantity  be  given,  the  animal,  if  in  health,  will 
increase  in  weight,  and  the  more  food  he  has,  within  a  certain  limit, 
the  &ster  will  be  this  increase :  but  there  is  a  point  where  increase 
stops;  and  if  by  any  means  the  animal  is  induced  to  take  more,  his 
stomach  will  be  deranged,  and  he  will  become  diseased,  and  occasicn 
loss  by  over-feeding.  It  is  consequently  of  great  importance  to  the 
stall-feeder  to  ascertain  what  is  the  exact  quantity  of  food  which  it 
will  be  most  profitable  to  give  to  a  stall-fed  animal.  Experience  alone 
can  teach  this :  but  some  rules  may  be  given  which  will  enable  any 
one  who  wishes  to  stall-feed  cattle  not  greatly  to  err  in  his  mode  of 
feeding,  and  soon  to  find  out  what  is  the  most  profitable  course  to 
pursue.  For  this  purpose  it  is  essential  that  after  having  ascertained 
by  experiment  the  quantity  of  food  which  will  give  the  greatest  in- 
crease of  flesh  per  week  on  a  certain  weight  of  beasts  when  put  up  to 
fatten,  all  the  food  given  to  the  cattle  be  carefully  weighed,  and  no 
more  be  given  in  any  day  than  is  needful.  The  quality  of  the  food 
should  also  be  attended  to ;  for  a  truss  of  fine  well-made  clover,  lucera, 
or  sainfoin  hay,  may  conti^  double  the  nourishment  of  another  truss 
of  coarse  mordi  hay.  The  best  kind  of  food  should  always  be  reserved 
for  fatting  cattle.  Roots  alone  are  too  watery,  and  must  be  corrected 
by  dry  food,  such  as  straw  cut  into  chaff,  or  good  hay,  and  esjiecially 
farinaceous  food,  whether  it  be  com  ground  or  bruised,  or  oil-cake. 
By  a  judicious  mixture  of  food  a  much  greater  increase  of  flesh  may 
be  produced  than  by  an  irregular  mode  of  feeding,  however  good  the 
quality  or  abundant  the  quantity  given  may  be.  To  overfeed  is  as 
unprofitable  as  to  starve  a  beast,  and  produces  similar  effects.  It  is  of 
great  importance  that  the  cattle  should  be  fed  with  great  punctuality, 
at  certain  hours  during  the  day,  and  that  the  troughs  should  be  cle.ired 
of  all  the  remains  of  food  which  they  do  not  eat  at  each  time  of  feeding. 
Rest  and  sleep  are  great  aids  to  digestion,  and  a  little  gentie  exercise 
after  sleep  prepares  the  stomach  for  a  fresh  supply  of  food.  Air  aUo 
is  highly  conducive  to  health ;  and  hence  those  beasts  which  are 
allowed  to  move  about  in  a  loose  stall,  or  a  small  yard  protected  from 
the  rain  aifd  wind,  thrive  better  in  general  than  those  which  are  tied 
up.  It  is  the  practice  of  many  good  feeders  to  put  oxen  in  pairs  in 
small  stalls,  partly  open,  bo  that  they  may  be  in  the  air,  or  under 
shelter,  as  they  prefer ;  and  the  finest  oxen,  if  not  the  fattest,  are  pre- 
pared for  the  market  in  this  way.  Experience  shows  that  all  domestic 
animals  like  comjiany,  and  that  they  are  more  contented  and  quiet 
when  they  have  a  companion  than  when  they  are  alone.  This  ia  the 
reason  why  they  are  put  up  in  pairs.    Whatever  iiromotes  the  health 
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and  comfort  of  the  animal  will  be  moat  profitable  to  the  feeder.  When 
a  beast  hae  acquired  a  certain  degree  of  fatneaa,  it  is  a  nice  point  to 
decide  whether  it  Tvould  be  beat  to  aend  him  to  market  or  continue  to 
feed  him.  Thia  is  often  decided  by  mere  caprice  or  fancy ;  but  if  the 
food  has  been  weighed,  and  the  weekly  increaae  of  the  baut  is  noted, 
which  ia  beat  done  by  weighing,  but  may  nearly  be  gueesed  by  mea- 
auring,  it  beoomea  a  mere  question  in  arithmetic  to  determine  wnetiier 
hia  increaae  pays  for  hie  food  and  attendance ;  if  it  doea  not,  there  ia  a 
loss  in  keeping  him ;  and  if  a  lean  animal  put  in  hia  stead  would  in- 
crease faster  on  the  aame  food,  every  day  he  IB  kept  there  ia  a  loaa  of 
the  difTerence  between  the  increase  of  the  two.  The  pride  of  pro- 
ducing a  wonderful  animal  at  a  fair  or  ahow  To&j  be  dearly  paid  for, 
and  muat  be  put  down  to  the  account  of  luzuriea,  like  the  keeping 
of  huntam  or  racehoisea. 

The  moat  profitable  food  for  fattening  cattle  is,  in  general,  the  pro- 
duce of  the  ttrm :  the  expense  of  all  purchaaed  food  ia  increaaed  by 
the  profit  of  the  dealer  and  the  oarriage  of  it.  And  the  only  com- 
penaation  for  this  additional  coat  may  be  in  increasing  the  manure, 
where  the  straw  and  roots  of  the  farm  are  deficient :  in  that  ease  oil- 
cake, or  even  com,  may  be  purchaaed  with  advantage,  since  by  meana 
of  the  manure  crops  may  be  raised  which  without  it  muat  faiL  The 
stalling  of  cattle,  as  well  aa  the  fatting  of  piga,  is  in  many  situations 
the  beat  meana  of  carrying  the  produce  of  the  farm  to  market.  An  oz 
can  be  driven  many  miles,  whilat  the  food  he  haa  conaumed  would  not 
repay  the  oairiage,  and  aU  the  manure  would  be  loat,  and  muat  be 
purchased  at  a  'great  expenae,  if  it  can  be  had  at  all.  If  a  fanner  can 
feed  cattle,  so  oa  to  pay  him  a  fair  market-price  for  the  food  conaumed, 
and  something  for  the  riak  of  accidental  loaa,  he  may  be  well  contented 
to  have  the  manure  for  hia  trouble :  few  atall-feedeiB  get  more  than 
this  in  the  long  run. 

It  may  be  proper  to  add  to  the  above,  that  the  box-feeding  where 
the  animal  ia  loose  in  a  apace  about  10  feet  square,  is  more  conducive 
to  health  than  stall-feeding  where  the  animal  is  tied  by  the  neck.  The 
box  is  littered  every  morning,  and  the  animal  ia  thus  kept  dry  and  dean 
without  Uie  removal  of  the  soiled  Utter,  which  thua  kept  from  exposure 
to  air  and  rain,  ultimately  yielda  a  much  more  fertiliamg  manure  than 
that  of  the  ordinary  dung-heap. 

STAMMER.  The  terma  stammer  and  stutter  are  aynonymously 
adopted  to  denote  the  involuntary  interruption  of  utterance  arising 
from  difficulty  and  often  total  inability  to  pronounce  certain  syllables, 
the  speech  apparatus  being  frequently  affected  with  spasm  in  the  effort 
to  speak. 

In  some  stammerers  the  spasm  oonsiats  of  involuntary  movements 
similar  to  chona  (St>  Titua'a  dance),  which  occasionally  affects  other 
than  the  speech  muscles.  Stammer  with  this  spasm  distorts  the 
utterance  by  an  involuntary  repetition  of  some  part  of  the  ayllable,  as 
ge-ge-ge-good  de-de-de-day.  The  repetitiona  may  or  may  not  be  vocal. 
In  other  stammerers  the  apaam  consiata  of  involuntary  immobility, 
rimilar  to  tetamu  (lock-jaw),  commonly  of  the  form  termed  trimua,  m 
which  the  mouth  ia  closed,  and  the  jaw  cannot  move  to  open  it ;  and 
sometimes  of  the  form  termed  cmtitrimia,  in  which  the  mouth  ia 
open,  and  the  jaw  is  eqiudly  incapable  of  moving  to  shut  it.  Stanuner 
with  this  spasm  distorts  the  utterance  by  an  involuntary  extension  of 
some  part  of  the  qrllable,  as  1— — aug^,  where  the  I  is  much  pro- 
longed. 

In  the  looseneas  of  language  resnlting  from  inexact  knowledge,  all 
Idnds  of  difficult  and  defective  utterance  are  misnamed  stammer;  as 
the  difficult  utterance  of  the  intoxicated,  the  faltering  utterance  of  the 
paralytic,  the  imperfect  utterance  of  deep  emotion,  as  of  fear,  the 
defective  utterance  of  malformed  organs  of  speech,  and  the  hesita- 
tion in  discourse  when  the  suitable  word  fails  to  present  itself  to  a 
apeaker'a  mind.  Such  affections  of  the  utterance,  however,  are  distinct 
from  stammer,  for 

1.  The  stammerer's  inability  to  pronounce  words  remains  during 
health,  soberness,  calmnf  of  mind,  and  also  when  the  appropriate 
words  occur  to  hkn. 

2.  The  stammerer  feela  his  difficulty  of  utterance  essentially  to  consist 
in  a  refusal  of  some  part  of  the  speech  apparatus  to  obey  his  will. 

8.  The  stammerer's  utmost  efforts  to  force  out  any  difficult  word 
commonly  excite  spasm,  and  increase  it  if  it  previously  existed. 

4.  The_  stammerer's  inability  to  apeak  is  intermittent :  the  same 
syllable  is  not  always  equally  difficult  to  utter,  and  is  sometimes 
uttered  with  ease. 

Those  circumstances  will  distinguish  stammer  from  the  misnamed 
stammer  of  paralysis,  intoxication,  Ac 

Now  to  understand  the  nature  of  stammering,  it  is  neoessary  to 
know  the  audibility  and  mechanism  of  utterance,  which  mi^  be  thus 
briefly  described : — 

The  voice  ia  produced  in  the  larynx,  whence  it  isauaa  into  the 
pharynx.  The  phai^x  opena  into  tiie  nose  and  into  the  mouth ;  and 
b^  means  of  a  curtain  valve,  named  the  vehun  pendulum  palati,  we  can 
direct  the  issue  of  breath  through  the  mouth  or  the  nose,  or  through 
both  mouth  and  nose  at  once.  The  voice  is  produced  in  the  larynx, 
an  audible  sound,  which  may  poaaees  the  diatinctions  of  song-notes 
(musical  sounds),  aa  those  ojf  pitch,  loudness,  and  quality ;  or  it  may 
possess  the  peculiar  conditions  of  those  distinctions  which  constitute 
speech  notea.  In  the  pharynx  and  mouth  the  volume  of  voice  ia 
magnified,  and  its  quality  is  modified. 


Observation  and  experiment  concur  to  prove  that  the  production  of 
voice  is  an  acoustic  phenomenon  depending  on  mechanical  principles 
similar  to  those  which  regulate  the  production  of  sound  from  an 
inanimate  instrument ;  for  it  is  now  agreed  thot  the  upward  current 
of  air  passing  through  the  larynx  produces  an  effect  on  the  vocal 
ligaments  precisely  similar  to  what  it  would  if  the  huynx  were  an 
Inanimate  mechanism.  The  voluntary  power  over  the  larynx  adjusts 
it  to  be  acted  on  by  the  current  of  air,  and  thus  the  voice  is  to  bo 
regarded  porUy  aa  a  mechanical  and  parUy  aa  a  physiological  result. 

Observation  and  experiment  concur  to  prove  that  the  modification 
of  voice  into  speech  is  also  an  acoustic  phenomenon  depending  on 
principles  similar  to  those  which  regulate  the  modification  of  sound  by 
an  inanimate  instrument ;  for  it  is  now  agreed  that  the  modification 
of  voice  into  speech  in  passing  through  the  variable  cavity  of  the  pha- 
rynx, mouth,  and  nose,  produces  an  effect  precisely  similar  to  what 
would  be  produced  if  the  variable  cavity  were  an  inanimate  me- 
chanism. 

Thus  both  in  voice  and  speech  the  production  and  modification  of 
vocal  sound  depend  on  the  laws  of  acoustics,  while  the  adjustments  of 
the  various  parts  of  the  apparatus  which  produce  and  modify  the  voice 
depend  on  voluntary  muscular  movement.  The  one  is  mechanical,  tiie 
other  physiological. 

It  is  familiarly  known  that  the  movement  of  every  organ  ia  effected 
by  muscular  contraction;  that  both  volimtary  and  involuntary  con- 
traction of  the  muscles  depend  on  the  nerves;  that  all  voluntary 
contraction  ia  r^ulated  by  the  brain ;  and  alao  that  the  voluntaiy 
contraction  of  one  muacle  ia  accompanied  by  an  adjuated  voluntary 
relaxation  of  its  antagonist  muscle. 

The  speech  apparatus  may  be  oonaidered  aa  conaiating  of  the  lungs 
or  bellows,  whicn  can  send  a  current  of  air  through  tiie  trachea  or 
windpipe  to  tiie  larynx,  which  ia  situated  on  its  summit.  In  the 
larynx  this  current  of  an:  can  be  vocalised  at  will  into  song,  or  into 
speech-sounds,  which,  on  passing  through  the  variable  cavity,  consist- 
ing of  the  mouth,  pharynx,  and  nose,  can  be  further  modified  into 
speech.  Thus  the  speech-apparatus,  aa  a  whole  machine,  conaists  of 
the  respiratory,  the  vocal,  and  the  enunciative  organs. 

The  respiratory  apparatus  conaists  of  the  chest,  the  lungs,  and  the 
air-passages.  The  respiratory  movements  are  involuntary  and  periodic; 
the  inspiration  of  breath  ^temates  with  its  expiration ;  and  in  both 
acts  the  breath  flows  in  a  continuous  stream.  There  is  a  periodic 
action  of  the  inspiratory  muscles,  but  whether  their  action  alternates 
with  an  action  of  the  expiratory  muscles,  or  simply  with  the  spon- 
taneous return  of  the  parts  by  their  elasticity  and  gravity,  is  yet  un- 
determined. The  muscular  actions  during  the  tranquil  respiration  of 
repose  appear  to  be  limited  to  periodic  inspiratory  movements. 

The  movements  of  respiration  include  the  motions  of  the  diaphragm, 
the  abdominal  and  thoracic  muscles,  and  those  of  the  larynx,  which 
dilate  and  contract  the  aperture  of  the  glottis.  The  nerves  engaged  in 
these  movements  are  the  phrenic,  the  apinal  occeesoiy,  the  vagus, 
many  of  the  spinal  nerves,  and  the  portio  dura  of  the  seventh.  The 
will  can  influence  and  somewhat  modify  the  movements  of  respiration; 
thus  we  can  prolong  or  shorten  the  duration  of  an  inspiration,  and 
we  can  delay  or  hasten  to  begin  one.  We  have  similar  control  over 
the  ezpintion  of  the  breath ;  and  we  have  power  also  to  limit,  or 
nearly  so,  the  movements  of  respiration  to  sub-groups  of  muscles  :  tiios 
we  can  breathe  by  the  diaphragm  alone,  or  by  the  ribs  alone. 

Indeed  in  the  act  of  vocalising,  wliether  for  speech  or  song,  the 
involuntaiT  is  almost  superseded  by  the  voluntary  act  of  respinUion. 
The  will  ffY9B  a  different  play  to  the  chest.  We  breathe  less  by  the 
diaphragm  and  more  by  the  ribs ;  we  shorten  the  duration  of  tlie 
inspiration  and  completely  change  the  character  of  the  expiration. 

There  are  two  modes  of  involuntary  respiration :  in  the  one,  the 
breath  issues  in  one  continuous  unbroken  stream,  as  in  the  ordinary 
breathing  of  unruffled  tranquillity,  which  by  some  emotions  is  hurried 
and  involuntarily  vocalised,  producing  sighs,  groans,  las. ;  in  the  other 
mode  the  stream  of  breath  ia  interrupted  so  that  it  issues  in  detached 
portions,  which  during  some  emotions  is  alao  involuntarily  vocalised, 
producing  laughter,  crying,  ftc. 

The  will  has  power  to  produce  voluntary  expirations  in  both  modes. 
The  unbroken  stream  is  termed  the  exhausting  breath,  which  ia  often 
required  for  a  long-drawn  note  in  song.  The  broken  stiream  is  termed 
the  holding  breadth,  which  is  constantly  required  in  lengths  suitably 
adjusted  to  the  demands  of  the  syllables  as  they  occur  in  speech.  The 
general  conditions  of  respiration,  vocalisation,  enunciation,  and  articu- 
lation, under  which  stammer  occurs,  are  subjoined. 
,  I.  Setpiratiom. — 1.  Most  stammerers  manage  their  respiration 
badly,  altiiough  nearly  all  can  speak  freely  in  a  whisper.  2.  Thoy  feel 
that  they  have  insuificient  breath  to  speak.  This  sensation,  however, 
ariaea  leas  from  an  insufficiency  than  from  attempting  to  speak  on  an 
involuntary  inspiration.  The  breath  is  expired  to  be  vocalised  by  the 
volimtary  action  of  the  ribs,  which  mechanically  contract  the  chest's 
cavity.  The  ribs,  however,  cannot  accomplish  this  when  they  are  in 
the  position  in  whidi  an  involuntary  inspiration  leaves  them ;  they 
must  be  raised  to  that  position  to  which  a  voluntary  inspiration  carries 
them,  before  they  can  act  with  mechanical  effect  on  the  chest  to  expire 
a  holding  breath  for  the  purpoae  of  conversation.  8.  With  the  sensa- 
tion of  insufficiency  of  breath,  some  feel  also  a  pain  at  the  pit  of  the 
stomach.     Thia  pain  is  connected  with  attempting  to  speak  on  an 
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involuntary  inspiration,  and  its  ■everitf  is  commonly  inoreased  by 
struggling  to  apeak. 

II.  VocalMation. — ^1.  Song-mice.  The  Bong  condition  of  voice  seldom 
presents  any  difficulty  to  stammerers.  Cases  of  stammer  in  the  song- 
voice  occur  but  rarely. 

2.  Speech  voice. — Stammer  occurs  in  all  parts  of  the  speech-note, 
more  b-equently,  however,  in  the  middle  than  towards  the  end,  but 
most  commonly  at  the  initial. 

3.  Pitch  of  Voice. — Changes  of  pitch,  whether  concrete  or  discrete 
(slide  or  skip),  through  narrow  intervals^  of  the  scale,  present  difficul- 
ties which  wider  changes  of  pitch  do  not.  Stammerers  can  mostly 
declaim,  if  they  caimot  converse  or  quietly  read ;  and  it  is  well  known 
that  wider  intervals  of  pitch  occur  in  declamation  than  in  ordinary 
conversation. 

4.  Umdnett  of  Voice. — When  the  loudness  of  the  speech-note  is  of 
the  form  of  the  musical  dimimundo,  which  begins  abruptly  and 
gradually  diminishes  in  loudness,  as  thus  figured  =^,  a  difficulty  is 
presented  to  the  stammerer  which  does  not  occur  if  the  form  be  the 
musical  crescendo,  where  the  note  begins  feebly,  and  gradually  increases 
in  loudness,  as  thus  figured  — =;. 

5.  Qaali^  of  Voice. — The  conversation  tone  presents  a  greater 
difficulty  thab  the  falsetto,  or  than  the  full  emdched  voice  of  epic 
declamation. 

6.  Quantity  or  Duration  of  SyUalile*. — Short  and  inextenrible  syl- 
lables present  a  greater  difficulty  than  the  long  and  extensible. 

7.  Accent. — The  unaccented  syllables  of  discourse  seldom  offer  any 
difficulty  to  stammerers.  The  element,  or  combination  of  elements, 
which  is  difficult  to  utter  with  accent,  is  easy  to  utter  without  accent. 
The  accent  given  by  stress  is  infinitely  more  difficult  than  that  given 
by  extended  duration. 

8.  Mjfthmiu. — The  measured  movement  of  verse  is  easier  for  the 
stammerer  than  the  unmeasured  movement  of  prose  and  conversation. 

III.  Eimnaatioii. — Syllables  are  of  two  kinds,  namdy  ; — 

1.  Those  composed  of  one  elementary  sound. 

2.  Those  composed  of  more  than  one  elementary  sound. 

1.  Voaelt. — ^A  vowel  alone  may  constitute  an  accented  syllable,  and 
even  a  whole  word,  of  which  the  pronoun  /  and  the  article  a  are 
familiar  eizamples.    Stammer  often  occurs  on  such  syllables. 

2.  Comonanii. — When  two  or  more  ore  combined  together  without 
a  vowel  to  form  a  syllable,  they  occur  only  as  unaccented  final  syllables 
of  words.  The  stammerer's  difficulty  is  less  to  utter  the  elementary 
sounds  singly  thxm  to  articulate  them  so  as  to  form  syllables. 

IV.  Artievlcttion. — The  elementary  sounds  are  articulated  in  tiiree 
orders  of  succession : — 

1.  The  rowel  followed  by  a  consonant. 

2.  The  consonant  followed  by  a  voweL 

8.  The  consonant  followed  by  a  consonant. 

Stammer  occm^  in  each  of  these  modes  of  articulation.  There  is 
seldom  any  difficulty  in  articulating  two  consonants  togetiier;  some, 
however,  is  felt  in  postfixing  a  consonant  to  a  vowel,  and  the  greatest 
is  felt  in  adding  a  vowel  to  a  consonant. 

To  these  general  conditions  of  voice  and  speech  under  which 
stammer  occurs,  may  be  added  other  conditions,  such  as  sex  and  age.  A 
majority  of  stammerers  are  males ;  and  few  of  either  sex  stammer  from 
their  infancy;  children  commonly  speak  freely  until  about  five  years 
of  age.  An  occasional  difficulty  is  first  observed,  which  becomes  more 
frequent  up  to  the  tenth  year,  when  it  is  commonly  at  its  maximum ; 
although  the  spasm  frequently  increases  in  severity  up  to  manhood.  In 
the  decline  of  life  sometimes  the  stammer  spontaneously  diminishes, 
and  it  has  been  known  to  entirely  disappear.  The  voices  of  childhood 
and  old  age  differ  in  several  respects  from  that  of  the  intermediate 
period  of  life.  The  speech  melody  of  infancy  is  set  in  a  high  pitch, 
which  often  runs  into  the  falsetto,  and  is  much  intersected  tnth  wide 
intervals  both  concrete  and  discrete.  The  loudness  is  chiefly  of  the 
crescendo  form  on  long  whining  quantities.  The  voice  of  old  age  often 
falls  into  the  tremulous  scale,  the  rate  of  utterance  is  slow,  steady, 
and  uniform.  The  loudness  is  not  often  of  the  diminuendo  form,  and  is 
on  extended  quantities.  The  accent  is  given  to  syllables  by  quantity 
rather  than  by  stress,  deliberate  pauses  are  made,  and  the  whole  style 
is  marked  by  the  self-possession  of  experienced  age  conversing  with  a 
consciousnegs  of  superiority,  if  in  nought  else,  in  a  longer  reach  of 
memory.  Sudden  changes  of  temperature,  especially  from  a  high  to  a 
low  temperature,  likewise  tend  to  increase  a  stammer. 

The  Varieties  of  Stammer  are  many.  They  all  arise  from — 1.  Diffi- 
culty to  produce  voice;  2.  Difficulty  to  produce  voice  in  quantities 
adjusted  , to  the  syllable's  demands;  3.  Difficulty  to  produce  the 
elementary  sounds ;  4.  Difficulty  in  joining  such  sounds  together ;  and 
in  each  of  these  classes  there  are  varieties. 

Variety  1  arises  from  iU-regulated  respiration,  in  which  the  effort  to 
vocalise  is  accompanied  with  a  feeling  of  insufficiency  of  breath.  The 
stammer  proceeds  from  an  attempt  to  speak  on  an  involuntary  inspi- 
ration. _A  holding  breath  cannot  be  maintained  on  an  involuntaiy 
inspiration,  and  therefore  voluntary  respiration  for  speech  must  always 
begin  with  an  inspiration  of  breath.  The  physiology  of  this  stammer 
indicates  a  discipline  for  its  removal.  The  organs  of  respiration  must 
be  drilled  to  rightly  change  the  involuntary  act  of  respiration  to  the 
voluntBry,  vhich,  vith  a.coune  of  rhythmus,  will  ^ect  a  permonaut 


2.  The  difiiculty  in  producing  voice  which  is  occasioned  by  an  involun- 
tary closure  of  the  glottis.  In  this  variety  of  stmnmer,  instead  of  the 
larynx  receiving  the  adjustment  for  vocalisation  in  ready  obedience  to 
the  will,  the  glottis  suddenly  closes,  either  by  an  involuntary  associate 
movement,  or  by  a  tetanic  spasm,  probably  in  most  cases  by  the  latter. 
Dr.  Amott  pointed  out  the  nature  and  means  to  cure  it.  His  remedy 
consists  in  keeping  open  the  glottis,  by  issuing  a  drone  sound,  such 
as  the  e  of  the  word  berry,  before  beginning  to  speak,  and  in  join- 
ing this  prefixed  drone  to  the  words.  See  his  '  Elements  of  Physics,' 
voLi. 

3.  The  difficulty  in  producing  voice  which  is  occasioned  by  an  invo- 
luntary twitchiug  of  the  glottis  similar  to  chorea.  This  spasm  is 
sometimes  so  excited  as  to  preclude  vocalisation,  when  only  short 
iterations  of  breath  are  audible.  The  glottis  must  be  disciplined  on 
soimds  of  the  crescendo  form  of  loudness  in  a  low  pitch,  and  prtxwed 
gradually  from  the  song-voice  to  that  of  speech.  Bespiration  and 
speech-voice  training  will  follow,  accompanied  with  general  riiythmie 
discipline  to  the  whole  speech-apparatus  for  reading  and  speaking  both 
verse  and  prose. 

i.  In  this  variety  the  difficulty  is  not  to  produce  voice,  but  to  control 
its  quantities.  Vocalisation  freely  takes  place,  but  the  event  of  two  or 
three  short  or  accented  syllables  following  near  together  throws  the 
glottal  muscles  into  choreal  spasm.  The  principles  of  discipline  for 
the  spasm  will  be  similar  to  the  preceding  variety  of  stammer ;  while 
a  distinct  discipline  must  be  projected  to  acquire  a  higher  degree  of 
associating  power. 

6.  The  difficulty  of  uttering  a  vowel  of  uniform  sound  is  a  voice 
stammer,  it  being  an  absence  of  voluntary  control  over  the  vocalisation 
of  the  breath.  The  difficulty  of  uttering  a  diphthongal  vowel  may  be 
eitlier  a  voice  or  a  speech  stammer,  and  is  often  a  combination  of  both. 
When  the  difficulty  is  to  produce  voice  to  begin  the  vowel,  the  stam- 
mer is  vocal ;  and  when  the  difficulty  is  to  change  the  adjustment 
from  that  for  the  initial,  to  that  for  the  final  sound  of  the  diphthoi\g, 
it  is  a  speech  stammer.  When  the  difficulty  is  to  produce  voice  to 
begin  the  consonant,  the  stammer  is  vocal ;  and  when  the  difficulty  is 
to  change  the  adjustment  from  that  for  the  initial  to  that  for  the  final 
sound  of  the  consonant,  it  is  a  speech  stammer.  Stammer  on  the 
single  elementary  sounds  of  speech  can  be  permanently  remedied  only 
by  a  systematic  training  of  the  disobedient  organ  which  occasions  it 
The  organ  must  be  disciplined  to  perform  the  necessary  movements 
under  all  conditions  of  voice,  which,  accompanied  with  a  general 
training  of  the  whole  apparatus  of  speech,  conducted  on  rhythmical 
principles,  will  effectually  remove  the  stammer. 

6.  Stammer  occurs  in  all  three  modes  of  articulation,  namely  : — 

A  consonant  followed  by  a  vowel,  as  i«/  a  vowel  followed  by  a  con- 
sonant, as  eii;  a  consonant  followed  by  another  consonant,  as  U  of  the 
word  hied. 

The  difficulty  in  articulating  tlie  elementary  sounds  of  speech  to 
form  syllables,  can  be  permanently  remedied  only  by  a  systematis 
training  of  the  disobedient  organs  to  perform  their  required  move- 
ments for  the  several  adjustments  of  the  mouth  which  are  necessary 
to  articulation.  The  training  must  be  general  and  specioL  The 
general  is  a  rhythmic  training  of  the  whole  speech-apparatus ;  and  the 
special  is  a  ttoining  of  the  disobedient  organ  to  perform  its  various 
movements  in  articulation. 

Our  analytic  description  of  stammering  reveals  three  functional 
causes  of  inability  to  control  the  muscular  movements  which  are  re- 
quired for  utterance,  namely  : — 

I.  Spasm,  both  of  the  tetanus  and  chorea  forms.  All  muscles  are 
liable  to  spasm.  Spasm  of  the  laiynx,  the  tongue,  tike  lips,  and  the 
masseter  muscle,  are  each  sources  of  stammering. 

II.  Defect  in  the  associating  power,  which  combines  the  voluntary 
movements  of  different  organs  in  one  simultaneous  act,  or  ui  an  allied 
succession  of  acts.  Defective  association  of  vocalisation  with  respira- 
tion will  occasion  stammer ;  for  perfect  association  of  the  voluntary 
movements  of  the  laiynx  with  those  of  the  chest  are  required  in  utter- 
ance. The  movements  of  the  laiynx  and  chest  are  effected  by  means 
of  the  laryngeal,  the  recurrent,  and  the  expiratory  nerves. 

III.  Involuntary  associate  movements ;  as  after  ^mimicking  a  stam- 
merer it  has  been  found  that  those  musoi^ar  movements,  which  in  the 
mimicry  were  voluntarily  assodated  with  the  proper  movements  of 
utterance,  have  suddenly  become  linked  to  them  so  firmly  in  allied 
motion,  that  the  mimicker  is  unable  to  dissociate  them,  and  on  actual 
stammer  results. 

The  adoption  of  appropriate  remedies  for  stammering  then  will 
depend  on  the  following  conditions,  namely : — I.  On  the  part  of  the 
speech-apparatus  which  is  affected;  2.  On  the  cause  producing  the 
stammer ;  and  3.  On  the  vocal  and  other  conditions  under  which  the 
utterance  is  least  affected.  The  appropriate  remedies  for  each  ore 
treated  of  in  several  works  on  the  subject,  among  which  we  may  men- 
tion Thelwall's  '  Letter  to  Clive  on  Stammering ; '  Cull's  '  Observations 
on  Impediments _ of  Speech;'  Cull's  'Stammering  Considered;'  and 
J.  Hunt's  '  Treatise  on  the  Cure  of  Stammering.' 

STAMPING,  STAMPING  PRESS.  The  important  manufacturing 
process  of  stamping  will  be  found  sufficiently  described  in  several 
foregoing  artides  in  this  work;  such  as  BsAsa;  Bottom;  Chasiiio; 
Coffer  ;  Mint  ;  Nskdli,  &o.  In  most  varieties  of  the  operation,  the 
lubBtanoe  to  be  treated  is  in  the  form  of  a  thin  sheet.    The  pattern  is 
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engraved  on  two  dies,  one  placed  below  and  one  above  the  plate ;  and 
the  impreBsion  is  given  by  the  upper  die  being  made  to  ful  forcibly 
upon,  or  being  forcibly  driven  into,  the  plate.  The  lower  die  is 
generally  a  reverse  of  the  upper,  the  one  being  in  cameo  and  the  other 
in  intaglio ;  that  ia,  any  part  of  the  device  which  is  convex  or  raised  in 
the  one,  is  ooncave  or  sunk  in  the  other. 

STAMPS,  STAMP  ACTS.  Stamps  are  impressions  made  upon 
paper  or  parchment  by  the  government  or  its  officers  for  the  purposes 
of  revenue.  They  always  denote  the  price  of  the  particular  stamp,  or 
in  other  words,  the  tax  levied  upon  a  particular  instrument  stamped, 
and  sometimee  they  denote  the  nature  of  the  instrument  itself.  If 
the  instrument  is  written  upon  paper,  the  stamp  is  impressed  in  relief 
upon  the  paper  itself;  but  to  a  parchment  instrument  the  stamp  is 
attached  by  paste  and  a  small  piece  of  lead  which  itself  forms  part  of 
the  impression.  These  stamps  are  easily  forged,  and  at  various  times 
forgeries  of  them  upon  a  large  scale  have  been  discovered.  The 
punishment  for  the  forgery  of  stamps  was  long  a  capital  offence;  it  is 
now  punishable  by  imprisonment  or  penal  servitude. 

In  France  stamps  are  used  both  for  the  authenticaUon  of  instruments 
and  as  a  source  of  revenue :  thus  they  constitute  a  large  part  of  the 
income  of  the  municipality  of  Paris. 

The  stamp  tax  was  first  introduced  into  this  country  in  the  reign  of 
William  and  Mary,  such  am  impost  having  previously  existed  in 
Holland.  The  act  6  W.  &  M.,  c.  21,  imposes  stamps  upon  grants  from 
the  crown,  diplomas,  contracts,  probates  of  wUls  and  letters  of 
administration,  and  upon  all  writs,  proceedings,  and  records  in  courts 
of  law  and  equity ;  it  does  not  however  seem  to  impose  stamps  upon 
deeds,  unless  these  are  enrolled  in  the  courts  at  Westminster  or  other 
courts  of  record.  Two  years  afterwards,  however,  conveyances,  deeds, 
and  leases  were  subjected  to  the  stamp  duty,  and  by  a  series  of  acts 
in  the  succeeding  reigns  every  instrument  recording  a  transaction 
between  two  individuals  was  subjected  to  a  stamp  duty  before  it  could 
be  used  in  a  court  of  justice.  By  the  88  Qeo.  III.  ehap.  78,  a  stamp 
duty  was  imposed  on  newspapers  (which  was  only  taken  off  a  few 
years  ago),  [Newbpapkbs],  and  by  an  act  of  Qeo.  IV.,  inventories 
and  appraisements  am  required  to  be  stamped.  Stamps  are  also  used 
as  a  convenient  method  of  imposing  a  tax  upon  a  particular  class  of 
persons  :  thus,  articles  of  apprenticeship  are  subject  to  duty,  and  so 
are  articles  of  clerkship  to  a  solicitor.  Solicitors  and  conveyancen  are 
required  to  take  out  annually  a  stamped  certificate,  and  before  a 
person  commences  practice  as  a  physician,  an  advocate,  a  barristei^at- 
law,  or  an  attorney,  he  must  pay  a  tax,  under  the  form  of  a  stamp 
upon  an  admission.  Notaries  public,  bankers,  pawnbrokers,  and  others 
must  obtain  a  yearly  licence  in  order  to  exercise  their  oallingB. 

It  is  only  possible  thus  generally  to  point  out  the  nature  of  the 
things  subject  to  stamps,  as  these  have  varied  frequently,  and  are 
subject  indeed  to  constant  change.  It  is  enough  to  refer  to  the  stamps 
on  newspapers  and  letters  as  an  example.  And  it  may  be  added  here 
that  it  is  only  recently  that  the  system  of  levying  a  tax  by  means  of 
stamps  on  legal  proceedings  has  been  revived,  after  having  been 
abandoned  for  a  great  many  years. 

The  general  principle  wluch  r^^ates  the  courts  in  the  interpretation 
of  the  stamp  acts  is,  that  on  the  one  hand  fnuidalent  evasion  of  the 
stamp  duties  shall  be  punished  by  foifeitare  of  all  benefit  from  the 
document  which  ought  to  have  been  stamped;  and, on  the  other  hand, 
that  a  just  ebum  sbidl  not  be  evaded  or  a  fraud  be  effected  because  the 
just  ohdmant  has  unintentionally  violated  the  stamp  laws.  Accordingly 
almost  all  instruments  requiring,  stamps  (except  bills  and  notes)  may 
he  stamped  on  payment  of  a  peinlty ;  and  all  courts  of  civil  justice  are 
•nthorised  to  receive  the  unstamped  instrument  when  tendered  in 
evidence,  on  deposit  of  the  amount  of  the  stamp  and  penalty.  Bills 
and  notes  cannot  be  stamped  after  they  are  made ;  a  provision  intended 
to  prevent  fraud  in  the  use  o{  these  important  instruments  of  com. 
neroew 

An  unstamped  instrument,  though  in  general  inadmissible,  may  be 
used  OS  evidence  to  defeat  fraud,  and,  with  certain  limitations,  to 
establish  a  criminal  charge.  Thus,  where  an  unstamped  agreement 
contained  matter  not  requiring  a  stunp,  it  was  used  as  evidence  of  that 
matter,  although  invalid  as  evidence  of  the  terms  of  the  agreement. 
An  indictment  for  forgery  likewise  may  be  maintained,  ^though  the 
instrument  forged  may  be  invalid  for  want  of  a  proper  stamp ;  but 
such  an  invalid  instrument  is  not  sufficient  to  support  an  indictment 
for  larceny. 

The  stamp  duties  and  the  custody  of  the  dies  are  placed  under  the 
superintendence  of  commissioners,  who  transact  tiieir  business  in 
Somerset  House,  London.  It  may  not  be  out  of  place  to  remark  tiiat 
the  endeavour  to  impose  stamp  duties  upon  our  American  colonies 
in  1766,  was  one  of  the  proximate  causes  of  the  American  revolution. 

STANAMYL.    [Obgakohbtallio  Bodim.] 

STANDARD  OF  MBASUKE,  Ao.  [Wbioht,  Mkasubi,  Ac., 
Standard  of.] 

STANDARD  TEMPERATURE  AND  PRESSURE.  In  deter- 
mining the  spedfio  gravity  of  solids  and  liquids,  the  standard  of  com- 
parison is  the  weight  of  an  equal  bulk  of  distilled  water  at  60°  Fahr. ; 
and  for  gases  and  vapoors  atmoepherie  air  is  the  standard  at  60°  Fahr., 
and  under  a  pressure  of  80  inches.  In  France  the  standard  tempera- 
tare  is  0°C.  (82°  Fahr.),  and  the  pressure  is  760  millimetres,  or  29*922 
The  unit  of  density  is  the  volume  of  an  equal  bulk  of  water. 


at  its  point  of  maximum  density,  namely,  89°'2  Fahr.  [SFSOivia 
Qbavitt;  Hbat.] 

STANDARDS  are  those  trees  or  shrubs  which  stand  singly,  without 
being  attached  to  any  wall  or  support.  In  gardening  and  planting 
they  are  distinguished  into  three  kinds,  the  full  standard,  the  half 
standard,  and  the  dwarf  standard.  The  full  standards  are  trees  whose 
stems  are  suffered  to  grow  seven  or  eight  feet  or  more  without  allowing 
side  branches  to  be  developed,  but  at  this  point  are  allowed  to  spread 
in  all  directions.  In  this  way  most  fruit-trees,  with  the  exception  of 
the  vine,  may  be  grown,  though  many  of  those  of  the  almond  tribe,  as 
the  peach,  apricot,  &o.,  are  best  grown  against  a  wall.  The  various 
kinds  of  apple,  pear,  and  plmn  trees  ore  grown  as  full  standards.  In 
fruit-trees  the  primary  branch  or  stem  is  often  cut  off  at  a  certain 
height  for  the  purpose  of  favouring  the  lateral  growth ;  bat  in  forest- 
trees  grown  for  the  sake  of  timber  or  for  ornament,  this  treatment  is 
never  resorted  to. 

Half  standards  are  those  plants  which  are  allowed  to  run  up  three 
or  four  feet  and  then  permiUed  to  branch  out.  The  height  at  which 
it  is  desired  a  tree  should  branch  out  may  be  frequently  secured  by 
cutting  off  the  lower  branches  up  to  that  point,  or  by  cutting  down 
the  primary  branch  and  allowing  the  highest  lateral  branches  to  de- 
velope  themselves.  Many  shrubs  grow  naturally  in  this  manner,  and 
when  fruit-trees  are  grown  in  this  way,  it  is  done  as  a  matter  of 
convenience  for  gathering  the  fruit,  or  ensuring  their  growth  under 
psrticulsr  circumstances. 

Dwarf  standards  are  those  plants  whose  stems  are  only  allowed  to 
reach  a  height  of  one  or  two  feet  before  they  ore  permitted  to  branch, 
and  tlus  object  is  effected  in  the  same  manner  as  in  the  lost.  All  kinds 
of  fruit-trees,  as  apple,  pear,  plum,  and  cherry  trees,  may  be  grown  as 
dwarf  standards,  but  theae  trees  do  not  bear  so  good  fruit  under  such 
treatment  as  when  allowed  to  grow  as  half  or  full  standards.  Qoose- 
berry  and  ciurant  trees  are  best  treated  in  this  way,  and  when  care  is 
token  to  thin  them  well,  they  produce  by  &r  the  finest  fruit  when 
grown  OS  dwarf  standards  of  about  a  foot  high.  It  is  in  this  way  that 
the  fruit  of  the  gooseberry  has  been  brought  to  so  great  perfection  in 
Lancashire  and  elsewhere.  Many  shrubs  may  be  trained  as  dwarf 
standards,  although  in  most  instances  iliey  are  more  ornamental  when 
allowed  to  grow  as  bushes  with  several  stems  direct  from  the  ground, 

STANETHYL.    [Oboamoketallio  Bodies.] 

STANMETHYL,    [OiiaAHOMSTALLro  Bodies.] 

STANNARY,  from  the  Latin  Stanntm,  "  tin,"  This  term  some- 
times denotes  a  tin-mine,  sometimes  the  collective  tin-mines  of  a  dis- 
trict, sometimes  the  royal  rights  in  respect  of  tin-mines  within  such 
district.  But  it  is  more  conmionly  used  as  including,  by  one  general 
designation,  the  tin-mines  within  a  particular  district,  the  tinners 
employed  in  working  them,  and  the  customs  and  privileges  attached 
to  the  mines,  and  to  those  employed  in  digging  and  purifying  the  ore. 

The  great  stannaries  of  England  are  those  of  Devon  and  Cornwall, 
of  whida  the  stannary  of  Cornwall  is  the  more  important.  The  stan- 
nary of  Cornwall,  and  also  that  of  Devon,  were  granted  by  Edward  III. 
to  Uie  Black  Prince,  upon  the  creation  of  the  duchy  of  Cornwall,  and 
are  perpetually  incorporated  with  that  duchy.  Both  stannaries  are 
under  one  duchy-officer,  called  the  lord  warden  of  the  stannaries,  with 
a  separate  vice-warden  for  each  county. 

All  tin  in  Cornwall  and  Devon,  whoever  might  be  the  owner  of  the 
land,  appears  to  have  formerly  belonged  to  the  king,  by  a  usage  pecu- 
liar to  these  counties.  King  John,  in  1201,  granted  a  charter  to  his 
tinners  in  Cornwall  and  Devonshire,  authorising  them  to  dig  tin  and 
turves  to  melt  the  tin  anywhere  in  the  moors  and  in  the  fees  of  bishops, 
abbots,  and  earls,  as  they  had  been  used  and  accustomed.  (Madox, 
'  Exch.,'  278  t,  283  1.)  This  charter  was  confirmed  by  Edward  I., 
Richard  IX,,  and  Henry  IV. 

In  Cornwall  the  right  of  digging  in  other  men's  land  is  now  regulated 
by  a  peculiar  usage,  called  the  custom  of  bmmdinff.  This  custom 
attaches  only  to  such  land  as  now  is  or  anciently  was  vxatrel,  that  is, 
land  open  or  uninclosed.  By  this  mode  the  bound-owner  acquires  a 
right  to  search  for  and  take  all  the  tin  he  can  find,  paying  the  lord  of 
the  soil  one-fifteenth,  or  to  permit  others  to  do  so ;  and  to  resist  all 
who  attempt  to  interrupt  him.  The  bounds  must  be  renewed  annually, 
by  a  bounder  employed  on  behalf  of  the  bound-owner,  or  the  lord  may 
re-enter. 

As  part  of  the  stannary  rights,  the  duke  of  Cornwall,  as  grantee  of 
the  crown,  has  or  had  the  pre-emption  of  tin  throughout  the  county, 
a  privilege  supposed  to  have  been  reserved  to  the  crown  out  of  an 
original  right  of  property  in  tin-mines,  but  which  in  modem  timos  is 
never  exercised. 

The  stannary  courts- were  remodelled  by  the  6  &  7  Wm.  IV,  c,  106, 
The  duties  payable  to  the  duke  of  Cornwall  on  the  stamping  or  coinago 
of  tin  were  abolished  by  1  A  2  Vict.  c.  120 ;  and  further  regulations 
for  these  courts  were  introduced  by  2  A  3  Vict.  c.  S8 ;  and  the  juris- 
diction vas  extended,  and  the  procedure  amended  and  improvMl  by 
the  18  A 19  Vict.  c.  82. 

STANNIC  ACID.    [Tuf.] 

STANNIC  ETHYLOMETHIDK    rOROAifoicBTALUO  Bodies,] 

STANZA  {Stance,  in  French),  an  Ituian  word  which  means  room  or 
dwelling-place,  is  used  in  poetry  to  designate  certain  parts  or  divisiona 
of  a  poem,  each  forming  a  complete  period  within  itself,  and  consisting 
of  a  number  of  lines  regularly  adjusted  to  each  other,  and  containing 
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STAPHISAQRU. 


STAB,  DOUBLE  STAB. 


«vary  variation  of  measuTe  or  rhyme  which  is  to  be  found  in  the  whole 
poem.  There  is  a  great  variety  of  stanzas  in  the  poetry  of  modem 
languages,  according  to  the  rhythm  and  structure  of  the  poem.  There 
is  the  terzina  of  tliree  Unee,  used  chiefly  by  the  Italians  and  Spaniards ; 
the  quartetto  (quatrain,  in  French)  of  four  lines ;  the  sestina, "  sixain," 
of  six  lines;  the  ottava,  consisting  of  eight  lines,  used  in  epics,  &c. 
Each  of  these  is  susceptible  of  various  combinationi  of  measure  and 
rhyme. 

STAPHISAQRIA,  or  STAVESACRE,  the  seeds  of  the  Delphinium 
itaphitoffi-ia.  [DsLPBiniUM,  in  Nat.  Hist.  Urv.]  Stavesacre  seeds 
are  not  now  used  internally  :  when  introduced  into  the  stomach  they 
cause  vomiting,  purging,  and  local  ulceration  of  the  intestines,  and  they 
may  even  produce  serious  general  effects.  When  powdered,  they  are 
employed  eztemally  for  the  destruction  of  lice,  or  they  are  dissolved 
in  vinegar  and  made  into  an  ointment,  which  is  employed  for  the  cure 
of  scabies,  which  it  is  said  to  effect  in  seven  or  eight  days,  and  which 
has  found  favour  in  the  eyes  of  some  persons,  as  it  does  not  stain  the 
linen,  nor  have  the  unpleasant  smell  of  sulphur,  lia  external  applica- 
tion to  abraded  surfaces  is  not  free  from  danger.  The  only  case  in 
which  its  employment  is  justifiable  is,  not  to  remove,  but  cause  revul- 
sion of,  the  cutaneous  eruption,  when,  by  its  Sudden  drying  up,  the 
internal  organs  are  oppressed,  as,  like  moat  ranunculaceous  plants,  it 
causes  acute  inflammation  and  pustulation  of  the  skin.  It  contains 
an  alkaloid,  delphine  [Delphine],  which  is  a  powerful  sedative  against 
rheumatic  and  neuralgic  pains.  Its  internal  use  requires  great  caution, 
and  still  iuore  its  external  use  as  a  lotion  or  ointment,  as  its  absorption 
through  chaps,  cracks,  or  ulcerated  places,  makes  an  impression  on  the 
nervous  system  more  dangerous  than  when  taken  into  the  stomach.  A 
volatile  acid  also  exists  in  it,  which  is  powerfully  emetic.  As  this  is 
dissipated  at  a  low  temperature,  decoction  is  an  objectionable  form  of 
administration. 

STAPLE,  "  anciently  written  atapU,  oometh,"  says  Lord  Coke,  "  of 
the  French  word  ettape,  which  signifies  a  mart  or  market,"  It  appears 
to  have  been  used  to  indicate  those  naarta  both  in  this  country  and  at 
Bruges,  Antwerp,  Calais,  &c.,  on  the  Continent,  where  the  principal 
products  of  a  country  were  sold.  Probably  in  the  first  instance  tiiese 
were  held  at  such  places  as  possessed  some  conveniences  of  situation 
for  the  purpose.  Afterwards  they  appear  to  have  been  confirmed,  or 
others  appointed  for  the  purpoee  by  the  authorities  of  the  country.  On 
the  Continent  in  the  stajJe-towns  the  goods  had  to  be  offered  there  for 
sale,  and  if  not  bought  within  a  prescribed  time  might  be  again 
exported  on  payment  of  a  certain  toll,  and  the  towns  hwl  to  provide 
warehouses  where  the  goods  were  to  be  deposited.  Thb  rule,  how- 
ever, has  been  materially  modified,  and  in  many  cases  abolished.  In 
England  the  arrangement  of  the  staple  was  made  by  the  king 
(2  Kdw.  III.  c.  9).  All  merchandise  sold  for  the  purpose  of  exporta- 
tion was  compelled  either  to  be  sold  at  the  staple,  or  afterwards 
brought  there  before  exportation.  This  was  done  witii  the  double 
view  of  accommodating  the  foreign  merchants,  and  also  enabUng 
the  duties  on  exportation  to  be  more  conveniently  and  certainly 
collected.  Afterwards  the  word  staple  was  applied  to  the  merchandise 
itself  which  was  sold  at  the  staple.  The  staple  merchandise  of 
England  at  tbese  early  times,  when  little  manufacture  was  carried 
on  here,  is  said  by  Lonl  Coke  to  have  been  wool,  woolfells  or  sheep- 
skins, leather,  lead,  and  tin.  Incident  to  the  staple  was  a  court 
called  "  the  court  of  the  mayor  of  the  staple."  This  court  wag 
held  for  the  convenience  of  the  merchants,  both  nttive  and  foreign, 
attending  the  staple.  It  waa  of  great  antiqmty ;  the  date  of  its  com- 
mencement does  not  appear  to  have  been  certainly  known.  Many 
early  enactments  exist  regulating  the  proceedings  at  the  staple  and 
the  court  held  there.  Most  of  these  were  passed  during  the  reigns 
of  the  two  Edwards,  the  first  and  the  thud  of  that  name.  These 
kings  appear  to  have  been  extremely  anxious  to  faciUtate  and 
encourage  foreign  commerce  in  this  kingdom ;  and  by  these  statues 
great  immunities  and  privileges  are  given,  especially  to  foreign,  but 
also  to  native  merchants  attending  the  staple.  The  first  enactment  of 
importance  is  called  the  statute  of  merchwts,  or  the  statute  of  Acton- 
Bumol,  and  was  passed  in  the  11th  year  of  Edw.  I,  A.D.  1283. 
[AcToN-BuRNEL,  STATUTE  OF.]  But  the  statute  more  expressly 
directed  to  this  subject  was  passed  in  the  27tii  year  of  Edw.  III. 
cap.  8,  and  is  entitled  the  Statute  of  Staple.  One  object  of  it  was  to 
remove  the  staple,  previously  held  at  Calais,  to  variousL  towns  in 
England,  Wales,  and  Ireland,  which  are  appointed  by  the  statute 
itself. 

Matters  connected  with  the  staple  were  not  subject  to  the  cognisance 
of  the  king's  courts,  and  the  king's  officers  were  prohibited  from  inter- 
fenng  m  places  where  the  staple  was  held.  The  court  consisted  of  a 
mayor,  who  was  to  bo  acquainted  with  the  law  merchant,  and  was 
elected  eveiy  year  by  the  merchants  attending  the  staple,  both  native 
and  foreign ;  he  was  attended  by  two  constables,  also  elected  by  the 
merchants,  and  who  held  their  ofllce  for  life.  Two  alien  merchants, 
one,  as  the  statute  says, "  towards  the  north,"  probably  a  German , "  the 
other  towards  the  south,"  Italian,  were  to  be  chosen  to  be  associate  in 
judgment  with  the  mayor  and  constables,  and  also  six  mediators  of 
questions  between  buyers  and  sellers.  Of  these  six  persons,  two 
were  to  be  Germans,  two  Lombards,  and  two  English, 

In  matters  of  doubt  reference  was  to  be  had  to  the  privy  council. 
The  mayors,  sheriffs,  and  bailifb  of  the  towns  where  the  staple  was  held. 


or  there  adjoining,  were  also  to  attend  the  mayor  and  ministen  of  tha 
staple  to  execute  their  commands.  Complaints  against  the  mayors 
were  to  be  redressed  by  the  chancellor  and  others  of  the  privy 
counciL  A  prison  aUo  was  to  be  provided  for  the  use  of  the  staple, 
and  the  mayor  and  constables  had  power  given  them  to  keep  the  peace, 
and  to  arrest  and  imprison,  their  authority  extending  throughout  the 
town  in  which  the  staple  was  held  and  the  suburbs  of  it. 

The  law  administered  in  the  court  of  the  staple,  so  far  as  regnAed 
all  matters  connected  with  the  staple,  was  the  law  merchant  [Lex 
Mebcatobia],  and  not  the  conmion  law  of  the  land,  nor  the  custom  of 
the  plaoe.  If  both  parties  in  a  suit  were  foreigners,  all  the  jury  were 
to  be  foreignersL  If  one  party  was  native,  the  other  foreign,  the  jury 
was  to  be  half  native,  half  foreign.  Upon  the  judgment  of  the  oourt 
execution  was  to  be  done  in  the  manner  provided  for  by  the  statute 
merchant.  The  statute  contains  various  other  enactments  relating  to 
the  internal  regulations  of  the  staple. 

Several  other  statutes  were  passed  in  the  same  and  sooeeeding 
reigns,  in  some  respects  confirming,  in  others  altering  the  provisions 
of  the  leading  statute.  As  commerce  became  more  extended,  the 
staples  appear  to  have  fallen  into  disuse.  Lord  Coke,  a  great 
worsliipper  of  antiquity,  complains  that  in  his  time  the  staple  had 
become  a  shadow ;  we  have  only  now,  he  says,  stapulam  umbratilem, 
whereas  it  was  formerly  ssid  that  wealth  followed  the  staple.  The 
practice,  however,  of  taking  recognisances  by  statute  staple,  from 
the  many  advantages  attending  them,  long  continued.  (11  Edw.  L; 
27  Edw.  IIL  caps.  1,  8,  to  6,  8,  9;  2  Iwt.  822;  Com,  Dig.  tit. 
'  Stat.  Staple ;'  2  Saund.  by  WmsL  69 ;  Reeves,  Hiit.  Sng.  LaoB,  v.  2. 
pp.  161,  893.) 

STAR,  DOUBLE  STAR.  We  distinguish  the  stars  from  the  planets 
in  much  the  same  way  as  our  ancestors  did  before  us,  though  there  is 
hardly  one  point  of  difference  which  is  now  left  to  its  full  extent,  A 
contemporary  of  the  publication  of  the  'Principia'  (1687),  engaged  in 
writing  an  article  like  the  present,  would  have  stated  that  the  only 
notion  out  of  which  antiquity  described  a  star  was  derived  from  its 
fixedness  in  the  heavens ;  to  which  he  would  have  added  that  these 
stars  present  no  appearance  of  systematic  arrangement,  that  their  dis- 
tance is  too  great  to  be  measured,  and  that  they  exert  no  sensible 
attraction  on  the  solar  system.  Not  one  point  of  thu  is  now  left  except 
the  last :  the  speculation  described  in  Milkt  Wat  gives  a  high  pro- 
bability to  the  theory  that  the  universe  is  a  colleotion  of  vast  systems 
of  stars ;  observations  of  double  stars  have  rendered  it  certain  that 
many  organised  systems,  regulated  by  mutual  attraction,  exist  in 
space,  besides  our  solar  system ;  it  is  fully  established  that  numbers  of 
stars,  once  oslled  fixed,  have  slow  motion  of  their  own  in  the  heavens ; 
and  in  a  few  instances  at  least  there  is  no  room  left  for  doubt  that 
[Parallax  or  thb  Fixed  Stabs]  the  distance  of  the  stars  has  been 
approximately  ascertained.  That  no  discoverable  effect  of  attraction 
upon  our  system  can  be  traced,  is  the  only  point  in  which  the  stellar 
astronomy  of  our  own  day  coincides  to  tha  full  extent  with  that  of  the 
time  of  Newton. 

The  apparent  motions  of  the  stars  are  first  to  be  cleared  of  the  effects 
of  Pbeobbsioh  and  Nutation,  and  also  of  Aberration,  which  depend 
on  motions  of  our  earth,  as  well  as  of  the  grand  diurnal  revolution. 
From  the  RBrRAoriOK  of  our  atmosphere,  and  from  the  various 
casualties  to  which  the  lays  of  light  are  subject  in  passing  through  it, 
proceed,  besides  the  increase  of  apparent  altitude  alluded  to  in  the 
article  cited,  a  great  many  varieties  of  colour  and  general  appearance, 
particularly  that  decided  size  which  most  of  the  stars  appear  to  have, 
A  good  telescope  reduces  this  phenomenon  very  much,  in  favourable 
states  of  the  atmosphere ;  but  even  these  instruments  are  not  so  per^ 
feet  as  to  show  the  stars  to  be  what  there  is  no  doubt  they  ought  to  be, 
mere  luminous  points.  If  the  apparent  diameter  of  61  C^gni,  the 
earth's  atmosphere  being  entirely  removed,  were  only  one-third  of  a 
second,  or  one-thirtieth  of  that  of  Venus  when  smallest,  it  is  now 
knovn  that  the  diameter  of  that  star  must  be  equal  to  that  of  the 
earth's  orbit. 

Independently  of  relative  position,  the  stars  are  distinguished  by 
their  colour  and  quantity  of  light,  on  which  last  in  a  great  degree 
depends  their  apparent  magnitude,  A  casual  observer  would  hardly 
thmk  that  there  was  any  difl'erence  of  colour  between  one  and  another ; 
but  a  little  practice  shows  that  a  tinge  of  one  or  another  colour  pro- 
dominates  a  little  in  the  nearly  white  light  which  all  the  stars  have  in 
common ;  and  a  good  telescope  gives  some  stars  an  appearance  which 
observers  have  not  scrupled  to  call  "  blood-red."  And  when  the  two 
stars  of  a  close  double  star  are  together  in  the  field  of  a  telescope,  it 
most  frequently  happens  that  each  star  differs  sensibly  in  colour  from 
the  other.  But  when  we  look  at  a  star,  we  must  remember  that  we 
see  only  the  result  of  the  treatment  which  its  light  has  received  from 
the  atmosphere ;  and  with  a  telescope  the  matter  is  in  some  respects 
worse,  for  there  is  no  object  glass  which  forms  anything  like  a  real 
image.  "  When  we  look  at  a  bright  star,"  says  Sir  John  Herschel, 
"through  a  very  good  telescope  with  a  low  magnifying  power,  its 
appearance  is  that  of  a  condens^  brilliant  mass  of  Ught,  of  which  it  is 
impossible  to  discern  the  shape  for  the  brightness ;  and  which,  let  the 
goodness  of  the  telescope  be  what  it  will,  is  seldom  free  from  some 
small  ragged  appendages  or  rays.  But  when  we  apply  a  magnifying 
power  from  200  to  300,  the  star  is  then  seen  (in  &vourable  circum- 
stances of  tranquil  atmosphere,  uniform  temperature,  ftc)  as  a  per- 
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fecUy  round  well-deflned  planetary  diao,  nirrounded  by  two,  three,  or 
mora  alternately  dark  and  bright  rings,  which,  if  examined  attentively, 
are  seen  to  be  slightly  coloured  at  tiieir  borders.  They  succeed  each 
other  nearly  at  equal  intervals  rotmd  the  central  disc,  and  are  usually 
much  better  seen,  and  more  regularly  and  perfectly  formed,  in 
refracting  than  in  reflecting  telescopes.  The  central  disc  too  is  much 
larger  in  the  former  than  in  the  latter  description  of  telescope.  These 
discs  were  first  noticed  by  Sir  William  Herschel,  who  first  applied 
sufficiently  high  magnifying  powers  to  telescopes  to  render  them 
visible.  They  are  not  the  reaX  bodies  of  the  stars,  which  are  infinitely 
too  remote  to  be  ever  visible  with  any  magnifiers  we  can  apply;  but 
tpuriou*  or  unreal  images,  resulting  from  optical  causes,  which  are 
still  to  a  certain  degree  obscure."  The  various  appearances  of  stars/e 
Been  in  telescopes,  particularly  the  resolution  of  stars  which  appear 
single  into  two  or  more,  render  tiiem  excellent  objects,  when  classified, 
for  the  examination  of  the  power  and  goodness  of  these  instruments. 
Such  a  classification  was  made  by  Sir  J.  Herschel  ('Hem.  Astron. 
Soc.*) ;  and  the  paper  is  reprinted  at  the  end  of  the  explanation  (pub- 
lished separately)  of  the  maps  of  the  stars  published  by  the  Society 
for  the  Diffusion  of  Useful  Knowledge. 

The  magnitude  of  a  star  is  a  notion  formed  by  observers  as  to  the 
apparent  quantity  of  light  which  comes  from  them,  on  which  they  are 
divided  into  classes.  Those  which  are  visible  to  the  naked  eye  are 
usually  divided  into  six  magnitudes,  which,  according  to  W.  Herschel, 
emit  quantities  of  light  which  are  (roughly)  in  about  the  proportions  of 
the  numbers  100,  2S,  12, 6, 2,  and  1.  But  though  practical  astronomers 
are  tolerably  well  agreed  as  to  the  mode  of  naming  most  of  the  prin- 
cipal stars  in  respect  of  magnitude,  there  are  many  about  which  they 
differ,  and  some  as  to  which  it  is  tolerably  well  known  that  the  order 
of  magnitude  which  adherence  to  old  catalogues  still  procures  for  them, 
is  not  that  which  would  have  been  given  had  they  been  new  stars 
named  in  our  day.  The  magnitudes  of  stars  are  in  fact  rather  inde- 
terminate after  the  first  and  second.  An  astronomer  would  hardly  say 
that  an  appearance  was  like  a  star  of  the  "first  or  second "  magnitude ; 
the  difference  of  the  two  is  too  well  established,  though  as  to  the 
fikinter  stars  of  the  first  magnitude,  and  the  brighter  ones  of  the 
second,  there  may  be  little  to  choose  between  them.  But  it  is  very 
common  to  speak  of  an  appearance  as  being  of  the  "  second  or  third, 
"  third  or  fourth,"  &c.,  magnitude,  showing  that  the  distinction  between 
one  magnitude  and  the  next  is  not  then  very  prominent.  Sir  John 
Herschel  and  Professor  Struve,  the  two  most  assiduous  observers  of 
small  magnitudes,  usually  differ  ('  Hem.  Astron.  Soc.,*  vol.  iii.  p.  180) 
about  a  magnitude  in  their  estimation  of  one  star  with  another,  from 
and  below  Btruve's  fourth  or  Herschel's  fifth  magnitude,  down  to 
Struve's  twelfth  or  Hensfchel's  thirteenth.  When  therefore  the  reader, 
who  is  no  astronomer,  hears  of  the  constant  reference  to  stars  of  all 
magnitudes  down  to  the  sixteenth,  he  must  look  upon  it  as  a  rough 
mode  of  estimating  the  relative  brilliancies  of  the  stars,  in  which  a 
numerical  nomenclature  is  far  from  being  held  to  imply  numerical 
acctiracy. 

Some  stars  (perhaps  all)  are  variable  in  their  magnitudM,  and  with 
periodical  regularity,  which  is  perhaps  to  be  attributed  to  the  effect  of 
revolution  round  their  axes ;  it  being  imaginable  that  different  parts 
of  a  star  should  give  different  kinds  or  quantities  of  light,  either  or 
both.    [Vabiablb  Stars.] 

There  are  a  few  instances  in  which  a  sudden  appearance  of  a  new 
star  is  recorded,  followed,  after  a  time,  by  its  disappearance.  Such  a 
phenomenon  made  an  astronomer,  it  is  said,  of  Hipparchus ;  and 
certainly  the  star  which  appeared  in  Cassiopeia  in  1672  was  the  intro- 
duction of  Tycho  Btah^  to  the  character  of  a  public  astronomer. 
[BRAHi,  Ttoho,  in  Bioo.  Drv.]  Tycho  Brah^  himself  thought,  from 
historical  evidence,  that  a  star  had  appeared  in  Caastopeia  in  945  and 
1264,  that  of  his  own  time  being  in  1672,  from  which,  U  the  historical 
evidence  be  correct,  a  new  star  might  be  expected  to  appear  in  that 
constellation  in  1872  or  thereabouts.  But,  on  examining  his  evidence, 
we  find  it  exceedingly  vague  and  deficient  in  antiquity.  ('  Comp.  to 
Haps  of  the  Stars,'  p.  88.) 

It  has  been  reasonably  supposed  that  those  stars  which  have  most 
motion  are  comparatively  near  to  the  earth,  and  when  it  was  requisite  to 
choose  a  double  star  for  the  determination  of  the  question  of  Parallax, 
61  Cygni  was  selected,  as  being  a  star  with  a  large  proper  motion ;  in 
&ct,  its  right  ascension  alters  yearly  5"  '46,  and  its  declination  S'  '19. 
The  experiment  turned  out  favourably,  and  the  parallax  was  discovered, 
and  with  it  (roughly)  the  diBtance  of  the  star  from  the  solar  system. 
And  though  light  takes  more  than  ten  years  to  travel  from  this  star 
to  the  earth,  at  the  rate  of  two  hundred  thousand  miles  a  second;  yet, 
so  far  from  this  being  anything  enormous,  it  rather  cuts  down  the 
idea  which  was  entertained  of  the  distance  of  these  bodies.  The 
absence  of  all  parallax,  in  spite  of  repeated  efforts  to  obtain  it,  made 
many  speculations  upon  the  possibility  of  the  nearest  starlight  being 
hundreds  of  years  in  reaching  na.  Among  other  stars  which  have  a 
decided  proper  motion,  we  may  notice  Sirius,  Procyon,  61  Viiginis, 
a  Bootis,  A  Ophiuchi,  p  Ophiuchi,  and  n  Cassiopeise. 

The  particular  objects  which  are  seen  in  the  heavens  are  itan, 
simple  points  of  light,  and  ntbula,  patches  of  an  appearance  of  cloudy 
light.  Single  stars,  under  the  telescope,  very  frequently  become 
doable,  triple,  quadruple,  or  even  a  large  cluster ;  nebulge  are  in  some 
cases  found  to  consist  entirely  of  stars,  but  many  remain  which  either 


are  not  composed  of  stars,  or  will  not  show  themselves  as  such  to  the 
power  of  our  present  telescopes.  It  is  necessary  to  say,  in  speaking  of 
double  stars,  that  they  have  been  long  known  to  exist,  and  that  scores 
of  observers  have  been  diligently  employed  upon  them  during  the  last 
century  and  a  half. 

When  two  stars  are  so  close  together  that  the  naked  eye  shows  them 
only  as  one,  it  is  possible  that  the  coincidence  may  be  merely  optical ; 
that  is,  that  the  lines  of  their  directions  may  be  so  close  as  to  make  on 
apparent  coincidence,  such  as  takaa  place  between  the  sun  and  moon 
in  an  eclipse  of  the  former,  though  the  real  distances  may  be  very 
greats  Such  optical  coincidence  is  suspected  in  various  double  stars, 
but  only  a  long  course  of  observation  can  settle  the  suspicion  in  either 
way.  But  it  is  now  found  that  many  double  stars  are  connected  with 
each  other  by  the  law  of  gravitation,  each  revolving  in  an  ellipse  about 
their  common  centre  of  gravity,  and  showing  every  evidence  of  each 
being  retained  by  the  other,  according  to  the  Newtonian  law  of  gravi- 
tation. The  following  stars,  y  Leonis,  t  Bootis,  f  Herculis,  8  Serpentis, 
and  y  Virpois,  were  made  out  to  be  revolving  double  stars,  by  W. 
Herschel,  in  1808.  He  hail  been  examining  these  pairs  under  ike 
idea  of  detecting  the  parallax  from  them,  and  in  so  doing  he  recognised 
their  changes  of  relative  position.  Since  that  time.  Castor,  {  UrsEB, 
70  Ophiuchi,  ir  CoronBe,  ri  Corome,  {  Bootis,  ij  Cassiopeia:,  8  Cygni, 
ft  Bootis,  •  (4)  and  t  (5)  Lyrte,  \  Ophiuci,  /i  Draconis,  (  Aquaxii, 
^Cancri,  and  others,  have  been  added  to  the  list.  The  periods  of 
revolution  of  several  have  been  determined,  ranging  from  43  to  1200 
years,  and  the  other  elements  of  several  orbits  have  been  established. 
The  star  7]  CoroneD  has  completed  a  revolution  since  it  was  first 
observed. 

The  most  interesting  of  double  starii  is  y  Virginia.  When  observed 
by  Herschel  in  1780,  the  distance  between  the  two  constituent  stars 
amounted  to  6"'66.  Henceforward  it  continued  gradually  to  decrease, 
until  at  length,  in  1886,  the  two  stars  had  approached  so  close  as  to 
appear  like  one  star  even  when  observed  in  the  best  telescopes.  From 
that  time  the  two  stars  have  been  slowly  opening  out  from  each  other, 
until  they  are  now  nearly  4'  apart.  The  orbit  of  this  double  star  has 
been  computed  by  several  astronomers,  including  among  these  Sir 
John  Herschel,  who  has  found  the  period  of  revolution  to  be  182  years. 
The  orbits  of  a  considerable  number  of  double  stars  have  been  com- 
puted in  recent  years,  a  list  of  which  will  be  found  in  Herschel's 
'  Outlines  of  Astronomy '  and  other  similar  works.  The  most  dis- 
tinguished observers  of  double  stars  besides  the  elder  Herschel  have 
been  Sir  John  Herschel,  Sir  James  South,  the  Bav.  Mr.  Dawes,  and 
Admiral  Smyth,  in  this  country;  and  on  the  continent  the  elder 
Struve,  Bessel,  Professor  Mlidler,  Otto  Struve  and  Professor  Secchi. 
The  labours  of  the  elder  Struve  in  this  field  of  astronomical  observa- 
tion exceed  in  magnitude  and  importance  those  of  any  other 
astronomer. 

STAR-CHAMBER.  The  Stai^Chamber  is  said  to  have  been  in 
early  times  one  of  the  apartments  of  the  king's  palace  at  West.- 
minster  allotted  for  the  despatch  of  public  business.  The  Painted 
Chamber,  the  White  Chamber,  and  the  Chambre  Markolph,  were 
occupied  by  the  triers  and  receivers  of  petitions,  and  the  king  s  council 
held  its  sittings  in  the  Camera  Stellata,  or  Chambre  des  Estoylles, 
which  was  so  called  probably  from  some  remarkable  feature  in  ita 
architecture  or  embellishment.  According  to  Sir  Thomas  Smith's 
conjecture  "  either  because  it  was  full  of  windows,  or  because  at  the 
first  all  the  roofe  thereof  was  decked  with  images  or  starres  gilded." 
('  Commonwealth  of  England,'  book  ill.  cap.  4.)  Sir  WiUiam  Block- 
stone  proposes  a  conjecture  that  the  chamber  received  its  name  from 
its  having  been  a  place  of  deposit  for  the  contracts  of  the  Jews,  called 
"  Itam,"  under  an  ordinance  of  Richard  L  (Blackstone's  '  Commenta- 
ries,' vol.  iv,  p.  266,  note.)  Whatever  may  be  the  etymology  of  the 
term,  there  can  be  little  doubt  that  the  court  of  Star-Chamber  derived 
its  name  from  the  place  in  which  it  was  holden.  "  The  lords  sitticg  in 
the  Star-Chamber  is  used  as  a  well-known  phrase  in  records  of  the 
time  of  Edward  IIL,  and  the  name  became  pei-manently  attached  to 
the  jurisdiction,  and  continued  long  after  the  local  situation  of  the 
court  was  changed. 

The  judicature  of  the  court  of  Star-Chamber  appears  to  have  origi- 
nated in  the  exercise  of  a  criminal  and  civil  jurisdiction  by  the  king's 
council,  or  by  that  section  of  it  which  Lord  Hale  calls  the  Coiuilium 
Ordinanum,  m  order  to  distinguish  it  from  the  Privy  Council,  who 
were  the  deliberative  advisera  of  the  crown.  (Hale's  '  Jurisdiction  of 
the  Lords'  House,'  chap.  v. ;  Palgrave's  '  Essay  on  the  Original  Autho- 
rity of  the  King's  CounciL')  This  exercise  of  jurisdiction  by  the 
king's  council  was  considered  as  on  encroachment  upon  the  common 
law,  and  being  the  subject  of  frequent  complaint  by  the  Commons, 
was  greatly  abridged  bv  several  acta  of  parliament  in  the  reign  of 
Edward  III.  It  was  discouraged  also  by  the  common-law  judges, 
although  they  were  usually  members  of  the  council ;  and  from  the  joint 
operation  of  these  and  some  other  causes  the  power  of  the  Consilium 
Regis  as  a  court  of  justice  had  materially  declined  previously  to  the 
reign  of  Henry  VII.,  although,  as  Lord  Hale  observes,  there  remain 
"  some  straggling  footsteps  of  their  proceeding "  till  near  that  time. 
The  statute  of  the  8  Henry  VII.  c.  1,  empowered  the  chancellor,  trea- 
surer, and  keeper  of  the  privy-seal,  or  any  two  of  them,  calling  to 
them  a  bishop  and  temporal  lord  of  the  council  and  the  two  chief 
justices,  or  two  other  justices  in  their  absence  (to  whom  the  president 
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of  the  council  wag  added  by  atat.  21  Henry  VIII.,  o.  20),  upon  bill  or 
information  exhibited  to  the  lord  chancellor  or  any  oth«r,  against  any 
person  for  maintenance,  giving  of  lireriea,  and  retuners  by  indentures ' 
or  promises,  or  other  embraceries,  untrue  demeanings  of  sherifEs  in 
making  panels  and  other  untrue  returns,  for  taking  of  money  by  juries, 
or  for  great  riots  or  unlawful  assemblies,  to  call  the  offenders  before 
them  and  examine  them,  and  punish  them  according  to  their  demerits. 
The  object  and  effect  of  this  enactment  are  extremely  doubtful.    It 
appears  to  have  been  the  opinion  of  the  courts  of  law  at  the  time  the 
statute  was  passed  that  it  established  a  new  jurisdiction,  entirely 
distinct  from  the  ordinary  jurisdiction  of  the  council ;  for  five  years 
afterwards,  in  the  eighth  year  of  Henry  VII.,  it  was  resolved  by  all 
the  judges,  according  to  the  plain  words  of  the  law,  that  the  only 
judges  of  the  court  under  the  statute  were  the  lord  chancellor,  the 
treasurer,  and  the  keeper  of  the  privy-seal,  the  bishop  and  temporal 
lord  being  merely  "  called  to  them  "  as  assistants  or  assessors,  and  not 
as  constituent  members  of  the  court.     ('  Year  Book,'  8  Hen.  VIL,  13, 
pL  7.)     This  view  of  the  effect  of  the  statute  is  confirmed  by  the  fact 
that,  more  than  forty  years  afterwards,  the  president  of  the  council 
was  expressly  added  to  the  judges  of  the  court  by  the  statute  21 
Henry  VIII.,  o.  20;  "a  decisive  proof,"  as  Mr.  Hallam  observes  "that 
it  tiien  existed  as  a  tribtmal  perfectly  distinct  from  the  council  itself." 
('  Constitutional  History,'  vol.  i.,  p.  70.)    And  this  writer  concludes  a 
careful   examination  of  the  subject  by  the  following  propositions : 
"  1.  The  court  erected  by  the  statute  of  8  Henry  VII.  was  not  the 
court  of  Btai^Chamber,  2.  This  court  by  statute  subsisted  in  full  force 
till  beyond  the  middle  of  Henry  VIII. 's  reign,  but  not  long  afterwards 
went  into  disuse.    8.  The  court  of  Star-Chamber  was  the  old  Oonciliutn 
Ordinarium,  against  whose  jurisdiction  many  statutes  had  been  enacted 
from  the  time  of  Edward  III.    i,  No  part  of  the  jurisdiction  exercised 
by  the  Star-Chamber  could  be  maintained  on  the  authority  of  the 
statute  of  Henry  VII."    In  the  first  of  these  propositions,  Mr.  Hallam 
is  confirmed  by  Hudson,  in  his  '  Treatise  of  the  Court  of  Star-Chamber.' 
('  Collectanea  Juridica,'  vol.  ii.  p.  SO.)     On  the  other  hand,  both  Lord 
Coke  and  Lord  Hale  consider  the  statute  of  Henry  VIL  as  having 
merely  introduced  a  modification  of  the  ancient  jurisdiction.     The 
former  calls  the  above  resolution  of  the  common-law  judges  "  a  sudden 
opinion,"  and  says  it  is  "  contrary  to  law  and  continual  experience." 
And  he  contends  that  the  statute  did  not  create  a  new  court,  but  was 
merely  declaratory  of  the  mode  of  proceeding  in  an  ancient  court,  pre- 
viously known  and  recognised.     ('  Fourth  Institute,'  p.  62.)     Lord 
Hole  also  speaks  of  the  "  erection  of  the  court  of  Star-Chamber  by  the 
Btat.  8  Henry  VIL,"  and  says  it  "  was  a  kind  of  remodelling  of  the 
ContUivm  Begis."    ('  Jurisdiction  of  Uie  Lords'  House,'  chap,  v.,  p.  36.) 
However  this  may  have  been,  there  is  no  doubt  that,  previously  to  the 
time  of  Coke,  this  court,  whether  distinct  or  only  a  modification  of 
the  ancient  jurisdiction,  had  again  merged  in  the  general  jurisdiction 
of  the  lords  of  the  council  so  completely  as  to  justify  his  statement, 
that  the  opinion  expressed  in  the  judicial  resolution  was  "  contrary  to 
continual  experience."    Sir  Thomas  Smith,  who  wrote  his  '  OlYeatise  on 
the  Commonwealth  of  England '  in  the  year  1565,  makes  no  mention  of 
a  limited  court,  though  he  treats  particularly  of  the  court  of  Star- 
Chamber,  and  says  that  the  judges  were  the  lord  chancellor,  the  lord 
treasurer,  all  the  king's  council,  and  all  peers  of  the  realm ;  and  he 
ascribes  the  merit  of  having  renewed  the  vigour  of  the  court  to 
Cardinal  Wolsey.    At  the  beginning  of  the  reign  of  Elizabeth,  there- 
fore, the  court  of  Star-Chamber  was  unquestionably  in  full  operation 
in  the  form  in  which  it  was  known  in  tiie  succeeding  reigns ;  and  at 
this  period,  before  it  had  degenerated  into  a  mere  engine  of  state,  it 
was  by  no  means  destitute  of  utility.    It  was  the  only  court  in  the 
hnd  in  which  great  and  powerful  offenders  had  no  means  of  setting  at 
defiance  tho  administration  of  justice  or  corrupting  its  course.    And 
during  the  reign  of  Elizabeth,  when  the  jurisdiction  of  the  Star- 
Chamber  had  reached  its  maturity,  it  seems,  except  in  political  cases, 
to  have  been  administered  with  wisdom  and  discretion.    (Falgrave's 
'  Essay  on  tho  King's  Council') 

The  proceedings  in  the  court  of  Star-Chamber  were  by  information, 
or  bill  and  answer;  interrogatories  in  writing  were  also  exhibited  to 
the  defendant  and  witnesses,  which  were  answered  on  oath.  The 
attorney -general  had  the  power  of  exhibiting  ex-officio  informations; 
OS  bad  also  the  king's  almoner  to  recover  deodonds  and  goods  of  a  felo- 
de-se,  which  were  supposed  to  go  in  support  of  the  king's  alms.  In 
cases  of  confession  by  accused  persons,  the  information  and  proceedings 
were  oral,  and  hence  arose  one  of  the  most  oppressive  abuses  of  the 
court  in  political  prosecutions.  The  proceeding  by  written  information 
and  interrogatories  was  tedious  and  troublesome,  often  involving  much 
nicety  in  pleading,  and  always  requiring  a  degree  of  precision  in  setting 
forth  the_  accusation  which  was  emtnrrassing  in  a  state  prosecution. 
It  was  with  a  view  to  these  difficulties  that  Lord  Bacon  discouraged 
the  king  from  adopting  this  mode  of  proceeding  in  the  matter  of  the 
pursuivants,  saying  that  "  the  Star-Chamber  without  confession  was 
long  seas."  (Bacon's  ''WorkB,'  vol.  iii.  p.  372.)  In  poUtical  chaises, 
therefore,  the  attorney-general  derived  a  great  advantage  over  the 
accused  by  proceeding  ore  tenwt.  The  consequence  was,  that  no  pains 
were  spared  to  procure  confessions,  and  pressure  of  every  kind, 
including  torture,  was  unscrupulously  applied.  According  to  the  laws 
of  the  court,  no  person  could  be  orally  chained,  unless  he  acknowledged 
his  confession  at  the  bar, "  freely  and  voluntarily,  without  constraint." 


(Hudson's '  Treatise  of  the  Court  of  Star-Chamber.*)  But  this  check 
upon  ctxifessions  improperly  obtained  seems  to  have  been  much  neg- 
lected in  practice  during  the  later  periods  of  the  history  of  this  courtw 
Upon  admissions  of  immaterial  oircumstoncea  thus  aggravated  and 
distorted  into  confessions  of  guilt,  the  Earl  of  Northumberland  was 
prosecuted  ore  tenvt  in  the  Star-Chamber,  for  being  privy  to  the  Gun- 
powder Plot,  and  waa  sentenced  to  pay  a  fine  of  30,0002.  and  to  be 
imprisoned  for  life;  "but  by  what  rule,"  says  Hudson  ('  Coll.  Jurid.,' 
voL  ii.),  "  that  sentence  was,  I  know  not,  for  it  was  ore  (enui,  and  yet 
not  upon  confession."  And  it  frequently  happened  during  the  last 
centiuy  of  the  existence  of  the  Star-Chamber,  that  enormous  fines, 
imprisonments  for  life  or  during  the  king's  pleasure,  banishment,  muti- 
lation, and  every  variation  of  punishment  short  of  death,  were  inflicted 
by  a  court  composed  of  members  of  the  king's  council,  upon  a  mere 
oral  proceeding,  without  hearing  the  accused,  without  a  written  charge 
or  record  of  any  kind,  and  without  appeaL 

The  judges  of  the  court  of  Star-Chamber  were  the  lord  chancellor  or 
lord  keeper,  who  presided,  and  when  the  voices  were  equal  gave  a 
casting  vote,  the  lord  treasurer,  the  lord  privy  seal,  and  the  president 
of  the  council,  who  were  members  of  the  court  ex  ojicio,  probably  by 
usage  since  the  statute  of  8  Heniy  VII.  In  addition  to  these,  were 
associated,  in  early  periods  of  the  history  of  the  court,  any  peers  of 
the  realm  who  chose  to  attend.  According  to  Sir  Thomas  Smith,  the 
judges  in  his  time  were  the  "  lord  chancellor,  the  lord  beasurer,  all 
the  king's  majesty's  council,  and  the  barons  of  this  land."  ('  Common- 
wealth of  England,'  b.  iii.  c  5.)  Hudson  states  that  the  number  of 
attendant  judges  "  in  the  reigns  of  Henry  VII.  and  Hemy  VUL  have 
been  well  near  to  forty ;  at  some  one  time  thirty ;  in  the  reign  of 
Queen  Elizabeth  often  times,  but  now  (that  is,  in  the  time  of  James  I.) 
much  lessened,  since  the  barons  and  earls,  not  being  privy  councillors, 
have  forborne  their  attendance."  He  further  states,  that  "  in  the  times 
of  Henry  VII.  and  Hemy  VIIL  the  court  was  most  commonly 
frequented  by  seven  or  eight  bishops  and  prelates  every  sitting-day ; ' 
and  adds,  "  that  in  those  times,  the  fines  trenched  not  to  the  destruc- 
tion of  the  offender's  estate,  and  utter  ruin  of  him  and  his  prosperity, 
as  now  they  do,  but  to  his  correction  and  amendment,  the  deigy's 
song  being  of  mercy."  ('Coll.  Jurid.,'  vol.  ii,  p.  86.)  The  settled 
course  during  the  latter  part  of  the  reign  of  Elizabeth  and  the 
reigns  of  James  I.  and  Charles  I.  seems  to  have  been  to  admit  only 
such  peers  aa  judges  of  the  court  as  were  members  of  the  privy 
council. 

The  civil  jurisdiction  of  the  Star-Chamber  comprehended  mercantile 
controversies  between  English  and  foreign  merchants,  testamentary 
causes,  and  differences  between  the  heads  and  commonalty  of  corpo- 
rations, both  lay  and  spiritual.  The  court  also  dispoaed  of  tiie  cIoiids 
of  the  king's  almoner  to  deodands,  as  above  referred  to,  and  also  such 
claims  as  were  made  by  subjects  to  deodands  and  eataUa  feloiatm  by 
virtue  of  charters  from  the  crown.  The  criminal  jurisdiction  of  the 
court  was  very  extensive.  If  the  king  chose  to  remit  the  capital 
punishment,  the  court  had  jurisdiction  to  punish  as  crimes  even 
treason,  miuder,  and  felony.  Under  the  comprehensive  name  of  con- 
tempts of  the  king's  suUiority,  aU  offences  against  the  state  were 
included.  Forgery,  perjury,  riots,  maintenance,  embracery,  fraud, 
libels,  oonspiraoy,  and  false  accusation,  misconduct  by  judges,  justices 
of  the  peace,  sheriff,  jurors,  and  other  persons  connected  with  the 
administration  of  justice,  were  all  punishable  in  the  Star-Chamber. 

It  was  also  usuiu  for  the  judges  of  assize  previously  to  their  circuits 
to  repair  to  the  Star-Chamber,  and  thero  to  receive  from  the  court 
directions  respecting  the  enforcement  or  restraint  of  penal  laws. 
Numerous  instances  of  tliis  unwarrantable  interference  with  the  ad- 
ministration of  the  criminal  law  occur  with  reference  to  the  statutes 
against  recusants  in  the  reigns  of  Elizabeth  and  James  I. 

A  court  of  criminal  judicature,  composed  of  the  immediate  agents 
of  prerogative,  possessing  a  jurisdiction  very  extensive,  and  at  the 
same  time  imperfectiy  defined,  and  authorised  to  inflict  any  amount 
of  punishment  short  of  death,  must,  even  when  best  administered, 
have  always  been  viewed  with  apprehension  and  distrust ;  and,  accord- 
ingly, in  the  earlier  periods  of  its  history  we  find  constant  remon- 
strances by  the  Commons  against  its  encroachments.  As  civilisation, 
knowledge,  and  power  increased  among  the  people,  the  jurisdiction 
of  the  lords  of  the  council  became  more  odious  and  intolerable.  A 
measure  which  was  introduced  into  the  House  of  Commons  in  the  last 
parliament  of  Charles  I.,  to  limit  and  regulate  the  authority  of  this 
court,  terminated  in  a  proposal  for  its  entire  abolition,  which  was 
eventually  adopted  without  opposition  in  both  houses.  The  statute 
16  Car.  I.  c.  10,  after  reciting  Magna  Charta  and  several  early  statutes 
in  support  of  the  ordinary  system  of  judicature  by  the  common  law, 
goes  on  to  state  that  "  the  judges  of  the  Star-Chamber  had  not  kept 
themselves  within  the  points  limited  by  the  statute  8  Henry  VIL,  but 
had  undertaken  to  punish  whero  no  law  warranted,  and  to  make 
decrees  having  no  such  authority,  and  to  inflict  heavier  punisiimeuts 
than  by  any  law  was  warranted;  and  that  the  proceedings,  censures, 
and  decrees  of  that  court  had  by  experience  been  foimd  to  be  an  in- 
tolerable burthen  to  the  subjects,  and  the  means  to  introduce  an 
arbitrary  power  and  government."  The  statute  then  enacts,  "  that  the 
said  court  called  the  Star-Cliamber,  and  all  jurisdiction,  power,  and 
authority  belonging  unto  or  exercised  in  the  same  court,  or  by  any  of 
the  judges,  officers,  or  ministers  thereof,  should  be  clearly  and  abeo- 
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lutely  diesolTed,  taken  away,  and  determined,  and  that  all  itatutes 
giving  Buch  jurisdiction  should  be  repealed." 

STAR-FORT,  a  kind  of  redout  inclosing  an  area,  and  having  its 
lines  of  rampart  or  parapet  disposed,  on  the  plan,  in  directions  nuking 
with  each  other  angles  which  are  alternately  salient  and  re-entering,  as 
a  star  is  usually  represented.  This  construction  is  adopted  when  the 
work  is  intended  to  contain,  for  some  time,  the  stores  of  an  army,  or 
to  secure  some  important  part  of  the  position  which  the  army  occupies. 
The  magistral  line  of  the  work  may  be  traced  by  first  laying  down  a 
polygonal  figure,  regular  or  irregular,  as  the  ground  may  permit,  and 
then  upon  each  of  its  sides  forming  an  equilateral  triangle :  the  interior 
oapacily  and  the  quantity  of  fire  will  evidently  be  increased  as  the 
polygon  has  a  greater  number  of  sides ;  but  the  importance  of  the  work 
U  audom  so  great  as  to  render  it  necessary  to  form  it  on  a  polygon 
superior  to  a  hexagon  or  an  octagon ;  and  the  latter  polygon,  while  it 
admits  of  being  eaoly  traced,  allows  the  re-entering  angles  between  the 
aides  of  the  triangles  to  have  a  degree  of  obtuseness  sufficient  to  avoid 
the  risk  that  the  defenders  of  the  faces  on  each  side  of  such  an  angle 
mi^t  fire  upon  one  another.  As  it  is  found  that  soldiers  fire  nearly 
perpendicularly  to  the  face  of  the  parapet  behind  which  they  stand,  a 
greater  obtuseness  would  cause  the  lines  of  fire  to  diverge  so  far  from 
the  direction  of  the  adjacent  &ce  as  to  prevent  the  ditch  of  the  latter 
Irom  being  effectually  fiaaked. 

A  star-fort  on  an  octagon  may,  if  the  ground  is  level,  be  traced  by 
laying  down  a  square,  and,  upon  the  middle  of  each  of  its  sides,  an 
equilateral  triangle,  whose  baas  is  one-third  at  the  length  of  such  side ; 
or,  more  regularly,  by  transferring  half  the  diagonal  of  the  square  to 
each  side,  from  the  four  angles ;  the  distances  between  the  extremities 
of  these  half  diagonals  are  the  sides  of  an  equilateral  octagon,  and  upon 
these  sides  equuateral  triangles  may  be  formed.  The  subjoined  cut 
represents  the  magistral  line  of  half  a  star-fort  with  eight  paints,  con- 
structed in  this  last  manner.  If  the  polygon  had  more  than  twelve 
sides,  the  re-entering  angles  woiUd  be  acute ;  and,  agreeably  to  the 
above  supposition  concerning  the  direction  in  which  soldiers  fire,  the 
defenders  on  the  adjacent  faces  might  annoy  one  another. 

That  the  fire  of  musketry  may  be  sufficiently  effective,  it  is  oon- 
aidered  proper  that  the  leng^  of  the  several  faces  should  not  be  less 
than  thirty  yards ;  and  a  star-fort  whose  faces  are  of  much  greater 


Irajtth  is  capable  of  oontiuning  a  garrison  more  numeioiu  than  that 
which  would  be  required  for  the  end  proposed  by  such  a  work.  A 
star-fort  with  six  or  eight  points  has  a  great  advantage  over  a  simple 
redout,  though  its  construction  is  leas  simple  :  the  crossing  fires  from 
the  faces  seriously  impede  the  advance  of  the  enemy  towards  the  salient 
points ;  and  the  assailants,  in  passing  the  ditch,  are  completely  exposed 
to  the  view  of  the  defenders. 

During  the  Seven  Yean"  War,  the  king  of  I>nisda's  intrenched  camp 
at  Jauenuck  contained  a  star-fort  on  a  rising  ground  in  its  centre,  from 
whence  the  movements  of  the  Austrians  cotdd  be  observed ;  and  in  this 
work  the  king's  tent  was  pitched.  The  position  taken  up  on  the  Nivelle 
by  Marshal  Soult,  while  the  British  army  was  acting  in  the  south  of 
France  (1818),  was  protected  by  a  strong  star-fort.  The  work  was 
constructed  on  a  terrace  below  the  summit  of  a  mountam  called  the 
Smaller  Rhune,  and  was  intended  to  defend  the  entrance  of  a  ravine. 
A  platform  below  the  summit  of  a  ridge  of  high  ground  near  the 
Bidassos  was,  in  like  manner,  fortified  by  a  star-fort. 

STARCH  (C,.H,„OJ.  Peada;  Amidonj  Amglaeeoui  matter:— The 
substance  known  in  commerce  and  in  domestic  life  as  starch,  is  usually 
prepared  from  wheaten  flour.  Starch,  however,  exists  in  abundance  in 
very  many  other  vegetables,  so  that,  strictly  speaking,  the  term  is  a 
generic  one.  The  flour  of  barley,  oats,  lye,  arrow-root,  sago,  tapioca, 
nee;  the  greater  part  of  the  common  potato,  harico  bean,  lentil 
maize,  millet,  Aa,  is  starch.  The  starch  from  these  various  souroes  is 
idenfacal  so  far  as  composition  is  concerned ;  the  elements  carbon, 
hydrogen,  and  oxygen  exist  in  exactly  similar  proportions  in  all  As 
usually  mot  with,  the  several  varieties  differ  somewhat  in  taste,  but 
thisisiwobablyowingtoadmixture  of  traces  of  volatile  oiL  [Essential 
Oils,  0/  «oreA.]  They  appear  also  to  slightly  differ  from  each  other 
in  capabiUty  of  assimUation  when  taken  as  food ;  a  fact  not  yet  satis- 
factorily accounted  for. 

To  the  naked  eye  starch  presents  a  white  glistening  appearance,  and 
seems  to  be  an  aggregation  of  small  shapeless  parUoles.  Sy  the  aid  of 
the  microscope,  however,  it  is  seen  to  consist  of  beautiful  regular  ovoid 
granules ;  and  under  a  magnifying  power  of  from  two  to  five  hundred 
diameters,  each  granule  is  found  to  be  marked  by  a  series  of  circles 
converging  from  the  circumference  to  a  point  termed  the  hilum.  The; 
sue  of  the  granule,  the  distinctness  of  the  concentric  lines,  and  the' 
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position  of  Uie  hilum,  are  always  the  same  in  any  one  kind  of  starch, 
but  vary  considerably  in  starch  from  various  sources ;  the  microscope 
is  therefore  of  considerable  aid  in  detecting  the  admixture  of  an  inferior 
with  a  superior  variety,  and  in  determining  the  origin  of  a  starch. 

Starch  is  insoluble  in,  and  but  very  slightly  acted  upon  by,  cold 
water;  nor  is  it  really  soluble  in  hot  water.  When,  however,  it  is 
heated  with  twenty  or  thirty  times  its  weight  of  water  its  granules 
swell  and  finally  burst;  if  the  whole  be  diluted  and  set  aside,  the  rent 
walls  of  the  granules  subside  to  the  bottom  of  tlie  containing  vessel, 
while  their  contents  are  so  thoroughly  mixed  with  the  water  that  the 
two  can  only  be  separated  by  very  tedious  processes.  Starch  is  also 
iiisoluble  in  alcohol  or  ether.  Acids  and  alkalies,  even  when  cold  and 
highly  diluted,  cause  it  to  swell  and  form  a  paste  and  finally  convert 
it  into  dextrin.  _Air-dried  starch  usually  contains  about  eighteen  per 
cent,  of  water ;  if  more  than  this  is  present  the  starch  has  a  tendency 
to  agglutinate  when  pressed  between  the  finger  and  thumb;  moreover, 
when  projected  on  to  a  metal  plate  heated  to  212°  Fahr.,  it  agglo- 
merates into  hard  lumps  forming  a  sort  of  artificial  tapioca,  no  such 
effect  being  produced  if  it  has  been  properly  air-dried.  Exposed  in 
vacuo  at  a  temperature  of  60°  Fahr.,  the  amount  of  water  is  reduced  to 
fifteen  per  cent.  (C„H,oO,o,  2Aq.)  and  at  260°  Fahr.  to  the  minhnum  of 
eight  and  a  half  per  cent  (C„H,oOio).  At  a  higher  heat  than  this, 
staroh  is  converted  into  dextrin. 

Starch  combines  with  certain  bases,  the  compoimds  have  been 
termed  amylatei ;  that  of  lead  contains   (C„H,0,  ^-  2PbO). 

Tat  for  Starch — Free  iodine  communicates  a  deep  blue  colour  to 
staroh.  The  resulting  body  is  called  iodide  of  starch,  but  its  con- 
stitution has  not  yet  been  satisfactorily  aacertsined.  The  colour 
disappears  if  the  iodine  be  in  excess,  if  the  mixture  be  boiled,  or  if  any 
unstable  organic  matter,  such  as  urine,  be  added  to  it.  By  bringing 
iodide  of  staroh  into  contact  with  yeast,  M.  Duroy  has  lately  obtained 
what  he  calls  colourless  iodide  of  staroh,  a  sweet,  gummy,  uncrystal- 
lisable  neutral  substance,  very  soluble  in  water,  but  insoluble  in 
alcoboL 

The  amount  of  starch  in  various  vegetables  varies  as  they  progress 
towards  maturity,  and  is  much  influenced  by  soil  and  climate. 
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Wheat  Starek.—Wiealbea  fiour  is  mixed  with  water  and  exposed 
to  the  air,  with  occauonal  stirring,  for  several  weeks.  During  thia 
time  a  portion  of  the  gluten  of  the  flour  undei^goes  putrefaction : 
fermentation  is  set  up,  and  some  of  the  starch  is  converted  into 
carbonic  acid  and  alcohol,  acetic  and  lactic  adds  are  also  formed. 
During  jthis  change  an  exceedingly  unpleasant  prutrescent  odour  is 
given  off  from  the  mass  ;  the  starch,  however,  iiltimately  subsides  in 
the  pure  state,  and  colourless,  the  other  mattera  with  which  it  was 
mixed  in  the  flour,  as  well  as  some  products  of  decomposition,  remain- 
ing in  solution  or  floating  on  the  surface  as  a  scum,  called  tUma  or 
Jlvmmery.  The  latter  was  formerly  given  to  pigs  for  food,  but  is  now 
used  by  the  calico-printer  as  a  reBist  paste.  The  peculiar,  but  well- 
known  columnar  appearance  of  wheat  staroh,  as  met  with  in  commerce, 
is  acquired  during  the  diring  opertioa  The  moist  starch  is  cut  up 
into  blocks  about  six  indies  square,  and  placed  in  carefully  heated 
stoves ;  as  the  water  evaporates  the  massos  shrink  and  split  up  into 
the  characteristic  irregular  fragments. 

A  preferable  method  of  extracting  starch  from  wheat-flour  has  lately 
been  introduced  by  Mr.  Martin.  It  consists  in  kneading  the  flour  into 
dough  with  water,  and  then  washing  on  a  sieve  in  a  stream  of  water. 
The  starch  is  thus  washed  out,  and  nearly  all  the  gluten  remains 
behind  as  a  sticky  moss.  Slight  fermenbition  is  induced  in  the  wash- 
ings, whereby  the  remaining  portions  of  gluten  are  destroyed,  and  the 
staroh  is  then  dried.  The  gum-like  gluten  educed  in  this  process  is 
dried,  grotmd,  and  sold  as  semolina,  or  is  mixed  with  flour  and  made 
into  maocaroni  and  simUsr  p-tstes. 

Potato  Starch,  now  largely  manufactured  on  the  Continent,  is  readily 
obtained  from  the  washed  and  rasped  or  grated  potatoes  by  simple 
kneading  of  the  pulp  in  a  stream  of  water  on  an  inclined  plate  or  fine 
sieve ;  the  starch  is  carried  off  by  the  water,  is  allowed  to  subside,  and 
after  one  or  two  washings  by  decantation,  is  drained  in  boxes  lined 
with  felt,  and  dried  on  floora  of  plaster  of  Paris.  Potato  Btaroh  does 
not,  in  drying,  assume  the  columnar  form  characteristic  of  wheat 
starch. 

Sice  StarA. — For  the  preparation  of  this  variety  the  rice  is  macerated 
for  twenty-four  houra  in  a  very  weak  alkaline  solution,  composed  of 
nearly  half  an  ounce  of  caustic  soda  toa  gallon  of  water;  it  is  then 
washed,  drained,  reduced  to  a  pulp,  and  again  macerated  in  a  fresh 
quantity  of  soda-ley;  after  brisk  agitation  and  a  short  repose  the 
liquor,  still  containing  the  staroh  in  Suspension,  ia  poured  off  from  the 
vegetable  fibre,  which  first  deposits,  and  the  stai-ch,  accumulated  by 
subeidonoe,  is  fiiudly  dried  in  the  usual  manner.  The  object  of  thia 
process  is  the  solution  of  the  ^uten  in  the  weak  alkaU.  If  jiba  latter 
be  earefoUj:,  neutralised  by  Bnlphurio- add  the  gluten  is  deposited  in 
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flucks,  and  after  washing  may  be  used  in  the  preparation  of  certain 
varieties  of  food,  as  before  mentioned. 

Otkar  MataiaU  for  Starch, — Mr.  Simmonda  states  that  at  Oswego,  in 
New  York  State,  starch  is  made  on  a  vast  scale  from  maize  or  In<^an 
com.  There  is  one  factory  wlilch  covers  nearly  three  acres,  and  which 
consumes  200,000  bushels  of  maize  yearly,  whence  is  obtained  4,000,000 
lbs.  of  starch.  Mr.  Anderson,  by  a  patent  obtained  in  18S7,  proposes 
BO  to  treat  maize  as  to  obtain  starch  from  one  portion,  and  oU  from  a 
residue  hitherto  wasted.  Frequent  search  is  made  for  new  materials 
whence  starch  may  be  obtained.  So  &r  back  as  1796,  the  Societyof 
Arts  ofTered  a  prize  medal  for  any  novelties  in  this  direction.  Ths 
prize  was  awarded  to  Mis.  Qibbs  of  Portland,  who  obtained  starch  from 
the  roots  of  the  Arum  macuiatum — i  lb.  from  1  peck.  It  was  very 
pure,  and  was  sold  under  the  name  of  "  Portland  sirow-root."  There 
is  not  much  now  made,  because  the  rotation  of  crops  prevents  the  wild 
arum  from  growing.  In  1853,  M.  Basset  obtained  a  prize  in  France, 
for  making  starch  £rom  the  Pulillaria  tntpenoJu,  or  crovn  imperial;  he 
washes  and  rasps  the  bulbs,  and  obtains  starch  from  them  in  the  usual 
way.  The  plimt  grows  well  in  France.  M.  Bassot  estimates  that 
6000  Ib&  of  stareh  may  come  from  an  acre  of  land,  and  need  not  cost 
moro  than  4t.  per  cwL — much  cheaper  than  potato  starch.  In  1857, 
there  was  a  great  demand  for  hor8e-<^estnuts  in  lYance,  in  consequence 
of  the  estabOshment  of  a  factory  at  Nanterre  for  making  starch  from 
that  source.  Chestnut  trees  are  very  abundant  in  France,  and  the 
starch  obtained  from  the  fruit  is  said  to  be  good. 

The  use  of  starch  in  the  cotton  manufacturing  districts  is  very 
large.  One  print- work  in  Manchester  consumed  6000  cwts.  in  1859. 
A  kind  called  Glmfitld  stareh  is,  by  a  peculiar  process,  made  semi- 
transparent,  for  use  in  stiffening  net  and  lace. 

Properlia  of  Starch. — Starch,  when  pure,  is  nearly  devoid  of  odour 
and  taste,  and  is  possessed  of  demulcent  properties  when  boiled  in 
water,  with  which  it  forma  a  hydrate  of  a  jelly-like  character.  Its 
insipidity,  however,  hindera  it  from  being  very  digestible  in  this  state, 
or  even  when  kneaded  with  cold  water,  and  exposed  to  heat,  to  form 
biscuits.  Its  digestibility  is  greatly  increased  by  fermentation,  and 
henoe  bread  or  rusks  are  much  moro  suitable  to  invalids  than  any 
unfermented  preparations  of  flour.  The  best  bread  is  formed  by  flour 
which  contains  the  greatest  proportion  of  gluten.  The  relative  pro- 
portions of  staroh  and  gluten  cUfier  not  only  in  the  different  cereal 
grains,  but  in  the  same  species  or  variety,  according  to  the  season 
when  they  are  sown,  or  the  manure  which  has  been  applied  to  the 
land.  ^        • 

Staroh  exists  in  larger  proportion  in  Otrolioa  rioe  than  i^  any  other 
grain.  Potatoes  yield  the  purest  staroh.  It  is  procured  from  them 
with  great  ease,  by  simply  rasping  down  the  potatoes  over  a  sieve,  and 
passing  a  current  of  water  over  the  raspings.  The  water  passes  through 
the  sieve  milky  with  the  starch.  By  rest  the  stareh  subsides;  it  is 
then  two  or  tiiree  times  washed  with  pure  water,  and  afterwards 
allowed  to  dry. 

The  quantity  of  starch  is  at  its  maximum  in  tiie  winter  months,  but 
as  soon  as  the  potato  begins  to  sprout,  the  staroh  lessens,  as  does  also 
the  proportion  of  nitrogen,  so  that  it«  nutritive  properties  are  impaired. 
If,  however,  the  process  of  isolating  the  stareh  be  followed  in  the 
winter  months,  the  result  is,  a  rizth  portion  of  the  weight  of  the 
potatoes  employed,  in  a  condition  fit  not  only  for  immediate  use,  but 
of  easy  transport,  and  capable  of  preservation  for  years. 

Starches  differ,  according  to  their  souroes,  in  diemical  composition, 
and  certainly  in  their  digestibility,  as  also  in  their  nutritive  properties, 
according  as  they  are  isolated  or  associated  with  other  principles,  such 
as  gluten.  Wheat-starch  consists  of  C„H,„0„,  while  potato-starch 
consists  of  C„H,0,.  Arrowroot  has  no  gluten  associated  with  it,  rice 
very  littie,  potato  only  one-third  what  good  wheat  has.  Thus  whUe 
arrowroot  is  the  most  digestible,  wheat  is  the  most  nourishing. 
Potatoes  are  neither  nourishing  nor  digestible,  being  of  all  starxihes  the 
most  prone  to  run  into  acidity,  and  so  distress  w^k  stomachs.  The 
consumers  of  rice  and  potatoes  are  remarked  to  be  almost  invariably 
pot-bellied,  owing  to  the  large  quantity  they  are  compelled  to  use.  "  To 
supply  a  given  amount  of  carbon  and  nitrogen  to  the  system  it  costs 
two  and  a  half  times  as  much  to  obtain  it  from  potato  as  from  bread." 
(Dr.  Edward  Smith.)  These  facts  constitute  a  strong  objection  to  the 
use  of  potatoes,  either  in  their  natural  state,  as  when  used  at  dinner, 
or  when  employed  as  a  constituent  of  braid.  Many  persons  have 
found  their  hedth  Etrikingly  improved  by  relinquishing  the  use  of 
potatoes.  It  is  difficult  to  detect  the  presence  of  potato-stareh  in 
bread.  The  motive  for  using  it  is  that  it  takes  up  more  water  than 
wheat-flour.  But  this  is  a  double  disadvantage  to  the  consumer,  as 
he  gets  less  nutritious  material  for  his  money,  and  has  unhealthy  acid 
generated  in  his  stomach.  The  bread  made  with  flour  very  moist  is 
always  inferior,  from  an  alteration  in  the  gluten,  unfavourable  to  a 
perfect  panification,  and  because  such  bread  is  very  much  more  prone 
to  become  mouldy,  by  which  its  degree  of  wholesomeness  is  still 
farther  impaired.  (Dumas,  '  Traits  de  Chimie  mpliqurf  aux  Arts.* 
ToL  vi.  p.  891.) 

The  carefully  devised  and  systematically  conducted  experiments 
of  Dr.  Edward  Smith  prove  that  "  animals  cannot  live  on  sterch,  and 
yet  it  is  not  uncommon  to  find  mothers  with  deficient  milk  giving 
to  their  infants  arrowroot,  ot  some  of  the  fashionable  preparations  of 
com,  which  consist  almost  entirely  of  starch  freed  from  the  important , 


nitrogenous  constituents,  and  using  water  instead  of  cow's  milk, 
under  the  impression  that  the  latter  would  be  too  rich  a  food.  Stick 
a  course  can  only  be  a  source  of  starvation,"  and  a  fertile  source  of 
mortahty.  (See '  Practical  Deductions  from  an  Experimental  Inquiry 
into  the  Influence  of  Foods,'  by  Edward  Smith,  M.D.,  Dublin,  1860.^ 

The  above  are  the  more  important  kinds  of  starch.  For  inf  ormaticn 
concerning  starch  from  other  sourees  see  the  names  of  the  several 
plants  in  tiia  Natural  Histort  DrvisioN  of  this  Cydopeedia.  [Abbow- 
boot;  Saoo;  Salef;  Tapiooa.1 

STARCH  GUM.    [British  Gdm.] 

STARS,  DOUBLE.    [Star,  Ac.] 

STABS,  SHOOrmO.    [HiTEOB.] 

STATE.      [SOTEBEIOHTT.] 

STATER  (oraHip,  a  ttandard  of  value),  or  Chrynu  (xpiwoSi,  gold 
mmey),  was  the  name  of  a  Greek  gold  coin,  which,  after  being  used 
from  a  very  early  period  in  some  states,  became,  in  the  time  of 
Philip  II.  and  Alexander  the  Great,  the  general  gold  currency  of 
Greece.  It  is  sud  to  have  been  first  coined  in  Lydia,  to  which  tiie 
origin  of  silvar  money  also  is  attributed  by  an  ancient  tradition. 
(Herod,  i  94.)  The  stater  of  Cicesus  seems  to  have  been  the  first 
gold  money  seen  in  Greece.  (Herod,  i.  64.)  Xo  undoubted  specimen 
of  this  Lydian  stater  is  in  existence.  According  to  Bockh,  it  was 
formed  of  the  pale  gold  or  electrum  (J  gold  and  J  silver)  contained  in 
the  sands  of  the  Paotolus. 

Of  the  better  known  gold  coins,  most  were  of  the  same  standard  of 
weight  as  the  Attic  drachma,  the  Attic  silver  having  at  a  very  early 
period  obtained  a  general  ciroulation  throughout  Greece,  and  being 
reckoned  extremely  pure.  The  stater  was  generally  equal  in  weight  to 
two  draohnue,  and  in  value  to  twenty.  This  was  the  case  with  tiie 
Macedonian  stater,  which  the  influence  of  Philip  and  Alexander  brought 
into  general  circulation  in  Greece,  and  which  continued  to  be  coi^d 
by  the  later  Macedonian  kings  after  the  some  standard,  or  very  nearly 
so.    Many  specimens  of  it  exist. 

The  average  weight  of  the  staters  of  Philip  and  Alexander  is  a  little 
under  ]  38  grains.  An  assay  of  a  stater  of  Alexander,  made  for  Mr. 
Hussey,  gave  115  grains  of  fine  gold  and  18  of  silver,  with  no  alloy. 
The  Buver  here  ou^t  not  to  be  reckoned  as  an  alloy,  and  therefore  the 
coin  is  equivalent  to  133  grains  of  fine  gold.     Our  sovereign  contains 

118'12  grains  of  fine  gold.    Therefore  this  stater  was  worth  -—^  of  a 

sovereign,  or  a  very  Uttie  more  than  V.  Si.M.  If  we  calculate  Hm 
value  by  the  number  of  drachmse  it  was  worth,  we  find  it  only  16«.  3<^ 
The  reason  of  this  is,  that  silver  was  much  dearer  in  ancient  times  than 
it  is  now.  The  higher  value  of  the  stater  is  the  true  one,  as  no  material 
change  has  occurred  in  the  value  of  gold. 

In  the  states  of  Greece  proper  the  chief  standards  of  money  followed 
were  those  of  Athens  and  .^gino.  In  both,  the  principal  denomina- 
tions of  money  were  coined  in  silver,  and  it  does  not  appear  that  the 
.^Iginetan  system  contained  any  gold  coin. 

At  Athens  there  seems  to  have  been  no  gold  money  in  the  flourishing 
times  of  the  republic,  if  we  except  a  coinage  mentioned  by  the  Scholiast 
to  Aristophanes  ('  Frogs,'  v.  719).  There  are  however  a  few  Attic  gold 
coins  in  existence,  but  only  about  a  dozen.  Of  these,  three,  which 
there  is  every  reason  to  suppose  genuine,  are  in  tho  British  Museum, 
and  one  in  the  Hunterian  Museum  at  Glasgow.  Their  weights  agree 
exactiy  with  the  Attic  standard,  being  respectively  132*8, 1327,  ISS'S, 
and  132°76  grains,  or  on  the  average  132*6875  grains,  which  is  only 
about  half  a  grain  less  than  the  Attic  didrachm.  The  ohaiacter  of  ths 
impressipn  is  exactiy  like  that  of  the  old  Attio  sihrer,  but  the  form  of 
the  coin  is  more  like  the  Macedonian. 

It  is  very  dear  however  that  foreign  gold  was  in  ciroulation  at 
Athens  quite  as  early  as  the  Peloponnesian  war.  It  was  obtained 
doubtiess  in  commerce,  and  as  the  tribute  of  the  allies,  many  of  whom 
had  gold  currencies.  Among  the  denominations  so  used,  the  chief 
were  the  darics  of  Persia  [Dabio]  and  the  staters  of  the  Greek  cities 
of  Asia  and  the  neighbounng  islands.  In  bet,  the  Greeks  got  nearly 
'all  their  gold  from  Asia.  The  following  were  the  prindpal  coins  of 
Gheek  states  in  ciroulation  at  Athens : — 

Demosthenes  (in '  Phorm.,'  p.  914,  Beiake)  informs  us  that  a  litUs 
after  385  B.o.  the  stater  of  Cyzicus  passed  at  Bosporus  in  the  Tauric 
Chersonese  for  twenty-eight  Attic  drachnue.  The  existing  coins  vary 
from  160  to  120  grains,  the  former  of  which  is  greater,  the  latter  less 
than  the  Attic,  and  both  apparentiy  derived  from  an  element  of  40 
grains.  The  existing  coins  seem  however  to  have  been  multiples  of 
different  standards.  As  the  heaviest  of  the  existing  coins  does  not 
come  up  to  the  weight  answering  to  the  value  assigned  to  the  Cyzicene 
stater  by  Demosthenes,  we  must  suppose  that  gold  was  dearer  or  silver 
cheaper  than  usuid  at  Bosporus  at  the  time  referred  to. 

The  Statert  of  Lamptacat,  which  may  be  recognised  by  the  impres- 
sion of  a  sea-horse,  are  of  the  standard  of  the  daric.  Two  in  (he  British 
Museum  weigh  about  129  grains  each. 

The  Siattr  of  Phocasa  also  appears,  from  the  spedmens  given  by 
Sestini  ('  DegU  Stateri  Antichi '),  to  have  followed  the  standard  of  the 
daric.  It  was  divided  into  sixths  (cirrai)  and  twelftiis  (^tcra),  of 
which  the  latter  were  equal  in  value  to  eight  obols,  and  in  weight 
probably  to  one,  since  the  obol  bore  the  same  proportion  to  the 
didrachm  in  the  silver  coinage,  that  tike  iHiinerm  did  to  the  stater  in 
the  gold. 
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Most  of  the  cities  of  Ionia  coined  staters.  Those  of  Chios,  Teoe, 
Colophon,  Smyrna,  Ephesus,  and  other  places,  now  exist.  There  were 
also  gold  coins  struck  in  Samoa,  Siphnus,  Tliasos,  the  Oreek  cities  of 
Sicily,  and  Cyrene,  at  an  early  period.  After  the  Macedonian  coinage 
of  statersj  many  Greek  statias  coined  them  according  to  the  game 
standard ;  we  may  mention  Epinia,  Acamania,  ^Etolia,  and  Syracuse. 

The  coins  in  the  system  of  the  stater  were  the  single,  double,  and 
half  staters ;  these  were  very  common  :  there  were  also,  less  commonly, 
quarters,  thirds,  sixths,  and  twelfths  of  staters. 

The  Attic  silver  tetradrachm  was  called  stater  in  later  times,  but  it 
is  doubtful  whether  it  was  so  called  in  the  best  ages  of  the  republic. 

The  term  stater  was  aUo  applied  to  weight,  meaning  apparently  any 
standard  of  weight.    The  Mina  and  Sicilian  Litra  wei«  so  called. 

(Hussey,  Ancient  Weightt  and  Money;  Wurm,  Dt  Pood.,  to. ;  Bockh, 
Metroloffuche  UnUrmchungen  ;  Humphrey,  Own  CoUector't  ittmucU.) 

STATES-GENERAL.    [Natiokal  Asskublt.] 

STATICS,  a  subdivision  of  mechanics,  meaning  the  part  of  the 
science  in  which  equilibrating  forces  are  considered,  in  oppomtion  to 
Dynamics,  in  which  the  eSects  of  forces  producing  motion  are 
investigated:  it  is  subdivided  into  the  statics  of  rigid  and  of  fluid 
bodies,  the  latter  being  called  Htdbostatics.  The  general  con- 
siderations in  MaoHANios,  Foboe,  Pressure,  Power,  Weight,  &c., 
and  such  articles  as  Lever,  Ii^clikeo  Plane,  Pulley,  Wheel  and 
Axle,  Wedge,  Screw,  may  be  consulted ;  and  also  the  artideB  Virtual 
Yelooities,  Theory  or  Couples,  &c. 

One  foundation  of  statics  was  first  given  by  Archimedes,  and 
another  by  Stevinus,  as  noticed  in  Meobanics.  The  former  is  the 
more  rigorous,  the  latter  being  open  to  some  objections  of  a  serious 
character.  The  discoveries  of  Gtolileo  turned  the  attention  of  philoso- 
phers upon  dynamical  problems,  and  the  very  easy  connection  which 
exists  between  the  statical  and  dynamical  measure  of  forces  caused  the 
theory  of  statics  to  bq  founded,  almost  up  to  the  present  day,  upon 
dynamical  principles.  The  taste  for  the  purer  form  of  statics  has 
however  revived,  and  we  imagine  that  from  henceforward  it  will  be 
customary  to  make  this  science  stand  by  itsell 

The  two  great  propositions  of  statics  are  that  of  the  Lkykb,  demon- 
strated in  the  article  on  that  word,  and  that  of  the  Composition  of 
pressures,  mentioned,  but  not  demonstrated.  WUoh  of  these  shall  be 
chosen  as  the  foundation  of  the  science,  and  how  the  other  shall  be 
deduced  from  it,  are  two  points  on  which  every  writer  on  the  subject 
should  think  much,  as  the  character  of  his  work  in  the  eyes  of  others 
will,  in  a  great  measure,  depend  on  his  treatment  of  these  parts  of  the 
subject.  The  method  of  Archimedes  is,  in  our  opinion,  the  soimdest 
of  all ;  but  we  say  it  without  denying  the  possibility  of  exhibiting  a 
direct  statical  proof  of  the  composition  of  pressures  which  shall  be 
equally  satis&ctoty.  In  those  which  have  hitherto  been  given,  there 
is  a  want  of  distinction  between  the  mathematical  and  physical 
assumptions :  the  student  leaves  off  with  no  very  clear  perception  how 
far  the  proposition  is  one  of  mathematics,  and  how  far  one  of  physics. 
There  is  a  general  dislike  and  distrust  of  these  proofs,  which  is  evidence 
almost  conclusive  against  them :  any  one  who  would  improve  them 
should  not  leave  off  until  he  has  not  only  made  a  better  separation  of 
the  physical  axioms  from  the  rest,  but  has  put  it  in  a  form  in  which 
such  separation  is  exceedingly  obvious.  Till  this  is  done,  the  proofs 
in  question  will  only  stifle  opposition,  while  the  proposition  of 
Archimedes  forces  conviction.  If  there  be  anything  likely  to  be  mis- 
tmderstood  in  the  latter,  it  applies  as  much  to  the  former  in  all  the 
cases  which  we  have  seen.    [SupriciEin  Reason.] 

Statics,  like  all  other  mechanical  sciences,  is  usually  placed  among 
mixed  Mathematics.  But  the  line  which  separates  it  from  the  pure 
sciences  is  almost  imperceptible,  and  it  would  seem  more  reasonable 
to  invent  a  tiiird  and  intermediate  distinctive  term,  than  to  place 
statics  and  electricity  under  the  same  name,  to  distinguish  them  from 
geometry.  It  would  be  easy  to  show  that  all  whidi  is  conunon  to 
geometry  and  statics,  and  not  to  electricity,  is  more  extensive,  more 
striking,  and  more  easily  described,  than  the  little  which  is  common 
to  statics  and  electricity,  and  not  to  geometry.  In  fact,  when  we  say 
that  both  statics  and  electricity  are  concerned  with  propoties  of  matter 
as  distinguished  from  space,  we  have  stated  the  whole  of  the  common 
tie  by  which  the  two  sciences  are  united  :  while  geometry  and  statics 
possess  in  common  almost  equal  degrees  of  evidence  in  their  axioms, 
altogether  the  same  rigour  of  deduction,  and  strong  analogies  in  their 
theorems.  Mr,  WheweU  has  contended  for  the  alteiration  of  the  loca- 
tion of  statics :  but  he  carries  the  idea  farther  than  we  can  follow  him, 
for  ('  Mechanical  Euclid,'}  he  asserts  that  the  axioms  of  statics  are 
"  self -evidently  true,"  "not  to  be  leomt  from  without,  but  from 
within."  We  may  also  refer  to  the  same  vrriter's  '  History  of  Scientific 
Ideas,'  vol.  i,  1858.  We  shall  enter  further  upon  this  point  in  the 
article  SiTFriciENT  Reason. 

STATIONARY  (Astronomy).  All  the  planets  appear  at  the  earth 
to  move  alternately  forwards  and  backwards  in  the  heavens,  the  retro- 
grade motion  not  continuing  so  long  as  the  direct  motion.  For  a  litUe 
time  at  the  beginning  and  aid  of  the  retrogradation,the  planet  appears 
to  have  no  motion.  This  arises  when  tiie  relative  Motion  of  the 
planet  is  really  towards  the  earth.  The  planet's  velodty  may  always 
be  decomposed  into  two,  one  in  the  direction  of  the  earth's  motion,  or 
its  opposite,  the  other  towards  or  from  the  earth.  When  it  happens 
that  the  former  motion  is  not  only  parallel  to  that  of  the  earth,  but 


equal  to  it,  the  planet  cannot  change  its  place  in  the  heavens,  but  all 
its  apparent  motion  is  the  remaining  motion,  directiy  to  or  from  the 
earth.  If  the  planet  were  so  near  that  we  could  reatUly  see  alterations 
of  its  distance,  we  should  say  it  was  directiy  approaclung  or  receding : 
but  as  we  cannot  see  this  phenomenon,  we  pronounce  it  stationary, 
and  for  some  nights  we  lose  the  distinction  between  it  and  the  fixed 
stars.    [Troohoidal  Curves.] 

STATIONARY.  This  term  requires  introduction  into  mechanics 
in  a  manner  corrective  of  the  mistakes  which  have  sometimee  been 
made.  One  of  these  is  pointed  out  in  Stable  and  Uhstablk, 
Instead  of  saying  that  a  system  acted  on  by  its  weight  is  in  equilibrium 
only  when  the  centre  of  gravity  is  highest  or  lowest,  it  is  there  pointed 
out  that  all  that  is  necessary  is  that  the  motion  which  the  centre  tends 
to  take  should  be  horizont^ :  or  that  the  centre  should  be  itationary 
as  to  ascent  or  descent,  for  the  moment.  Again,  there  is  what  is 
called  the  principle  of  leatt  aaion  [Virtual  Velocitiis],  which  the 
mathematician  ynH  recognise  in  the  theorem  that  the  motion  of  a 
system  is  always  such  that  Sm/vdt  is  a  minimum.  Now  all  that  is 
proved  is  that  in  the  motion  of  a  system,  in.  the  language  of  the 
calculus  of  Variations,  SSmfvd$ia  =  0.  Now  all  that  this  requires 
is  that  Xmfvdi  should  be  ttaUonary  ;  or  that  if  a  path  infinitely  near 
the  path  of  motion  should  be  chosen,  imfvdt,  calculated  for  the 
new  path,  should  differ  from  the  same  calci^ted  for  the  old  path,  by 
a  quantity  of  an  order  inferior  to  those  on  wliich  the  difference  of  the 
paths  depends.  Sir  W.  Hamilton  proposes  to  call  tJiis  the  principle  of 
Oatianctry  action,  instead  of  that  of  least  action;  tiie  action  of  a 
particle  whose  mass  is  m  moving  over  sn  arc  >  being  a  name  given  to 
m  fvd»,  taken  from  one  end  of  the  arc  to  tlte  other,  where  v 
represents  the  velocity. 

STATISTICS  is  that  department  of  political  science  which  is  con- 
cerned in  collecting  and  arranging  fects  illustrative  of  the  condition 
and  resources  of  a  state.  To  reason  upon  such  facts  and  to  draw  con- 
clusions from  them  is  not  witliin  the  province  of  statistics ;  but  is  the 
business  of  the  statesman  and  of  the  political  economist  In  order  to 
exemplify  the  precise  character  and  limits  of  statistics,  the  Statistical 
Society  of  London  have  apUy  chosen  for  their  emblem  a  wheat-sheaf, 
with  the  motto  "  aliis  exterendum," 

Tliat  it  is  necessary  for  a  government,  in  order  to  govern  well,  to 
acquire  information  upon  matters  affecting  the  condition  and  interests 
of  the  people,  is  obvious.  Indeed  the  civilisation  of  a  country  may 
almost  be  measured  by  the  completeness  of  its  statistics ;  for  where 
valuable  statistical  records  of  ancient  date  are  found  concerning  a 
country  not  yet  advanced  in  civilisation,  wliich  would  appear  to  con- 
tradict this  position,  we  owe  them  to  sovereigns  or  governments  of 
uncommon  vigour  and  sagacity.  However  rude  the  government  of  a 
country  may  be,  it  cannot  attempt  to  make  laws  vrithout  having 
acquired  the  means  of  forming  a  judgment,  however  imperfect,  as  to 
the  matters  brought  under  its  consideration.  In  this  sense  statistics 
may  be  said  to  be  coeval  with  legislation ;  but  as  the  latter  has  rarely 
bemi  conducted  upon  any  fixed  principles,  or  partaken  of  the  character 
of  science,  in  the  earlier  ages  of  the  world,  we  must  attribute  to 
statistics,  as  a  department  of  political  science,  a  much  later  origin.  It 
is  chiefly  to  the  rise  of  political  economy  that  we  are  indebted  for  the 
cultivation  of  statistics.  The  principles  of  that  science,  which  are 
directiy  concerned  about  the  prosperity  and  happiness  of  mankind, 
were  not  reduced  to  any  system  until  the  middle  of  the  last  century  j 
since  that  time,  political  economy  has  been  cultivated  as  an  inductive 
science.  The  correctness  of  preconceived  theories  has  been  tested  by- 
the  observation  and  analysis  of  facts ;  and  new  principles  have  been 
discovered  and  established  by  the  same  means.  A  limited  knowledge 
of  facts  had  previously  been  an  obstacle  to  the  progress  of  poUtical 
economy ;  and  on  the  other  hand  the  neglect  of  that  science  caused 
indifference  to  statistical  inquiries. 

This  connection  between  political  theories  and  statistics,  while  it  has 
led  to  the  collection  of  many  data  which  would  not  otherwise  have 
been  obtained,  has  too  often  introduced  a  partial  and  deceptive  state- 
ment of  facts,  in  order  to  support  preconceived  opinions.  Tiiis  is 
sometimes  unjustly  objected  to  statistics,  as  if  it  were  a  defect  peculiar 
to  them.  That  facilities  for  deception  are  afforded  by  statistics  cannot 
be  denied;  but  fallacies  of  this  kind,  like  all  others,  are  open  to 
scrutiny  and  exposure.  Reliance  need  not  be  placed  upon  statements 
of  facts  nor  on  numbers,  unless  supported  by  evidence ;  and  inferences 
from  them  should  only  be  admitted  according  to  the  rules  by  which 
all  sound  reasoning  is  governed.  Fallaoies  are  difficult  to  detect  in 
proportion  to  the  ingenuity  of  the  sophist  and  the  ignorance  or  inex- 
pertness  of  his  opponents ;  but  in  political  matters,  opposite  theories 
and  opinions  are  maintained  with  equal  ability,  and  facts  and  argu- 
ments are  investigated  with  so  much  jealousy,  that,  in  the  end,  truth 
can  hardly  fail  to  be  established.  Neither  does  any  suspicion  of  par- 
tiality attach  to  such  facts  as  are  collected  by  a  government  without 
reference  to  particular  theories.  Until  some  one  has  shown  the  value 
of  noting  a  certain  class  of  facts  with  a  view  to  his  own  inquiries,  no 
pains  are  taken  to  obtain  information  of  that  nature  &om  the  beef 
sources ;  but  as  soon  as  the  importance  of  seeking  any  data  is  acknow- 
ledged, the  collection  of  them  becomes  the  business  of  impartial 
persons.  The  statist  must  be  aoquainted  with  the  purposes  to  which 
the  facts  collected  and  arranged  by  him  are  likely  to  be  applied,  in 
order  that  the  proper  distinctions  and  details  may  be  noted  in  such  • 
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manner  u  to  give  the  fullest  meamr  of  analysis  and  inference ;  but  his 
services  are  greatest  when  he  does  not  labour  in  suppcnt  of  a  theory. 

It  thus  becomes  the  duty  of  a  government  to  apply  all  the  means  in 
its  power  in  aid  of  statistics,  not  only  for  the  administration  of  the 
affairs  of  state,  but  also  for  the  furtherance  of  political  science,  and  for 
general  information.  Abundance  and  accuracy  must  be  the  object  of 
a  government  in  collecting  statistical  facts. 

We  would  lay  much  stress  upon  the  collection  of  facts  by  the 
highest  authority  of  the  state,  because  the  oloeses  of  foots  most 
important  in  political  inquiries  can  scarcely  ever  be  searched  out  by 
other  persons,  who  have  not  access  to  the  offices '  of  government, 
and  who  are  without  authority  to  demand  information ;  while  the 
government  has  ample  means  at  its  disposal,  and  can,  without 
difficulty,  and  in  the  ordinary  course  of  executive  business,  obtain 
statistic^  information  of  the  highest  value.  In  this  and  many  oiker 
countries  the  respective  governments  are  applying  themselves 
earnestly  to  statistical  investigations.  In  England  a  statistical  depart- 
ment has  been  established  at  the  Board  of  Trade  to  collect  and 
arrange  all  the  documents  of  a  statistical  natiire  that  can  be  obtained 
through  any  department  or  agency  of  government.  The  admirably 
organised  departments  of  the  French  government  have  abundance  of 
statistical  materials  systematically  collected,  which  they  never  fail  to 
arrange  in  a  very  lucid  manner,  and  to  uialyse  vrith  much  ability. 
Qreat  credit  is  due  to  the  Belgian  government  for  the  diligence 
with  which  its  several  departments  have  engaged  in  statistics  under 
the  superintendence  of  a  central  statistical  commission.  Austria, 
Prussia,  and  other  European  governments,  have  also  more  or  less 
complete  and  comprehensive  statistical  departments. 

But  while  governments  are  thus  engaged,  there  is  ample  room  for 
the  labours  of  individuals.  Local  statistics  of  all  kinds  are  open  to 
them.  The  books  and  records  of  public  institutions,  facts  relating  to 
particular  trades,  to  the  moral  and  social  state  of  different  classes  of 
society,  and  other  matters  apparently  of  local  interest  only,  often  pre- 
sent results  as  important  as  those  derived  from  inquiries  on  a  more 
extended  scale.  Good  service  also  may  often  be  done  by  a  judicious 
selection  and  comparison  of  matters  not  brought  together  in  official 
statements,  with  a  view  to  the  illustration  of  principles  of  science  or 
experiments  in  legislation,  and  by  suggestions  and  criticism,  which 
may  direct  the  attention  of  government  to  particular  branches  of 
inquiry,  to  improvements  in  the  mode  of  carrying  them  on,  or  in  the 
form  in  which  they  are  published. 

It  would  be  useless  to  attempt  an  enumeration  of  the  various 
matters  that  are  included  in  the  province  of  statistics,  but  for  the 
more  convenient  consideration  of  the  subject  we  may  indicate  its 
division  into — 1,  Historical  statistics,  or  facta  illustrative  of  the  former 
condition  of  a  state ;  2,  Statistics  of  population ;  8,  of  revenue ;  4,  of 
trade,  commerce,  and  navigation ;  6,  of  the  moral,  social,  and  physical 
condition  of  the  people. 

The  article  Census  will  serve  as  an  example  of  the  use  to  which 
such  materials  may  be  applied,  and  the  parliamentary  returns  of  the 
Board  of  Trade  and  the  criminal  and  legal  statistics  now  published 
annually  furnish  other  examples. 

STATDAKY,  STATUE.    [Soulptcbb.] 

STATUTE.  Bills  which  have  passed  through  the  houses  of  Lords 
and  Conmions  and  received  the  royal  assent  beoome  acts  of  parliament, 
and  are  sometimes  spoken  of  collectively  as  forming  the  body  of 
"  statutes  of  the  realm."  In  a  more  restricted  application  of  the  word, 
private  acts  are  excluded,  and  even  public  acts,  when  their  purpose  is 
temporary.  The  meaning  of  the  word  is  even  more  restricted  when 
the  measures  of  the  early  parliaments  are  in  question,  for  many  acts 
received  the  royal  assent,  and  are  found  on  the  Rolls  of  Parliament, 
which  are  not  accounted  statutes. 

The  Statutes  of  the  realm,  properly  so  called,  wer»  at  a  very  remote 
period  written  in  books  apart  from  the  other  constitutions  and  charters 
of  the  monarchy,  and  received  by  the  courts  as  of  equal  authority  with 
the  ancient  customs  of  the  realm. 

Three  volumes,  in  the  custody  o!  the  Master  of  the  Bolls,  contain 
the  body  of  those  enactments  which  are  called  "  statutes."  One  con- 
tains those  passed  before  the  bq;inning  of  the  reign  of  Edward  III.  ; 
and  the  other  two,  those  from  1  Edward  IIL  to  7  Henry  VIIL,  all 
very  fairly  written.  These  books  are  not  considered  in  tiie  light  of 
auUioriBed  enrolments  of  the  statutes.  For  the  authentic  and  authori- 
tative copies,  if  any  question  arise,  recourse  must  be  had  (1)  to  what 
■re  called  the  Statute  Bolls,  which  are  six  rolls  containing  the  statutes 
from  6  Edward  I.  to  8  Edward  IV.,  except  from  8  to  25  Henry  VI. ; 
(2)  to  the  enrolments  of  acts  of  parliaments  which  at«  preserved  in  the 
Rolls  ohapd  from  1  Richard  III. ;  (8)  to  exempKfications  and  tiun- 
■enpts  with  writs  annexed,  signifying  that  they  were  transmitted  by 
authontv  to  certain  courts  or  other  parties,  who  were  required  to  take 
notice  of  tiiem ;  (4)  in  those  since  12  Henry  VIL,  to  the  original  acts 
in  the  parliament  office  ;  (5)  the  rolls  and  journals  of  parliament;  (6) 
the  close,  patent,  fine,  and  charter  rolls;  on  which  statutes  are  some- 
times found. 

With  the  parliament  of  the  reign  of  Richard  IIL  began  the  practice 
of  printing,  and  in  that  manner  publishing,  the  acts  passed  in  each 
Kssion.  This  followed  very  soon  on  the  introduction  of  printing  into 
England.  Before  that  time  it  had  been  a  frequent  practice  to  transmit 
eopies  of  the  acts  as  passed  to  the  sheriffii  of  the  different  shrievalties 


to  be  by  them  promulgated.    The  practice  of  printing  the  statutes  haa 
continued  to  the  present  time. 

Before  the  first  of  Richard  IIL,  the  aid  of  the  preas  had  been  called 
in  to  give  extended  circulation  to  the  older  statutes.  Before  1481  it  ia 
believed  that  an  abridgment  of  the  statutes  was  printed  by  Letton  and 
Machlinia,  which  contains  none  later  than  83  Henry  VI.,  1465.  To  the 
next  year  is  assigned  a  collection,  not  abridged,  from  1  Edward  III.  to 
22  Edward  IV.  Next  to  these  in  point  of  antiquity  is  to  be  placed  a 
collection  printed  by  Fynson  about  1497,  who  also,  in  1508,  printed 
what  he  entitled  '  Antiqua  Statuta,'  containing  Magna  Charta,  Charts 
de  Foresta,  the  Statutes  of  Merton,  Marlbridge,  and  WestmiiiBter 
primum  and  secundunu  This  was  the  first  publica^on  of  those  very 
early  statutes. 

In  the  reign  of  Henry  VIIL  the  first  English  abridgment  of  the 
statutes  was  printed  by  Rastall ;  and  during  that  reign  and  in  the  suc- 
ceeding half  century  there  were  numerous  impressions  published  of 
the  old  and  recent  statutes  in  the  original  Latin  and  French,  or  in 
English  translations.  Barker,  about  1537,  first  used  the  tiUe  '  Statutes 
at  Large.' 

In  1618  two  large  collections  of  statutes  ending  in  7  Jsmes  L,  were 
pubUshed,  called  Bastall's  and  Pulton's.  Pulton's  collection  was  several 
times  reprinted  with  additions. 

In  the  18th  century  an  addition,  in  six  folio  volumes,  was  published 
by  Mr.  Serjeant  Hawkins  in  1785,  containing  the  statutes  to  7  Qeorgs 
II.  Cay's  edition,  in  17S8,  in  the  same  number  of  volumes,  contains 
the  statutes  to  80  Qeorge  11.  Continuations  of  these  works  were 
published  as  fresh  statiites  were  passed ;  and  another  work  in  4to.,  of 
the  same  kind,  was  begun  in  1762,  well  known  by  the  designation  of 
Ruffhead's  '  Statutes  at  Large.'  Pickering's  edition  is  in  8vo.,  and 
ends  with  1  Qeorge  III. 

None  of  these  collections,  however,  had  ever  been  published  by 
authority  of  the  state.  This  led  a  committee  of  the  House  of  Com- 
mons, who,  in  1800,  were  appointed  to  inquire  into  the  state  of  the 
Public  Records,  to  recommend,  among  other  things,  that  "  a  complete 
and  authoritative  edition  of  all  the  statutes  should  be  published."  And 
finally,  between  the  years  1810  and  1824,  the  Record  Commissioners 
appointed,  in  pursuance  of  this  recommendation,  produced  a  critical 
edition  of  the  statutes  (including  the  early  public  charters),  ending 
with  the  close  of  the  reign  of  Queen  Anne.  This  is  the  aulAentie 
edition  of  the  statutes.  It  is  supplied  with  a  valuable  index,  and 
forms  ten  folio  volumes.  In  the  introduction  to  that  work  there  is  a 
more  particular  account  of  the  former  editions  of  the  statutes  and  of 
the  means  for  making  such  a  work  as  this  complete. 

The  statutes  passed  in  the  Imperial  Parliament  of  Great  Britain 
are  now  printed  by  the  queen's  printers,  and  sold  at  fixed  prices. 

These  "  Statutes  of  the  Realm  "  are  generally  divided  into  two  classes 
— Public  and  Private ;  but  they  may  more  oonvenientiy  be  distributed 
into  three  classes — Public  General,  PuUio  Local,  and  Private.  The 
two  former  only  come  within  the  term  "  laws,"  in  the  proper  acoepta- 
tion  of  the  term.  The  private  acts  embody  spedal  privileges  conferred 
on  individuals,  or  the  sanction  of  the  legislature  to  private  arrange- 
ments regarding  property ;  and  before  they  can  be  enforced,  they  must 
be  pleaded  before  the  courts  of  law,  like  contracts,  cr  the  titles  of 
estates.  The  public  local  statutes,  though  published  separately,  and 
though  the  standing  orders  of  the  Houses  of  Parliament  require  that, 
on  account  of  the  private  interests  which  they  are  often  likely  to  affect, 
certain  preliminary  notices  and  other  proceedings  should  take  place 
before  they  are  passed  through  their  stages,  are  yet,  in  oontemplatioa 
of  law,  in  the  same  position  as  the  public  general  statutes. 

Formerly  aU  the  public  statutes,  local  and  general,  were  published 
together  and  numbered  consecutively;  but  from  the  year  1798  down- 
wards, the  local  acts  have  been  separately  enumerated.  From  the 
number  of  railway  and  other  joint-stock  schemes,  this  branch  of  legis- 
lation increased  so  rapidly  a  few  years  ago,  that  it  became  necessary  to 
simplify  and  abbreviate  it.  Steps  were  taken  to  accomplish  this  end 
by  passing  what  are  known  as  Consolidation  Acts,  such  as  the  Land 
Chiuses  Consolidation  Act,  the  Railway  Clauses  Consolidation  Act, 
&c.,  &o.,  a  distinct  series  being  passed  applicable  to  Scotland;  but 
there  is  yet  room  for  further  l^islation  in  the  same  direction. 

STATUTE  (Scotland).  It  would  be  difficult  to  explain  the 
character  of  the  older  legislation  of  Scotland,  the  method  in  which 
it  was  sanctioned,  or  the  constitution  of  the  bodies  by  which  it  was 
passed.  All  the  light  that  probably  is  to  be  obtained  on  the  early 
history  of  the  statute-law  has  lately  been  embodied  by  Mr.  Innee,  in 
his  ^«faoe  to  the  edition  of  the  '  Scottish  Statutes  and  Old  Laws,' 
published  by  tiie  Record  Commission.  "  Whatever,"  he  says, "  may 
be  the  case  in  other  countries,  it  is  not  easy  in  Scotland  to  dutinguiah 
the  ancient  legislative  court  or  council  of  the  sovereign  from  that 
which  discharged  the  duty  of  counselling  the  king  in  judicial  pro- 
ceedings. The  early  law^veis,  indeed,  enacted  statutes  by  the  advice 
of  the  '  bishops,  earls,  thanes,  and  whole  community,'  or '  through  the 
common  counsel  of  the  Kynryk ; '  but  during  the  reigns  previous  to 
Alexander  IIL  we  find  the  king  also  deciding  causes  in  a  similar 
assembly  of  magnates;  while  laws  of  the  greatest  importance,  and 
affecting  the  interest  of  whole  classes  of  the  community,  bear  to  be 
enacted  by  the  king  and '  his  judges.' "  It  is  probable  that  the  practice 
of  the  assembly,  legislative  or  judicial,  of  the  principal  barona,  though 
irregular,  was  in  general  an  imitation  of  the  parliament  of  England. 
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Before  the  war  of  independence,  the  lands  of  the  Bonthem  distiiota  of 
Scotland  had  been  in  a  great  meaaure  partitioned  among  Norman 
adventureni,  some  of  whom  owed  a  double  allegiance  to  the  crowns 
both  of  Kngland  and  Scotland ;  and  it  was  natural  that  they  should 
bring  with  Uiem  the  practices  and  opinions  of  the  country  with  which 
they  were  earliest  connected,  A  large  proportion  of  the  lowland  popu- 
lation of  Scotland  were  at  the  same  time  Saxon  refugees  from  England. 
So  early  as  the  reign  of  David  L  (1126)  we  begin  to  find  that  the 
municipal  corporations  had  a  Toica  in  the  ratification  of  the  laws. 
"  The  parliament,"  says  Mr.  Innes,  "  assembled  by  John  Balliol  at 
Scone,  on  the  9th  of  February,  1292,  was  probably  the  first  of  the 
national  councils  of  Scotland  which  bore  that  name  in  the  country  at 
the  time,  although  later  historians  hare  bestowed  it  freely  on  all 
assemblies  of  a  legialatiTe  character.  We  have  no  reason  to  believe 
that  any  change  in  its  constitution  oocaaioned  the  adoption  of  the  new 
term,  which  soon  became  in  Scotland,  as  in  England,  the  received 
designation  of  the  great  legislative  council  solemnly  assembled.  It 
was  not  till  a  few  years  later,  on  occasion  of  negotiating  an  alliance 
with  France,  tiiat  BaUiol,  probably  at  the  desire  of  the  French  king, 
procured  the  treaty  to  be  ratified,  not  only  by  the  prelates,  earls,  and 
barons,  but  by  certain  of  the  burghs  of  his  kingdom.  That  treaty  was 
finally  ratified  at  Dunfennline  on  the  23rd  day  of  February,  129S ;  and 
tiie  seals  of  eix  burghs  were  then  affixed  to  tiie  deed,  along  with  those 
of  four  bishops,  four  monasteries,  four  earls,  and  eleven  barons.  Not- 
withstanding this  very  formal  ratification,  however,  it  may  be  doubted, 
both  from  the  peculiar  phraseology  of  the  deed  itself,  and  from  the 
silence  of  historians  as  to  any  meeting  of  a  parliamentary  nature  in 
wliich  it  could  have  been  voted,  whether  the  parties  stated  as  con- 
senting, and  especially  whether  representatives  of  those  six  burghs, 
were  actually  present  as  in  a  national  assembly  or  parliament" 

The  acts  which  were  thus  sanctioned — eometimes,  perhaps,  by  the 
separate  adhesion  of  the  principal  interests  of  the  country,  sometimes 
in  assemblies — were  of  a  mixed  character.  Some  were  judgments  in 
particular  disputes,  accompanied  probably  by  the  announcement  of  a 
principle  on  which  such  questions  should  thenceforth  be  decided; 
others  were  sets  of  executive  authority ;  and  others  mi^t  be  regu- 
lations having  the  character  of  fixed  and  general  laws.  When  these 
proceedings  related  to  matters  of  private  right,  the  recording  instru- 
ment woiUd  be  put  into  the  hands  of  the  party  interested.  "  When 
the  proceedings  of  the  national  coundl,"  says  the  authority  already 
cited,  "  related  to  matters  of  a  more  public  natxire,  such  as  negotiations 
with  foreign  states,  its  earliest  records  were  probably  of  a  similar  kind, 
and  consisted  of  nothing  more  than  the  indentures  or  other  diplomacy 
which  embodied  the  results  of  its  deliberations.  Perhaps  the  earliest 
instances  of  this  kind  that  now  remain  are  those  important  deeds  of 
the  reign  of  Alexander  III.,  when,  however,  a  more  artifical  system 
must  have  been  beginning  to  prevail.  It  would  be  stiU  more  interesting 
to  ascertain  the  modes  in  which  the  more  general  ordinances  and  laws 
of  the  realm  were  enacted  and  recorded ;  but  on  this  head  the  loss  of 
every  original  document  has  left  us  entirely  to  conjecture.  Judging, 
however,  from  the  mutilated  and  imperfect  transcripts  of  a  later  age, 
and  from  the  analogy  of  the  other  states  of  Europe,  it  would  appear 
that  the  more  important  and  general  statutes  were  framed  into  ^ort 
capitulars,  and  ingrossed  into  a  writ,  addressed,  in  the  name  of  the 
king,  to  the  chief  ministers  of  the  law  in  the  difTerent  disiricta  of  the 
kingdom,  requiring  the  publication  and  observance  of  them.  The  laws 
of  tine  burgbis,  the  sasiaes  of  David  I.  and  of  William,  and  the  statutes 
of  Alexsnder  IL,  ss  found  in  the  old  manuscript  compilations  of 
lawyers,  seem  to  be  the  fragments  of  various  capitulars  of  this  kind." 
The  assizes  of  David  I.,  '  Assist  Begis  David,'  are  reported  to  be  the 
oldest  fragments  of  legislation  in  Scotland,  and  are  partly,  but  not 
entirely,  traceable  to  so  early  a  period  as  the  reign  of  the  king  with 
whose  name  they  are  associated.  The  burgal  laws,  '  Leges  Quatuor 
Burgorum,'  constitute  the  oldest  systematic  collection  of  laws.  They 
too  may  be  referred  to  the  reign  of  David ;  and  though  historians  give 
him  the  credit  of  having  plaimed  the  whole  system  of  the  municipal 
corporations,  it  is  more  likely  that  this  code  of  laws  embodies  the 
privileges  and  lestrictions  wUch  had  gradually  come  into  existence 
with  the  growing  influence  of  the  burghs.  The  coincidence  between 
these  early  vestiges  of  Scottish  legislation  and  the  old  law  of  England 
is  remarkable.  Both  in  the  assize  and  in  the  burgh  laws  technical 
phraseology  is  frequently  used,  which  still  belongs  to  the  law  and 
practice  of  England,  but  has  long  been  disused  in  Scotland.  Indeed, 
it  is  very  dear  that  before  the  attempt  of  Edward  I.  there  was  much 
harmony  in  tone  and  spirit  between  the  two  nations,  and  that  Scotland 
generally  followed  or  accompanied  England  in  her  constitutional  pro- 
gress. There  is  a  still  more  remarkable  coincidence  of  l^islation  in 
the  celebrated  'Begiam  Hajeststem,'  or  general  code  of  the  old  laws  of 
Scotland.  It  was,  like  the  fragments  mentioned  above,  attributed  to 
David  L,  who  had  obtained  the  character  of  the  Justinian  of  Scotland ; 
but  it  is  undoubtedly  of  later  date.  In  the  16Ui  and  17th  centuries  it 
was  very  popular,  as  an  undoubted  early  national  code ;  but  it  was 
subsequently  discovered  to  have  many  features  in  common  with  the 
compilation  'De  Legibus  et  Consuetudinibus  Anglise,'  attributed  to 
Ranulph  de  Glanvil,  justiciar  of  England ;  and  then  it  acquired  the 
evil  reputation  of  biaing  a  code  prepared  by  Edward  I.,  for  the  purpose 
of  subjecting  Scotlsnd  to  the  law  of  England. 

Xbe  'Regiom  Majestatem,'  so  named  from  the  words  with  which  it 


commences,  is,  along  with  the  burgh  laws,  and  other  vestiges  of  early 
legislation,  printed  in  the  first  volume  of  the  editicii  of  the  Scottish 
statutes  issued  by  the  Becord  Commission.  None  of  the  contents  of 
this  first  volume,  however,  come  within  the  description  of  the  accepted 
statute  law  of  Scotland,  In  1 666  a  commission  was  issued  for  the  col- 
lection and  publication  of  the  statute  law,  and  they  speedily  published 
a  series  of  statutes  reaching  from  1424  to  1564.  It  is  at  the  former 
date  that  the  statute  law,  properly  speaking,  commences,  and  it 
proceeds  thence  in  a  regular  series  to  the  Union  with  England.  The 
Scottish  acts  are  referred  to  by  the  date  of  the  parliament  in  which 
they  are  passed,  and  their  numerical  order ;  as,  "  The  Act  1424,  c  25  ; " 
"  The  Act  1661,  c.  16."  These  early  statutes  are  brief  and  sententious, 
and  were  admired  by  Bacon  for  "  their  excellent  brevity." 

From  the  date  of  the  accession  of  Bruce,  after  the  war  with  England, 
the  Soots  long  entertained  a  feeling  of  national  jealousy  and  enmity 
towards  Engird ;  and  though  some  of  the  kings  introduced  southern 
practices,  we  do  not  find  that  steady  imitation  and  adoption  of  the  con- 
stitutional movements  of  the  English  parliament  which  characterise 
the  earlier  period,  but  rather  an  isolated  creation  of,  and  adherence  to, 
national  peculiarities.  The  subsequent  creation  of  the  Court  of 
Session,  in  imitation  of  foreign  tribunals,  to  administer  justice, 
according  to  the  rules  of  the  Civil  Law,  has  eradicated  nearly  all  the 
traces  of  similarity  in  laws  and  procedure  which  formerly  existed 
between  the  judicial  systems  of  Scotland  and  England. 

Of  the  Statutes  of  the  Scottish  parliament,  those  only  are  now  law 
which  are  said  to  be  t'n  viridi  Asenantid.  By  this  principle  the 
statute  law  has  silently  adapted  itself  to  the  character  of  the  times ; 
and,  though  not  formally  repealed,  the  barbarous  laws  of  periods  of 
bigotry  or  violence  have  ceased  to  be  enforceable.  Since  the  Union  of 
1707,  it  has  been  considered,  in  conformity  with  the  English  doctrine, 
that  on  act  passed  by  the  British  parliament  must  be  held  as  law,  and 
judicially  enforceable,  until  it  is  repealed. 

The  law  of  Scotland,  the  judicial  and  executive  system,  and  the 
ecclesiastical  jwlity,  being  quite  distinct  from  the  corresponding  institu- 
tions of  En^and,  many  statutes  are  from  time  to  time  passed  by  the 
British  legislature  solely  applicable  to  Scotland,  prepared  by  persons 
professionally  acquainted  with  *the  institutions  of  that  part  of  the 
empire.  The  revenue  laws  of  Scotland  were  formerly  distinct ;  but 
now,  with  few  exceptions,  one  system  embodied  in  one  series  of  acts 
applies  to  the  United  Kingdom.  In  matters  of  national  policy,  and 
fra^uently  in  the  criminal  law  and  in  legislation  for  internal  economy, 
acts  are  made  applicable  both  to  England  and  Scotland  at  the  same 
time. 

STATUTE  (Irilaiid).  In  Ireland,  the  method  by  which  the  early 
irr^ular  convocationa,  called  parliaments,  passed  their  acts,  appears  to 
have  been  a  close  imitation  of  the  English  practice.  The  authenticated 
printed  statutes  begin  in  the  year  1310,  8  Edw,  II.  After  five  short 
acts  of  this  parliament  there  is  a  hiatus  until  the  year  1429,  although 
it  is  known  in  history  that  repeated  parliaments  were  held  in  the 
interval.  Many  of  these  statutes  are  characteristic  indications  of  the 
state  of  the  country,  and  throw  light  on  the  domination  of  the  English 
over  the  natives — for  example,  the  26  Hen,  VI.  o,  4, "  An  Act,  that  he 
that  will  be  taken  for  an  ^glishmon,  shall  not  use  a  Beard  upon  his 
upper  Lip  alone ;  the  Offender  shall  be  taken  as  an  Irish  Enemy  : "  28 
Hen.  VI.  c.  3,  "  An  Act,  that  it  shall  be  lawful  for  every  Liegeman  to 
kUl  or  take  notorious  Thieves,  and  Thieves  found  robbing,  spoiling,  or 
breaking  Houses,  or  taken  with  the  manner :  "  and  in  later  times  (the 
7  Will,  III.  c.  21),  "  An  Act  for  the  better  suppressing  Tories,  Robbers, 
and  Bapparees;  and  for  preventing  Robberies,  Burglaries,  and  other 
heinous  Crimes."  The  Statute  of  Drogheda,  commonly  called 
Foyning's  Law,  passed  in  1495  (10  Hen.  VII.),  had  a  marked  influence 
on  the  later  legislation  and  constitutional  history  of  Ireland ;  as  by  it, 
all  the  acts  then  or  late  passed  in  England,  "  concerning  or  belonging 
to  the  common  and  public  weal  of  the  some,"  should  be  law  in  Ireland. 
It  further  provided  that  no  measure  should  be  proposed  for  the  adop< 
tion  of  parliament  until  it  had  first  received  the  royal  assent  in 
England.  It  is  believed  that  this  badge  of  servitude  prevented  the 
passing  of  many  exterminating  acts,  which,  in  times  of  anarchy,  dis- 
cord, or  tyranny,  the  Irish  ministiy,  and  their  partisan-parliaments, 
would  have  readily  passed.  This  act  was  repeal^,  and  the  indepen- 
dence ef  the  Irish  legislature  restored  by  the  measure  of  1783.  At  the 
Union,  in  1800,  the  Irish  Parliament  was  mei;ged  in  that  of  Qreat 
Britain  and  Ireland. 

STATUTE  OF  FRAUDS.  This  name  is  applicable  to  any  sUtute 
the  object  of  which  is  to  prevent  fraud,  but  it  is  particularly  applicable 
to  the  29  Car.  II.  c.  3,  which  is  entitled  the  "  Statute  of  Frauds  and 
Perjuries."  One  object  of  the  statute  was  to  prevent  disputes  and 
frauds  by  requiring  in  many  cases  written  evidence  of  an  agreement. 
Before  the  passing  of  this  statute  many  conveyances  of  land  were  mode 
without  any  writing  as  evidence  of  the  conveyance.  An  estate  in  fee- 
simple  could  be  conveyed  by  liveiy  of  seisin,  accompanied  with  proper 
woi^,  and  a  use  could  also  be  declared  by  paroL  No  writing  was 
necessary  to  convey  any  estate  in  possession,  for  such  estate  is  teohnicolly 
said  to  he  in  livery ;  but  a  reversion  could  only  be  convOTed  by  deed. 
The  Statute  of  Frauds  declared  that  all  leases,  estates,  and  interests  o{ 
freehold  or  terms  of  years  or  any  uncertain  interest  in  any  lands  or 
hereditaments,  made  by  livery  and  seisin  only,  or  by  parol,  and  not  pat 
in  writing  and  signed  by  the  parties,  &a,  shall  have  the  force  of  leaael 
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or  estates  at  will  only.  But  leases  for  not  mora  than  three  years, 
whereon  the  rent  reserved  shall  be  two-thirds  of  the.  full  improved 
value  of  the  thing  demised,  are  excepted  by  the  statute.  Further,  no 
lease,  estates,  or  interest  either  of  freehold  or  terms  of  years,  or  any 
uncertain  interest,  not  being  copyhold  or  customary  interest,  shaU  be 
assigned,  granted,  or  surrendered  except  by  deed  or  note  in  writing. 
Another  section  of  the  statute  provides  that  all  declarations  or 
creations  of  trust  or  confidences  of  any  land,  tenements,  or  heredita- 
ments shall  be  manifested  and  proved  by  some  writing  signed  by  the 
rty  who  is  by  law  enabled  to  declare  such  trust,  or  by  his  last  will 
wiiidng,  or  they  shall  be  void.  The  Cth  section  of  this  statute 
declared  wat  all  devises  of  lands  or  tenements,  as  more  particularly 
described  in  this  section,  should  be  in  writing  and  signed  in  the 
manner  here  prescribed  by  three  or  four  credible  witnesses ;  and  the 
6th  section  related  to  the  revocation  of  a  devise  in  vrriting  of  lands  or 
tenements.  Both  these  sections  are  repealed  by  the  1  Vict,  c  26,  which 
makes  alterations  in  other  provisions  also  of  the  Statute  of  Frauds. 

There  are  several  other  important  provisions  in  this  statute,  which 
may  be  omitted  here.  The  purpose  of  the  statute  is  to  prevent  fraud 
by  requiring  the  evidence  of  writing,  which  is  a  better  kind  of  evi- 
dence than  men's  memory.  Its  enactments  have  been  usefully 
amended  by  the  Mercantile  Law  Amendment  Aot,  1856,  especially 
irith  reference  to  guarantees. 

STATUTE  MERCHANT.    rAoTOS  Buekil,  Statutb  of.] 
STATUTE  STAPLE.    [Staple.] 

STATUTES  OF  LIMITATION.  There  appear  to  have  been  no 
times  limited  by  the  common  law  within  wluch  actions  might  be 
'brought;  for  though  it  is  sftid  by  Bracton  (lib.  2,  foL  228),  that, 
"  omnes  actioncs  in  mundo  infra  oerta  tempora  limitationem  habent ;  " 
yet  wiUi  the  exception  of  the  period  of  a  year  and  a  day,  mentioned  by 
Spelman  ('  Gloss.',  32),  as  fixed  by  the  ancient  law  for  the  heir  of  a 
tenant  to  claim  after  the  death  of  his  ancestor,  and  for  the  tenant  to 
make  his  claim  upon  a  disseisor,  all  the  limitations  of  actions  in 
the  English  law  have  been  established  by  statute.  Certain  remarkable 
periods  were  first  fixed  upon,  within  which  the  cause  of  action  must 
have  arisen.  Thus  in  the  time  of  Haary  III.,  the  limitations  in  a  writ 
of  right,  which  was  then  from  the  time  of  Henry  I.,  was  by  the 
Statute  of  Merton,  c.  8,  reduced  to  the  time  of  Henry  II. ;  and  by  the 
Statute  of  Westminster,  1,  o.  8,  the  period  within  which  writs  of  right 
might  be  sued  out  was  brought  down  to  the  time  of  Richard  I.  (Co. 
lit.,  114  b.) 

Since  the  4  Hea  VIL,  c.  24,  which  limited  the  time  within  which 
persons  might  make  their  claim  to  land  of  which  a  fine  had  been  levied 
with  proclamations,  various  statutes  have  been  passed  for  the 
purpose  of  limiting  the  time  within  which  actions  and  suits  relating  to 
real  property  may  be  commenced.  The  21  Jac  I.,  c.  16,  enacted 
generally  that  no  person  should  make  entry  into  any  lands,  but  within 
twenty  years  next  after  his  right  of  entry  accrued. 

By  the  9  Geo.  III.  c.  16,  the  right  of  the  crown  to  sue  or  implead  for 
any  manors,  lands,  or  other  hereditaments  (except  liberties  or  franchisee) 
was  limited  to  nzty  years.  Before  this  act,  the  rule  that  nullum 
temput  oecurrit  regi  was  universaL  It  still  prevails  as  a  maxim  where 
not  abridged  by  statute. 

"The  next  statute  upon  this  subject  is  the  8  &  4  Will.  IV.  o.  27,  by 
which  great  changes  were  made  in  the  remedies  for  trying  the  rights 
to  real  property,  and  which  embodies  tlie  greater  part  of  the  present 
law  of  lunitations  relating  thereto. 

No  entry  or  distress  can  be  made  or  action  brought  to  recover  any 
land  or  rent,  but  within  twenty  years  after  the  right  has  accrued  to 
the  claimant,  or  some  person  through  whom  he  claims. 

But  persons  under  tile  disability  of  infancy,  coverture,  idiotcy,  lunacy, 
unsoundness  of  mind,  or  absence  beyond  seas,  or  persons  claiming  under 
them,  notwithstanding  the  period  of  twenty  years  shall  have  expired, 
are  to  be  allowed  ten  years  after  the  person  to  whom  the  right  first 
accrued  has  ceased  to  be  under  any  disability  or  has  died.  Forty  years 
is,  however,  a  complete  bar. 

No  part  of  Great  Britain  and  Ireland,  nor  the  adjacent  islands,  is  to 
be  deemed  beyond  seas,  within  the  meaning  of  this  act. 

A  mortgagee  to  whom  a  payment  of  principal  or  interest  has  been 
made,  or  an  acknowledgment  in  writing  has  been  given,  has  twenty 
years  from  the  time  of  such  payment  ot  acknowledgment  (7  WiU.  IV, 
and  1  Vict,  c  28.) 

Arrears  of  dower,  or  damages  for  such  arrears,  are  not  recoverable 
by  any  action  or  suit  beyond  six  years  before  the  commencement  ot 
the  action  or  suit.  Before  the  act,  there  was  no  limitation  either  at 
law  or  in  equity  to  a  claim  for  arrears  of  dower  during  the  life  of  the 
heir.  No  arrears  of  rent  or  of  interest  in  respect  of  any  money  charged 
in  any  manner  on  land  or  rent,  or  any  damages  in  respect  of  such 
arrear  of  rent  or  interest,  can  bo  recovered  but  within  six  years  next 
after  the  same  respectively  became  due,  or  next  after  an  acknowledg- 
ment in  writing  given  to  the  person  entitled  thereto  or  his  agent, 
signed  by  the  person  by  whom  the  same  was  payable,  or  his  agent. 
•  The  rants  here  dealt  with  are  rents  charged  upon  hmd  only,  to  which 
the  former  statutes  did  not  apply,  and  not  conventional  rents,  the 
lumtotions  as  to  which  are  provided  for  by  tiie  21  Jac  e.  16,  s.  8,  and 
the  8  &  4  Will.  IV.  0.  42. 

Limitations  as  to  tithes  and  otber  ecclesiatioal  property  are  now 
regulated  by  2  4  8  Will  IV.  c.  100,  and  3  &  4  WilL  I V.  o.  27. 


As  to  advowsons,  the  8  ft  4  WilL  IV.  c.  27,  s.  SO,  enacts  ih»,t  no 
Quart  impedit  or  other  action  is  to  be  brought  after  the  expiration  of 
the  period  during  which  three  clerks  in  succession  shall  have  held  the 
same,  all  of  whom  obtained  possession  adversely  to  the  right  of  tha 
person  claiming,  or  of  the  person  through  whom  he  claims,  if  the  times 
of  such  incumbencies  together  shall  amount  to  sixty  years,  and  if  not, 
then  after  such  further  peiiod  ss  with  the  times  of  such  incumbenciea 
shall  make  up  the  period  of  sixty  years. 

Limitations  as  to  other  incorporeal  rights  are  now  mainly  regulated 
by  2  ft  8  WilL  IV.  c.  71.    [Preschiptiok.] 

The  limitation  in  actions  of  assault  and  battery,  is,  by  21  Jac.  L  c. 
16,  s.  8,  four  years  after  the  cause  of  action  arises, 

Actions  of  slander  must,  by  the  same  statute,  be  commenced  within 
two  years  next  after  the  words  spoken. 

The  limitation  applicable  to  actions  arising  upon  simple  contract, 
and  actions  founded  in  wrong,  is,  by  21  Jac.  I.  c.  16,  s.  8,  six  years  next 
after  the  cause  of  action  arises. 

Formerly  there  was  no  limitation  applicable  to  a  suit  for  a  legacy, 
though  in  some  cases  presumption  of  payment  was  admitted.  The  8  ft 
4  Will.  IV,  0.  27,  8.  40,  is  applicable  to  all  legacies,  whether  charged 
on  real  estate  or  not. 

The  limitation  on  actions  arising  upon  specislty  is,  by  8  &  4  WilL  IV. 
Ci  42,  twenty  years. 

Actions  of  debt  for  rent  upon  an  indenture  of  demise,  actions  of 
covenant  or  debt  upon  bond  or  other  specialty,  and  actions  of  debt  or 
scire  facial  upon  recognisance  must  therefore  be  commenced  and  sued 
withm  twenty  years  after  the  cause  of  such  actions  or  suits  arises.  But 
if  any  acknowledgment  has  been  made,  either  by  writing  signed  by 
the  party  liable,  by  part  payment,  or  part  satisfaction,  on  account  of 
any  principal  or  interest  then  due  thereon,  the  person  entitied  may 
bring  his  action  for  the  money  remaining  unpaid,  and  so  acknowledged 
to  be  due,  within  twenty  years  after  such  acknowledgment  or  part 
payment,  and  in  case  of  the  plaintiff  being  under  disability,  within 
twenty  yeare  of  the  removal  of  such  disability. 

The  limitations  of  actions  on  penal  statutes  is,  by  81  Elis.  c  5,  s.  5 
(which  act  repeals  a  previous  one,  the  7  Hen.  VIII.  c.  8,  upon  the  same 
subject),  two  yeare  after  the  commission  of  the  offence,  if  the  suit  be 
by  the  crown ;  snd  one  year  after  the  commission  of  the  offence  if  by 
a  private  prosecutor. 

A  prosecution  by  the  party  grieved  was  not  witiiin  the  statute ;  but 
now,  by  the  8  ft  4  WiU.  IV.   c.  42,  s.  8,  all  actions  for  penalties, 
damiages,  or  sums  of  money  given  to  tlie  party  grieved  by  any  statute 
now  or  hereafter  to  be  in  force  must  be  brought  within  two  yeare  after  , 
the  cause  of  such  actions  or  suits. 

By  the  24  Geo.  II.  c.  44,  s.  1,  actions  against  justices  of  the  peace 
and  constables  or  others  acting  in  obedience  to  their  warrants  an 
limited  to  six  calendar  months. 

There  is  no  time  limited  by  any  statute  for  indictments  for  felonies 
and  other  misdemeanors  when  there  is  no  forfeiture  to  the  queen  or 
to  the  prosecutor. 

A  charity  is  never  considered  in  equity  as  absolutely  barred  by  the 
statutes,  or  by  any  rule  of  limitation  uialogoua  to  them ;  but  the  court 
takes  notice  of  a  long  adverse  possession  in  cansidering  the  effect  and 
construction  of  instruments  under  which  claims  are  set  up  on  its 
behalf. 

The  statutes  of  limitation  must  in  general  be  pleaded  positively  by 
the  defendant  in  any  action  at  law,  who  wishes  to  take  advantage  of 
them,  and  it  has  been  held  in  equity  that  unless  the  defendant  claims 
the  benefit  of  the  statutes  by  plea  or  answer,  he  cannot  insist  upon 
them  in  bar  of  the  plaintiff's  demand. 
STEALING.    [Laroeht.] 

STEAM  AND  STEAM-ENGINE.  SUam  is  the  gas  or  vapoir 
given  off  by  a  liquid,  when  its  temperature  is  raised  to  such  a  degree 
as  to  cause  it  to  pass  into  a  state  of  ebullition ;  but  as  the  vapour  of 
water  so  given  off  is  the  one  most  commonly  applied  in  the  mechanical 
arts,  attention  will  be  called  principally  to  that  particular  kind  of 
steam  in  the  ensuing  notice. 

Steam  or  vapour  in  its  natural  state,  like  aU  gases,  is  transparent  snd 
colourless ;  its  visibility  in  air  being  caused  by  its  partial  condensa- 
tion, whidi  gives  rise  to  the  formation  of  small  vesicles  of  water, 
enclosing  transparent  steam,  of  such  a  nature  as  to  refract  and  absorb 
light.  It  seems  that  the  phenomenon  of  the  generation  of  steam  is 
affected  by  the  following  general  laws,  namely :  1st,  that  the  tempera- 
ture of  the  ebullition  of  a  liquid  is  the  same  at  all  times,  under  the 
same  pressure  and  in  a  vessel  of  the  same  substance  :  2nd,  that  the 
temperature  of  the  liqviid  remains  constant  during  the  whole  period  of 
the  ebullition,  provided  the  pressure  remain  the  same,  and  if  a  greater 
quantity  of  heat  be  oommunicated  to  the  vessel  containing  the  liquid 
at  one  stage  of  the  process  than  at  another,  the  only  effsct  will  be  that 
a  greater  quantity  of  steam  will  be  evolved  :  the  temperature  of  the 
liquid  will  not  be  raised  :  8rd,  that  the  volume  of  the  steam  will  be 
much  greater  than  that  of  the  liquid  furnishing  it,  and  that  the 
volume  of  the  vapour  of  water,  for  instance,  will  be  about  1700  times 
greater  than  that  of  the  water  itself.  The  temperatures  at  which 
particular  substances  pass  into  steam  are  very  different,  it  may  be 
added;  thus  whilst  water  boils  at  212%  ether  boils  at  98-«'j  con- 
eentrated  sulphuric  acid,  at  617° ;  mereuiy,  at  680° ;  sulphur,  at  762*, 
fto.    Even  the  most  refractory  metals  when  properly  treated  oao  b« 
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made  to  paw  into  the  state  of  'vapour,  and  there  are  others  which  paa> 
into  the  gaseoua  state  without  passing  through  the  liquid  form,  as  for 
instance  camphor,  arsenic,  iodine,  &c.,  under  which  circumstances 
they  are  said  to  tublime  ;  whilst  liquids  occasionally  pass  into  the  state 
of  vapour  at  temperatures  below  those  required  for  ebullition,  and 
they  are  then  said  to  eeaporaU.  Water  evaporates  at  all  temperatures ; 
ice,  and  snow,  sublime  in  diy  winds. 

The  law  with  respect  to  ebullition  ascertained  1^  Daltou,  namely, 
"  that  the  elastic  force  of  the  vapour  given  out  during  the  process  is 
equal  to  the  exterior  pressure,"  allows  us  to  calculate  the  former  from 
the  temperature  at  which  ebullition  takes  place,  if  we  possess  tables 
showing  the  elastic  force  of  steam  at  the  different  temperatures ;  and 
it  is  upon  this  principle  that  hypsometric  observations  with  respect  to 
the  altitudes  of  mountains  are  made,  by  ascertaining  the  boiling  point 
of  water  in  open  vessels.  Very  great  precautions  are  requisite  in 
observations  of  this  description,  but  with  the  aid  of  the  hypsometric 
thermometer  of  M.  Regnault,  very  useful  checks  ^pon  the  other  modes 
of  ascertaining  altitudes  may  be  obtained.  Amongst  other  essential 
points  to  be  ti^en  into  account  in  these  observations  the  nature  of  the 
vase  must  not  be  neglected,  for  Qay-Lussac  observed  that  water 
required  a  greater  degree  of  heat  to  pass  into  a  state  of  ebullition 
when  it  was  boiled  in  a  glass  vase  than  when  it  was  boiled  in  a  metal 
one ;  and  it  is  well  known  that  when  the  vase  is  covered  with  a 
material  with  which  water  may  have  less  cohesion  than  it  has  with  the 
metal,  the  boiling  point  may  be  lowered.  Thus,  if  the  boiling  point  of 
water  in  a  metal  vase  be  at  any  place  212°,  it  would  usually  be  218°'96 
in  a  glass  vase ;  but  if  the  glass  be  covered  by  a  coating  of  shell  lac, 
the  boiling  point  would  become  about  211**64.  It  also  appears  that 
the  quantity  of  air  diffused  through  the  water  has  a  considerable 
effect  on  the  formation  of  steam ;  for  unless  there  be  air  in  dissolution, 
the  cohesion  of  Uie  particles  of  the  water  will  oppose  the  disengage- 
ment of  steam,  excepting  upon  the  sur&Mje.  Ghily  Cazalat  found 
indeed  that,  by  excluding  air  from  water  exposed  to  heat,  it  was 
possible  to  raise  the  temperature  to  about  25S°-4  without  ebullition, 
but  that  at  that  temperature  part  of  the  water  flashed  into  steam  with 
a  violent  explosion.  There  are  some  curious  facts  connected  with  the 
spheroidal  condition  of  water  in  contact  with  incandescent  materials 
which  are  worthv  of  the  attention  of  the  physical  philosopher ;  but  as 
they  have  not  hitherto  led  to  any  practical  results,  tne  reader  is 
referred,  for  a  view  of  the  present  stato  of  our  knowledge  on  this 
subject,  to  the  works  of  Boutigny,  Pouillet,  Poggendoiff,  Perkins  and 
Fanday. 

The  temperature  of  ebullition  is  not  afTeoted  by  the  presence  of 
substances  m  suspension  in  the  Kquid  considered;  but  when  those 
substances  are  in  solution  they  produce  a  very  distinct  effect,  and  in 
the  proportion  that  the  new  in£^<edient  is  more  or  leas  volatile  than 
the  liqmd,  will  the  boiling  point  be  lowered  or  raised.  Salts  dissolved 
in  water  retard  its  ebulntion,  and  they  do  so  in  an  increasing  ratio 
nntil  tiie  point  of  saturation  has  beoi  reached,  beyond  whidi  the 
boiling  point  remains  constant ;  but  it  is  to  be  remarked  that  the 
precise  temperature  of  ebullition  of  a  saline  solution  is  not  to  be 
judged  by  the  degree  of  heat  that  solution  may  temporarily  attain ; 
for  it  is  possible  to  raise  the  temperature  to  a  certain  degree,  but 
directly  the  salt  begins  to  be  precipitated  the  temperature  may  fall. 
Thus,  a  solution  of  the  carbonate  of  potash  was  observed  by  L^;rand 
to  attain  284°  without  parting  with  that  substance ;  but  suddenly  a 
great  effervescence  took  place,  and  the  temperature  fell  to  275*, 
accompanied  by  a  copious  deposition ;  after  which  the  temperature 
remained  constant.  M.  Legrand  gave  a  table  of  the  boiling  points  of 
the  different  saturated  saline  solutions,  from  which  the  following 
statement  is  copied;  the  temperatures  are  of  course  given  in  this 
table,  and  throughout  this  article,  unless  otherwise  mentioned,  on  the 
Fahrenheit  scale. 


1* 

1 

1* 

1 

Silt*. 

|l 

1 

Bolts. 

1' 

1 

Chlottdeotaodlam    . 

41-S 

JJJ.Jjo 

Sal  uunonlao       .     . 

88-9 

2S7'56° 

„        potaulmxi 

59-4 

136-84 

Cbloride  of  utrontinm 

117-S 

24418 

,.        bariam     . 

60-1 

a  1 982 

Carbonate  of  potash  . 

20i- 

27i-0 

Carbonate  of  soda ,    . 

48-S 

J17-SS 

Nltnte  of  lime . 

862- 

271-8 

Mitnte  of  aoda  . 

«4-8 

249-« 

1  Acetate  of  aoda     .     . 

209* 

261-7 

„        ammonia  . 

No  Hall  »6- 

„        potash 

798-2 

886-2 

Chloride  of  ealdnm  . 

<S6-0  i  SSS-I 

Phosphate  of  uda     . 

112-6 

284-7 

The  boiling  point  of  water  being  21 2*.  that  of  concentrated  nitric 
acid  will  be  186*-8 ;  that  of  alcohol  will  be  174°-2 ;  that  of  oil  of 
turpentine  will  be  S14°-6 ;  and  that  of  linseed  oil  600°-8.  Sea  water, 
containing  ^  of  its  own  weight  of  the  chloride  of  sodium,  boils  at 
218°'2  in  the  open  air;  if  the  proportion  of  salt  be  increased,  the 
temperature  of  ebullition  will  increase  also;  thxis,  for  ^  of  salt  it 
becomes  214°-4 ;  for  ft,  it  becomes  215°6  ;  for  i,  216-°7 ;  for  A,  217-°9 ; 
for  ft,  219°;  for  A,  221°  4;  for  \%,  223°-7;  for  Jf,  or  the  point  of 
saturation,  226°.    it  may  be  interes^g  to  the  practical  reader  here  to 


state,  that  marine  boilers  are  usually  worked  witib  proportions  of  salt 
equal  to  ft  of  the  weight  of  the  water ;  but  that  oocamonally  those 
proportions  are  raised  as  high  as  ft  without  much  inconvenience. 

For  mechanical  purposes,  it  is  necessary  that  steam  should  exercise 
a  pressure  in  excess  of  that  of  the  atmosphere ;  and,  upon  Dalton's 
law  above  quoted,  this  additional  pressure,  or  elastic  force,  can  only  be 
obtained  by  causing  the  water  to  boil  under  such  conditions  as  shall 
bring  to  bear  upon  its  surface  an  effort  equivalent  to  the  one  the  steam 
is  desired  to  exercise.  It  is  a  matter  of  the  greatest  importance  in  the 
arts,  then,  to  ascertain  the  temperature  of  the  water  which  corresponds 
with  steam  of  certain  pressures,  and  numerous  experiments  have  been 
made  for  this  purpose.  Messrs.  Dulong  and  Arago,  M.  Regnault,  and 
Macquom  Rankine,  may  be  cited  as  the  greatest  authorities  on 
the  subject ;  and  the  reader  who  may  desire  to  study  this  branch  of 
physical  science  in  detail  is  referred  to  their  works,  as  also  to  those  of 
Wollaston,  Lavoisier,  Laplace,  Qay-Lussac,  Petit,  DePambour.Lubbook, 
Mosely,  &c.  The  tables  drawn  up  by  Messrs.  Arago  and  Dulong  of  the 
elastiq  force  of  steam  at  the  different  temperatures  observed  during 
their  experiments,  or  ascertained  by  calculation  by  means  of  a  formula 
deduced  from  those  experiments  when  the  elastic  force  of  the  steam 
exceeded  892'8  lbs.  on  we  superficial  inch,  are  sufficiently  accurate  for 
practical  purposes,  though  H.  Begnault's  later  researches  are  more 
elaborately  correct.  Arago  and  Dulong's  table  is  to  be  found  in 
Doguin's  'Traitd  de  Physique,'  and  elsewhere;  the  pressure  being 
indicated  in  atmospheres  of  14*7  lbs.  on  the  superficial  inch,  and  the 
temperatures  are  given  on  the  centigrade  scale.  Ifacquom  Bankine, 
howeyar,  gives  in  lus  '  Treatise  on  the  Steam  Engine,'  p.  664,  a  table, 
from  which  the  follovring  statement  of  the  tension  and  the  boiling 
points  is  extracted ;  the  tension  being  given  in  pounds,  the  tempera- 
ture of  the  water,  producing  the  steam  of  that  elastic  force,  in  degrees 
of  Fahrenheit's  sosla. 

Table  of  temperature  of  water  able  to  produce  steam  possessing  the 
elastic  force  indicated,  in  lbs.  avoirdupois  per  superficial  inch  : — 


Tolmne  of 

Volume  of 

Temperatnre, 

Force, 

lib.  of  steam 

Tempsratore. 

Foree. 

1  lb.  of  steam 

. 

in  enbio  feet. 

in  cnbio  feet. 

212' 

14-70 

2686 

829° 

I01-9 

4-280 

221 

17-58 

22-84 

888 

115-1 

3-814 

280 

20-80 

19-08 

847 

129-8 

8-410 

288 

24-54 

16-28 

856 

145-8 

3-057 

148 

28-83 

14-00 

365 

163-8 

2-748 

257 

88-71 

12-09 

874 

182-4 

2-476 

266 

89-25 

10-48 

883 

203-8 

2-236 

278 

45-49 

9-124 

392 

2S5-9 

2025 

284 

5252 

7-978 

401 

250-3 

1-888 

2SS 

60-40 

6-092 

410 

276-9 

1-672 

802 

69-21 

6-153 

419 

305-5 

1-525 

811 

79-08 

5-433 

428 

336-3 

1-398 

820 

89-86 

4-316 

In  practice,  the  pressure  of  steam  is  reckoned  without  any  reference 
to  that  of  the  atmoephere ;  or,  in  other  words,  it  is  only  the  pressure 
in  excess  of  the  atmospheric  preesure  which  is  noticed.  Ordinary 
condensing  engines,  said  to  be  working  at  from  16  to  40  lbs.  preesure, 
would,  according  to  the  above  table,  work  with  steam  of  an  elastic 
force  of  from  80-7  to  54-7  lbs. ;  high  pressure  engines,  working  at  from 
60  to  120  lbs.  pressure,  really  work  with  steam  of  74-7  and  184-7  lbs.  of 
the  table,  and  the  temperature  of  the  water  would  in  both  cases  corres- 
pond with  the  higher  degrees  of  elastic  force.  The  laws  connected 
with  the  relations  between  the  temperature  and  pressure  above  stated 
are,  moreover,  sometimes  applied  practically  in  the  arts  as  a  pro- 
caution  against  danger  from  an  accidental  increase  of  pressure ;  for,  chi 
the  continent,  it  is  usual  to  place  in  a  steam-boiler,  intended  to  work 
under  high  pressure,  plugs  of  mixed  metals  able  to  fuse  at  tempera- 
tures iriiich  would  generate  steam  of  a  dangerous  nature.  When  these 
plugs  fuse,  the  water  escapes,  and  consequently  puts  out  the  fire ; 
they  do  not,  however,  dispense  with  safety-valves. 

A  great  number  of  formuUe  have  b^n  proposed  for  the  purpose  of 
calculating  the  relation  between  the  elastic  force  of  vapour  and  the 
temperature  of  the  water  producing  it ;  such  are  the  formula  of  Laplace, 
Ivoiy,  Poisson,  Lubbock,  De  Prony.  The  simplest  of  them  is  un- 
questionably tiie  one  given  by  Dr.  Toung,  r=(l-|-0-0029()';  or,  as 
given  by  Ango  and  D^ong  for  the  centignsde  scale,  F  =  (1  -t-  07153f)* ; 
and  Regnault  found  that  the  results  it  gave  corresponded  very  nearly 
with  those  obtained  by  actual  observation,  when  the  vapour  was  given 
off  from  water  heated  beyond  212°,  but  that  below  that  temperature 
the  results  no  longer  agreed.  Regnault  adopted,  therefore,  another 
formula  proposed  by  Biot,  and  discussed  at  length  by  that  philosopher 
in  his  '  Troitd  de  Physique,'  1816 :  but,  as  this  formula  contains  no 
less  than  five  constants,  and  the  indications  given  by  the  simpler 
formula  of  Arago  are  admitted  to  be  correct  for  all  the  pressures  dealt 
with  in  practice,  there  con  be  litUe  reason  for  adopting  the  former. 

It  is  important,  in  calculations  vrith  respect  to  the  use  of  steam  as  a 
motive  power,  to  ascertain  whether  the  latent  beat  of  the  steam 
remains  the  same  at  all  temperatures ;  and  M.  Regnault  has  added  to 
the  other  services  he  has  rendered  to  science  by  going  through  a 
series  of  direct  experiments  for  the  purpose  of  verifying  the  laws  of 
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Watt  and  of  Southern  upon  ibis  subject  which  had  previoualy  been 
received.  Regnault  found  that  at  the  ordinary  atmospheric  pressure  it 
required  540  thermal  units  of  the  French  scale  to  convert  1  gramme  of 
water  into  steam  (971,686  English  thermal  units  to  oonyert  1  pound 
avoirdupois);  and  thus  far  his  experiments  (recorded  in  the  'M^- 
moires  de  I'Acad^mie  dea  Sciences,'  vol.  xzi.)  agreed  with  those  of 
other  observers.  Watt,  however,  had  laid  down  the  law  "  that  the 
quantity  of  heat  necessary  to  vaporise  a  given  weight  of  water  was  the 
fame  at  every  degree  of  the  thermometer  ; "  and  Southern  had  stated 
"  that  the  latent  heat  of  vaporisation  was  the  same  under  every  degree 
of  {^essure ; "  De  Fambour's  observations  appeared  also  to  show  that, 
up  to  a  pressure  of  about  65  lbs,  on  the  superficial  inch.  Watt's  law 
was  substantially  correct.  Regnault,  on  the  contrary,  found  that 
Watt's  law  was  not  exact,  and  that  Southern's  was  still  more  falla- 
cious ;  for  he  found  that  when  the  temperature  increased,  the  total  heat 
al^o  increased,  but  the  latent  heat  diminished.  The  results  of  his 
experiments  were  given  in  the  following  formula,  A.=606'6  +  0'305i; 
in  which  A  is  the  total  heat  (on  the  centigrade  scale),  and  t  the  tempe- 
rature of  the  steam ;  the  coefficient  606'S  being  the  value  assigned  by 
him  as  the  latent  heat  of  vapour  at  0°,  and  O'SOS  the  specific  heat  of 
steam.  Regnault  ascertained  at  the  same  time  that  between  the 
limits  of  0°  and  892°  there  was  hardly  any  difference  in  the  specific 
heat  of  water,  so  that  there  was  no  occasion  to  take  that  difference 
into  account.  In  the  M^moira  wherein  these  observations  are  recorded 
a  table  is  inserted,  showing  the  tensions,  and  the  total  heat  of  the 
vapour  given  off  at  temperatures  increasing  by  equal  increments  of  10 
d^ees  centigrade]  between  0°  and  230°.  The  table  in  question  is  also 
given  in  Daguin's  '  Traits  de  Physique,'  t.  L,  part  2,  p.  965.  It  may  be 
as  well  to  add  that  the  laws  of  the  latent  heat  of  steam  are  practically 
applied  when  buildings  are  heated  by  means  of  it ;  in  these  cases  the 
heat  absorbed,  or  rendered  latent  in  one  place,  is  distributed  by  the 
pipes  which  enable  the  steam  to  circulate  over  other  parts  of  a 
building; 

The  following  table  of  the  densiides  of  vapours  is  extracted  from 
Daguin's  work ;  it  is  based  upon  the  experiments  of  MM.  Qay-Lussac 
and  Dumas,  and  the  density  of  air  is  taken  as  unity. 


u 

3l ' 

frS 

31 

Sabitsnoes. 

h 

»"g  1 

Substances. 

o 

Ccnti. 

Centi- 

grade. 

grade. 

Water     . 

0-6J3S 

100° 

Sulphuric  ether 

2-5860 

»6° 

HydrocTonie  add     . 

0-M76 

26-5 

Sulphide  of  carbon    . 

2  0447 

47 

Alcohol       .        .    . 

1-61S8 

11 

Eatence  of  turpentine 

S-OISO 

157 

Bydrochlorlo  ether  . 

2-219 

S6 

Hydroiodic  other 

S-4749 

65 

been  the  nature  and  date  of  its  origin,  it  has  been  reared  to  its  present 
gigantic  stature  by  the  fostering  care  of  different  countries,  and,  with- 
out detracting  from  or  underrating  the  efforts  of  others,  England  may 
be  justly  proud  of  her  share  of  the  glory,  a  share  readily  conceded  by 
our  competitors. 

Considering  therefore  dispute  as  unprofitable,  and  the  discussion  of 
dates  of  patents  and  improvements  as  uninteresting,  we  shall  incorpo- 
rate all  that  is  requisite  of  the  history  of  the  engine  with  our  account 
of  it. 

A  steam-engine  may  be  defined  generally  as  an  engine  by  which  the 
forces  arising  from  the  properties  of  elasticity  and  of  instantaneous 
condensation  possessed  by  steam  are  transmitted  to  produce  a  con- 
tinuous rotatory  motion,  either  of  a  fly-wheel  designed  to  constitute  a 
reservoir  of  power  for  the  purposes  of  driving  machinery,  or  for  any 
other  uses  that  force  may  be  put  to. 

Admitting  this  definition,  the  earlier  steam-engines,  as  they  are 
commonly  ^lled,  those  of  the  Marquess  of  Worcester  (1668),  and  the 
improved  forms  contrived  or  suggested  by  others,  and  even  Captain 
Savory's  (1698),  which  was  long  employed  in  this  country,  were  only 
pnmpt  for  raising  water :  a  partial  vacuiuu  was  formed  in  close  vessels 
by  the  condensation  of  steam  within  them,  the  atmospheric  pressure 
raised  the  water  to  a  certain  height ;  from  whence  it  was  forced  higher 
by  the  elasticity  of  the  steam  admitted  to  act  on  its  surface. 

Passing  over  all  these  therefore  as  foreign  to  our  subject,  the  first 
engine  which  it  is  necessary  to  describe  is  that  of  Newcomen  (1705) ; 
it  constitutes  the  connecting  link  between  the  steam-pumps  alluded  to, 
and  the  modem  engine,  of  which  it  contained  the  germ,  and  into  which 
it  was  converted  by  the  genius  of  Watt  [Watt,  Jaues,  in  Bioo. 
Div.j 

In  the  subjoined  diagram,  A  represents  a  cylinder  open  at  the  upper 

Tif.  1. 


Compared  with  water  at  its  greatest  degree  of  condensation,  the 
density  of  steam  at  212*  Fahr.  is  exactly  1695  less  thim  that  of  the 
water,  or  nearly  1700,  as  was  before  stated;  or  in  fact,  one  volume  of 
water  yields  nearly  1700  volumes  of  steam.  This  is  worthy  of  remark; 
for  the  volumes  of  the  oxygen  and  hydrogen,  contained  in  a  g^ven 
volume  of  water,  occupy  umier  atmospheric  pressure  a  space  equal  to 
2500  times  the  volume  of  the  latter.  It  has  been  suggested  that  the 
condensation  which  thus  appears  to  have  taken  place  during  the  com- 
bination of  the  permanent  gases  referred  to,  may  be  explained  by  some 
change  in  their  electrical  state ;  and  it  is  well  known  that  the  evolution 
of  steam,  under  high  pressures,  does  give  rise  to  electrical  phenomena 
of  a  very  remarkable  but  hitherto  only  partially  studied  description. 
Measrs.  Armstrong,  Faraday,  Schafthoentl,  and  Becquerel  have,  indeed 
observed  that  when  steam,  charged  with  water  in  suspension,  escapes 
in  such  a  manner  as  to  exercise  friction  against  ti  substance  opposed  to 
its  passage,  a  development  of  electricity  tSiea  place,  and  that  generally 
the  water  or  the  vapour  is  positive,  and  the  opposing  substances 
negative.  The  form,  the  nature,  and  the  temperature  of  the  orifices 
affect  the  development  of  the  electricity  to  a  great  extent,  and 
especially  does  heat  retard  it;  at  the  same  time  the  amount  of  elec- 
trical action  depends  on  the  purity  of  the  water,  for  a  smidl  quantity  of 
salt  or  acid  destroys  the  property,  and  a  very  small  proportion  of  the 
essence  of  turpentine  causes  the  nature  of  the  electricity  to  change ; 
the  steam  in  this  case  becomes  negative.  Becquerel  evidently  attri- 
butes the  development  of  the  electricity,  by  the  passage  of  steam  under 
the  circumstances  recorded  in  the  experiments  of  Mr.  Armstrong,  to 
the  friction  of  the  globules  of  water  contained  in  the  steam ;  but  this 
interesting  question  has  not  yet  been  examined  with  sufficient  accuracy 
to  allow  the  formation  of  any  absolute  opinions  on  the  subject. 

SUam-Engine.  In  conformity  with  the  plan  of  this  Cyclopaedia 
a  general  outline  of  the  principles  of  the  engine  wiU  be  here  given,  the 
reader  being  referred  to  different  articles  connected  with  the  subject, 
or  to  works  written  specifically  on  the  steam-engine,  for  more  detailetl 
information. 

The  claim  to  the  invention  of  the  steam-engine  has  been  made  a 
subject  of  national  contention ;  but  the  conclusion,  arrived  at  from  the 
discussions  which  this  contention  has  originated,  seems  to  be,  that,  in 
common  with  all  other  important  applications  of  physiod  principles, 
no  individual  can  lay  claim  to  the  invention.     Whatever  miiy  have 


end,  fitted  with  a  piston  B,  and  rendered  air-tight  by  having  water  on 
it  to  the  depth  of  several  inches :  the  puton-rod  was  suspended  by  a 
chain  from  the  arched  end  of  a  beam  o,  turning  on  an  axle,  and  having 
a  pump-rod  at  its  other  extremity,  loaded  so  as  to  counterpoise  the 
weight  of  the  piston,  and  to  raise  it  to  the  top  of  the  cylinder.  This 
cylinder  was  placed  over  the  boiler  D  with  which  it  communicated  by 
a  steam-pipe  E,  furnished  with  a  cock  P  to  open  or  close  the  passage : 
a  is  a  cistern  fixed  above  the  cylinder,  to  the  bottom  of  which  a  pipe 
H  passed,  also  provided  with  a  cock  I. 

When  the  piston  was  depressed  to  the  bottom  of  the  cylinder,  it 
drove  out  all  the  air  before  it,  which  escaped  at  the  orifice  of  a  pipe  K 
into  the  water  of  a  smaller  cistern  L :  the  cook  v  being  next  opened, 
the  steam  from  the  boiler  filled  the  cylinder  as  the  piston  rose  again 
from  the  action  of  the  counterpoise ;  as  soon  as  it  arrived  at  the  top, 
the  cock  F  was  closed  and  I  opened,  a  jet  of  cold  water  from  the  cistern 
o  rushed  into  the  cylinder,  condensing  the  steam,  and  thus  forming  a 
partial  vacuum  beneath  the  piston,  the  pressure  of  the  air  on  its  upper 
surface  forced  it  downwards,  and  caused  the  pump  at  the  other  end  of 
the  beam  to  raise  an  equivalent  weight  of  water  to  a  height  equal  to 
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tliat  through  which  the  piaton  moved :  the  injected  water  and  con- 
densed steam-water  flowed  off  into  the  cistern  L  through  K,  as  the  air 
had  previously  done.  The  cock  I  was  now  closed,  and  r  opened,  and 
the  action  was  repeated,  and  when  this  engine  was  first  introduced,  it 
was  the  duty  of  an  attendant  to  open  and  shut  these  cooks  alternately; 
but  subsequently  lever  handles  to  open  and  shut  the  cocks  were  acted 
on  by  pins  or  cams,  carried  by  a  rod  suspended  from  a  beam ;  and  the 
engine  became  self-acting.  This  improvement  was  rudely  made  in  the 
first  instance  by  a  boy  named  Potter,  for  the  purpose  of  saving  himself 
trouble;  it  waa  subsequently  perfected  by  an  engineer  named  Beigh- 
ton  ip  1718. 

Newcomen's  engine  was  successively  improved  upon  by  Smeaton, 
Brindley,  and  other  engineers,  previous  to  Watt's  time,  and  from  its 
intrinsic  merits  it  remamed  in  general  use  under  the  appropriate  name 
of  the  "  atmospheric  engine  "  during  the  greater  part  of  the  last  cen- 
tury, but  was  only  used  for  pumping  water. 

The  first  and  most  important  of  Watt's  improvements  on  the  engine 
consisted  in  effecting  the  condensation  in  a  separate  vessel,  termed  the 
condmter,  which  communicated  with  the  cylinder.  This  condenser 
being  filled  with  steam  from  the  boiler  at  the  same  time  with  the 
cylinder,  the  jet  of  cold  water,  admitted  into  the  former  only,  effected 
the  condensation  of  the  whole  volume  of  steam,  both  of  that  in  the 
cylinder  as  well  as  of  that  in  the  condenser,  in  conformity  with  the 
well-known  principle  in  physics,  that  an  action  originated  in  any 
part  of  a  homogeneous  fliud  is  (dmost  instantaneously  oommuuicated 
throughout  its  mass. 

To  effect  still  further  the  object  of  this  separate  condensation.  Watt 
placed  his  condenser  in  a  cistern,  the  temperature  of  which  was  kept 
constant  by  a  fresh  supply  of  cold  water,  brought  from  a  well  by  a 

fump,  to  be  presently  mentioned ;  for  otherwise,  the  heat  given  out 
y  the  condensing  steam  would,  by  heating  the  vessel  and  tiie  water 
surrounding  it,  have  prevented  tLe  rapid  or  almost  instantaneous 
condensation  necessary  to  the  efBcient  action  of  the  engine. 

To  comprehend  the  necessity  for  a  rapid  condensation,  it  must  be 
remembered  that  the  effective  power  of  the  engine  depends  on  the 
pressure  on  the  piston  minus  any  resistance  it  encounters  and  on  the 
space  through  which  it  moves.  If  the  steam  could  be  imtantly  con- 
verted into  water,  and  so  entirely  removed,*  a  perfect  vacuum  would 
be  formed  beneath  the  piston,  in  which  case,  there  being  no  resistance 
from  this  source  to  overcome,  a  maximum  of  power  would  be  obtained; 
but  if  the  condensation  be  slow,  or  only  partial,  since  the  piston  will 
begin  to  move  the  instant  there  is  any  inequality  in  the  pressures 
exerted  on  its  opposite  surfaces,  its  motion  will  be  retarded,  or  the 
power  diminished,  by  the  resistance  to  compression  offered  by  the 
uncondensed  steam ;  and  although  that  resistance  would  tend  to 
diminish  as  the  condensation  proceeded,  yet  the  space  occupied  by  the 
steam  diminishing  in  consequence  of  the  descent  of  the  piston  in 
nearly  the  same  proportion,  the  resistance  would  be  nearly  constant 
through  the  whole  of  that  descent. 

On  Hxe  other  hand,  to  maintain  the  temperature  of  the  cylindm;  as 
high  as  possible.  Watt,  at  first,  cased  it  in  wood  to  retard  tiie  radiation, 
and  subsequently  surrounded  it  by  a  second  iron  cylinder,  admitting 
steam  from  the  boiler  between  the  two.  This  casing,  or  "  jacket,"  as 
it  is  termed,  is  not  used  in  most  modem  engines  made  since  Watt's 
time,  for  reasons  which  will  hereafter  appear;  and  the  effects  of 
radiation  firom  the  surface  of  the  cylinder  are  now  chiefly  guarded 
against  as  much  as  possible  by  keeping  that  sur&ce  bright  and 
smooth. 

The  second  of  Watt's  improvements  on  Newcomen's  engine  consisted 
in  closing  the  cylinder  at  top,  the  piston-rod  being  mode  to  pass  through 
a  cylindrical  neck  in  that  top,  termed  a  ituffing-box,  from  the  passage 
being  rendered  steam-tight  by  a  stuffing  of  tow  saturated  with  grease, 
whiSi  by  its  lubrication  diminished  the  additional  friction  resulting 
from  thu  arrangement.  The  object  of  this  alteration  was  to  admit  of 
the  elastic  force  of  the  steam  being  employed  to  impel  the  piston 
downwards,  instead  of  simple  atmospheric  pressure.  For  this  pur- 
pose, the  steam  was  admitted  from  the  boiler  above  the  piston  at  the 
same  moment  the  condensation  took  place  in  the  condenser;  the 
steam-passage  being  made  double  for  the  purpose,  so  that  the  communi- 
cation with  the  condenser  could  be  cut  off  when  that  with  the  cylinder 
was  opened,  alternately.  When  the  piston  had  descended  to  the  bottom 
of  the  cylinder,  the  counterpoise  at  the  pump-rod  raised  it  again,  as  in 
Newcomen's  engine ;  but  to  allow  of  this  upward  motion,  it  was  neces- 
sary to  remove  the  steam  which  was  above  the  piston,  and  this  waa 
done  by  allowing  it  to  pass  under  the  piston,  and  into  the  condenser 
through  a  passage  opened  at  the  proper  instant  for  this  purpose. 
Such  is  the  general  principle  of  Mr.  Watt's  lingU-adiHg  engine,  which 
hence  became  a  lUam-engine,  and  was  no  longer  an  atmo^hmc  one. 

By  a  further  improvement,  the  counterpoise  at  the  pump-rod  was 
done  away  with,  which  obviously  had  been  so  much  added  to  the 
unproductive  work  of  the  engine,  since  this  weight  had  to  be  raised  in 
addition  to  that  of  the  water.  The  upward  stroke  of  the  piston  was 
now  produced  by  admitting  the  steam  beloa  it,  to  act  by  its  elasticity, 
as  it  had  previously  done  above  when  causing  the  piston  to  descend : 

*  One  onblo  inch  of  water  oeenpies  1711  cobio  inches  of  space,  in  the  farm  of 
•team  at  213° ;  oonseqaently,  tbe  tpace  occnpied  by  the  water  after  the  con- 
densation may  be  neglected  iu  tbe  compatatloo. 
ARTS  A8D  BCI.  SIT,  VOL.  TU. 


thus  the  engine  became  double-acting,  and  assumed  that  essential 
general  principle  which  it  has  ever  since  maintained,  although  all  ttia 
details  of  its  construction  have  been  improved  upon  by  successive 
engineers. 

The  changes  in  the  engine  introduced  by  Watt  created  the  necessity 
for  two  pumps,  and  commonly  three,  which  are  worked  by  rods  attached 
to  the  beam :  the  first  of  these  is  IJie  kot-vtater  or  airpvmp,  intended 
to  remove  the  air,  condensed  water,  and  steam  from  the  condenser,  in 
which  they  would  otherwise  accumulate,  and  finally  stdp  Uieaotico; 
for  this  water  cannot  flow  away  into  an  open  cistern,  as  it  had  done  in 
Newcomen's  engine,  since  by  Watt's  principle  it  is  essential  ^t  the 
eondenser  should  be  as  steam-tight  and  as  perfectly  closed  as  the 
cylinder,  or  else  the  steam  could  not  exert  a  pressure  greater  than  that 
of  the  atmosphere,  as  it  is  intended  to  do  in  order  to  increase  the 
effective  force  of  the  engine.  The  second  is  a  force-pump,  required  to 
return  the  water  drawn  from  the  condenser  by  the  first  back  to  the 
boiler,  as  will  be  hereafter  explained;  and  the  third,  termed  the  eold- 
voater  pump,  is  that  alluded  to  in  a  preceding  x>aragraph  as  supplying 
the  cold-water  cistern  which  contains  the  condenser. 

Having  thus  explained  the  general  principle  of  the  engine,  some  of 
the  details  of  its  oonstruotion  must  now  be  considered,  and  the  piston 
^Htdbauucb]  may  claim  our  first  notice,  both  from  its  paramount 
importance  and  the  practical  difficulties  to  be  overcome  in  its  forma- 
tion. In  hydraulic  machines,  all  vessels,  pipes,  -ralves,  &a,  must  be 
made  vxtter-tight :  in  Bramah's  pump,  for  example,  the  efficiency  of  the 
engine  entirely  depends  on  the  accurate  fitting  of  parts  moving  in 
contact,  which  must  be  perfectly  water-tight,  thoupi  subjected  to  a 
pressure  of  many  hundred  pounds  on  each  square  inch  of  surface ; — 
the  utmost  perfection  of  skill  in  workmanship  is  requisite  to  ensure 
this  object,  and  tbe  difficulty  is  obviously  considerably  increased  when 
steam  or  gases  are  the  fluids  to  be  dealt  with.  Now  the  piston  of  a 
steam-engine  must  be  sltam-tigkt,  and  yet  move  with  a  minimum  of 
friction  in  the  cnrlinder ;  and  as  this  latter,  from  defective  workman- 
ship, can  never  be  a  perfectly  true  one,  the  cylindrical  periphery  of  the 
piston  must  be  so  contrived  as  to  be  capable  of  adapting  itself  to  every 
inequality  in  the  surface  against  which  it  slides :  tius  is  effected  in 
common  pistons  by  their  being  made  two  inches  or  more  less  in 
diameter  than  the  cylinder,  leaving  a  projecting  flange  at  the  bottom, 
which,  together  with  a  top  plate  bolted  to  them,  accurately  fits  the 
cylinder.  Tow  or  soft  rope,  saturated  with  grease,  is  carefully  wound 
round  the  cylindrical  body  of  the  piston,  between  the  upper  plate  and 
lower  flange ;  the  former  is  then  drawn  up  by  screws,  compressing  the 
intervening  packing  till  it  perfectly  fits  the  cylinder,  and  yet  by  its 
elasticity  ^ows  of  its  adapting  itself  to  the  inequalities  in  the  surface. 
The  first  (fy.  2)  of  the  annexed  figures  will  explain  the  detuls  of  the 
construction  of  ue  ordinaiy  piston. 


ng.i. 


Fig.i. 


Fig.  4. 


But  aa  the  Motion  of  this  common  mston  b  neoessarily  veiy  oon- 
siderable,  the  better  class  of  engines  have  usually  what  ore  called 
Metallic  piitont,  of  which  there  are  different  kinds,  invented  by  Cart- 
wright,  Jessop,  Barton,  and  others.  The  body  of  these  pistons  is 
metal,  made  in  pieces  or  segments,  acted  on  by  springs  radiating  from 
a  cenbe ;  so  that  while  the  friction  is  diminished  by  both  sur&ces 
being  metallic,  the  piston,  owing  to  its  construction,  can  adi^  itself  to 
the  irregularities  of  the  cylinder.  It  is  found  in  practice  that  these 
metallic  pistons  wear  for  a  long  time,  and  do  not  of  course  require  the 
frequent  repacking  necessary  to  those  with  tow  or  hempen  stuffing. 
Figt.  3  and  i  represent  a  plan  and  elevation  of  an  improved  form  of 
Buton's  piston,  to  explain  the  principle. 

In  Newcomen's  engine  the  steam  was  admitted  to  the  cylinder,  and 
the  communication  again  cut  off  by  means  of  a  cock  of  the  common 
construction ;  but  a  more  efficient  contrivance  is  requisite  when  the 
steam  is  to  be  admitted  alternately  botii  above  and  below  the  piston, 
and  to  tbe  condenser,  as  it  is  in  engines  since  the  introduction  of 
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Watt's  improvements.  This  can  be  aooomplished  hj  a  four-pottage 
cock,  originally  invented  by  Leupold  in  1720,  and  since  improved  by 
Biamah  and  others.  The  principle  of  a  four-way  cock  will  be  under- 
■tood  by  the  annexed  6gure  {jig.  5)  of  the  plan  of  one  employed  by 
Meaaia.  Haudday  and  Field  in  their  small  engines. 


Fir.  S. 


rig.  6. 


A  is  a  portion  of  the  cylinder ;  b,  the  steam-pipe ;  o,  D,  s,  thre* 
passages,  one  communicating  with  tiie  top,  another  with  the  bottom  of 
the  cylinder,  and  the  third  with  the  condenser ;  F  is  the  four-passage 
cock,  which,  by  turning  alternately  to  the  right  and  left,  establishes  a 
communication  between  one  of  the  former  with  the  latter  passage. 
Fig.  6  represents  the  conical  valve  with  its  side  apertures,  and  that 
at  the  top,  by  whioh  the  steam  enters. 

Watt  employed  flat  conical  valves  for  the  purpose  under  considera- 
tion, which  were  raised  or  depressed  by  cranks  acting  on  a  guide-rod  at 
right  angles  to  the  plane  of  the  valve,  which  therefore  did  not  turn  on 
a  hinge  like  the  common  clack-vcdve  of  a  pump.  In  some  of  his 
engines  the  valves  were  raised  or  depressed  by  toothed  sectors  acting 
on  a  rack  in  the  guide-rod,  so  that  the  valve  might  rise  from  its  seat 
without  altering  the  parallelism  of  its  plane.  Two  such  valves  were 
movmted  in  one  box,  one  above  the  other,  the  guide-rod  of  the  lowest 
passing  through  that  of  the  upper. 

I'ig.  7  shows  the  valves  of  this  construction,  of  the  laige  engine 
erected  by  Messrs.  Maudslay  for  the  Chelsea  Water- Works,  c,  part 
of  the  cylinder ;  p,  the  piston  ;  T,  the  "  plug-tree  ; "  o,  the  gearing 
Jiandles,  which  are  struck  by  the  tappets  on  tiie  plug-tree,  and  thus 
open  and  close  the  valves  v ;  s,  the  tteam-passage  to  the  upper  and 
lower  ports  of  the  cylinder ;  d,  the  passage  to  the  condenser. 


Fig.  T. 


In  most  engines  of  the  present  day,  however,  the  dide-vcUre,  as  it  is 
termed,  has  supetseded  the  use  of  the  others,  excepting  in  large 
pumping-engines :  a  perfectly  flat  surface  slides  on  another,  termi- 
nating the  orifices  which  are  to  be  opened  and  shut;  such  is  the 
general  principle,  but  the  forms  and  arrangements  are  too  numerous  to 
be  mentioned.  Jfig.  8  shows  a  part  of  the  cylinder  of  an  engine  with 
box-tUde  valvet,  now  much  used. 

s,  the  orifice  of  the  steam-pipe ;  the  steam  passes  to  the  upper  part 
of  the  cylinder  at  D,  the  lower  passage  E  being  shut  off  in  the  position 
of  the  valve  shown  and  shaded  in  the  figure ;  the  slide  is  moved  by 
the  rod  H,  tmd  it  is  shown  in  its  second  position  in  dotted  lines,  in 
which  position  it  will  be  seen  that  the  steam  can  then  enter  bmeath 
the  piston,  while  the  passage  p  to  the  condenser  is  in  turn  in  com- 


munication with  the  upper  part  of  the  cylinder  by  means  of  the  tuba 
T  of  the  slide. 

Fig.  8. 
R 


The  characteristic  and  most  valuable  part  of  this  principle  is  this,  of 
making  part  of  the  slide  act  as  a  pipe  to  connect  the  two  ports  of  the 
cylinder  alternately  with  the  condenser.  The  steam,  by  pressing  on 
the  slide  in  the  common  form  of  slide,  enormously  increases  the  friction 
with  the  surface  against  which  it  acts,  and  also  produces  rapid  wear  of 
the  parts ;  this  defect  is  remedied  in  the  box-slide  and  all  others  which 
possess  this  peculiarity. 

Slide-valves  were  proposed  by  Murray,  in  1 799,  but  were  abandoned, 
till  improved  workmanship  allowed  of  their  being  more  perfectly  made; 
they  have  been  successively  improved  in  principle  by  Miirdoch,  Bramah, 
Hillington,  Maudslay,  and  Se\rard,  the  slides  of  the  last-named  being 
now  much  used  in  marine  engines. 

It  has  been  mentioned  that  the  alternate  action  of  the  valves  in  the 
atmospheric  and  Watt's  engines  was  produced  by  pins,  or  lappett,  ad- 
justed on  a  rod  called  the  plug-tree,  suspended  from  the  beam ;  as  the 
plug-tree  moved  up  and  down  with  the  beam,  the  tappets  struck  the 
ends  of  bent  levers  or  cranks,  which  raised  or  depressed  the  valves  in 
proper  succession :  some  of  these  levers  were  so  formed  that  the  tappet 
by  pressing  against  them  might  keep  the  valve  closed  during  the 
greater  part  of  the  stroke  *  of  we  piston,  and  others  required  an  inter- 
mediate shorter  lever,  or  claw,  to  act  on  the  valve-rod ;  so  that  the 
whole  arrangement  was  inevitably  complicated  and  cimibrous.  But 
when  the  slide-valve  superseded  Watt's  double  conical  valves,  and  the 
steam  passages  could  be  opened  and  dosed  by  the  motion  of  one  rod 
only,  connected  with  the  slide,  this  motion  could  be  readily  produced 
by  what  is  termed  an  excentric,  which  for  this  purpose  usually  consist* 
of  a  circular  plate  of  metal,  keyed  excenlricaUy  on  the  shaft  of  the  fly- 
wheel, and  working  within  a  ring  attached  to  the  end  of  a  frame  in- 
tended to  move  a  crank  directiy  connected  with  the  slide-rod  at  its 
other  extremity.  As  the  shaft  revolves,  the  excentric  plate  imparts 
an  alternating  motion  to  the  frame,  whidi,  tnnsmitted  by  the  crank, 
alteniately  raises  and  depresses  the  slide-rod.  The  principle  of  the 
excentric  is  one  of  the  most  valuable  of  those  mechanical  contrivances 
by  means  of  which  a  continuous  circular  can  be  converted  into  an  alter- 
nating rectilinear  motion. 

The  "  beam  "  so  frequently  alluded  to,  was  obviously  the  readiest 
mode  of  connecting  the  alternating  motion  of  the  piston  with  the 
pump  to  be  worked,  in  the  atmospheric  engine ;  and  owing  to  th« 
facilities  it  offers  of  working  the  plug-tree  and  the  three  pumpe  neces- 
sary in  Watt's  condensing  engines,  continued  to  form  a  part  of  the 
arrangement  whether  the  engine  were  intended  to  pump  a  mine  or  to 
drive  machinery.  The  beams  of  the  first  engines  were  made  of  two 
or  more  trees,  bolted  together  to  obtain  the  requisite  rigidity,  and 
further  strengthened  by  a  kind  of  truss,  as  is  seen  in  the  diagram  of 
Newcomen's  engine.  But  when  the  art  of  making  heavy  iron-castings 
was  perfected,  that  metal  was  substituted  for  wood,  to  the  manifest 
improvement  of  the  engine  in  every  respect.  Watt  also  removed  the 
cumbrous  arched  heads,  which  had  berai  previously  employed  for  the 
purpose  of  causing  the  piston-rod  to  move  up  and  down  in  the  same 
right  line,  though  connected  with  the  end  of  the  beam,  which  neces- 
sarily described  an  arc  of  a  circle,  as  turning  on  a  fixed  centre ;  this 
arrangement  implied  the  use  of  a  flexible  chain,  to  suspend  the  piston, 
which  might  wind  round,  and  unwind  from,  the  arch,  but  a  chain 

*  Tbe  term  stroke  la  techslcallj  uaed  bjr  englneeii  to  cxpreu  tbc  irhole 
motion  of  the  piston  tiom  the  top  to  the  bottom  of  the  cylinder  and  back  again. 
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could  not  be  used  when  the  piston  had  to  raise  the  beam,  as  it  had  to 
do  in  Watt's  engine,  instead  of  being  raised  by  it,  as  in  Xewcomen's. 
The  object  of  these  "  arched  heads  "  is  attained  in  modem  engines 


by  a  system  of  simple  rods  or  levers,  so  combined  that  one  point  may 
move  in  a  straight  line  nearly.  There  are  a  variety  of  combinations 
by  which  this  may  be  effected,  but  that  termed  the  "  parallel  motion," 
invented  by  Mr.  Watt  for  the  purpose,  is  the  only  one  which  need  be 
here  noticed,  as  being  that  most  commonly  used. 

The  geometrical  principle  of  this  motion  is  shown  in  JIgt.  9  and  10  as 
well  as  the  whole  arrangement  when  the  piston  is  near  tiie  top  of  the 
cylinder  :  D  D  are  rods  fixed  by  one  end  to  the  &ame  supporting  the 
beam,  while  the  three  other  pair  of  levers  being  jointed  together  and 
to  the  beam,  must  obviously,  in  every  position,  form  a  paralldopipedon, 
whence  the  name  is  derived ;  p  is  the  piston-rod  attached  to  h  ;  Q  that 
of  the  hot-water  pump  connected  with  the  parallel  motion  at  i  in  the 
centre  of  that  side. 

When  the  engine  is  employed  to  drive  machinery  of  any  kind,  a  fy- 
vheel  becomes  a  neoeeaaiy  adjunct  to  it.  A  fly-wheel  is  one  in  wMui 
the  principal  quantity  of  the  matter  is  distributed  in  the  periphery ; 
when  such  a  wheel  revolves  on  an  axis  perpendicular  to  its  plane,  the 
greatest  quantity  of  matter  moving  with  a  maximum  velocity,  the 
momentum  of  the  whole  is  a  maximum,  while  its  inertia,  if  it  be  large, 
causes  it  to  control,  or  equalise,  the  motion  of  the  machineiy  tbrou^ 
which  it  receives  its  own.  It  is  the  momentum  of  such  a  wheel  which 
constitutes  the  disposable  force  available  for  the  multifarious  purposes 
to  which  machineiy  can  be  applied;  so  that  in  the  case  of  the  steam- 
engine,  although  the  elastic!^  of  steam  is  the  original  source  of  power, 
the  immediate  one  by  which  the  work  is  executed  is  the  momentum 
of  the  fly-wheeL 

It  is  consequently  necessary  to  adapt  some  contrivance  to  the  end 
of  the  beam,  which  shall  convert  the  alternating  droolar  motion  of  the 
latter  into  a  continuous  one  of  the  fly-wheel ;  this  is  effected  by  the 
rod  and  crani,  a  piece  of  mechanism  of  such  frequent  occurrence  that 
it  is  unnecessary  to  describe  it ;  the  treadle  of  a  lathe  is  a  familiar 
instance  of  its  application,  and  for  a  similar  purpose,  that  of  oonnecting 
the  alternate  motion  of  the  turner's  foot  with  the  continuous  one  of 
the  wheel  of  the  lathe ;  the  principle  of  the  treadle,  or  rod  and  ciank, 
is  in  fact  the  only  one  by  which  an  alternating  can  be  converted  into 
a  continuous  circular  motion ;  it  must  therefore  be  employed,  notwith- 
standing the  variation  in  the  power  transmitted  by  means  of  it,  conse- 
quent on  that  of  the  angle  formed  by  the  rod  and  crank  with  each 
other.  Thus,  for  example,  when  the  rod  and  crank  are  in  the  same 
direction,  which  occurs  twice  at  every  rotation,  no  force  whatever  is 
transmitted  by  it,  and  the  primary  one  is  entirely  suspended  or  held 
in  equilibrium  by  the  resistance  of  the  fixed  centres  on  which  the 
crank  and  rod  turn. 

In  the  steam-engine  the  rod  and  crank  are  so  adjusted  that  these 
two  neutral  positions  occur  when  the  piston  is  at  one  or  the  other  end 
of  the  cylinder,  and  the  valves  are  so  arranged  tliat,  both  steam  passages 
being  closed,  all  communication  between  the  engine  and  the  boiler  is 
cut  oft ;  otherwise  the  steam,  which  could  not  under  these  circum- 
stancee  move  the  piston,  would  exert  its  force  to  the  detriment  of  the 
machine ;  as  soon,  however,  as  the  momentum  of  the  fly-wheel  has 
carried  the  crank  past  these  positions,  the  motion  reciprocally  imparted 
through  it  to  the  piston  and  valves  admits  the  entrance  of  tile  steam 
from  we  boiler  into  the  cylinder  again.  It  is  one  of  the  important 
details  in  the  construction  of  the  engine,  that  the  piston  shouM  be  in 
that  point  of  its  course  when  the  steam  exerts  its  maximum  of  effect 
en  it,  at  the  time  when,  the  rod  and  crank  being  at  right  angles 


to  each  other,  the  tnaximtim  of  force  may  be  exerted  to  turn  the 
fly-wheel. 

Since  the  diameter  of  the  cirole  described  by  the  crank  must  be 
equal  to  the  length  of  the  stroke,  or  to  the  distance  through  which  the 
piston  moves,  it  might  be  thought  advantageous  to  increase  the  length 
of  the  stroke,  as  admittiog  of  a  longer  crank;  but  there  are  liimts 
to  this  length,  determined  by  a  variety  of  circumstances,  some  of  which 
will  be  hereafter  explained. 

When  Watt  substituted  the  elastic  foroe  of  steam  for  the  pressure 
of  the  atmosphere,  he  introduced  a  source  of  power  which  might  be 
increased  to  an  indefinite  extent,  provided  it  were  found  advantageous 
to  employ  it ;  and  the  question  naturally  suggests  itself,  what  is  the 
elastic  force  or  pressure  at  which  the  maximum  of  useful  effect  can  be  . 
produced  with  a  minimum  expenditure  of  fuel  I  Unfortunately  no 
direct  answer  can  be  given ;  in  mathematical  language,  the  unknown 
quantity  is  a  function  of  too  many  variables  to  be  capable  of  deter- 
mination, except  by  repeated  experiments  for  every  specific  engine, 
this  quantity  varying  with  the  principle  of  its  construction,  even  with 
the  details.  The  results  of  such  experiments  seem  to  show,  that 
generally  it  is  more  advantageous  to  employ  steam  of  a  comparatively 
hig^  elastic  force ;  accordingly  the  pressure  was  increased,  in  engines 
constructed  by  Watt,  from  4  to  8  or  even  12  lbs.  on  the  inch,  the  appre- 
hension of  danger  from  the  explosion  of  boilers  in  which  steam  of  high 
pressure  was  generated  constituting  the  chief  limit  to  a  further 
extension  of  tiie  practice ;  at  the  present  day  condensing  engines  are 
even  worked  as  high  as  from  26  to  80  lbs.  pressure.  The  nature  of 
those  improvements  in  the  construction  of  boilers  will  be  briefly 
explained  hereafter,  by  which  steam  of  200  lbs.  on  the  inch  may  be 
generated,  if  requisite,  with  nearly  as  much  security  as  that  of  4  Ibe.  in 
the  earlier  boilers ;  but  at  present,  simply  stating  that  such  is  the-«aae, 
we  proceed  to  expUun  some  important  changes  which  have  been  con- 
sequently made  in  the  principles  of  the  engine. 

When  the  steam  is  first  admitted  into  the  cylinder,  the  total  space 
filled  by  the  steam  is  immediately  augmented  by  that  through  which 
the  piston  moves ;  and  if  the  capacity  of  the  boiler  were  not  several 
times  greater  than  that  of  the  cylinder,  the  consequence  would  be  a 
gradual  diminution  of.  the  pressure,  supposing  the  total  quantity  to 
remain  the  same  :  but  the  moment  the  pressure  in  the  boiler  tends  to 
diminish,  an  additional  quantity  of  water  passes  into  the  state  of 
vapour,  of  the  same  tension  as  that  previously  generated,  provided  the 
temperature  be  maintained ;  hence  the  pressure  on  the  piston  may  be 
regarded  as  sensibly  the  same  throughout  the  whole  of  its  stroke, 
provided  that  pressure  be  somewhat  greater  than  that  of  the  atmo- 
sphere, and  the  communication  with  the  boiler  remain  open.  It  must 
not,  however,  be  supposed  that  the  pressure  on  the  piston  is  the  same 
with  that  of  the  stetun  in  the  boiler ;  all  that  is  here  asserted  is  that 
the  pressure  on  the  former  will  be  uniform. 

But  if  the  pressure  be  considerably  greater  than  tliat  of  the 
atmosphere,  the  steam,  even  ,when  separated  from  the  water,  while 
expanding  in  the  enlarging  space  farmed  by  the  motion  of  the  piiton, 
will  exert  sufiBdent  force  to  continue  that  motion,  till  at  last  the 
pressure  diminishing  inversely  as  the  space  increases,  and  direotiy  as 
the  temperature,  according  to  Marietta's  and  Qay-Lussac's  laws,  that 
pressure  will  finally  be  not  in  equilibrium  with  the  resistance,  and  all 
motion  will  cease.  Tlaa  is  the  important  principle  of  working  engines, 
originally  proposed  by  Watt,  though  not  employed  by  him,  but 
which  now,  from  the  improvements  in  boilers  above  alluded  to,  is 
becoming  general  under  the  name  of  that  of  eepanjtm.  In  the 
common  engine,  if  the  pressure  on  the  piston  continue  uniform 
during  the  stroke,  as  it  would  do  if  the  oommunication  with  the 
boiler  remioned  open,  the  piston  would  move  with  an  accelerating 
velocity  till  it  arrived  at  the  end  of  the  cylinder,  when  the  motion  in 
that  direction  being  suddenly  stopped,  the  momentum  must  be  ex- 
pended on  some  of  the  fixed  points  of  the  machine,  to  its  manifest 
mjnty,  and  with  the  useless  expenditure  of  so  much  power;  accord- 
ingly the  communication  with  the  boiler  is  now  always  cut  off  when 
the  piston  has  arrived  at  a  certain  point,  and  vrith  a  momentum 
sufBcient  to  carry  it  to  the  end  of  its  stroke  without  any  useless  ex- 
penditure of  foroe,  while  the  steam  behind  it,  which  was  originally  of 
but  a  few  pounds  pressure  above  that  of  the  atmosphere,  thus  limited 
in  quantity,  rapidly  declines  in  force,  and  ceases  to  urge  the  piston  on. 
But  on  the  "expansion  prindple,"  when  the  steam  _  possesses  con- 
siderable elastio  force,  the  oommunication  with  the  boiler  may  be  out 
off  much  sooner,  snd  the  piston  is  urged  forward  by  the  expansive 
force  of  the  steam,  which,  although  decreasing  as  the  space  inoroasos, 
is  yet  sufficient  to  carry  the  piston  to  the  end  of  the  stroke. 

If  it  be  asked  how  it  is  advantageous  to  use  half  the  quantity  of 
steam  at  twice  the  pressure,  when  it  takes  perhaps  twice  the  quantity 
of  fuel  to  raise  the  steam  to  the  double  pressure,  the  answer  is,  that  it 
can  be  shown  analytically  that  the  total  foroe  exerted  by  steam  acting 
expansively  is  greater  than  that  which  would  be  exerted  by  steam  of  a 
constant  pressure,  equal  to  the  mean  of  those  exerted,  first,  at  the 
moment  the  steam-valve  is  closed,  and,  secondly,  when  the  piston 
srrives  at  the  end  of  its  stroke  ;  consequentiy,  as  leas  steam  may  be 
used  to  produce  tile  required  effect,  a  saving  of  fuel  is  the  result,  or  in 
other  words,  the  quantity  of  steam  may  be  much  leas  than  half,  at 
double  the  pressure,  or  Uie  pressure  much  less  thw  doubled,  to  i«0< 
duce  the  same  effectt 
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As  long  as  a  continued  force  of  any  kind  produces  a  continued 
motion  with  a  constant  velocity  in  any  body,  the  force  must  be  in 
equilibrium  with  the  resistance  it  has  to  overcome ;  for  if  the  force 
irere  greater  than  the  resistance,  it  would  produce  an  accelerating 
motion,  which  is  contrary  to  the  supposition :  and  if  the  resistance 
became  greater  than  the  force,  the  velocity  would  retard  till  the  equi- 
librium were  produced  :  as  long,  therefore,  as  a  steam-engine  is  moving 
with  a  constant  velocity,  the  pretmre  on  the  pitton  must  be  equal  to  the 
resistance  to  be  overcome,  consisting  of  the  net  work  to  be  done, 
together  with  the  friction  of  the  various  parts,  the  resistance  of  the 
uncondensed  steam,  of  the  air  on  the  opposite  side  of  the  piston,  and 
of  other  sources  of  resistaiioe,  which  all  concur  to  produce  the  gross 
resistance  to  be  overcome.  Putting  t'  for  the  pressure  of  the  steam 
on  each  unit  of  surface  of  the  piston,  and  r  for  the  resistance  for  the 
same  unit,  or  for  the  quotient  obtained  by  dividing  the  total  resistance 
by  the  number  of  units  of  surface,  we  have 

f'  =  b (A) 

as  the  first  equation  of  condition;  but  since  the  Telocity  of  the  motion 
must  be  taken  into  consideraUon,  when  the  power  or  force  of  the 
engine  is  to  be  determined,  we  must  consider  the  velocity  witii  which 
this  pressure  is  applied,  or,  in  other  words,  the  rate  at  which  the 
steam  is  applied  to  the  cylinder;  and  it  is  obvious  that  when  the 
engine  is  moving  with  a  constant  velocity,  the  supply  to  the  piston 
must  be  exactly  that  produced  in  the  same  time  by  the  evaporation 
going  on  in  the  boiler.  If,  therefore,  s  expresses  the  volume  of  water 
evaporated  in  a  unit  of  time  and  transmitted  to  the  cylinder,  and  m 
the  ratio  of  the  volume  of  tteam,  formed  under  the  pressure  F  in  the 
boUer,  to  the  volume  of  viater  which  produced  it,  tns  would  express 
the  volume  of  steam  generated  in  each  unit  of  time  under  the  pressure 
P :  by  passing  into  the  cylinder  this  steam  assumes  the  pressure  p",  and, 
neglecting  the  further  change  produced  by  the  variation  in  the  tem- 
perature of  steam  in  changing  from  pressure  p  to  pressure  p',  the 
volume  of  that  quantity  of  steam  would  be  inversely  as  the  pressures 
by  Mariotte's  law;  consequently  the  volume  ms,  when  transferred  to 

p 
the  cylinder,  would  become  map;  and  putting  v  for  the  velocil^  of 

the  piston  and  a  for  its  area,  av  will  be  the  volume  of  steam  expended 
in  each  imit  of  time ;  hence  we  get 

r 
ov  =  ms  p (B) 

eliminating  s"  between  equations  (A)  and  (B),  we  obtain 

ms    p 

•  =  T-i 

msp 
guB 

TOP 

for  the  velocity,  retiitemee,  and  evaporation,  when  the  other  quantities 
are  known ;  it  must  be  observed,  however,  that  the  element  neglected 
in  these  general  deductions,  namely,  the  change  produced  by  the 
variation  in  temperature,  has  an  important  influence  on  the  result,  and 
must  therefore  now  be  taken  into  account. 

"=^-+7? <C) 

is  the  general  ezpreasion  for  the  steam  during  its  action  in  the  engine, 
ft  being  the  volume,  and  p  the  press\ft«,  and  n  and  j  constants, 
determined  by  experiments,  for  different  kinds  of  engines.* 

*  It  can  tw  shovn  that  the  densitj  and  relatire  Tolome  of  a  vaponr,  whether 
or  not  tn  contaot  with  the  liquid,  may  be  deduced,  if  Ite  prewure  and  tempera- 
ture are  knovn  ;  and  that  when  in  contact  with  the  liquid,  the  temperature 
varlci  directly  with  the  preaaure.  In  deducing  formula  for  the  Bteam-engine, 
it  ia  neceaaary  to  be  able  to  determine  an  ezpreaalon  for  the  nlatire  volume  of 
the  ateam  in  contact  with  the  water,  or  the  Tolume  of  the  ateam  at  the  maximum 
of  denaity  and  preaaora  at  any  propoaed  temperatnie.  Kow  this  cannot  be  done 
ttom  the  exiatlnr  formula  for  analytical  reaaona,  and  it  beoomea  neeeaaary  to 
adopt  acme  empirical  formula,  for  determining  tUa  tdative  Tolume  of  ateam  at 
■  ita  maximum  of  denaity,  is  terma  of  ita  preasnre  only ;  thia  formula  mnat  be 
teated  by  ita  oonformtty  with  experiment.  The  late  U.  Navier  proposed  for  this 
pnrpoae, 

1000 
**  "  009  +  O'OOOOMtp 
in  which  M  la  the  ratio  of  the  volume  of  steam  to  an  equal  weight  of  water,  and 
p  the  preaanre ;  but  thia  formnla,  though  true  within  certain  limita  of  preesore, 
ia  not  conaiatent  with  experlmenta  at  preasnrea  lower  than  the  atmospheric,  and 
tte  following  la  propounded  by  It.  de  Pambour,  aa  more  correct  and  oompre- 
Aenaive :— 

10000 

I*  —  6-4ai7  +  o-002St^  *"  oondenilng  englnea) 

10000 
**  "  1-431  -)-  O-OOSSp  **  Bon-oondenslng  engines ; 

p  being  the  preaaure  in  ponnda  on  the  aquare  foot.  Theae  formnla  in  gmeral 
tenna  therefore  are  ezpreased  by 

1 


n  +  SP 


aa  in  the  text. 


Let  a  certain  volume  of  tenter,  8,  be  converted  into  steam  of  the 
pressure  p,  and  let  u  represent  the  volume  of  lUam  produced,  then — 


M  = 


n  +  qpf' 


if  v'  and  p'  stand  for  the  volume  and  pressure  of  steam  from  the  Kune 
volume  of  water  8,  under  other  conditions,  then — 


M'  =  T  = 


» -I-  9P  ' 


and  therefore  the  ratio  of  the  volumes  of  steam  produced  under  these 
different  conditions  from  the  same  volume  of  water  will  be — 


11  =  1 
it    n 


+  P' 


(D) 


;+« 


that  is,  the  volumes  will  not  be  inversely  as  the  pressures  mmply, 
according  to  Mariotte's  law ;  but  inversely  as  the  pressures  augmented 
by  a  constant. 

From  the  above  equation  we  get — 


ul/n  \        n 


(E) 


Let  P  =  pressure  of  the  steam  in  the  boiler. 

T^=  pressure  of  the  steam  in  the  cylinder;  v' <v  generally. 

■K  —  pressure  at  any  instant  when  acting  esepanrivdy  in  Uta 

engine. 
I  =  length  of  the  stroke. 
I  =  the  length  of  that  port  of  stroke  performed  before  the  com- . 

munication  between  the  boiler  and  cylinder  is  cat  off. 
K  =  the  length  of  that  portion  of  the  stroke  performed  when  the 

pressure  is  become  w. 
a  =  area  of  piston. 
e  =  cUarage,  or  space  in  the  OTlinder  at  each  end  left  between 

the  piston  and  the  ends  of  the  cylinder,  including  the 

part  of  the  steam-pipe  between  the  slide-valve  and  the 

cylinder,  which  space  is  necessarily  filled  with  steam  at 

each  stroke. 

AiVhen  the  piston  has  performed  \  of  its  course  under  the  ezpanaire 
force  of  the  steam,  let  d .  X  be  the  differential  of  this  length,  then  the 
corresponding  force  or  effect  will  be  rad .  \ :  and  at  the  same  instant 
the  space  a(f  +  c)  occupied  by  the  steam  before  the  expansion  will 
become  a{\  +  c).    Hence  from  (E) — 

/»         A  I'+e 


'  \+e 


n 


and     wad.\=a(e+e)  (^  -f  ?»)  jj^  -  ?  ad.K 

Integrating  between  the  limits  I'  and  {,  we  obtain 

(»  ^  .      I  +e       n 

q+n^'^iTTc-i  "^'-'^ 

for  the  value  of  the  total  effect  produced  by  expaneioit  from  the 
moment  when  the  communication  with  the  boiler  is  cut  off,  to  the  eiul 
of  the  stroke.  By  adding  to  this  therefore  the  effect  t'al',  produced 
previously,  we  get 

«(»'+«)  (f  +  f*)  [ffe  +  !<«  fl^]  -  J  «'=«'^  •  •  (P) 

If  in  this  expression,  {'-^I,  which  is  equivalent  to  supposing  Uio 
engine  to  be  working  without  expansion,  we  get  p'=b,  aa  it  ought 
to  be. 

8 

Resuming  the  equation         ^,  which  expresses  the  volume  of  steam 

at  the  pressure  p"  furnished  Dy  the  boiler  in  the  imit  of  time,  and 
a  (f  -t-  c)  being  the  volume  of  this  steam  expended  at  each  stroke ; 
then  if  there  are  k  strokes  in  that  time,  the  expenditure  of  steam 
will  be 

Ko(l'+«); 

and  U  «  be  put  for  the  velocity  of  the  piston,  we  have  v=k^  or 

V 

Ksi  I ;  hence,  by  subatitution,  the  expenditure  will  be 

va{t+e)  a 

I         "  «+5?   •    •    • 


(Q) 


by  equating  the  expenditure  to  the  volume  furnished  by  the  boiler, 
which,  as  has  been  above  stated,  must  be  the  condition  wheo  the 
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motion  ia  uniform.    EliuunaUng  p'  between  (Fj  and  (Q),  we  get  for 
the  final  general  equation — 

The  remstance  ezpreaaed  by  b  in  this  formula  is  the  toUU  pressure 
on  each  unit  of  surface  of  the  opposite  side  of  the  piston,  and  is 
composed  of  three  parts.  First,  of  the  Uxtd,  or  work  to  be  moved  or 
done,  which  we  will  denote  by  r.  Secondly,  of  the  resistance  arising 
from  the  friction  of  the  engine,  which  may  be  expressed  by  f+Sr  ; 
f  being  the  friction  when  there  is  no  load,  and  Sr  the  increment  due 
to  the  additional  Motion  for  each  unit  of  the  load  r.  And,  lastiy,  of 
the  pressure  on  the  opposite  surface  of  the  piston,  which  will  be  the 
atmospheric  pressure  in  non-condensing  engines,  or  that  of  the  uncon- 
densed  steam  and  residue  of  air  in  condensing  ones;  this  we  shall 
ea\ip.  All  these,  r,f+  Sr,  and; ,  refer  only  to  each  unit  of  surface  of 
the  piston,  or 

B-=(l  +  J)r +j>+/, 

by  subetitatiiig  this  value  for  r  in  (H),  and  putting  I  for 
B       h 


we  obtain 


o'  n+5[(l+8)r+j>+/] 


(K) 


Now  the  quantity  • 


-,  it  will  be  seen  (C)  is  the  total  space  occu- 


»  +  ?»' 

Sled  by  the  steam  (in  contact  with  the  water),  under  the  pressure  H  : 
ence  to  deduce  the  velocity  v,  the  volume  of  steam  corresponding  to 
the  volume  of  water  s,  supposed  to  be  converted  into  steam  under  a 
peasure  equal  to  R,  must  be  calculated ;  and  this  volume  being  divided 
by  a,  the  area  of  the  piston  must  be  multiplied  by  k. 

The  equation  thus  deduced  shows  the  relation  between  all  the 
quantities,  known  or  sought,  that  enter  into  the  mechanical  theory  of 
the  engine  in  its  most  general  form :  it  should  be  observed  how- 
ever that  to  preserve  homogeneity,  the  dimensions  a,  I,  2*,  should 
be  expressed  in  the  same  unit  as  the  volume  8  of  the  water 
evaporated;  and  the  pressures  r,  r,  and  p  referred  to  the  same  unit 
•8  8. 

'When  this  f<nmula  is  used  for  computation,  it  must  be  understood 
thaMhe  quantity  a  expresses  the  ^eetive  evaporation ;  that  is,  the 
volume  of  water  which  really  passes  to  the  cyunder  in  the  form  of 
steam,  and  which  acts  on  the  piston,  and  does  not  allow  for  any  loss 
by  leakage  or  from  any  peculiarity  in  the  atracture  of  the  engine. 

If  the  engine  be  a  condensing  one,  acting  expansively,  I'  must  be 
made  equal  the  length  at  which  i£e  steam  is  cut  off;  if  expansion  be 
not  employed,  I'  must  be  made  equal  to  2,  or  to  the  whole  length  of 

the  stroke,  in  which  case  the  quantify  k  becomes  . — ,  and  the  exprea- 

HOD  for  the  velocity  becomes 

_B        I        _1_ 
*  ~  a'  n  +  qn'  l+a' 

The  partp  of  the  quantity  b  must  be  made  equal  the  preeaure  of 
the  unoondenaed  atetim,  &c.  If  the  engine  be  a  non-condensing  one, 
then  p  win  be  equal  the  atmoapherio  pressure. 

Since  from  (K)  we  obtain 

si; 


{l+S)qv  ~  1  +  S 


{h'*f) 


(L) 


It  might  be  supposed  that  when  v= 0,  the  resistance  would  be  infinite, 
a  paradox  which  would  appear  to  vitiate  the  correctness  of  the  formula. 
But  it  must  be  borne  in  mind  that  when  v=0, s=0;  for  sis  the 
quantity  of  steam  which  passes  through  the  cylinder  in  each  unit  of 
time  :  and  since  no  quantity  of  steam,  however  small,  can  pass  with- 
out moving  the  piston,  as  long  as  B  has  any  real  value,  v  will  have  one 
too:  when  therefore  v=0,  B  =  0  also;  and  then 

0       , 
tir='n,  and  not=  oo ; 

that  is,  the  formula  beoomea  indeterminate,  but  not  the  leaa  direct,  as 
will  appear  by  considering  the  other  quantities  it  involves,  and  the 
consequences  of  putting  v  =  0. 

By  supposing  the  velocity  zero,  it  is,  in  the  first  place,  evident  that 
no  steam  can  pass  to  the  cylinder,  as  has  been  stated ;  consequentiy 
there  can  be  no  expansion,  that  is,  2=1'.  Again,  the  velocity  being 
zero,  the  piston  at  rest  becomes  equivalent  to  the  fixed  sides  of  the 
boiler,  end  the  pressure  it  sustains  is  equal  to  that  in  the  boiler. 

The  working  of  an  engine  may  be  considered  under  three  condi- 
tions :  first,  when  it  is  working  with  a  given  pressure  of  steam,  and 
with  any,  whatever,  load  or  velocity.  Secondly,  when  it  is  working 
with  a  given  pressure,  and  with  that  load  or  velocity  compatible  with 
the  production  of  a  maTimiim  of  useful  or  net  force  with  that 
pressure  :  this  may  be  termed  the  rtlative  maximum  of  lu^ful  effect. 
And  thirdly,  when  the  pressure  having  been  determined  to  funiish 


the  force  most  consonant  with  the  action  of  steam  in  any  speoifio 
engine,  the  load  is  regulated  so  as  to  be  that  most  advantageous  for 
that  pressure :  this  last  constitutes  the  absolute  maximum  of  uteful 
effect  for  that  machine. 

The  three  fundamental  problems  for  solution  in  the  calculation  of 
steam-engines  consist  in  determining  the  velocity,  the  load,  and  the 
rate  of  evaporation  in  the  boiler,  since  the  useful  effect,  or  net  avail- 
able power,  is  a  function  of  these  three  quantities ;  and  this  net  avail- 
able power  may  be  expressed  in  six  different  ways  : — 

First,  by  the  nimiber  of  pounds  raised  to  a  unit  of  height  in  a  unit 
of  time. 

Secondly,  by  what  is  termed  the  "  horse-power  "  of  the  engine. 

Thirdly,  by  the  wei^t  raised  by  the  consumption,  of  lib.  of  fueL 

Fourthly,  by  the  weight  raised  by  the  evaporation  of  a  cubic  foot  of 
water. 

Fifthly,  by  the  number  of  pounds  of  fuel,  or  of  cubic  feet  of  water, 
for  each  horse-power. 

Sixthly,  by  tiie  ntmiber  of  horses-power  which  is  furnished  by  each 
pound  of  fud,  or  by  each  foot  of  water. 

For  the  various  f  ormulse  by  which  oil  these  problems  may  be  nume- 
rically solved  for  different  kinds  of  engines,  and  for  the  investigations 
by  which  those  formula  are  deduced,  we  must  refer  to  more  compre- 
hensive works ;  contenting  ourselves  here  with  deducing  the  general 
equations  for  the  other  unknown  quantities  of  evaporation,  useful 
effect,  and  horse-power,  as  we  have  done  for  velocity. 

From  (K)  we  obtain 

,=av^Ltm+^r*i±n  .  .  .  (M) 

as  the  expression  for  the  evaporation  of  which  an  engine  must  be  cap- 
able to  overcome  a  given  resistance  r,  with  a  proposed  velocity  «, 
B  being  the  quantity  of  water  which  is  to  be  converted  into  steam  and 
transmitted  to  the  cylinder  in  each  unit  of  time. 

The  useful  or  net  force  of  the  engine  generated  in  the  same  unit  of 
time  is  obviously  an  ;  since  v,  the  velocity,  is  in  fact  the  space  moved 
through  by  the  piston  in  that  time;  by  multiplying  tiierefoie  both 
sides  of  (L)  by  v  we  obtain 


Useful  i 


ek  av    Vn  "I 

foi«e-«w*=  ,-j^  -  TTj  U  +  P  +  /J 


(N.)orby 


multiplying  both  sides  of  (K)  by  or,  we  obtain  an  expression  for  the 
aame  quantity  in  terma  of  the  l<md 

Uaeful  foroe=arr=  !!* .    .    (NJ 

ni-q[(l  +  S)r+p+f]  ^   *' 

It  will  be  noticed  that  for  any  proposed  engine  this  force  does  not 
depend  on  the  pressure  of  the  steam  in  the  boiler,  F  not  entering  into 
these  expressions ;  but  on  the  evaporation  B  effected  in  the  boUer  in 
each  unit  of  time. 

What  is  termed  a  "  horse-power  "  is  estimated  as  83,000  lbs.  raised 
one  foot  in  a  minute  [Horse  Power]  :  by  dividing  therefore  the  equa- 
tions last  obtained  by  83,000,  we  get 

Useful  force  in  hoise-power-^^"^  ^?'5-^ 
*^  33000 

and  if  during  the  unit  of  time  k  lbs.  of  coals  are   used  in  the 
furnace, 

Uaeful  force  from  1  lb.  of  fuel-5f!^L^ 

N 

We  must  now  return  to  our  general  description  of  the  engine  and  of 
ita  modifications. 

In  1781  an  engineer  named  Homblower  proposed  using  the  expan- 
sive principle  by  means  of  a  double  cylinder,  but  was  prevented  itoxa 
carrying  out  his  plan  by  the  comprehensive  and  jealously  guai-ded 
patente  of  Watt  and  his  partners.  In  1804,  however,  Woojf  brought 
this  principle  of  the  double-cylinder  engine  into  use.  The  annexed 
fi^re  {fig.  11)  will  explain  the  mode  of  ita  action  with  an  improved 
shde- valve, 

The  stetun  enters  through  the  passage  p  above  the  piston  in  the 
smaller  cylinder  A,  at  a  considerable  pressure :  while  the  piston  is  des- 
cending under  its  influence,  the  steam  from  beneath  passes  through 
the  tube  r  iJmve  the  piston  in  the  large  cylinder  B,  which  is  impelled 
downwards  by  ita  expansion,  the  steam  which  was  previously  under 
this  piston  having  passed  to  the  condenser  by  the  passage  (.  When 
the  stroke  is  completed,  the  sUde  is  moved  downwards  by  its  rod  o. 
The  small  plugs  or  pistons  v  and  v>  pass  below  the  openings  r  and 
t,  and  the  slide  below  the  orifices  p  and  ;,  and  the  action  is 
reversed. 

But  though  possessing  considerable  advantages,  the  double-cylinder 
engine  has  not  become  common,  unless  in  the  cose  of  large  pumping 
engines,  probably  owing  to  the  complication  of  its  structure,  and  the 
increased  effecte  of  radiation  &om  so  large  a  sur&ce,  more  than  com. 
pensating  ite  merits;  and  the  expansive  principle,  equally  ^>plicalde  to 
a  single  cylinder,  is  now  principally  employed  in  engines  ot  the  com* 
mon  construction. 

To  reduce  the  compass  and  weight  of  the  engine  sufficiently  to 
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render  it  portable,  the  cumbrous  apparatus  of  the  condenser,  and  its 
attendant  pumps  and  cisterns,  had  to  be  discarded;  and  since  the 

rig.  II. 


principle  of  condensation  was  consequently  renounced,  it  was 
necessary  to  raise  the  steam  to  a  pressure  sufficient  to  overcome  that 
of  the  atmosphere  on  the  opposite  side  of  the  piston.  To  allow  the 
steam  to  act  alternately  on  both  sides  of  the  piston,  that  which  had 
just  acted  on  one  side  to  drive  the  piston  was  expelled  into  the  open 
air  through  an  orifice,  corresponding  to  that  which  would  have  con- 
nected the  cylinder  with  the  condenser  in  an  engine  of  the  usual 
construction ;  but  unless  this  orifice  were  as  large  as  the  diameter  of 
the  cylinder,  which  obviously  it  never  can  be,  the  steam,  retarded  in 
its  escape  by  the  contraction  of  the  passage,  must  diminish,  by  its 
resistance  to  compression,  the  efiective  force  of  that  which  is  acting  to 
impel  the  piston. 

Such  is  the  simple  principle,  and  such  the  greatest  defect,  of  the 
non-condensing  engine ;  but  the  saving  in  original  cost  and  the 
paramount  advantage  of  portability  more  than  compensate  for  this 
defect ;  so  that  the  use  of  this  kind  of  engine  has  become  general,  not 
only  for  the  purposes  of  locomotion,  but  for  a  variety  of  others  where 
the  engine  is  stationary,  and  probably  in  many  instances  where  its 
advanti^  are  imaginary. 

Since  the  pumps  of  the  condensing  engine  are  dispensed  with  in  the 
Don-condensing  one,  the  beam  may  be  so  likewise ;  the  piston-rod  is 
made  to  move  in  a  straight  line,  by  having  a  cross-piece  attached  at  its 
top,  which  slides  between  gvida  fixed  on  each  side  of  the  cylinder,  the 
rod  which  works  the  crank  of  the  fly-wheel  being  attached  to  the  end 
of  this  cross-piece.  A  still  further  simplification  is  effected  by  con- 
necting the  piston-rod  directly  with  the  crank  on  the  shaft  of  the  fly- 
wheel, the  cylinder  being  mounted  so  as  to  oscillate  as  the  wheel 
revolves  on  the  steam  passage,  and  thus  alternately  to  open  and  close 
the  communication  between  the  top  and  bottom  of  the  cylinder. 
Such  engines  are  termed  vibratory,  and  are  successfully  used  where 
space  must  be  economised,  as  with  marine  engines,  but  the  weight  of 
the  cylinder  thtis  moved  is  so  much  to  be  deducted  from  the  power  of 
the  engine,  and  further  causes  a  rapid  wear  of  the  centres  on  which  it 
turns,  which  consequently  cannot  be  long  preserved  steam-tight,  and 
require  frequent  renewaL 

Steam-engines  are  properly  classed,  according  to  the  principle  on 
which  the  physical  properties  of  the  steam  are  employed  in  them, 
into— 

1.  Condennng  Sngmet. 

1.  Atmospheric  engines,  acting  by  Condensation  only. 

2.  Double-acting  engines  .        .        •        Pressure  and  condensation. 

8.  Double-acting  engines.        .        •    ■{^T^^r^'"'-  ^' 

2.  Non-eondaiting  Sngmet. 

1.  Engines  worked  by   .        .        .        .        Pressure  only. 

2.  Engines  worked  by       ,        ,        .    .        Pressure  and  expansion. 
The  form  of  the  engine,  the  arrangement  and  construction  of  its 

parts,  its  power,  to.,  depend  entirely  on  the  purpose  to  which  it  is  to 
be  applied,  and  may  be  indefinitely  diversified,  but  those  most  in  use 
may  be  artificially  classed  thus — 
1.  Condenting  enffinet,  with  beams  and  parallel  motions. 

1.  Without  a  fly-wheel,  for  pumping  in  mines,  ius, 

2.  „  „  Marine  engines. 

8.  With  a  fly-wheel,  for  working  machinery. 


2.  Non-condtnting  engines,  without  a  beam. 

1.  Stationary,  with  a  fly-wheel  for  working  machinery. 

2,  „  Rotatory  engines. 

S.  Locomotive  engines,  without  a  fly-wbeeL 

Marine  engines,  or  those  used  for  propelling  vessels,  are  in  this 
country  generally  condensing  engines,  their  situation  admitting  the 
abundant  use  of  cold  water.  The  principal  peculiarity  in  the  arrange- 
ment of  the  marine  engine  is  the  position  of  the  beam,  which,  for  the 
purpose  of  economising  room,  is  placed  lower  than  the  cylinder,  and  is 
double,  there  being  one  on  each  side ;  a  rod  from  one  end  of  each  of 
these  is  connected  with  a  cross-piece  at  the  top  of  the  piston-rod,  the 
rectilinear  motion  of  which  is  produced  either  by  guides,  or  by  a  crank- 
arrangement,  analogous  in  its  action  to  the  parallel  motion.  The  other 
ends  of  the  double  beam  are  connected  by  a  crosa-piece,  carrying  in  its 
centre  the  "  rod  "  to  work  the  crank  on  the  shaft  of  the  paddles.  In 
all  vessels  of  any  magnitude,  there  are  two  engines  complete,  so 
arranged  that  while  the  rod  and  crank  of  one  are  in  their  neutral 
position,  those  of  the  other  are  in  that  of  greatest  effect.  Two  engines 
ai-e  necessary  to  equalise  and  continue  the  motion  of  the  wheels ;  for 
in  the  marine  engine,  the  paddles,  instead  of  performing  the  part  of 
fly-wheels  to  continue  and  control  the  motion  of  the  piston,  require  the 
whole  force  of  the  engines  to  maintain  their  own  motion,  owing  to  the 
resistance  they  have  to  overcome.  There  is  also  this  further  advantage 
derived  from  two  engines,  that  if  one  should  be  injured,  the  vessel 
may  be  still  propelled  by  the  other,  and  not  be  entirely  dependent  on 
her  sails,  as  die  would  otherwise  be. 

It  has  been  mentioned  that  there  is  a  limit  to  the  proportion  between 
the  diameter  and  length  of  the  cylinder ;  the  advantage  that  would 
accrue  in  gain  of  power  by  a  long  stroke  being  diminished  by  the 
greater  radiation  of  heat  from  the  larger  surface  diminishing  the  force 
of  the  steam  in  the  cylinder ;  here  therefore,  as  in  every  other  calcula- 
tion connected  with  the  steam-engine,  it  is  hardly  possible  to  arrive  at 
any  formula  or  rule  that  can  be  invariably  used.  If  the  sur&ce  of  the 
cyunder  were  to  be  made  a  minimum,  with  a  maximum  of  capacity, 
we  could  readily  determine  that  the  length  should  be  twice  the 
diameter ;  *  but  we  find  that  this  proportion  is  not  adhered  to  by  the 
best  makers ;  it  varies  from  8  :  1  to  2  :  1 ;  but  in  the  marine  engine  it 
is  usually  shorter ;  in  gome  instances  the  proportion  is  1  :  1'25. 

The  diameter  of  the  cylinder  of  a  marine-engine  it  usually  greater, 
in  proportion  to  its  length,  than  it  is  in  others,  in  order  to  obtain,  by 
an  increased  surface  of  piston,  that  power  which  is  unattainable  by  a 
long  stroke,  owing  to  the  limited  space  which  can  be  appropriated  to 
the  engine.  Formerly,  the  apprehension  of  danger,  where  so  many 
lives  were  at  stake,  prevented  the  use  of  steam  of  more  than  i  to 
6  lbs.  on  the  inch  in  marine  engines,  and  the  expansion  principle  conse- 
quently could  not  be  had  recourse  to.  At  present,  the  economy  of 
using  this  principle  has  outweighed  the  apprehension  in  the  minds  of 
the  owners  of  vessels,  while  the  public,  contented  with  the  information 
that  the  engine  is  a  condensing  one,  seldom  inquire  further,  and  con- 
ceive that  the  steam  is  at  a  low  pressure  in  all  marine  engines,  although, 
where  the  expansion  principle  is  used,  which  it  now  extensively  is,  the 
pressure  in  the  boiler  is  at  about  80  lbs.  on  the  inch  above  the  pressure 
of  the  atmosphere,  f 

Engineers  have  always  been  induced,  by  the  obvious  advantage  of  a 
continuous  over  an  alternating  motion,  to  aim  at  contriving  a  steam- 
engine  in  which  the  steam  should  act  directly  to  produce  such  a 
motion.  It  does  indeed  appear  at  first  sight  that,  where  the  object  of 
the  engine  is  to  produce  a  continuous  circular  motion  of  a  fly-wheel,  or 
of  wheels  of  some  kind,  it  would  be  desirable  that  the  steam  should  be 
applied  directly  to  impel  the  wheel,  instead  of  having  its  force  trans- 
mitted through  a  series  of  levers,  necessarily  increasing  the  friction  and 
the  cost  of  the  engine.  Watt  accordingly  patented  more  than  one  of 
such  rotatory  engines,  and  many  others  since  have  from  time  to  time 
brought  forward  arrangements  for  the  purpose,  but  none  have  come 
into  permanent  and  general  use.  The  fact  is  that,  as  can  be  easily 
shown,  the  employment  of  steam  in  this  way  is  productive  of  a  greater 
waste  of  power,  with  a  greater  increase  of  friction,  than  can  be  com- 
pensated by  any  real  advantages.      In   all   rotatory  steam-engines 

*  Let  <  =  length,  x  s  the  dtsmeter,  e  =  the  capacity  of  the  cylinder ;  since 
the  concave  surface  U  only  gradaally  brought  Into  contact  vlth  the  stnun,  by 
the  motion  of  the  piston,  its  effects  on  the  temperature  may  be  considered  oa 
about  half  what  it  would  bo  if  the  whole  aurface  vere  at  once  exposed.  Then 
the  whole  surface,  including  the  two  ends,  being 

vx*  wlx* 

rxl+i  -r-  andc=— J-, 

we  have  for  the  surface  affecting  the  temperature  of  the  steam 
rxl+wi*        ie       w][ 
2  =«■*■» 

therefore 

irdz 

rxdx—-—^  =» 

and  by  substtta(Ing  the  value  of  c,  and  reducing  lx=t. 

t  On  the  Mimissippi  the  boat-engines  are  worked  with  steam  of  from  100  lbs. 
to  ISO  lbs.  on  the  inch;  but  the  latter  enormous  preasure  is  rarely  ezoeeded, 
"  except,"  Bi  an  American  commander  said,  "  on  extraordinary  occMiMK," 
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hitherto  proposed,  the  principle  has  been  to  admit  the  ateam  to  aot 
on  a  fan  or  fans  revolTing  rovmd  an  axis  of  the  cylinder ;  and,  by 
ingenious  ezcentrio  movementa,  the  surface  of  these  ians  is  made  to 
increase  as  the  steam  diminishes  in  elastic  force  from  the  enlargement 
of  the  space  it  occupies.  Many  such  engines  have  been  used  for  a 
time,  but  oommonly  after  a  few  years'  trial  they  have  been  abandoned, 
and  the  reciprocating  principle  substituted,  thus  proving  that  experience 
confirmed  the  deductions  from  theory. 

In  all  mechanical  combinations,  the  object  to  be  effected  necessitates 
a  certain  characteristic  form  of  the  machine,  -which  it  retains,  whatever 
improvements  may  have  been  successively  introduced  eitiier  in  its 
principle  or  in  the  details  of  its  construction.  We  can  lecogmse  in  a 
modem  Sussex  plough  the  general  form  of  that  used  by  the  subjects 
of  the  Pharaolu  to  till  the  banks  of  the  Nile;  and  Newcomen  would 
acknowledge  a  marine  engine  made  by  Maudalay  and  Field  as  a 
descendant  of  his  atmospheric  one  :  but  he  would  for  some  time  be  at 
a  loss  to  tell  the  object  of  a  locomotive  engine  of  Stephenson's,  if  he 
could  see  it  at  rest  oidy,  and  the  connection  between  it  and  its  tender 
would  be  beyond  his  comprehension.  The  reason  of  this  is,  that  a 
locomotive  engine  is  a  perfectly  new  application  of  the  power,  having 
no  other  analogy  to  an  ordinary  engine  except  that  steam  is  the  source 
of  power  in  boUi ;  but  all  looomoave  engines  will  hereafter  possess  a 
family  likeness. 

The  principal  causes  of  this  novelty  of  form  are,  that  great  velocity 
being  the  object,  the  boiler  must  constitute  the  greatest  port  of  the 
bulk,  in  order  to  supply  a  sufficient  quantity  of  steam  to  meet  the 
demands  of  the  two  pistcnia  making  200  strokes  per  minute,  and  even 
then  it  requires  a  teider  to  accomramy  it  to  cany  a  supply  of  fuel  and 
water  to  keep  up  the  quantity.  "The  locomotian  is  usually  produced 
by  a  pair  of  driving-viheeli  made  to  revohre  by  the  engine  by  means  of 
cranks  on  their  axle,  receiving  motion  almost  directly  from  the  piaton- 
rods ;  the  adhesion  which  takes  place  between  these  wheels  and  the 
edge-ban  or  rails,  causes  the  carnage  to  move  on,  just  as  the  paddle- 
wheels  of  a  steam-boat  propel  the  vessel  by  the  resistance  of  the  water 
to  the  float-boards.  The  ^ving- wheels  of  a  locomotive  engine  do  not, 
any  more  than  the  paddle-wheels  of  a  steam-boat,  act  as  fly-wheels  to 
regulate  the  velocity  of  the  engine ;  this  is  effected  in  the  former  by 
the  inertia  of  the  whole  mass ;  ike  great  velocity  consequently  ensures 
the  steady  action  of  the  engine.  In  the  steam-boat  this  great  velocity 
of  the  paddles  is  unattainable,  and  consequently  two  powerful  enginer 
are  requisite  to  maintain  even  a  moderate  velocity ;  but  air  being  the 
medium  in  which  the  driving-wheels  of  a  locomotive  engine  act,aUnost 
any  velocity  can  be  imparted  to  them,  and  for  obvious  mechanical 
reasons  is  beet  attained  by  steam  acting  with  a  force  almost  amounting 
to  impact  on  small  pistons  through  a  short  stroke,  two  alternately 
acting  (flinders  being  necessary,  as  in  the  steam-boat,  to  equalise  the 
action  of  the  cranks. 

The  two  internal  blinders  are  most  conveniently  placed  under  the 
boiler  in  nearly  a  horizontal  position ;  intermediate  cnmks  preserve  the 
rectilinear  motion  of  the  piston-rods,  and  connect  them  with  the  cranks 
on  the  axle ;  while  excentric  frames  on  this  axle  actuate  the  simple 
slide-valves  required  in  a  non-condensing  engine.  The  steam  which  is 
driven  out  of  the  cylinder  at  each  stroke,  instead  of  escaping  directly 
into  the  open  air,  passes  into  the  funnel  of  the  furnace,  and  thus 
increases  the  draught ;  but  as  the  action  of  the  engine  cannot  be 
understood  independently  of  the  boiler,  it  becomes  necessary  to  turn 
OUT  attention  to  that  subject,  without  a  general  description  of  which, 
any  account  of  the  steam-en^e  would  be  incomplete. 

Upon  the  South-Western  Railway  of  England,  and  on  the  Chemins  de 
Fer  de  I'Oueet  of  France,  the  engines  employed  are  made  with  external 
cylinders,  and  the  piston-head  is  connected  with  the  crank  fixed  on  the 
driving-wheel  by  a  link  or  connecting-rod.  There  are  great  advantages 
in  this  system,  so  &r  as  economy  of  oonstmction  is  concerned ;  for  the 
cranks  are  simply  keyed  on  the  ends  of  the  axles  of  the  driving-wheels, 
instead  of  being  forged  upon  the  axles  themselves,  and  Uie  whole  of 
the  machinery  is  of  a  nm^er  and  more  efficient  chiu-acter ;  but  at  the 
same  time  the  condensation  in  the  cylinders  is  far  more  serious  tlian  it 
would  be  in  the  case  of  internal  cylinder  enginas,  on  aoooimt  of  the  more 
exposed  position  of  the  external  cylinder  engines.  The  latter  engines,  it 
may  be  added,  present  the  advantage  of  having  a  smaller  dead  weight,  per 
hoise-power  exercised,  than  is  the  case  with  internal  cylinder  enginea. 

Since  aome  of  the  principal  objecta  to  be  kept  in  view  in  the  con- 
struction of  boilers  are  incompatible  with  each  other,  one  or  more  must 
be  dispensed  with  in  order  to  secure  the  rest.  The  specific  purpose 
for  which  the  engine  is  constructed  must  determine  the  general  prin- 
ciple of  the  boiler :  thus,  rapid  generation  of  steam,  security,  compact- 
ness, and  lightness  must  be  aimed  at  in  boilers  for  marine  or  locomotive 
engines,  even  at  the  cost  of  a  comparative  waste  of  fuel;  while  for  those 
intended  for  pumping  or  driving  machinery,  economy  of  fuel  must  be 
the  paramount  object,  the  weighty  form,  and  space  occupied  by  the 
boiler  being  secondary  considerations.  And  whenever  steam  of  a  high 
elastic  force  is  to  be  used,  that  form  of  boiler  should  be  adopted  which 
will  most  nearly  equalise  the  strain  on  it.  The  following  requisites  are 
therefore  to  be  understood  as  being  those  which  it  womd  be  desirable 
to  combine,  though,  united,  ikey  are  unattainable  in  practice. 

First,  the  boiler  should  have  the  greatest  capacity  with  the  least 
surface,  to  save  material,  diminish  the  weight,  and  increase  the  strength : 
hence  a  spherical  form  would  be  best  in  this  respect,  but  it  is  incom- 


patible with  an  economical  application  of  the  heat  to  a  great  extent  of 
surface,  which  is  essential  to  the  rapid  generation  of  steun. 

Secondly,  the  form  should  be  as  simple  as  possible,  both  for  the 
sake  of  reducing  the  expense  of  construction  and  most  readily  admitting 
of  repair.  Boilers  are  made  of  iron  or  copper  plates  riveted  together 
at  their  edges ;  and  if  one  of  these  is  cracked,  or  has  been  burnt,  that 
plate  can  be  taken  out  and  another  put  in  without  puIUng  the  whole 
to  pieces,  which  must  be  done  when  the  boiler  is  of  a  complex  form ; 
added  to  which,  all  an^ea  are  sources  of  weakness,  owing  to  the 
inequality  of  the  strain  on  the  adjoining  surfaces,  and  the  injury  done 
to  the  metal  by  bending  it  to  form  the  angle. 

The  form  of  boiler  used  for  Saveiy's,  Blakey's,  Newcomen's,  and 
other  engines  of  the  17th  and  18th  centuries,  up  to  the  time  of  Watt, 
was  that  of  an  inverted  frustum  of  a  cone,  with  a  spherical  top,  and  its 
bottom  slightly  concave.  This  boiler  was  set  in  brick-work  like  a 
common  copper,  the  flame  playing  round  the  whole  of  the  lower  part. 
The  steam-pipe  was  connected  in  the  usual  way  to  a  flange  of  a  collar 
in  the  spherical  head.  Watt  adopted  a  long  rectangular  form,  with  a 
semi-oylmdrical  top ;  the  ends  were  flat  and  upright,  the  sides  dig^ly 
curved  inwards,  as  was  also  the  bottom.  From  this  form  it  is  termed 
the  vaggon-haid  boiler.  It  is  set  in  a  rectangular  mass  of  masonry, 
the  cyluidrioal  head  alone  projecting  above  the  level  of  the  brick-work ; 
the  fire-place  was  underneath  one  end  of  the  boiler,  and  extended 
backwards  for  one-thiid  of  its  length ;  the  flue,  after  proceeding  to  the 
further  end,  returned  along  one  side,  across  the  end,  ovar  the  fufnace, 
and  along  the  other  side  into  the  chimney-shaft,  the  boiler  itself  every- 
where forming  one  side  of  the  flue,  and  consequently  having  the  flame 
and  heated  air  directly  in  contact  with  it  at  the  bottom  and  sides.  In 
some  cases,  when  the  boiler  was  very  large,  a  cylindrical  iron  flue  was 
formed  through  the  boiler  longitudinally,  opening  at  each  end  into  and 
forming  a  continuation  of  the  brick  one,  thus  increasing  the  surface  to 
be  acted  on  by  the  heat. 

The  next  important  modification  in  form  was  that  of  making  the 
boiler  entirely  cylindrical  with  hemispherical  ends,  which  is  probably 
the  form  best  fitted  to  combine  as  many  requisites  as  possible.  With 
this  form  the  furnace  is  often  placed  in  a  second  cylinder  within  tite 
boiler,  and  forming  the  firat  port  of  the  flue:  thus  the  fuel  being 
entirely  surrounded  by  the  water,  little  or  no  heat  is  lost  by  radiation ; 
but  there  are  serious  objections  to  this  practice  on  the  score  of  acci- 
dents, as  well  as  the  deficiency  in  draught,  owing  to  the  confined  space 
in  which  the  combustion  takes  place. 

When  an  engine  is  of  such  a  size  as  to  require  more  steam  than  one 
boiler  of  the  ordinary  magnitude  can  supply,  it  has  two  or  mora,  aet 
aide  by  aide,  communicating  with  a  common  steam-pipe.  Since  tiie 
extent  of  surface  exposed  to  the  pressuro-of  the  steam,  and  therefore 
the  liability  to  bursting,  increases  m  a  greater  ratio  than  the  capacity, 
there  is  obviously  a  limit  to  siie,  which  can  never  safely  be  surpassed, 
while  the  security  is  proportionslly  increased  by  dimi^shing  that  capa- 
city :  hence  the  necessity  for  using  two  or  more  small  bouers  instead 
of  one  large  Mie ;  and  die  principle,  carried  to  its  limit,  constitutes 
that  of  the  tubular  boUar,  in  which  the  steam  is  generated  in  a  series  of 
independent  metal  pipes  of  small  diameter,  all  communicating  wiUi  a 
common  ateam-chamber  or  reaervoir,  itself  small,  and  strong  enou(^  to 
resist  great  pressures. 

These  tubular  boilers,  however,  have  not  come  into  general  use,  not 
only  on  account  of  their  complexity,  and  consequent  liaUlity  to  derange- 
ment, but  because,  unless  in  the  case  of  locomotives,  or  steam-boat 
engines,  there  does  not  exist  any  demand  for  steam  of  such  high 
pressure  as  they  are  intended  to  generate. 

Since,  in  accordance  with  the  general  hydrostatic  law,  every  unit  of 
surface  of  the  boiler  has  to  sustain  the  same  pressure,  if  a  smul  portion 
of  that  surface  can  be  opened  by  the  pressure  of  the  steam,  when  It 
has  attained  that  which  the  boiler  was  only  intended  to  withstand,  by 
the  escape  of  a  quantity  of  the  vapour  at  this  orifice,  the  elasticity  of 
the  ramunder  is  again  reduced  below  the  limit  Thia  is  the  object  of 
the  nfety-valve,  which  is  such  an  aperture,  kept  dosed  by  a  valve 
retauied  in  its  seat  by  a  weight  calculated  to  yield  to,  or  be  raised  by, 
the  pressure  the  moment  the  steam  exceeds  its  proper  elasUc  force. 

The  safety-valve  was  first  contrived  by  Papin,  and  used  in  his  digester 
and  boilers,  and  has  ever  since  constituted  an  essential  appendage  to 
every  boiler.  In  its  simplest  form  it  is  an  obtuse  conical  valve,  kept  in 
its  seat  (which  is  at  the  end  of  a  short  collar,  standing  up  from  the 
surface  of  the  boiler)  by  a  weight  acting  at  the  end  of  a  lever,  resting 
on  the  spindle  of  the  valve,  and  having  its  fulcrum  or  hinge  at  the 
other  extremity.  The  effective  weight  by  which  the  valve  is  kept 
down  may  be  varied  by  shifting  the  position  of  the  weight  on  the  arm 
of  the  lever ;  and  as  this  alteration  might  be  unintentionally  made  by 
carelessness  or  accident,  the  valve  should  be  inclosed  in  a  box  under 
lock  and  key,  to  ]H«vent  its  being  tampered  "with.  A  chain  attached  to 
the  valve,  and  accessible  to  the  engineer,  should  be  provided,  to  enable 
him  to  raise  the  valve,  to  ascertain  that  it  is  in  efficient  order,  and  has 
not  become  fixed  in  its  socket.  But  the  beat  mode  of  applying  the 
weight  ia  directiy  on  the  valve,  so  that  it  cannot  be  inoreased,  as  long 
as  it  is  inclosed,  by  any  accidental  alteration  in  its  position.  In  loco- 
motive engines  the  weight  would  be  liable  to  derangement  by  the 
motion,  and  a  spiral  spring  is  employed  to  keep  down  the  valve. 

The  safety-valve  is  perfectly  effective  as  long  as  it  is  free  to  rise  in 
its  seat,  and  is  loaded  with  a  constant  weight,  which  ought  never  to  be 
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more  than  one-third  the  pretnure  the  boiler  ia  just  capable  of  with- 
standing. The  rapid  diminution  in  the  number  of  accidents  from 
ezplouons,  notwithstanding  the  increased  emplojment  of  steam,  suffi- 
ciently proves  that  thej  ar«  nine  times  out  of  ten  caused  by  gross 
negligence  or  culpable  recklessness ;  but  to  obviate  as  much  as  possible 
the  recurrence  of  explosions,  every  boiler  should  have  at  Iraet  two 
safety-valves,  both  secured  from  access,  and  yet  both  capable  of  being 
raised  by  hand  from  time  to  time :  one  should  be  loaded  witii  a  less 
weight  than  the  other,  that  by  the  escape  of  the  steam  from  it  the 
engineer  may  be  warned  to  reduce  the  quantity  of  steam  generated,  by 
"  damping  "  his  draught ;  and  the  other  safety-valve  should  be  only 
loaded  with  a  weight  equivalent  to  one-third  tie  pressure  which,  by 
computation  founded  on  actual  experiments,  would  burst  the  boiler,  if 
made  with  metal  of  a  ^ven  thickness ;  for,  however  carefully  the  boiler 
may  have  been  made,  it  is  impossible  to  ensure  equal  strength  of  it  in 
every  part. 

A  plan  was  originally  suggested  t^  Trevithick  for  insuring  safety 
from  a  boiler  by  inserting  in  it  a  plug  of  metal,  which,  melting  at  the 
temperature  attained  by  the  steam  when  its  tension  became  di^gerous, 
ini(^t  open  an  exit  for  it.  This  plan  is  adopted  in  France,  but  besides 
that  it  ia  repugnant  to  oar  ideas  of  mechanical  fitness,  it  is  liable  to 
many  objections ;  -none  of  the  pure  metals  melt  at  a  temperature  suffi- 
ciently low  to  be  available,  and  all  the  fusible  alloys  soften  long  before 
they  melt,  and  vary  in  these  respects  wiUi  minute  differences  in  the 
proportion  of  their  ingredients,  so  that  the  plug  might  be  driven  out 
before  the  proper  time. 

The  boiler,  besides  the  danger  of  bursting  from  over-pressure  of  the 
steam  within  it,  is  also  liable  to  injury  by  the  external  pressure  of  the 
air,  if  the  steam  within  be  condensed,  as  it  must  be  on  cooling,  when 
the  fire  is  let  out,  thus  causing  a  comparative  vacuum  in  the  boiler. 
To  guard  against  this,  there  should  be  a  safety-valve  to  act  in  the  direc- 
tion opposite  to  the  usual  one,  which,  yielding  to  the  pressure  of  the 
atmosphere,  would  allow  of  the  entrance  of  the  air,  when  this  pressure 
exceeded  the  one  exerted  by  the  steam  to  keep  the  valve  dosed. 

Another  source  of  accident,  which  should  be  guarded  against  most 
sedulously,  is  the  formation  in  the  boiler  of  a  deposit  of  the  earths,  &c. 
chemically  vmited  with  the  water  or  held  suspended  in  it,  and  which 
are  deposited  from  all  water  when  long  kept  boiling  in  any  vessel,  as  is 
illustrated  and  proved  by  the  funing  of  old  tea-kettles.  This  deposit 
is  intensely  hard,  and  adheres  so  closely  to  the  metal,  that  it  requires  a 
chisel  and  hanmier  to  detach  it  when  accumulated  to  any  thickness. 
Being  a  bad  conductor  of  heat,  it  prevents  the  raind  generation  of 
steam,  and  by  not  allowing  the  water  to  be  in  contact  with  the  metal, 
so  as  to  carry  off  the  juat  imparted  to  the  latter,  the  metal  gets  red-hot 
and  ia  burnt,  or,  in  chemical  language,  becomes  oxidised  by  long 
exposure  to  a  high  temperature.  If,  under  these  circumstances,  a 
fissure  should  be  produced  in  the  earthy  crust,  the  water,  suddenly 
admitted  to  contact  with  the  red-hot  iron,  is  converted  instanta- 
neously into  steam  of  such  high  pressure  as  to  risk  the  bursting  of  the 
boiler. 

It  is  one  of  the  advantages  held  out  as  an  inducement  to  their 
adoption  by  the  inventors  of  tabular  boilers,  that,  owing  to  the  .in- 
equality of  the  temperature  of  the  liquid  at  different  distances  from  the 
source  of  heat,  a  circulation  is  continually  going  on,  which  mechanically 
prevents  the  formation  of  a  deposit,  while  in  large  open  boilers  no  such 
cause  can  operate  to  any  extent.  In  these  th^  remedy  appears  to  be 
the  frequent  cleaning  out  of  the  boiler,  to  prevent  the  accumulation  of 
the  deposit,  and  the  admission  of  the  water  which  supplies  the  waste 
to  the  part  not  over  the  furnace,  which  should  be  separated  from  the 
rest  by  a  partition  extending  upwards  nearly  to  the  level  of  the  water ; 
the  fresh  water  is  thus  allowed  to  deposit  its  sediment  in  the  part 
where  it  can  be  least  productive  of  the  evils  alluded  to,  and  whence  it 
may  be  removed  collectively  from  time  to  time. 

To  indicate  the  actual  pressure  at  any  time  of  the  steam  within  the 
boiler,  this  is  furnished  with  a  gauge  (fig.  12),  consisting  of  a  bent  tube, 
open  at  both  ends,  one  orifice  a  opening  into  the  boiler.  This  tube  con- 
tains mercury,  which  wiU  obvioudy  be  at  the  same  levd  in  both  branchee 
when  the  st^on  in  the  boiler  is  of  the  same  pressure  as  the  atmosphere, 
but  will  rise  in  the  longer  leg  as  the  pressure  of  the  steam  increases, 
and  will  thus  by  its  altitude  indicate  that  pressure.  If  the  longer  leg 
be  of  a  certain  lengtii,  the  mercury  would  flow  over,  or  be  blown  out ; 
altogether,  if  the  steam  were  suddenly  to  increase  in  its  elastic  force, 
the  gauge  would  in  this  case  act  as  s  safety-valve.  The  loss  of  the 
mercury  may  be  guarded  against,  under  these  circumstances,  by  a 
cistern  placed  round  the  orifice  of  the  gauge  to  receive  it,  as  sho?ni  in 
thefigur& 

A.  water-gaufie  is  often  used  instead  of  a  mercurial  one,  to  save  the 
expense  of  this  metal ;  but  then  the  tube  must  be  long  enough  to 
allow  a  sufficient  column  of  water  to  balance  the  pressure  of  the 
steam;  and  by  making  the  tube  of  sufficient  diameter,  this  water-gauge 
then  constitutes  an  efficient  safety-valva  As  these  gauges  cannot,  for 
obvious  reasons,  be  made  of  glass,  to  allow  of  the  height  of  the  fluid 
within  them  be^  directly  observed,  this  height  is  indicated  \rj  a  light 
wooden  rod  projecting  beyond  the  end  of  the  gauge,  which  floats  on, 
and  therefore  rises  and  falls  with,  the  mercury  or  water. 

In  Iocomotiv»«ngines,  where  tiie  use  of  a  mercurial  and  still  moi« 
of  a  water-gauge  is  impracticable,  the  same  end  is  attained  by  a  ther- 
mometer, on  the  well-known  principle  that  the  temperature  of  steam 


is  always  in  a  constant  relation  to  its  pressure ;  or  by  Bourdon's  steam- 
gauge,  in  which  the  steam  acta  upon  a  diaphr^n^i  w  in  tl^  aosroid. 
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If  there  be  not  water  in  contact  with  that  part  of  the  boiler  exposed 
externally  to  the  direct  action  of  the  flame  and  hot  air  in  the  furnace 
^d  flues,  the  iron  would  become  red-hot,  and  so  suddenly  increase  the 
pressure  of  the  steam  in  contact  with  it,  that  an  explosion  would  pro- 
bably ensue ;  and  if  not,  the  iron  in  that  part  would  be  more  oxidised 
or  burnt.  To  prevent  this  it  ia  necessary  that  there  should  be  always 
water  in  the  boiler  above  the  level  of  the  highest  part  of  the  flues ;  and 
to  enable  the  engineer  to  ascertain  whether  this  is  the  case,  there  are 
in  all  boilers  two  pipes  with  cocks,  one  of  which  dips  down  into  the 
water,  while  the  other  reaches  only  to  within  a  few  inches  of  its  surfaoe 
when  at  the  right  height  in  the  boiler ;  the  consequence  of  this  arrange- 
ment is,  that  if  the  cock  of  the  shortra:  pipe  be  opened  steam  will  issue 
from  it,  and  vrater  from  the  other  when  that  is  opened  in  its  turn ;  but 
if  steam  escapes  from  both  cocks,  the  engineer  is  warned  that  there  is 
not  stUScient  water  in  the  boiler,  and  therefore  directs  his  attention  to 
remedy  tiie  deficiency. 

The  boiler  is  always  supplied  with  water  by  the  action  of  the  engine ; 
the  hot  water,  pumped  out  of  the  condenser,  is  raised  into  a  cistern 
placed  at  a  sufficient  height  above  the  boiler,  by  the  force-pump  men- 
tioned in  the  general  description  of  Watt's  engine ;  from  this  cistern  a 
pipe  passes  tmt>ugh  the  top  of  the  boiler,  and  reaches  nearly  to  the 
bottom,  where  it  is  bent  at  right  angles ;  the  upper  orifice  in  the  cistern 
is  closed  by  a  valve  connected  by  a  spindle-rod  with  one  end  of  a  simple 
lever,  from  the  end  of  the  other  arm  of  which  a  wire  is  sui^>ended,  sup- 
porting a  stone  float  in  the  boiler,  the  valve  being  weighted  just  to 
counterbalance  the  specific  gravity  of  the  fioat ;  as  the  water  subsides 
in  the  boiler  in  consequence  of  its  evaporation,  the  float  falls  and  raises 
the  valve,  allowing  sufficient  water  to  descend  into  the  boiler  till  the 
float,  rising  again,  causes  the  valve  to  dose ;  the  weight  of  tiie  column 
of  water  in  the  pipe  prevents  the  steam  from  escaping  in  that  direction 
during  the  action  of  the  valves ;  hence  the  necessi^  for  the  feeding- 
dstem  being  raised  sufficiently  above  the  boiler.  The  bend  at  the 
bottom  of  the  feeding-pipe  is  intended  to  cause  the  water,  when  issuing 
near  to  the  bottom  of  the  boiler,  to  wash  away  the  sediment  which 
would  otherwise  collect  there. 

The  locomotive-engine,  as  has  been  stated,  requires  a  boiler  of  a  form 
and  principle  totally  different  from  those  of  an  ordinary  one. 

The  boiler  A  {fig.  18)  is  a  cylinder  made  of  wrought-iron  plates,  riveted 
together  in  the  usual  way,  but  it  is  covered  witii  a  wooden  casing,  to 
prevent,  as  far  as  possible,  the  great  waste  of  heat  which  would  radiate 
&om  a  metal  surface  moving  through  the  air  with  great  velodty.  At 
one  end  of  tiie  boiler  is  the  furnace  B,  consisting  of  a  double  case,  the 
outer  one  of  iron  with  a  semi-cylindrical  head,  but  quite  open  at 
bottom ;  within  this  is  an  inner  square  case  of  sheet  oop^,  riveted  all 
round  the  bottom  edge  to  the  outer  one,  but  leaving  on  its  three  sides 
a  space  of  three  inches  between  them,  which  is  filled  with  vrater,  and 
indeed  forms  a  continuation  of  the  boiler.  The  bottom  of  this  inner 
case  is  the  grating  on  which  the  fud  ia  laid.  F  is  the  feeding  door  in 
front,  opening  of  course  through  both  cases,  wliioh  are  therefore  riveted 
together,  so  as  to  be  steam-tight  all  round.  A  series  of  upwards  of 
100  brass  tubes  of  small  diameter  pass  from  the  back  of  the  fumaco  to 
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the  further  end  of  the  boiler,  where  they  open  into  the  chimnqr.  These 

tubes,  which  »re  entirely  immersed  in  the  water,  constitute  the  flue, 

ng.  18. 


cylinder,  or  in  other  words  to  adapt  the  force  it  has  to  tiaasmit  to  the 
resistance  it  has  to  overcome. 

Fig.  U. 


and  thus  increase  considerably  the  heated  surface  in  contact  with  the 
water,  and  therefore  promote  the  rapid  generation  of  steam.-  The 
introduction  of  these  tubes  forms  an  epoch  in  the  construction  of 
boilers,  and  was  the  suggestion  of  Mr.  R.  Stephenson,  and  simultaneously 
of  M.  Seguin.  in  1829.    [Railway.] 

The  cylinders  of  the  engine,  of  which  one  only  can  be  seen  in  the 
section,  are  fixed  at  the  bottom  of  the  chimney.  The  steam  passes  to 
the  slide-valve  by  the  pipe,  s,  s,  while  the  waste  steam  escapes  up  the 
funnel  at  T.  The  cylindrical  vessel  with  the  spherical  head  v,  is  called 
the  tteata-chetl,  the  steam-pipe  terminating  in  it  at  8.  The  object  of 
this  arrangement  is  to  prevent  the  water,  which  is  agitated  by  the 
motion,  from  passing  through  the  steam-pipe  to  the  cylinder,  where  it 
would  be  highly  detrimental;  the  main  steam-pipe  divides  into  two 
branches  in  the  chimney,  one  passing  to  each  cylinder. 

The  boiler  is  supplied  with  water  from  the  tender  by  two  force- 
pumps  worked  by  tha.  engine,  and  has  a  gauge,  try-pipes,  safety- 
valves,  &a,  in  common  with  other  engines,  though  all  peculiar  in  their 
construction. 

This  brief  account  of  the  boiler,  and  of  its  various  an;angement8, 
will  hardly  be  considered  complete  without  some  notice  of  the  explo- 
sions to  which  it  is  liable. 

The  bursting  of  boilers  presents  very  different  phenomena,  being 
sometimes  a  simple  rent  in  Uie  metal,  allowing  the  harmless  escape  of 
steam  and  water ;  and  at  others  accompanied  by  an  explosion  in  its 
violence  equal  to  that  produced  by  gunpowder;  it  has  hence  been 
conjectured  that  on  these  occasions  some  explosive  gases  are  formed  in 
the  boiler ;  but  this  does  not  appear  probable,  nor  is  it  reconcileable  with 
any  known  physical  laws,  while  the  elastic  force  of  steam  is  capable  of 
indefinite  increase,  and  is  quite  adequate  to  produce  any  mechanical 
eSect  whatever.  It  is  always  difficult  to  get  any  satisfactory  evidence 
as  to  the  facts  uf  an  explosion  of  a  boQer ;  the  terror  of  the  moment 
prevents  the  survivors  from  accurately  recalling  the  phenomena  imme- 
diately antecedent,  while  tJiose  who  from  their  proximity  would  be 
best  capable  of  aBbrding  this  evidence,  are  either  killed,  or  are  too 
interested  in  exculpating  themselves  to  be  impartial  witnesses.  With 
regard  to  the  formation  of  explosive  gaseous  compounds  in  the  boiler, 
it  is  generally  admitted  that  hydrogen  gas  is  the  only  ingredient  of 
such  that  con  be  formed ;  and  that  is  obtained  by  the  decomposition 
of  the  steam  when  in  contact  with  the  red-hot  iron ;  but  pore  hydrogen 
is  not  explosive ;  and  to  render  it  so  it  must  be  mixed  with  oxygen  or 
atmospheric  air.  It  has  been  suggested  that  the  latter  may  be  intro- 
duced along  with  the  water  by  a  defect  in  the  feeding-pump ;  but  the 
proportions  of  )iie  air  and  of  the  hydrogen  must  be  de&nite  to  produce 
an  explosion ;  and  it  is  difficult  to  suppose  that  in  such  a  situation 
either  should  continue  to  accumulate  till  the  quantity  is  exactly  that 
necessary  to  produce  an  explosion.  In  short  this  explanation  Of  the 
subject  is  beset  with  difficulties  which  have  not  yet  been  removed, 
though  the  attention  of  scientific  men  both  in  Europe  and  America 
has  been  frequently  directed  to  it. 

Whenever  the  steam-engine  is  employed  to  execute  any  work  which 
IS  variable  in  its  quantity  or  intensity,  there  must  be  some  means  of 
adjusting  the  force  of  the  engine  to  this  varying  resistance  it  has  to 
overcome :  if  the  engine  were  suddenly  relieved  of  half  that  resistance, 
as,  for  example,  would  be  the  case  if  half  the  machinery  it  was  driving 
were  suddenly  stopped  or  thrown  out  of  gear,  the  engine,  if  impelled 
by  the  same  quantity  of  steam,  would  immediately  move  with  a  rapidly 
accelerating  velocity,  till  that  velocity  were  doubled,  which  would  be 
prejudicial  to  the  engine  itself  and  to  the  rest  of  the  machinery  it  was 
working,  as  well  as  be  a  useless  expenditure  of  force  or  fuel.  The 
object  of  that  beautiful  piece  of  mechanism  termed  the  governor,  is  to 
enable  the  engine  to  regulate  the  supply  of  steam  admitted  to  the 
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The  governor,  the  form  and  principle  of  which  will  be  better  under- 
stood from  the  figure  (fig.  14)  than  from  any  description,  is  made  to 
revolve  on  its  vertical  axis  a,  by  a  band  passing  round  a  pulley  and  round 
one  on  the  axle'of  the  fly-wheel,  or  else  by  bevUled  wheels,  as  shown  in  the 
figure ;  so  that  its  velocity  of  rotation  varies  with  that  of  the  fly-wheeL 
If  this  velocity  incre.tse,  the  heavy  balls  b  b  diverge  by  the  increased 
centrifugal  force,  and  cause  the  collar  e  to  slide  up  the  axis ;  this  by 
means  of  the  intermediate  cranks  partially  closeAhe  valve  at  v,  in  the 
steam-pipe  i,  termed  the  throtUt-valvt,  and  consequently  diminishes 
the  quantity  of  steam  passing  to  the  cylinder :  if,  on  the  contrary,  the 
velocity  of  the  fly-wheel  is  diminished  by  an  increase  in  the  resist- 
ance, the  balls  of  tile  governor  collapse,  and  the  throttle-valve  is  opened 
BO  as  to  admit  more  steam  to  the  cylinder  to  augment  the  force  in 
proportion  to  the  increased  resistance,  ' 

The  effect  on  the  governor  is  equivalent  to  varying  the  diameter  of 
a  second  fly-wheel,  the  circumference  of  which  is  represented  by  the 
balls  b  b,  consequently  the  governor  itself,  independently  of  its  action 
on  the  tiirottle-valve,  has  a  tendency  to  effect  the  adjustment  required ; 
since  a  portion  of  the  surplus  force  of  the  engine,  on  the  first  supposi- 
tion, is  absorbed  in  overcoming  the  increased  inertia  of  the  governor ; 
while,  on  the  second  supposition,  that  inertia,  being  diminished,  relieves 
the  engine  of  a  portion  of  resistance.  This  accounts  for  the  prompt 
action  of  the  governor  in  effecting  the  adjustment,  Tshich  it  does  with- 
out those  fluctuations  in  the  velocity  of  the  piston  which  would  be 
prejudicial  to  the  effect  of  the  machinery  actuated  by  this  prime- 
mover. 

In  the  marine  engine  no  governor  is  requisite ;  the  resistance  being 
80  great  compared  to  the  force,  that  the  velocity  can  never  be  exces- 
sive, and  all  the  power  the  engine  is  capable  of  exerting  is  required  to 
turn  the  paddle-wheels ;  added  to  which  the  resistance  is  nearly  vmi- 
form,  only  varying  with  the  draught  of  the  vessel  or  the  state  of  the 
weather,  but  never  diminishing  below  that  originidly  calculated  on  aud 
provided  for  by  the  power  of  the  engines ;  an  increase  of  the  resistance 
accordingly  produces  a  diminution  in  the  velocity  of  the  vessel,  but 
the  engine  can  never  work  so  fast  as  to  be  injured  by  its  own  velocity. 

The  governor  is  equally  unnecessary  to  the  locomotive  engine,  since 
the  attendant  must  constantly  have  the  engine  under  his  control,  and 
be  watehing  its  action ;  he  can  therefore  regulate  the  throttle-valve  by 
hand-gear  placed  within  his  iieach  ;  and  in  this  case  also,  as  with  the 
marine  engine,  the  resistance  is  nearly  constant,  consisting  chiefly  in 
the  weight  of  the  engine  and  the  tram  of  carriages  to  be  moved,  a 
weight  not  liable  to  any  sudden  change  during  the  transit,  while  the 
momentum  of  the  whole  mass  acts  as  a  fly-wheel  or  regulator  to 
equalise  the  motion  of  the  pistons. 

We  have  not  entered  into  any  investigstions  of  the  formula)  for 
determining  the  dimensions  of  an  engine  and  of  its  bailer,  the  pressure 
at  which  it  must  be  worked,  the  velocity  of  the  piston,  to.,  in  order  to 
produce  any  proposed  available  or  net  force ;  or  into  the  account  of 
the  experiments  by  which  the  amount  of  friction,  the  effects  of  the 
uucondensed  steam,  the  quantity  of  caloric  obtained  from  different 
kinds  of  fuel,  &c.,  all  of  which  must  be  taken  into  account  in  theae 
investigatioDB,  and  have  been  approximatively  determined. 

Sf 


Digitized  by 


Google 


8TSAM-CARBIAOE3. 


ST^AU  NAViaATIOK. 


801 


(In  the  preceding  article  the  formulas  espresaiiig  the  physical  and 
mechanical  properties  of  steam  will  be  found,  and  for  the  others  the 
following  works  among  others  may  be  consulted :  Tredgold,  T.,  On  the 
Steam-Mgine ;  Farey,  J.,  On  the  Steam-Eiigine,  4to. ;  De  Pambour, 
F.M.E.,  Chev.,  Thiarie  de  la  Machine  d  Vapeur,  8vo.,  Paris ;  Qalloway, 
On  the  SteantrEngint,  and  otheis.) 

STEAM-CABRIAOB6  on  common  roads  have  for  many  years  occu- 
pied the  attention  of  engineers  and  mechanicians,  on  account  of  the 
evident  economy  "which  would  result  from  the  use  of  a  road  surface 
adapted  to,  and  previously  constrttcted  for,  ordinary  tratBc ;  but,  up  to 
the  present  time,  none  of  the  systems  which  have  been  proposed  for 
the  construction  of  these  engines  can  be  considered  to  have  entirely 
overcame  the  practical  di^cultiea  attending  the  transport  of  the 
weights  required  in  the  machinery  and  boilers,  or  the  variable  resist- 
ances encountered.  Some  of  the  more  recently  introduced  traction 
engines  seem ,  however,  to  contain,  in  germ,  th'e  elements  of  the  success- 
ful solution  of  the  problem  of  steam  locomotion,  by  engines  of  small 
power,  running  on  road^  possessing  an  inferior  degree  of  theoretical 
perfection  than  well  maintained  railways ;  and  the  introduction  of  the 
street  railways  certainly  justifies  the  behef  that,  ere  long,  steam- 
engines  may  be  used  upon  them  between  points  which,  would  not 
require,  or  justify,  the  construction  o_f  regular  railroads.  A  short 
notice  of  the  most  celebrated  attempts  to  adapt  ateam-carriages  to 
common  roads  may,  therefore,  be  desirable,  accompanied  by  a  few 
remarks  on  the  characteristic  distinctions  between  i^e'  resistances  to 
be  overcome  in  the  respective  cases  of  rail,  or  of  common,  roads. 

When  steam-carriages  work  upon  railroads,  they  traverse  a  surface 
of  uniform  hardness  and  rigidity ;  and  it  is  easy  to  distribute  the  load 
over  a  number  of  carriages  drawn  by  the  pngine,  because  the  rails 
maintain  the  various  parts  of  the  train  ib  the  desired  positions  with 
respect  to  one  another.  Ko  difficulty  either  occurs,  in  this  case,  on 
the  score  of  the  guidance  of  the  engine  or  of  the  load ;  nor  is  it  neces- 
sary to  provide  for  avoiding  obstacles  in  the  road,  or  on  account  of 
sharp  curves  or  bends.  On  common  roads,  however,  the  yielding 
nature  of  the  surface  imposes  a  limit  to  the  weight  brought  upon  the 
driving-wheels  ;  and  the  state  of  the  surface  as  alleoted  by  wet,  by  the 
addition  of  fresh  metal,  or  by  other  accidental  causeis,  must  materially 
increase  the  irregularity  of  the  resistance.  The' rates  of  inclination 
adopted  on  common  roads,  and  the  small  radji  of  curvature  trequently 
met  with  upon  them,  are  far  more  uiifavourable  than  those  met  with 
in  railways ;  and  it  is  found  in  practice  that  there  are  serious  objections 
to  the  use  of  more  than  two  carriages  in  immediate  connection  with 
one  another  on  commod  roads  ;  so  that  forcedly  the  space  devoted  to 
tbe  reception  of  the  machinej-y,  boiler,  combustible,  ic,  is  confined 
within  very  narrow  limits,  in  order  to  lea^ie  any  space  available  for  the 
-.conveyance  of  passengers  or  of  goods.  The  irregularity  of  resistance 
of  the  road  surface  renders  it  necessary  also  to  adopt  great  precautions 
in  the  construction  of  the  par^  of  the  engine  designed  to  transmit 
motion  from  the  piston-head ;  and  the  constant  changes  of  inclination 
require  that  there  should  be  provided,  in  ateam-carriages  designed  to 
run  on  common  roads,  means  for  varying  at  will  the  amount  of  power 
exercised.  In  all  locomotives  it  is  desirable  that  the  machinery  should 
be  of  the  simplest  construction,  and  that  it  should  be  susceptible  of 
easy  examination  and  repair ;  but  this  is  essentially  the  esse  with 
steam-carriages,  on  account  of  the  variety  of  action  required  of  them. 
The  consequences  of  these  peculiar  conditions  are  that  steam-carriages 
must  \)e  made  to  combine  great  power  within  small  compass,  and  with 
small  dead  weights ;  they  must  be  constructed  so  solidly  as  not  to  be 
deranged  by  the  shocks,  or  the  bad  state  of  the  roadway  ;  and  lastly, 
they  must  be  able  to  work  without  producing  any  nuisance,  or  any 
interference  with  the  ordinary  horse  traffic  of  the  public  thoroughfares. 
Hitherto  it  has  not  been  found  possible  to  secure  these  conditions,  and 
to  secure  economy  of  traction  at  the  same  time ;  and  the  substitution 
of  steam  for  animal  power  is  still  confined  to  railways,  notwithstanding 
the  enormous  amount  of  capital  they  require  to  be  expended  on  their 
construction. 

It  appears  tha^  as  far  back  as  1786  attempts  were  made  by  William 
Symington,  in  Scotland,  and  Oliver  Evans,  in  Philadelphia,  to  introduce 
steam  carriages,  or  waggons,  on  common  roads ;  and  Mr.  Murdoch,  the 
well-known  associate  of  Boulton  and  Watt,  is  said  in  1782,  or  1792,  to 
have  made  a  similar  attempt.  In  1802,  Trevethick  and  Vivian  pro- 
duced an  engine  for  the  same  purpoae  of  much  greater  value  ttum 
those  previously  made.  After  their  trial,  some  years  elapsed  before 
other  parties  took  up  the  question,  and  it  was  not  until  18121  that 
Griffith  patented  his  steam-carriage.  In  1822  David  Gordon  began 
his  public  essays  on  the  subject,  and  in  the  succeeding  years  he  took 
out  several  patents  connected  with  it.  Ho  was,  in  1824,  followed 
by  many  other  invwitora,  such  aa  Hancock,  Summers  and  Ogle, 
Dr.  Church,  Sir  J.  Anderson,  Sir  C.  Dance,  Mr.  J.  Scott  Russell,  *c. 
TTie  success  of  these  experiments  was,  as  might  have  been  expected, 
of  a  varied  character;  but  they  seem  to  have  roused  a  singular  amount 
of  local  opposition,  which  finally  assumed  so  violent  a  character  as  to 
lead  to  the  nomination  of  a  select  committee  of  the  House  of  Commons 
to  mquire  into  the  "  present  state  and  future  prospects  of  land  carriage 
■  by  means  of  wheeled  vehicles  propelled  by  steam  or  gas  on  common 
">^8- '  The  report  of  this  committee  wsa  pubhshed  in  October  18S1. 
Although  this  report  was  favourable  to  the  new  application  of  steam- 
power,  and  alUiough  Mr.  Hancock  in  1881  produced  a  steam-carriage 


which,  like  the  one  proposed  about  the  same  time  by  Mr.  Goldsworthy 
Gumey,  answered  to  a  great  extent  the  anticipations  of  their  inventors, 
the  difficulties  attending  ^his  mode  of  locomotion  were  considered  to 
be  so  great,  that  about  18S2  the  conviction  in  the  minds  of  practical 
engineers  had  become  almost  universal  that  "  every  attempt  then  made 
to  render  steam-carriages  the  means  of  economical  and  regular  inland 
communication  had  totally  and  absolutely  failed."  The  success  of  the 
railway  system,  then  first  applied  on  a  large  scale,  served  likewise  to  turn 
public  attention  from  the  avowedly  inferior  system  of  steam  locomotion 
on  common  roads;  and  it  was  not  until  the  recent  application  of  steam- 
machinery  to  agricultural  purposes  had  rendered  it  desirable  to  intro- 
duce some  mechanical  traction-engines  of  great  power,  that  engineers 
were  again  induced  to  study  this  particular  problem.  In  the  Great 
Exhibition  for  1851  there  was  only  one  plan  of  a  locomotive  for 
common  roads ;  but  between'  1858  and  the  end  of  1860  as  many  as 
nine  varieties  of  those  engines  were  submitted  to  the  public,  of 
sufficient  importance  to  merit  the  attention  of  the  professional  journals 
and  occasionally  of  the  various  departments  of  the  government.  Of 
these,  Boydell's,  Clayton's,  Burrell's,  Bray's,  Giles's,  and  Stirling's 
traction-engines.  Lord  Caithness's  steam-carrisfe,  Aveling's  self-pro- 
pelling agricultural  engines,  and  the  engine  made  by  Mr.  Cre^well  for 
the  English  and  Continental  Traction-Engine  Company,  have  attracted 
the  greatest  amount  of  notice,  and  some  of  them  have  actually  per- 
formed good  work.  Bray's  traction-engine,  for  instance,  has  been 
usefully  employed  in  our  dockyards.  Lord  Caithness  reports  that 
with  his  carriage,  having  cylinders  of  S  inches  diameter  and  7  inches 
stroke,  he  was  able  to  attain  on  the  level  a  speed  of  19  miles  an  hour, 
and  to  ascend  inclines  of  1  in  7,  working  at  an  average  expense  of  from 
a  halfpenny  to  a  penny  per  mile ;  the  weight,  with  water  for  a  run  of 
12  miles,  and  coals  for  20  miles,  is  only  two  tons ;  but  the  carriage 
only  conveys  (in  the  form  represented  in  the '  Engineer'  bx  Oct.  19, 
1840)  three  passengers.  Creswell's  engine  is  said  on  one  occauon  to 
have  drawn  two  waggons  containing  10  tons  of  earth  each  up  Fentonville 
Hill,  a  long  incliue  of  about  1  in  70;  but  on  a  repetition  of  the  experi- 
ment it  broke  down.  There  seems,  therefore,  to  be  some  reason  for 
the  belief  so  confidently  expressed  by  Lord  Caithness,  that  ere  long 
steam  may  be  substituted  for  horse-power  on  common  roads;  and 
as  the  prejudice  against  its  use  has,  since  1831,  been  considerably 
diminished,  the  most  bitter  source  of  opposition  has  disappeared.  The 
application  of  the  expansion  gear,  and  the  introduction  of  street 
railways,  must  however  be  considered  to  have  effected  the  greatest 
service  towards  the  introduction  of  steam  locomotion  without  the 
construction  of  special  roadways.  With  all  their  modem  improve- 
ments, steam-carriages  are  nevertheless  still  but  imperfect  substitutes  for 
railway  travelling,  and  it  may  almost  be  a  subject  for  regret  to  witness 
the  amount  of  energy,  skill,  and  money  expended  upon  Uiem. 

The  best  information  on  the  construction  of  Bteam-earriagea  is  to  be 
found  in  Gordon's  '  Treatise  upon  Elemental  Motion ; '  Hancock's 
'Narrative;'  the- '  Mechanics'  Magazine;'  the  'Engineer;'  and  the 
Reports  of  the  Select  Committees  of  the  House  of  Commons  in  1831, 
and  1384  and  1835,  upon  Steam-Carriages  and  upon  Goldsworthy 
Qumey's  claims.  ~ 

STEAM  NAVIGATION.  It  would  senm  that  navigation,  being 
founded  on  the  bases  of  geometry  and  astronomy,  would  be  but  one 
system,  pracrticabte  alike  by  the  commander  of  a  sailing  ship  or  of  a 
steamer  ;  that  practice  attained  in  navigating  one  class  of  vessels  would 
be  equally  available  for  the  safety  of  tne  other ;  but  it  is  not  so.  As 
well  may  we  compare  the  driving  of  a  spirited  horse  in  a  light  kig  to 
the  driving  of  a  waggon  team  :  there  are  points  of  skill  in  eaoh,  and 
proficiency  is  also  attainable  in  eadi,  but  interchange  the  drivers,  and 
it  is  probable  that  neither'of  the  vehicles  would  be  so  well  conducted 
as  before  : — and  thus  it  is  with  steam  navigation.  Th$  sailor  of  the 
old  school  (for  there  is  specifically  a  nem  one),  is  accustomed  to  have 
his  eyes  aloft ;  and  the  trim  of  his  stuls,  and  the  steadying  of  a  bowline 
here,  and  tiie  pulling  upon  a  brace  there;  the  habitual  look  to  wind- 
ward for  coming  weather,  &c. ;  these  form  the  main  sources  of  that 
unceasing  vigilance  without  which  no  one  can  be  fit  to  command. 

The  navigation  of  a  ship  (in  its  abstract  meaning),  is  with  the  sailing 
commander  a  mere  routine.  A  course  of  measured  attentions  to 
certain  established  customs,  handed  doim  from  generation  to  genera- 
tion, and  performed  at  definite  periods,  leaves  his  mind,  after  those 
periods  have  passed,  nearly  free  from  the  duti&  of  calculation  alto- 
gether. But  in  the  new  school,  things  aria  far  different,  and  it  will  be 
useful  in  this  place  to  illustrate  the  present  state  of  the  subject,  by 
examining  into  what  really  constitutes  tiiis  difference, 'for  it  becomes  a- 
question  of  training  and  qualification. 

We  have  only  to  refer  to  our  article  CoLUStON's  at  Ska.  to  show 
that  fearful  innovations  have  followed  the  introduction  of  steam  into 
our  sea  services— affecting  in  a  high  degree  the  safety  of  life;  and  we 
also  refer  to  Ships  and  Shipping  to  show  what  laws  are  found  necessary 
in  preventing  such  insecurity.  Fearful  then  must  be  the  increased 
responsibilities  of  a  comviander  of  a  steam  ^ssel.  Nor  does  this 
admit  of  limitation,  for  the  very  causes  of  all  this  are  in  themselves 
progressive. 

Very  much  may  be  attributed  to  the  increase  of  speed  in  steamers  ; 
yet  there  are  other  influences  which  affect  steam  navigation  with 
peculiar  force :  among  these  may  be  noticed  the  wide  prevailing 
interest  that  owners,  of  steamers  in  particular,  feel  in  the  rapidity  of 
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their  voyages.  Hence,  every  advantage  which  can  be  taken  to  accom- 
plish this,  IS  considered  part  of  a  conimander's  duty— and_  his  position, 
therefore,  depends  much  upon  his  habitually  making  a  quick  passage. 

The  following  will  explain  the  work  of  each  kind  of  navigator.  In 
the  sailing  ship,  the  master  daily  at  1  bell  in  the  forenoon  watch  (half- 
past  8  ii.m.)  takes  his  sextant  upon  deck  to  obtain  an  altitude  of  the  sun, 
in  readinets  for  working  liis  time  at  ship ;  he  defers  this  work  till  noon, 
at  which  he  will  have  obbuned  his  ship's  latitude  from  a  meridian  alti- 
tude. During  the  forenoon,  or  from  nine  o'clock,  his  only  work  con- 
nected with  navigation-proper,  is  an  occasional  glance,  over  the  side  of 
the  ship,  in  order  to  estimate  the  ship's  "  way"  (velocity),  and  also  at 
times  at  the  binnacle  compass  to  get  an  opinion  as  to  the  accuracy  of 
the  course  about  to  be  marked  on  the  log-board.  [DEAD-RKpKONlso.] 
The  ship's  position  at  noon  having  been  pricked  off  upon  a  chart,  and 
the  log  duly  written  up  as  soon  after  noon  as  convenient,  the  remainder 
of  the  day  calls  for  no  further  computations, — unless,  as  it  occasionally 
happens,  sights  for  the  time  were  not  procurable  in  the  forenoon,  and 
are  taken  at  about  S  p.m,  it  l?eing  better  to  obtain  them  when  the  sun 
is  about  three  hours  from  the  meridian.  Occasionally,  a  sailing  navi- 
gator may  see  fit  to  try  a  lunar  for  his  longitude,  but  this  is  entirely 
optional ;  or,  perchance,  in  the  evening  an  intelhgont  merchant  captain 
may  desire  to  veiify  his  position  by  observation  of  a  star,  &c.  6o  then 
as  regards  routine  observation,  the  work  of  a  sailing  commander  is 
very  light  For  even,  if  in  addition  to  his  daily  routine  he  be  approach- 
ing land,  it  entails  no  serious  loss  or  labour  to  "  lie-to  "  for  a  few  hours 
till  daylight. 

But  with  a  commander  of  a  steamer,  navigation  is  quite  another 
thing;  for  in  the  first  place,  where  a  sailing  commander  deems  it 
advisable  not  to  close  in  with  the  land  towards  n^htfall,  because  ha 
depends  upon  the  wind  only,  a  change  in  which  might  suddenly  place 
him  on  a  lee  shore  j  the  steam  commander  would,  as  a  matter  of  duty, 
take  the  shortest  route,  in  whatever  direction  that  might  lie.  It 
will  then  be  evident  that  with  a  vessel  of  greater  comparative  speed, 
often  using  the  more  dangerous  passage  along  a  coast,  her  commander 
should  be  a  man  of  increased  nautical  skill,  and  of  special  proficiency 
in  navigation — the  latter  attainment  being  the  more  needed  as  he  has 
scarcely  the  discretionary  power  to  "lay-to,*  except  under  special 
circumstances.  The  strao^ng  of  a  sailing  ship  may  often  be  the 
result  of  sheer  accident  of  wind  or  weather,  while  that  of  a  steamer, 
which  is  locomotive,  and  can  steer  readily  in  any  direction  (in  moderate 
weather),  has  been  in  too  many  instances  found  to  have  its  cause  in  at 
least  error  in  judgment. 

To  make  the  distinction  between  steam  navigation  and  sailing 
navigation  the  plainer,  we  will  suppose  a  case,  as  applicable  to  the 
following  imagibary  chart  and  track ;  — 


r     »     * 1 i_ 

Seal*  »fMxU* 

'  Two  vessels,  the  one  sailing  and  the  other  steaming,  are  bound  round 
the  headland,  g,  of  a  continent.  There  are  several  outlying  dangers 
near  it,  such  as  the  island  b,  the  rocks  at  d,  the  shoal  at «,  and  in 
addition,  rocky  spits  run  off  the  points  c  and  g.  Suppose  the  two 
vessels  to  be  in  company  at  a,  and  each  desiroiis  of  reaching  the 
position  &  :  the  steamer  would,  as  a  matter  of  course,  take  the  inner 
passage,  in  wiiatever  direction  tiie  wind  might  blow,  while  if  the  wind 
were  as  indicated  by  the  arrow  in  the  diagram,  the  sailing  ship  could 
not  venture,  but  must  take  the  outer  passage^and  as  a  square-rigged 
ship  can  only  sail  witliin  about  six  points  of  the  wind,  her  track  in 
wurldng  to  windward  or  "  tacking,"  would  in  Uiis  case  between  a  and 
i  be  about  thirty  miles,  while  the  steamer's  would  be  about  twelva 
Now  if  we  compare  the  two  tracks  it  will  be  evident  that  the  mind  of 
the  sailing  master  might  well  be  free  from  cars,  except  when  approach- 


ing e,  or  the  weather  side  of  /;  while  during  the  whole  |>a8sage,  through 
a  dight  mistake  or  inattention  on  the  part  of  the  steam  commander, 
he  might  lose  the  ship.  Suppose  farther,  that  just  as  the  steamer 
reached  her  position  neSr  rf,  the  weather  became  hazy  or  foggy, 
obscuring  the  land  ;  the  master  of  the  sailing  ship  in  the  offing  could 
without  a  care  lay-to  with  the  ship's  head  off  the  land,  while  the 
steamer  must  push  on,  if  possible;  because  anchoring  would  incon- 
veniently delay  her  passage.  He  would  have  in  such  case  to  prick  off 
his  actual  position  on  his  chart  by  ha.sty  bearings,  subject  to  the  delay 
of  correction  for  local  attraction,  &c.,  and  indeed  hia  woik  of  navigation 
would  form  a  perfect  contrast  to  that  of  the  shipmaster  outside. 
Farther  investigation  will  even  heighten  the  contract,  for  in  a  passenger 
steamer,  the  commander  finds  tlie  necessity  of  verifying  his  position  as 
often  as  possible,  by  night  as  well  as  by  day.  He  takes  a  larger 
number  of  observaUons,  and  needs  every  accomplishment  which 
nautical  astronomy  offers  him. 

If  then  such  disparity  exist  in  the  duties  of  certain  maritime  com- 
manders, and  if,  moreover,  no  amended  system  of  training  have  been 
yet  perfected  under  autliority,  calculated  to  meet  the  increased  iti- 
teljigence  called  for  by  the  exigence  of  steam  navigation, the  subject  is 
worthy  of  most  earnest  attention. 

An  impression  is  gaining  ground  among  experienced  commanders 
themselves,  that  whereas  other  professions  have  their  training  based 
upon  principles  which  are  carefully  explained  to  them,  the  navigator 
is  consigned  to  work  with  formulae  of  which  he  has  no  comprehension 
beyond  their  mere  adaptation  to  his  work.  Trigonometry,  plane  and 
spherical,  is  the  foundation  of  all  his  calculations,  but  neither  are  '\\» 
principles  explained  in  schools  of  navigation  generally,  por  is  even 
the  projection  of  its  figures  deemed  important.  In  the  Royal  Naval 
School,  and  one  or  two  others,  this  great  defect  has  be^n  of  late 
attended  to,  and  their  example  cannot,  for  the  good  of  the  community, 
be  too  soon  followed  by  those  who  have  had  the  training  of  neatjy 
50,000  of  our  population  whose  profession  is  that  of  the  sea  officer. 
That  our  sea  captains  are  successful  in  their  voyages  as  a  general  rule, 
depends  on  their  perseverance  and  intelligence  as  a  body  :  they  com- 
plain that  they  owe  little  to  science  and  teaching. 

Witii  regarf  to  spheric  trigonometry,  circumstances  already  ei- 
plained  under  Qreat-Cibole-Sailiko  have  strangely  driven  it  from 
even  the  "  Manual "  of  the  Navigator.     [Spherics  ;  Spheroqraph.] 

(Haper's.  Tnatix  on  Navigation  ;  Jean's  Works  on  Trigonometry ; 
The  Calculation  and  Projection  of  ike  Sphere,  Longman  ft  Co.) 

STEAM-VESSEL,  a  vessel  moved  by  the  power  of  a  steam-enj^e 
acting  upon  paddle-wheels  or  other  mechanism  for  propdlingit  through 
the  water.  Under  Ship,  Shif-buildinq,  ftc,  were  explained  the  prin- 
ciples on  which  vessels  are  constructed ;  and  under  Steam,  Stkah- 
Ekqiwe,  Propeller,  Ac.,  have  been  described  the  means  of  propulsion. 
Before  entering  upon  the  construction  of  steam-vessels,  we  give  a  brief 
nptice  of  the  rise  and  progress  of  the  application  of  steam  to  navigation, 

A  curious  daim  has  been  brought  forward  on  behalf  of  Blasco  de 
Gamy,  a  sea  captain,  who  is  stated  to  Iiave  exhibited  in  Spain,  in  1543, 
an  engine  by  wliich  ships  and  vessels  of  the  largest  size  could  be  pro- 
pelled, even  in  a  calm,  without  the  aid  of  oars  or  sails.  The  documents 
relating  to  this  claim,  which,  if  correct,  gives  Spain  the  priority  by  a 
long  period  in  experiments  on  steam  navigation,  were  discovered  in  the 
royal  archives  at  Simancas,  and  were  published  in  1826,  by.  Thomas 
Qonzales,  director  of  the  archives. 

Stuart,  in  his  '  Anecdotes  of  Steam-Engines,'  endeavours  to  establish 
something  like  a  claim  to  the  invention  of  steam  navigation  by  the 
Marquess  of  Worcester.  The  author  alludes  to  a  little  engine,  or  great 
model,  which  he  liad  "  already  erected  "  at  Lamlieth ;  and  among  many 
other  puiposes  to  which  his  invention  might  be  applied,  states  that  it 
may  lie  used  "  to  draw  or  hale  ships,  boates,  &o.  up  rivers  against  the 
streame ;  to  draw  carts,  wagons,  ftc.  as  fast  without'  cattel ;  to  draw 
the  plough  without  cattel,  to  the  same  despatch  if  need  be,"  ftc. 

The  project  to  be  next  alUded  to  is  that  of  Papin,  who  proposed  an 
apparatus  somewhat  like  tliat  subsequently  pateiited  in  England  by 
Jonathan  Hulls.  Those  who  have  endeavoured  to  establish  a  claim 
to  the  invention  of  steam  navigation  on  behalf  of  France,  have 
pleaded  Papin's  suggestion  in  favour  of  tbeir  views ;  but  none,  so 
far  as  we  Icnow,  have  asserted  ttiat  he  put  his  scheme  to  the  test  of 
experiment. 

On  Deconber  21, 1736,  a  patent  was  granted  to  Jonathan  Hulls  tot 
a  machine  whidi  may  be  designated  a  steam  tug-boat ;  of  which  a  full 
description  was  published  in  the  following  year,  in  a  sensible  pamphlet, 
entitled '  A  Description  and  Draught  of  a  new-invented  Machine  for 
carrying  Vessels  or  Ships  out  of  or  into  any  Harbour,  Fort,  or  Uiver, 
against  Wind  and  Tide,  or  in  a  Calm.'  Hulls  proposed  to  place  an 
atmospheric  steam-engine  in  the  tug-boat,  and  to  communicate  its 
power  by  means  of  ropes  to  the  axis  of  a  kind  of  paddle-wheel  mounted 
in  a  frame-work  projecting  from  the  stem  of  the  vessel.  A  contrivance 
it  added  for  continuing  the  motion  of  the  paddles  by  the  descent  of  a 
counterbalance-weight,  in  the  intervals  between  the  strokes  of  the 
piston.  To  guard  against  the  injury  of  the  fans  or  paddles  by  the 
violence  of  the  waves.  Hulls  proposed  to  lay  pieces  of  timber  so  as  to 
swim  on  each  side  of  them.  The  objections  likely  to  be  brought 
against  the  scheme  are  anticipated  and  answered  by  the  writer,  who 
expresses  his  opinion  that  it  would  be  found  better  to  place  the 
machine  in  a  separate  veosel  than  in  the  ship  itself,  because  the 
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maduneiy  \nsuM  be  cumbersome  in  the  ahip,  and,  if  in  a  leparate 
Tccsel,  it  migtit  lie  at  any  port  to  be  ready  for  use,  &c. 

Tiie  next  ciroumstanoea  whicti  claim  notice  in  the  histoiy  of  the 
inrention  of  steam  navigation  aSbrd  the  principal  reasons  for  attri- 
buting, as  some  of  their  writers  have-done,  the  origin  of  the  art  to  the 
Treaai.     In  1774,  the  Comte  d'Auxiron,  a  French  nobleman  of  scien- 
tiflc  attainments,  constructed  a  steam-boat,  and  tried  it  on  the  Seine, 
near  Paris.    It  appears  that  the  engine  had  not  sufficient  power  to 
move  the  wheels  efficiently,  an  error  into  which  many  of  the  early 
experimenters  fell;   and  consequently  the  result  was  unsatis&ctory. 
and  the  persons  who  had  united  to  enable  the  Comte  to  construct  thiS 
machine,  abandoned  the  project.    In  the  next  year,  1775,  the  eldest  of 
the  ingenious  brothers  Fener,  who  had  assisted  in  d'Auxiron's  experi- 
ment, resumed  the  attempt,  and  placed  a  very  imperfect  engine,  of 
about  one-horse  power,  in  a  boat  on  the  Seine,  connecting  the  engine 
with  two  paddle-wheels.    He  also  laboured  under  the  disadvantage  of 
Iiaving  too  little  engine-power,  and  therefore  failed  ta  obtain  any  satis- 
isctory  result ;  his  boat  moving  but  slowly  against  the  current  of  the 
(Seine.    Fortified  by  the  &voiuable  opinion  of  the  Marquis  Ducrest, 
who  perceived  the  cause  of  his  disappointment,  "  Perier  did  not," 
'observes  Stuart,  "altogether  abandon  the  subject ;  and  in  succeeding 
years  he  made  a  few  attempts  with  other  propelling  mechanism  instead 
of  paddle-wheels,  which  he  thought  were  defective  substitutes  for  oars, 
and  which,  in  his  view,  occasioned  his  failure."     He  did  not,  however, 
accomplish  anything  important ;  nor  did  his  attempts,  according  to  the 
author  just  quoted,  excite  much  attention  in  France,  or  any  at  all  in 
England.    In  an  Historical  Notice  on  Steam-Engines,  by  M.  Arago, 
in  the  French  '  Annuaire '  for  1837,  it  is  stated,  probably  from  inad- 
\yertence,  that  M.  Perier  was  the  fint  to  actually  construct  a  steoiA- 
|Ve88eL    From  this  paper  we  learn  that  t;;ials  were  made  on  a  larger 
scale,  in  1778,  at  Baume-les-Dames,  by  the  Marquis  de  JouSroy, 
|Who,  in  1781  or  1782,  tried  a  boat  of  considerable  dimensions  upon  the 
'Sadne,  at  Lyon.     Several  English  authorities  give  the  dimensions 
of  this  boat  as  140  feet  long  and  IS  feet  broad;    but  Arago  says 
it  was  48  metres  long  and  44  broad.     Colden's '  Life  of  Fulton,'  in  an 
extract  from  the  '  Journal  des  D^bats'  for  March  28,  1816,  states  the 
■dimensions  to  have  been  130  feet  long  and  14  broad.    The  vessel  had 
ja  single  paddle-wheel  on  each  side,  and  the  machinery  appears  to  have 
'been  oonstructed  wit^i  some  skill,  although  it  was  not  sufficiently 
(strong.    The  experiments  of  the  Marquis  were  eventually  stopped  by 
.the  political  disturbances  of  the  country.      After  a  long  exile,  he 
returned  to  his  country  about  1796,  and  found  that  M.  des  Blancs,  a 
watchmaker  of  Trevoux,  had  obtained  a  patent  for  a  steam-vessel, 
which,  it  has  been  supposed,  was  constructed  chiefly  on  the  informa- 
tion which  he  could  collect  respecting  that  of  the  Marquis.    JovifiVoy 
appealed  to  the  government,  but  noting  important  resulted  from  his 
;doing  so,  or  from  the  experiments  of  M.  des  Blancs,  which,  like  those 
of  Jouffix>y,  were  made  on  the  Sadne.    While  M.  des  Blancs  was 
lengaged  in  his  steam-boat  project,  Fulton,  who  was  then  in  France, 
was  also  experimenting  upon  the  same  subject.    It  appears,  indeed, 
that  both  tried  the  scheme  of  propelling  by  means  of  paddles  or  float- 
boards  attached  to  an  endless  chain  stretched  over  two  wheels  project- 
ing from  each  side  of  the  vessel.     Fulton  abandoned  this  plan,  and 
adopted  paddle-wheels    in  its   stead;    but  during  his  experiments, 
M.  des  Blancs  complained  of  his  operations  as  an  infringement  upon 
his  patent  right,  and  remonstrated  with  Fulton  upon  the  subject. 

The  oairative  must  now  return  a  few  years,  in  order  to  notice  the 
attempts  making  in  North  America  to  solve  ibe  problem  of  propelling 
Tessela  by  mechanical  power.  Without  noticing  mere  vague  sugges- 
.  tions  of  its  possibility,  of  which  some  have  been  mentioned  of  earlier 
date,  we  find  that  two  individuals  named  Fitch  and  Rumsey  were 
early  in  the  field  as  experimentalists.  Stuart  goes  into  their  claims  very 
minutely ;  but  it  may  be  briefly  stated  that  as  early  as  1783  Fitch  had 
succeeded  in  moving  a  boat  on  the  Delaware  by  means  of  paddles  (not 
paddle-wheels)  set  in  motion  by  a  steam-engine ;  and  that  in  1785  he 
presented  a  model  and  description  of  his  apparatus  to  Congress.  He 
was  supported  for  some  time  by  an  association  of  wealthy  persona, 
and  was  so  sanguine  as  to  the  success  of  his  project,  as  to  send  draw- 
ings and  descriptions  of  his  machinery  to  Meusre.  Boiilton  and  Watt, 
in  order  that  they  might  procure  an  English  patent  for  it.  Nothing 
was  accomplished  by  Fitch  «nd  his  friends  in  England,  and  but  litde 
in  America.  It  is  worthy  of  notice  that  Fitch  expressed  his  belief 
tliat  the  time  would  come  when  steam-power  would  be  employed  for 
crossing  the  Atlantic  Rumseyithe  rival  of  Fitch,  had  exhibited  a 
model  of  a  contrivance  for  moving  a  boat,  to  Qeneral  Washington,  as 
early  as  1784 ;  but  Fitch  alleged  that  it  was  merely  an  apparatus  for 
enabling  a  boot  to  stem  the  current  of  rapid  rivers,  by  mesas  of 
wheels,  cranks,  and  poles;  and  that  it  had  been  tried  some  years 
before  by  another  person  on  the  Schuylkill,  and  had  failed.  In  1787, 
Bumsey  made  some  short  voyagefa  on  the  Potomac,  with  a  boat  about 
fifty  feet  long,  propelled  by  the  re-action  of  a  stream  of  water  drawn  in 
at  the  bow  and  forced  out  at  the  stem  by  means  of  a  pump  worked  by 
a  steam-engine.  This  boat  moved,  it  is  said,  at  the  rate  of  three  or 
four  miles  an  hour,  when  loaded  with  three  tons,  in  addition  to  the 
weight  of  her  engine,  which  was  about  one-third  of  a  ton.  The  boiler 
held  only  five  gallons  of  water,  and  the  whole  machinery  did  not  occupy 
more  space  than  four  barrels  of  fiour.  The  fuel  consumed  was  from 
fpvr  fy}  fix  bushels  of  coals  in  twelve  hour*.    Bumsey  aftenrards  pro- 


posed applying  the  power  of  a  steam-engine  to  long  poles,  which  went 
to  force  the  boat  forward  by  reaching  the  bed  of  the  river,  when  it  had 
to  move  against  a  rapid  current.  Rumsey,  a^  well  as  Fitch,  was  backed 
by  a  company;  and  their  respective  friends  did  not  confine  their  rivalry 
to  Amenca,  for  the  adhereijta  of  Rumsey  addressed  themselves  to 
Boulton  and  Watt  in  opposition  to  the  statements  of  Fitch,  After  all 
their  conflicting  pretensions,  however,  neither  succeeded  in  the  practical 
establishment  of  steam  navi^tion.  Rumsey  came  to  England  after  the 
failure  of  bis  projects  in  America,  and  commenced  a  steam-boat  on  the 
same  principle  as  that  he  had  used  on  the  Potomac,  which  was  in 
some  respects  like  the  much  older  plan  (1780)  of  Dr,  John  Allrai.  He 
died  before  the  completion  of  this  vessel ;  but  it  was  finished  by  the 
persons  associated  with  him,  and  was  brought  to  trial  in  February,  1793. 
Tftis  steam-boat  performed  several  times  on  the  Thames,  against  wind 
and  tide,  and  attained  a  speed  pf  four  miles  an  hour.  This  method  of  pro- 
pelling a  boat  was  subsequently  tried  by  Mr.  William  Linaker,  ma  ter- 
shipwright  in  Portsmouth,  dockyard,  who  obtained  a  patent  for  it  in 
1808.  His  experiments  had,  ss  appears  by  his  papers,  been  commenced 
as  early  as  1793.  Stuart  states  that  a  similar  apparatus  was  tried  on 
the  Thames  after  Linaker's  death,  the  engine  used  being  on  the  prin- 
ciple of  that  invented  by  Savery, 

While  Fitch  and  Rumsey  were  making  their  experiments  in  America, 
other  experiments  were  in  progress  in  Scotland,  which  tended,  more 
than  any  previous  trials,  to  the  useful  application  of  steam  to  the 
purpose  of  propelling  vessels.  Of  tile  highly  interesting  experiments 
made  in  1788  and  1789,  under  the  auspices  of  Patrick  Miller,  Esq., 
of  Dalswinton,  in  Dumfriesshire,  many  accounts  are  extant,  differing 
indeed  very  slightiy  from  each  other,  yet  tending,  by  the  colouring 
given  to  minor  aetalhi,  to  attribute  different  degrees  of  honour  to  the 
three  individuals  by  whom  they  were  carried  out.  It  is  nut  likely 
that  this  question  will  ever  be  thoroughly  set  at  riest ;  for  the  degree 
in  which  each  contributed  to  the  success  of  the  experiments  will  ever 
be  estimated  diSerently,  according  to  the  peculiar  mode  of  judgment 
adopted  by  the  inquirer.  Without  desiring  to  throw  any  slight  upon 
those  who  differ  from  him,  rather  in  his  deductions  than  in  the  facts 
upon  which  they  are  based,  oixr  narrative  will  be  condensed  from  that 
of  Mr.  Russell,  who  has  evidently  taken  much  pains  to  produce  a  satis- 
factory account  of  the  whole  course  of  proceedings. 

After  stating  that  it  has  been  very  usual  to  attribute  the  invention 
of  steam  navigation  to  Miller,  and  t^t  two  competitors  have  contested 
bis  claim,  Mr.  Russell  observes,  "  We  shall  soon  see  that  to  no  one 
of  the  three  can  the  palm  be  awarded.  The  creation  of  the  steam-ship 
'appears  to  have  been  an  achievement  too  gigantic  for  any  single  man. 
It  was  produced  by  one  of  those  happy  combinations  in  which 
individuals  are  but  tools  working  out  each  his  part  in  a  great  system, 
of  the  whole  of  which  no  single  one  may  have  comprehended  all  the 
workings,"  The  persons  who  have  contested  the  title  of  inventors  of 
steam  navigation,  or  rather,  they  for  whom  the  titie  has  been  contested 
by  others,  are  Pafaick  Miller,  James  Taylor,  and  William  Symington ; 
and,  after  a  long  and  patient  examination  ef  their  respective  claims, 
and  of  the  papers,  published  and  unpublished,  of  the  parties  v^o 
advocate  the  cause  of  each,  as  well  as  of  the  personal  testimony  of  such 
individuals  as  could  throw  light  on  the  cue,  our  author  gives  it  as  his 
conclusion  that  the  art  of  steam  navigation  was  the  joint  invention  of 
the  three.  It  will  be  seen  from  the  history  given  above,  that  if  the 
inere  suggestion  of  applying  a  steam-engine  to  the  pnJpolsion  of  a 
vessel,  or  even  the  actuiu  construction  of  a  steam-boat,  he  considered 
sufficient  to  entitie  a  person  to  the  name  of  inventor  of  steam  naviga- 
tion, that  name  belongs  to  some  earlier  projector.  Hulls  for  instance, 
and  not  to  any  of  the  three  individuala  just  mentioned ;  and  if,  on  tlte 
otiier  hand,  the  honour  be  due  to  tiiose  who  produced  Uie  first 
successful  steam-boat,  it  cannot  be  applied  with  propriety  to  any 
individual,  seeing  that  the  superiority  of  the  boats  of  Miller,  Taylor, 
and  Symington  was  attributable  to  a  happy  union  of  talent  and 
enterprise, 

Mr.  Miller,  of  Dalswinton,  had  been  engaged  in  attempts  for  the 
improvement  of  naval  architecture,  proposing  to  build  ships  of  much 
greater  length  than  usual,  in  proportion  to  their  breadth,  and,  in  order 
to  enable  such  narrow  vessels  to  bear  sail,  to  imite  two  or  evei;  three 
boats  or  hulls,  side  by  side,  so  as  to  form  a  double  or  triple  boat.  He 
had  also  experimented  upon  the  application  of  .paddle-wheels,  turned 
by  a  power  within  the  vessel,  instead  of,  or  rather  as  auxiliary  to,  the 
force  of  the  wind.  Russell  observes,  that  he  does  not  find  that  Miller 
anywhere  claimed  absolute  property  in  the  Invention  of  paddle-wheels, 
which,  as  has  been  already  stated,  had  been  often  tried.  Having  thua 
prepared  a  form  of  vessel  suitable  for  the  purpose  of  steam  navigation, 
and  provided  it  with  an  apparatus  for  propelling  it  through  the  water, 
it  only  remained  to  apply  the  steam-engine  itself.  This,  it  appears, 
was  done  subsequently,  in  consequence  of  the  suggestion  of  Mr. 
Taylor,  who,  in  1785,  went  to  reside  in  Mr.  Miller's  family  as  tutor  to 
his  younger  sons,  and,  in  1786  and  1787,  frequently  assisted  in  his 
experiments  with  paddle-wheel  boats.  In  one  of  these,  in  the  latter 
year,  one  of  Miller's  double  boats,  sixty  feat  long,  propelled  by  two 
wheels,  each  of  which  was  turned  by  two  men,  was  matched  against 
a  Custom-house  boat,  which  was  reckoned  a  fast  sailer ;  and  on  this 
occasion  the  want  of  a  sufficient  moving  power  to  turn  the  wheels  was 
sensibly  felt.  Both  MiUer  and  Taylor  perceived  this ;  but  when  the 
latter  suggested  the  steam-engine,  Mr.  MiUer,  for  a  tinier  queotioaed 
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it8  applicabfUty.  In  1787  he  published  an  account  of  hia  experiments, 
in  which  he  observed,  after  desoriblng  his  paddle-wheels,  "  I  have  also 
reason  to  believe  that  the  power  of  the  steam-engine  may  be  applied  to 
work  the  wheels,  so  as  to  give  them  a  quicker  motion,  and  consequently 
to  increase  that  of  the  ship.  In  the  course  of  this  summer  I  intend  to 
make  the  experiment ;  and  the  result,  if  favourable,  shall  be  commu- 
nicated to  the  public."  This  project  formed  the  subject  of  ctmch  con^ 
Teiaation  at  Dalswinton  in  the  summer  of  1787,  and  was  mentioned 
by  Taylor  to  his  intimate  Mend  Symington,  who  was  then  engaged 
as  a  mining-engineer  at  the  Wanlockhead  lead-mines,  but  had  devoted 
much  attention  to  the  improvement  of  the  steam-engine,  and  had 
recently  constructed  a  model  of  a  steam-carriage  [Steaji-Cabbiaoeb],  in 
which  hs  bad  provided  simple  means  for  converting  the  reciprocating 
motion  of  the  pistons  into  a  rotatory  motion.  Thus,  while  Miller  had 
been  preparing  a  proper  vessel  apd  propelling  apparatus,  and  Taylor 
had  been  recommending  the  agent  required  to  work  it,  Symington  had 
been  elfecting  those  modifications  in  the  structure  of  the  engine  which 
were  necessary  to  adapt  it  to  tiie  purpose  required.  There  is  some 
reason,  indeed,  to  believe  that  he  had  conceived  the  possibility  of  this 
particular  application  of  the  steam-engine ;  for,  in  a  letter  to  Taylor, 
dated  August  20,  1787,  apparently  in  answer  to  one  just  received  from 
him,  Symington  says, "  I  must  make  some  remarks  upon  your  summer's 
inventions,  which,  if  once  made  to  perform  what  their  author  gives 
them  out  for,  will  undoubtedly  be  one  of  the  greatest  wonders  hitherto 
presented  to  the  world,  besides' its  being  of  considerable  emolument  to 
the  projector,  Qreat  success  to  you,  cUthough,  avtrtmtiing  my  tchema," 
In  December  of  the  same  year  the  Dalswinton  experimenters  were  in 
Edinburgh,  where  they  met  Symington,  and,  at  the  house  of  his 
patron,  Qilbert  Meaaon,  Esq.,  saw  his  steam-caniage  model  The 
result  of  this  meeting  was,  that  Symington,  in  conjunction  with 
Miller  and  Taylor,  constructed  a  small  engine  in  the  following  summer ; 
the  castings  being,  by  a  curious  coincidence,  executed  by  %  founder  of 
the  name  of  Watt.  In  October,  1788,  this  engine  was  placed  in  a 
small  double  pleasure-boat  belonging  to  Mr.  Miller,  and  was  tried  upon 
Dalswinton  lake.  The  engine  was  placed  on  one  side,  the  boiler'on  the 
other,  and  the  paddle-wheel  in  the  middle.  With  all  the  disadvantages 
of  a  first  experiment,  and  with  cylinders  of  only  four  inches  diameter, 
the  boat  moved  with  a  velocity  of  five  milra  an  hour.  After  repeated 
satisfactory  trials,  the  engine  was  removed  from  the  boat,  and  kept  for 
many  years  as  a  trophy  in  the  hbraiy  at  Mr.  Miller's. 

Had  the  experiments  of  Miller  and  his  fellow-labourers  stopped  here, 
it  might  have  been  conceived  that  their  success  was  in  some  degree 
attributable  to  accidental  circumstances.  The  result  of  a  second 
experiment,  in  the  following  year,  is  sufficient  to  dispel  any  such  idea. 
In  178S  an  engine  of  about  twelve-hoisn  power  (or  twelve  times  the 
power  of  the  first)  was  made  by  the  same  parties  at  the  Carron  works. 
This  was  mounted  in  the  large  double  boat  which  had  formerly  run 
against  the  Custom-house  boat  at  Leith.  Except  in  size,  this  machine 
resembled  the  former  modeL  The  engine  was  commenced  in  June, 
and  near  the  end  of  the  year  the  boat  was  tried  on  the  Forth  and 
Clyde  canal.'  Some  difficulty  was  at  first  experienced  from  the  weak- 
neisB  of  the  fastenings  by  which  the  float-boords  or  paddles  were  secured 
to  the  arms  of  the  paddle-wheels ;  several  of-  them  beipg  broken  off  by 
the  severe  strain  to  which  the  power  of  the  engine  subjected  them. 
When  this  matter  was  set  right,  the  boat  perforioied  very  successfully, 
and  atttuned  a  spaed  of  nearly  seven  miles  an  hour,  "  being,"  observes 
Mr.  Russell,  "  about  as  great  a  velocity  as  it  has  been  found  possible  to 
obtain  by  steamboats  on  canals,  even  at  the  present  day."  The  vessel 
having  been  built  for  a  different  purpose,  and  being  much  too  slight 
for  permanent  use  as  a  staam-boat,  or  for  taking  out  to  sea,  was,  soon 
after  the  trial,  disnumtled.  Mr.  Miller,  having  thoroughly  proved  the 
practicability  of  the  plan,  and  having  expanded  a  large  fortune  in  his 
enlightened  pursuits  for  the  public  benefit,  relinquished  the  experi- 
ment, leaving  its  great  results  to  be  worked  out  by  others.  That  he 
should  have  done  so  Aeed  exoite  no  surprise,  when  tiie  difficulties 
attending  the  introduction  of  any  great  improvement  ore  considered. 
Taylor  was  still  less  likely  to  take  any  efiective  steps  for  carrying  out 
the  grand  design ;  and  Symington  was  not  in  a  situation  to  do  so 
immediately>  although  he  was  subsequently  engaged  in  further  experi- 
ments to  that  end. 

Satisfactory  as  was  the  result  of  these  experiments,  they  did  not 
immediately  lead  to  the  introduction  of  steam  navigation ;  and  soireral 
other  unsuccessful  schemes  were  tried  in  this  country  and  in  North 
America  before  it  was  effected.  One  of  these,  that  of  Kumsey,  the 
American,  on  the  Thames,  has  been  already  mentioned.  About  this 
time  Dr.  Cartwright  contrived  a  steam-barge,  and  explained  it  to 
Fulton.  Some  authorities  state  that  it  was  shown  to  Fulton  in  1793, 
when  he  was  studying  painting  under  West ;  but  others  date  it  a  few 
years  later,  stating  that  he  was  introduced  to  Dr.  Cartwright  during 
his  joumi^  to  Paris  in  1796.  However  this  might  be,  it  is  evident 
that  Fulton's  attention  was  directed  to  the  subject  about,  this  time. 
Colden.  his  biographer,  states  that  he  made  drawings  of  an  apparatus 
for  steam-navigation  in  1793,  and  soon  afterwards  submitted  them  to 
Lord  Stanhope.  In  1795,  Earl  Stanhope  himself  made  experiments 
with  a  steam-vessel  propelled  by  duck-feet  paddles  placed  under  the 
quarters,  like  those  recommended  in  1759  by  Qenevois,  s  Swiss  pastor. 
Notwithstanding  the  ingenious  folding  of  the  paddles,  in  oraer  to 
diminish  the  resistance  of  the  back-abt>ke,  tiie  apparatus  required  so 


much  power  that,  with  a  powerful  engine,  he  could  not  obtain  a  speed 
greater  than  three  miles  an  hour. 

In  1801  Symington  commenced  a  satisfactory  series  of  costly  experi- 
ments on  steam-navigation,  under  the  auspices  61  Thomas,  Lord 
Dundas.  The-object  immediately  aimed  at  was  the  introduction  of 
tuig-buats  instead  of  horses  for  drawing  boata  upon  canals.  After 
several  minor  trials,  one  of  the  boats  built  on  this  occasion  by  Syming- 
ton drew,  on  the  Forth  and  Clyde  'canal,  in  1802,  two  loaded  vessels, 
each  of  seventy  tons  burden.  On  this  occasion,  it  travelled  with  its 
load  a  distance  of  nineteen  miles  and  a  half  in  six  hours,  although 
there  was  so' strong  a  wind  ahead  that  no  other  vessels  in  the  canal 
could  move  to  windward  on  that  day.  The  tug-boat  was  a  rather 
short  vessel,  with  a  bingle  paddle-wheel  in  the  stem,  impelled  by  a 
horizontal  cylinder  of  twenty-two  inchea  diameter  and  four  feet  stroke, 
working,  by  means  of  a  connecting-rod,  a  crank  on'  the  axle  of  the 
wheel  The  rudder  was  double,  on  account  of  the  mtuation  of  the 
paddle-wheel,  and  it  was  moved  by  means  of  a  tiller-wheel  in  tjie  fore- 
part of  the  vessel  A  complete  model  of  this  boat  may  be  seen  at  the 
Koyal  Institution  of  London.  In  thia  case,  though  the  object  aimed 
at  was  fully  attained,  as  far  as  the  successful  performance  of  the  Teasel 
could  go,  the  project  was  abandoned,  in  consequence  of  an  idea  that 
the  undulation  of  the  water*  occasioned  by  the  paddle-wheel  would 
prove  injurious  to  the  banks  of  the  canal  The  speed  attained  by  this 
steam-boat,  when  unimpeded  by  tiaving  any  others  to  draw  after  it, 
was  about  six  miles  an  hour. 

While  the  experiments  of  Symington,  under  the  patronage  of  Lord 
DundoB,  did  not  lead  to  the  immediate  adoption  of  steam-vessels  for 
commercial  purposes,  they  probably  tended,  in  no  unimportant  degree, 
to  their  subsequent  profitable  establishment  in  America  and  in  Great 
Britain ;  for  among  the  numerous  individuals  who  inspected  his  vessel 
with  interest  were  Fulton  and  Bell.  It  has  been  shown  that  projects 
for  steam-navigation  had  been  early  tried  in  North  America.  After 
Fitch  and  Bumsey,  the  chancellor  Livingstone  attempted  to  build  a 
steam-boat  on  the  Hudson,  and  in  1797  he  applied  to  the  legislature  of 
the  State  of  New  York  for  an  exclusive  privilege  to  navigate  boats  by 
a  steam-engine.  Though  his  project  excited  much  ridicule,  the  privi- 
lege was  granted  in  1798,  on  condition  that  he  should,  wittun  twelve 
months,  produce  a  steam-vessel  which  should  attain  a  mean  rate  of  at 
least  four  miles  an  hour.  This  he  failed  to  accomplish,  although 
assisted,  it  is  said,  by  an  Englishman  named  Nesbit,  and  by  Brunei 
(afterwards  Sir  -Mark  Isambard),  and  consequently  hia  grant  or  patent 
became  void.  Shortly  afterwards,  baing  at  Paris  as  minister  from  the 
United  States,  Livingstone  conversed  with  Fulton  on  the  subject  of 
steam-boats,  and  intimated  his  intention  of  resuming  the  experiments 
on  his  return  to  America.  Fulton  then  commenced,  under  his  auspices, 
the  experiments  which  bare  already  been  alluded  to  as  exciting  the 
jealousy  of  M.  des  Blancs.  After  several  preliminary  measures,  FiUton 
and  Livingstone  completed  a  boat  of  considerable  size  on  the  Seine, 
near  Paris,  early  in  1803 ;  but,  being  too  weak  to  bear  the  weight  of 
her  machinery,  she  broke  through  the  middle,  in  a  gale  of  wind  during 
the  night,  and  went  to  the  bottom.  To  this  discouraging  accident  Mr, 
Russell  attributes  one  of  the  excellencea  of  American  ateam-boata, — 
the  atrong  and  light  framing  by  which,  though  slender,  they  are  ena- 
bled to  bear  the  weight  and  atrain  of  their  large  and  powerful  engines. 
To  remedy  this  evil,  Fulton  had  to  rooorutruct  his  vessel  almost  en- 
tirely, after  her  shattered  hull  was  raised;  and  in  Augiiat  of  the  aame 
year  he  had  her  in  trying  order.  This  vessel  was  Oil  feet  long  and 
8  feet  wide.  The  speed  attained  was  much  less  than  had  been  hoped 
for ;  but  the  result  of  the  experiment  was  such  as  to  induce  the  pro- 
jectors to  order  an  engine  of  Boulton  and  Watt,  with  a  view  to  further 
trial  in  America.  As  the  boat  into  which  it  was  fitted  was  the  first 
regularly  established  steam-packet,  it  will  be  noticed  in  the  second  part 
of  our  history ;  but  before  closing  this  narrative,  allusion  must  be  inada 
to  the  proceedings  of  Fulton  between  the  time  of  these  French  experi- 
ments and  his  successful  enterprise  on  his  return  to  America.  During 
this  time  he  visited  England  [Fdltob,  Robert,  Bioo.  Div.]  ;  and  while 
here  he  introduced  himself  to  Symington,  frvm  whom  he  asked  for 
particular  information  respecting  what  he  had  done  in  steam  navigation. 

This  brief  sketch  of  what  may  be  termed  the  preliminary  history  of 
steam  navigation  would  be  incomplete  without  referring  to  the  ex- 
periments of  John  Stevens,  of  Hoboken,  near  New  York,  who  was 
connected  with  some  of  the  earliest  attempts  of  Livingstone  to  introduce 
steam  navigation  in  North  America.  Stuart  describes  a  small  boat, 
'  twenty-fivQ  feet  long  and  five  feet  wide,  impelled  by  a  steam-engine 
wibh  a  cylinder  of  four  inches  and  a  half  diameter  and  nine  inches 
stroke,  which  he  tried  about  New  York  in  1804.  The  boiler,  which 
was  only  two  feet  long,  fifteen  inches  wide,  and  twelve  inches  high, 
consisted  of  eighty-one  tubes  of  an  inch  diameter.  This  little  steam- 
boat had  a  velocity  of  about  four  miles  an  hour,  or,  for  short  distances, 
of  seven  or  eight  miles  an  hour.  The  subsequent  vessels  of  Stevens 
and  his  son  will  be  hereafter  noticed.  About  the  same  time  (1804) 
Oliver  Evans,  another  early  American  improver  of  the  steam-engine, 
constructed  his  "  Orukter  Amphibolos,"  or  machine  for  removing  mud 
from  docks,  with  a  steain-engine  to  work  the  buckets.  It  was  a  heavy 
fiat-bottomed  boat,  thiny  feet  long  and  twelve  feet  broad.  Evans 
constructed  this  machine  at  a  distance  of  a  mile  and  a  half  from  the 
river  Schuylkill,  and  exhibited  hia  long-cherished  project  of  ateam 
locomotion  on  land  by  mounting  it  upon  wheela,  and  coimecting  them 
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with  ihe  engine.  After  doing, thii  to  his  satisfaction,  he  fitted  a  paddle- 
wheel  to  the  ^tem  of  the  machine,  and  launched  it  on  the  river  as  a 
Bteam-boat. 

It  is  not  pretended  that  the  abore  account  embraces  every  project 
brought  forward,  or  even  every  public  experiment  made  respecting 
navigation  by  steam;  but  enough  has  been  related  to  show  that  its 
poesibility  had  long  'been  contemplated,  and  that  many  persons  had 
expended  much  time  and  money  upon  the  scheme  before  a  single 
steam-vessel  was  regularly  used  for  the  purposes  of  commerce.  Upon 
the  subsequent  history  of  steam  navigation  it  is  needless  to  treat  at 
length;  but,  before  entering  upon  it,  it  may  be  well  to  state  that 
besides  the  claims  to  the  invention  which  have  been  put  forth  on 
behalf  of  Spain,  France,  En^and,  Scotland,  and  Korth  America,  one 
has  been  made  also  for  an  Italian,  named  Sea^ino  Serrati,  in  a  work 
published  at  Florence  in  1796,  in  which  it  is  stated  that  Watt  was 
the  inventor  of  steam-engines  in  England  in  1 787,  but  that  Serrati  was 
"  the  first  not  only  to  conceive  the  design  of  a  steam-boat,  but  also  to 
place  one  upon  the  river  Amo,  which  runs  through  Florence."  Russell 
observes  that  he  had  no  means  of  testing  tjie  truth  of  this  statement, 
but  that,  like  the  narrative  of  Oaray's  })erformances,  it  may  be  either 
true  or  untrue,  without  affecting  the  history  of  steam  navigation ;  since 
it  is  evident  that  our  present  system  of  steam  navigation  has  been  in 
no  way  derived  from  cither  of  them. 

Fulton  returned  to  .America  towards  ihe  latter  end  of  1806,  and 
immediately  commenced  building  a  steam-boat  for  use  upon  the 
Hudson.  This  vessel  was  built  at  New  York,  and  was  launched  in  the 
spring  of  1807.  The  engines  were  mounted  and  ready  for  triid  by 
August  in  that  year,  engineers  from  Soho  assisting  in  the  work,  and 
when  the  vessel  started,  its  success  became  immediately  evident.  Soon 
afterwords  this  vessel,  which  was  named,  from  Livingstone's  residence, 
the  Clermont,  made  her  'first  voyage  from  New  York  to  Albauy,  a 
distance  of  about  a  hundred  and  forty-five  miles ;  which  distance  it 
accomplished  at  the  rate  of  about  five  miles  an  hour. 

Satisfactory  as  was  the  performance,  of  the  Clermont,  she  did  not, 
owing  to  the  want  of  proper  proportion  in  the  wheels,  attain  so  great  a 
speed  OS  Fulton  had  anticipated.  The  dimensions  of  the  boat,  which 
was  of  a  hundred  and  sixty  tons  burden,  were  one  hundred  and  thirty* 
three  feet  long,  eighteen  feet  wide,  and  seven  feet  deep.  Her  cylinder 
was  tjwo  feet  in  diameter,  and  four  feet  stroke  ;  and  the  paddle-wheels 
were  fifteen  feet  in  diameter,  with  paddles  four  feetiong,  dipping  two 
feet  into  the  water.  These  dimensions  probably  refer  to  the  improved 
paddle-wheels  used  subsequent  to  the  first  trial,  those  originally  used 
being  too  large,  so  that  they  dipped  too  deep  into  the  water.  The 
wheels  were  of  cast  iron,  and  had  no  support  beyond  the  sides  of  the 
vessel,  and  consequently  some  trouble  was  occasioned  by  their  frequent 
breakage  in  the  earlier  experiments.  Until  his  death  in  1815,  Fulton 
continued  to  be  actively  engaged  in  building  steam- vessels,  and  at  that 
time  he  had  just  completed  a  large  steam-frigate  or  floating  battery, 
supported  by  two  hulls,  with  a  canal  -fifteen  feet  wide  between  them, 
in  which  the  paddle-wheel  worked.  So  highly  were  his  services  then 
appreciated,  that  besides  other  testimonies  of  respect,  the  members 
of  both  houses  of  the  legislature  wore  mourning  on  occasion  of  his 
death. 

Fulton  had  scarcely  launched  the  Clermont  before  a  rival  appeared. 
Stevens  of  Hob(^en  bad  a  steam-f  esak  ready  for  trial  in  a  few  weeks 
after  the  triumph  of  Fulton ;  but.  as  the  monopoly  of  steam  navigation 
in  the  state  of  New  York  was  secured  to  Livihgatone  and  Fulton,  he 
could  not  employ  it  upon  the  Hudson,  and  therefore  took  it  round  by 
sea  to  the  Delaware,  thus  becoming  the  first  (unless  the  ease  of  Garay 
be  an  exception)  to  venture  to  sea  with  a  steam-vessel.  To  R.  L. 
Stevens,  his  son,  American  steam  navigation  is  deeply  indebted.  He, 
according  to  Russell,  improved  the  form  of  the  American  vessels,  by 
substituting  a  very  long  proportion,  with  a  fine  entrance  and  a  fine  run, 
for  the  full  round  bows  and  stems  of  Fulton,  whose  boats  were,  he 
says,  mere  boxes  sharpened  a  Uttle  at  both  ends,  which  drove  before 
them  so  large  a  heap  of  water  as  to  limit  their  speed  to  about  nine 
miles  an  hour.  _  The  iwprovementa  of  Stevens  enabled  him  to  rise  to 
a  velocity  of  thirteen  miles  an  hour.  He  also  adopted  a  different  form 
of  engine  from  that  of  Fulton ;  using  cylinders  of  very  long  stroke, 
with  upright  guides,  insteitd  of  the  old  parallel  motion,  to  ensure  the 
accurate  motion  of  the  piston,  and  placing  the  working  beam  above 
the  deck,  instead  of  altering  the  usual  arrangement  of  the  machinery 
in  order  to  keep  it  below  the  deck,  as  done  in  Fulton's  engines  and  in 
those  commonly  used  in  British  steam-vessels. 

The  practical  application  of  steam  navigation  in  Scotland,  though 
attributable  to  the  experiments  of  Miller,  Taylor,  and  Symington,  at 
least  OS  distinctly  as  were  the  operations  of  Fulton  upon  the  rivets  of 
North  America,  did  not  take  place  till  a  few  years  later,  and  was  in 
some  degree  suggested  by  them.  Henry  Bell,  of  Helensburgh,  on  the 
Clj  de,  the  individual  by  whom  steam-vessels  were  first  used  in  Britain 
for  commercial  purposes,  iad  been  well  acquainted  with  the  experi- 
ments at  Dalswinton  and  on  the  Forth  and  Clyde  canal;  but  he  did 
not  take  any  step  for  carrying  into  effect  the  important  scheme  of 
wbicli  they  proved  the  practicability,  until  the  proceedings  of  Fulton, 
combmed  with  peculiar  circumstances  in  his  own  ease,  urged  him  to 
1  "S.-.  ,^*''"8  **  *°°ie  misapprehension,  it  was  erroneously  stated  lii 
the  FifUi  Report  of  the  Select  Committee  on  the  Roads  from  London  to 
Holyhead,  in  1822,  that  Bell  went  over  to  America  to  assist  Fulton  in 


estabUshing  steam-boats  in  that  country.  In  ihe  minute  and  interest- 
ing narrative  of  Russell,  who,  from  residing  in  the  neighbourhood,  had 
peculiar  facilities  for  obtaining  correct  information  respecting  the  history 
of  steam  navigation  upon  the  Clyde,  it  is  stated  that  Bell  was  a  house- 
carpenter  in  Glasgow  for  many  years,  and  was  rather  fond  of  what  are 
called  KhetMs.  In  the  year  1808  he  engaged  in  an  undertaking  some- 
what of  this  character,  by  becoming  proprietor  of  an  eetablishmeot  of 
the  nature  of  an  hotel,  or  bath-house,  at  Helensburgh,  a  watering-placs 
on  the  Clyde,  opposite  to  Greenock.  To  'increase  the  {tciUties  for 
reaching  this  place,  and  thereby  to  induce  a  larger  influx  of  visiton 
from  Glasgow,  Bell  endeavoured  to  introduce  passage-boats  moved 
by  paddles  impelled  by  manual  labour ;  but  his  experiments  failed, 
and  at  length  he  determined  upon  the  construction  of  a  steam-boat  to 
meet  the  difficulty.  Thus  his  connection  with  an  undertaking  of  wry 
difierent  character,  combined  with  his  correspondence  with  Fulton,  led 
him  to  take  this  important  step. 

The  Comet,  built  by  Bell  in  1811,  was  a  vessel  of  forty  feet  keel, 
and  ten  and  a  half  feet  beam ;  of  about  twenty-five  tons  burden, 
and  three-horse  power.  This  vessel  began  to  run  regularly  between 
Glasgow  and  Helensbujgh,  in  January,  1812,  and  continued  to  ply 
successfully  during  the  following  summer;  her  rate  of  motion  was 
about  five  miles  an  hour.  The  second  steam-boat  established  on  the 
Clyde,  the  Elizabeth,  was  commenced  as  early  as  March,  1812,  and  was 
ready  for  use  about  twelve  montlis  after.  She  was  ttie  property  of 
Mr.  Hutchison,  a  brewer ;  but  she  was  built  under  the  direction  of  an 
engineer  named  Thomson,  who  had  been  engaged  in  some  of  Bell's 
first  experiments.  She  was  of  longer  proportion  than  the  Comet, 
being  fifty-eight  feet  long  aloft,  fifty-one  feet  keel,  twelve  feet  beam, 
and  five  feet  deep  ;  and  her  proportion  of  power  to  tonnage  was  much 
better,  her  burden  being  about  thirty-three  tons,  and  her  engine  of 
about  ten-horse  power.  The  Elizabeth  performed  the  passage  of  twenty- 
seven  miles,  between  Glasgow  and  Greenock,  twice  a  day ;  and,  accord- 
ing to  her  owner's  account,  made  the  voyage  in  something  leas  than 
four  hours,  with  a  hundred  passengers  on  board,  and,  in  &vourable 
circumstances,  in  two  houn  and  three-quarters.  She  accomplished,  it 
would  appear  from  the  same  statement,  a  distance  of  eighth-one  miles 
in  one  diky,  at  an  average  rate  of  nine  miles  an  hour. 

Stuart  relates  that  while  Bell  was  engaged  in  establishing  his 
steamers  on  the  Clyde,  a  person  named  Dawson  was  making  similar 
experiments  in  Ireland;  and  that  he  had,  according  to  his  own 
account,  built  a  steam-boat  of  fifty  tons  burden,  worked  by  a  faif^- 
pressure  steam-engine,  as  early  as  1811 ;  which,  by  one  of  those 
singtdar  coincidences  frequently  met  with  in  the  history  of  inventions, 
he  named  the  Comet.  In  1813,  it  is  added,  Dawson  eetabliahed  a 
Bteam>packet  on  the  Thames,  to  ply  between  Qraveseod  and  London, 
"  which  was  the  first  that  did  so  for  public  accommodation,  although 
Mr.  Lawrence  of  Bristol,  who  introduced  a  steam-boat  on  the  Severn, 
soon  after  the  $uc(;essful  operations  on  the  Clyde,  had  her  carried  to 
London  (through  the  canals)  to  ply  on  the  Thames ;  but  from  the 
opposition  of  tiie  watermen  to  the  innovation,  he  was  in  the  end 
obliged  to  take  her  to  her  first  station,"  If  this  be  oorrect,  the 
Qravesend  steam-packet  alluded  to  must  have  been  overlooked  by  the 
author  of  a  pamphlet  published  in  1881,  entitled  '  An  Account  of  the 
Origin  of  Steam-boats  in  Spain,  Great  Britain,  and  America ;  and  of 
their  Introduction  and  Employment  upon  the  river  Thames,  between 
London  and  Gravesend,  to  the  present  time ;'  by  R,  P.  (>uden,  oi 
Milton  by  Gravesend,  who  repeats  the  statement  in  his  '  History  of 
Gravesend,'  (8vo,  1843,)  p.  484.  He  states  that  the  fint  steam-boat 
which  plied  between  London  and  Gravesend  was  the  Margery,  of  seventy 
tons  burden,  and  fourteen-horse  power ;  a  vessel,  originally  used  on  the 
Clyde,  where  she  was  built  in  1813,  by  Messrs.  Wood  of  Port-Glasgow, 
the  builders  of  the  Comet  and  the  Elisabeth.  She  was,  it  is  stated, 
brought  to  London  from  Leith  early  in  1815,  and  on  the  23rd  of 
January  in  that  year  she  began  to  ply  between  London  and  Gravesend. 
This  vessel  was,  in  the  following  year,  removed  to  France,  for  use  upon 
the  Seine ;  and  that  tried  on  the  Thames  by  Dawson  was,  according  to 
Stuart,  sent  to  Spain,  to  ply  between  Seville  and  S<m  Lucar.  Cruden 
states  that  the  Richmond  packet  had  been  employed  between  London 
and  Richmond  in  the  year  preceding  the  use  of  the  Maigeiy  on  the 
Gravesend  station.  * 

Among  the  enterprising  individaals  by  whose  azertions  steam-boats 
were  established  upon  the  Thames,  the  name  of  George  Dodd  deserves 
a  prominent  place,  although  his  history  is  a  melancholy  instance  of 
the  poverty  which  often  attends  the  most  ingenious  inventors.  He 
was,  it  would  appear,  the  first  to  undertake  a  considerable  voyage  by 
sea  in  a  steam-vessel.  The  boat  with  which  this  voyage  was  accom- 
plished was  built  on  the  Clyde  by  Messrs.  Wood,  and  was  launched  in 
1813,  under  the  name  of  the  Glasgow ;  but  was  subsequently  altered, 
and  called  the  Thames.  She  was  of  saventy-four  or  seventy-five  tons 
burden,  and  about  fourteen  or  sixteen  horse-power,  with  paddle-wheels 
nine  feet  in  diameter.  Dodd  brought  her  round  to  the  Thames  by 
steam  and  sails,  experiencing  some  very  rough  weather  on  the  way, 
.  especially  in  the  Irish  Sea.  A  detailed  account  of  the  Toyage  was 
'  published ~in  the  'Journal  des  Mines'  for  September,  1815,  and 
subsequently  at  the  end  of  Dodd's  work  on  steam-boats.  It  is 
needless  to  follow  minutely  the  extension-of  steam  navigation  in  the 
;  British  dominions  and  elsewhere  subsequent  to  the  success  of  Bell  and 
his  inuuediate  followers.    Bell  himaell  said, "  I  will  Tsnture  to  affirm 
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thatliistoTy  does  not  afford  an  instance  of  such  nipi4  improvement  in 
commerce  and  civilisation  ^  that  which  will  be  effected  by  steam- 
vessela ; "  and  probably  there  are  few  at  the  present  time  who  would 
not  fully  acknowledge  the  truth  of  his  prediction,  but  it  may  be 
interesting  %n  give,  from  Dodd,  an  enumeration  of  the  principal  steam- 
TesseU  in  use  in  Great  Britain  and  Ireland  at  the  date  of  his  XV-ork 
(1818).  13,6  states  that  there  were  then  eighteen  steam-boats  on  the 
Clyde,  two  a^  Dundee,  two  on  the  Tay,  two  on  the  Trent,  two  on  the 
Tyn^,  four  on  the  Uumber,  two  on  the  Mersey,  three  on  t^e  Yare,  one 
on  the  Avon,  one  on  the  Severn,  one  on  the  Orwell,  six  on  the  Forth, 
two  at  Cork,  and  two  intended  to  navigate  from  Dublin  to  l^olyhead. 
In  another  part  of  his  work  he  describes  the  vessels  then  in  use  upon 
the  Thames,  of  which  two,  the  Richmond  and  the  London,  plied 
between  London,  Bichmond,  and  Twickenham,  and  had,  he  says, 
carried  not  less  than  ten  thousand  passengers  within  t^e  last  four 
months.  These  were  built  under  Dodd's  superintendence ;  and  in 
consequence  of  having  to  pass  under  the  bridges,  they  were  made  with 
an  apparatus  of  his  invention  for  lowering  their  chimneys.  These 
boats  experienced  much  but  ineffectual  opposition  from  the  watermen, 
who  deemed  their  use  an  in^'asiou  of  their  rights.  A  third  steam- 
vessel  designed  by  Dodd,  the  Sons  of  Commerce,  intended  for  use 
between  London  and  Gravesend,  Jbad  been  used,  in  the  season  pre- 
ceding the  publication  of  his  work,  between  London  and  Margate,  and 
had  onoo  performed  the  joumey,  about  eighty-eight  miles,  in  seven 
hours  and  thirty-6ve  minutes.  Her  speed,  when  unassisted  by  wind  or 
tide,  was  ten  miles  an  hour.  Another  boat,  the  Majestic,  plied 
between  London  and  Margate  in  1816,  This  vessel  had  been  to  Calais, 
and  had  often  towed  vessels  of  seven  hundred  tons  burden  down  the 
river.  The  Regent,  one  of  the  early  Thames  steamers,  was  accidentally 
burnt  off  Whitstable,  in  July,  1817.  Besides  these,  Dodd  mentions 
tiie  Caledonia,  with  two  engines  of  fonrteen-horse  power,  which  had 
been  from  Murgate  to  Flushing,  ecoA  also  on  the  Rhine ;  the  Eagle, 
which  had  a  single  paddle- wheel  in  the  centre,  and  failed,  he  argues, 
for  want  of  room  for  the  escape  of  the  water  agitated  by  the  paddles ; 
.  the  Hope,  a  small  vessel,  built  at  Bristol,  which  proved  a  failure ;  and 
the  Thames,  the  vessel  which  Dodd  himself  brought  from  the  Clyde. 
In  addition  to  British  steam-vessels,  it  is  stated  that  there  were  at  that 
time  steam-packets  and  steam  luggage-vessels  used  in  Russia,  the 
Netherlands,  France,  and  Spain;  and  that  one  was  building  in  the 
East  Indies.  In  order  to  give  an  approximate  statement  of  the 
progress  of  steam  navigation  in  the- United  States  about  the  same 
period,  a  few  facts  may  be  quoted  from  the  evidence  of  Seth  Hunt, 
Esq.,  formerly  commandant  of  Upper  Louisiana,  before  the  select  com- 
mittee of  the  House  of  Commons  appointed  in  1817  to  consider  the 
means  of  preventing  the  mischief  of  explosion  on  board  steam  boats. 
This  gentleman  stated  that  there  were  then  ten  steam-vessels  running 
between  New  York  and  Albany,  two  between  New  York  and  the  State 
of  Connecticut,  and  four  or  five  to  New  Jersey,  besides  the  ferry-boats, 
of  which  there  were  four.  On  the  river  Delaware  there  were  also  a 
number  of  boats,  which  plied  between  Philadelphia  and  Trenton  in 
Kew  Jersey;  and  others  between  Philadelphia  and  Newcastle,  and 
Pliiladelphia  and  Wilmington,  besides  ferry-boats.  Some  of  these  were 
worked  with  high-pressure  engines.  There  were  steam-boats  from 
Baltimore  to  Norfolk,  which  passed  a  part  of  the  Chesapeok,  several 
miles  in  width ;  and  steam-vessels  had  been  to  New  London,  which  is 
still  more  exposed;  and  also  up  to  New  Hertford.  Thf  Powhatan 
steam-boat,  which  was  built  at  New  York,  had  been  exposed  to  a 
severe  gale  of  wind  in  the  open  ocean  for  three  days,  after  which  it 
arrived  at  Norfolk,  and  theuce  proceeded  up  the  James  river  to 
Richmond.  The  largest  steam-boats  in  America  were  those  upon  the 
Mississippi,  plying  between  New  Orleans  and  Natcheji.  These  vessels, 
the  Etna  and  Vesuvius,  were  of  four  hundred  and  fifty  tons  burden, 
and  carried  two  himdred  and  eighty  tons  of  merchandise,  one  hundred 
passengers,  and  seven  hundred  bales  of  cotton. 

The  introduction  of  steam-packets  upon  the  open  sea  was  a  favourite 
object  with  Dodd.  He  observes  particularly  the  great  importance  of 
their  establishment  between  Dublin  and  Holyhead,  as  the  intercourse 
by  sailing  packets  was  liable  to  great  delays.  They  were  sometimes,  it 
is  stated,  more  than  seventy-six  hours  at  sea,  although  the  distance  is 
only  about  sixty  miles.  The  use  of  steam-vessels  upon  this  station  was 
advocated  for  several  years  be/ore  they  were  regularly  established ;  and 
Dodd  hod,  on  behalf  of  himself  aBd  friends,  offered  to  bear  the  expense 
of  two  packets  for  making  the  experimeiit,  provided  the  Post  oflCce 
authorities  woiild  guarantee  to  him  the  conveyance  of  the  mails,  in  the 
event  of  thosa  packets  fully  answering  his  representations ;  but  his 
ofi'er  was  not  accepted.  It  has  been  shown  that  some  sea-voyages 
were  performed  at  an  earlier  date ;  but  the  regular  establishment  of 
ocean  steam  navigation  may  be  considered  to  have  commenced  with 
the  Bob  Roy,  a  steamer  of  abouf  thirty-horse  power  and  ninety  tons 
burden,  which  commenced  running  in  1818  between  Greenock  and 
Belfust  This  vessel  was  established  by  Mr.  David  Napier,  who,  says 
Russell,  from  the  year  1818  until  about  1830,  "effected  more  for  the 
improvement  of  steam  navigation  than  any  other  man."  This  gentle- 
man must  be  distinguished  from  his  cousin,  Mr.  Robert  Napier,  of 
Glasgow,  who  is  also  honourably  known  for  improvements  of  the  same 
kind,  but  of  a  somewhat  later  date.  David  Napier,  according  to  the 
interesting  narrative  of  the  progress  of  steam  navigation  in  Britain, 
given  by  the  above-mentioned  writer,  venture^  at  once  to  establish 


regular  communication  between  Britain  and  the  neighbouring  countries, 
Ireland  and  France,  by  steam-vessels  plying  even  during  the  stormy 
months  of  winter ;  though,  previous  to  the  time  of  his  improvements, 
such  vessels  had  scarcely  ever  ventured  to  sea  except  in  fine  weather. 
In  order  to  make  himself  well  acquainted  with  the  difficnltiee  to  be 
overcome,  he  took  passage,  at  the  worst  season  of  the  year,  in  one  of 
the  sailing  vessels  which  formerly  plied  between  Glasgow  and  Belfast, 
and  which  often  required  a  week  to  perform  a  joumey  that  is  now 
done  by  steiim  in  nine  hours.  After  anxiously  watching  the  eSect  of 
the  waves  when  the  vessel  was  tossed  in  a  storm,  and  satisfying  him- 
self that  there  was  no  insuperable  difficulty,  he  retired  contentedly  to 
his  cabin,  leaving  the  captain  of  the  vessel  puzzled  at  his  strange 
curiosity  respecting  the  eSect  of  rough  weather.  He  subsequently 
tried  expeiwients  upon  the  best  form  of  hull  for  getting  through  the 
water  with  the  minimum  of  resistance ;  and  these  led  him  to  adopt  a 
fine  wedge- like  form  for  the  fore '  part  of  his  vessels,  instead  of  the 
round  full  bow  common  in  those  propelled  by  sails.  The  Rob  Roy, 
after  plying  two  winters  between  Greenock  and  Belfast,  was  removed 
from  that  line,  and  employed  as  a  packet  between  Dover  and  Cahus. 
In  1819  he  employed  the  Messrs,  Wood  to  build  the  Talbot,  of  one 
hundred  and  fifty  tons  burden,  into  which  he  fitted  two  engines  of 
thirty  horse-power  each.  This  fine  vessel,  the  most  perfect  of  her 
time  in  all  respects,  plied  between  Holyhead  and  Dublin ;  and  she  was 
soon  followed,  on  tlie  same  line,  by  another  excellent  vessel,  called  th«- 
Ivanhoe.  In  1821  steam-vessels  were  regularly  established  as  Post- 
office  packets  on  that  important  station.  They  hod  been  intended 
merely  as  auxiliaries  to  the  sailing  packets ;  but  they  soon  superseded 
them.  From  the  evidence  given  before  the  Holyhead  Roads  Com- 
mittee in  1822,  it  appears  that  even  then  the  intercourse  between  the 
two  countries  had  been  reduced  almost  to  a  cerlbinty ;  and  that  while, 
in  tho  year  preceding  their  adoption,  exactly  one  hundred  mails 
arrived  in  London  after  the  proper  time,  there  were  only  twenty-two 
cases  of  delay,  in  the  first  nine  months  in  which  the  eteam-packeta 
were  used,  although  this  period  included  the  winter  season,  during  the 
early  part  of  which  the  weather  was  worse  than  had  been  known  for 
more  than  sixty  years.  The  vessels  which  were  built  expressly  for 
this  purpose  were  strengthened  by  diagonal  framing  upon  the  plan  of 
Sir  Robert  Seppings. 

The  next  miportant  stage  may  be  considered  to  be  the  build- 
ing of  the  "  Great  Western"  at  Bristol  in  1838,  a  ^rger  steamer 
than  bad  then  been  built,  being  nearly  14t)0  tons;  and  the  first 
voyage  by  steam  across  the  Atlantic,  The  tonnage  of  the  Great 
Western  equalled  that  of  the  largest  sailing  merchant  ships  which 
had  been  constructed.  She  left  Bristol,  and  entered  New  York 
harbour  under  full  steam  in  the  extraordinary  period  of  15  days 
having  on  board  a  surplus  of  148.^nsof  coal.  It  is  true  that  the 
Sirius,  a  smaller  steamer,  had  sailed  from  Cork  before  the  Great 
Western  left  England,  and  had  arrived  in  safety  at  New  York  just 
before  her ;  but  there  was  this  important  difference  between  the  two 
voyages,  the  Sirius  had  performed  much  of  her's  under  sail,  while  the 
Great  Western  hod  been  propelled  by  steam  only.  Fourteen  years 
later  a  large  ship  called  the  Australian,  built  of  iron,  on  the  Clyde, 
left  Plymouth  (June,  1852)  tor  Melbourne  touching  for  coals  at 
St.  Vincent,  St.  Helena,  and  the  Cape,  and  anchored  safely  in  King 
George's  Sound,  West  Australia,  on  the  20th  of  August,  having  per- 
formed the  whole  voyage  (including  stoppages  for  fuel)  in  76  days. 
This  was  the  first  attempt  to  reach  Australia  by  steam,  and  led  to  the 
construction  of  such  ships  as  the  celebrated  Great  Britain,  the  ill-fated 
Royal  Charter,  and  other  ships  of  greater  perfection.  In  1854  a  fine 
American  paddle-wheel  ship  called  the  Golden  -Age,  astonished  our 
Liverpool  buildeiB  by  her  size  an^  power,  and  gave  the  first  intima- 
tion of  a  change  in  form  likely  to  become  general  among  ocean 
steamers.  The  total  ouiission  of  a  bowsprit  and  the  relief  afforded  the 
fore  part  of  the  ship  as  a  floating  bulk,  by  the  removal  of  the  usual 
dead  wood  about  the  stem  and  figare-head,  was  a  change  deduced  from 
scientific  experiments  becoming  more  and  more  followed.  The  Golden 
Age  had  taken  in  at  one  port  alooe  (Tahiti)  about  1200  tons  of  coal, 
an  enormous  weight,  double  that  which  only  15  years  before  had  been 
the  supply  to  the  Great  Western, 

Another,  memorable  event  in  the  history  of  ocean  steamers  was  the 
voyage  of  the  steam  screw  ship  Argo  of  1850  tons,  which  at  about  this 
{)eriod  circumnavigated  the  globe,  the  duration  of  her  actual  voyage 
being  only  12i  days. 

Since  mis 'period  a  number  of  gigantic  ocean  steainers  have  been 
built  for  the  companies  known  as  the  Peninsular  and  Oriental,  the 
Royal  West  India  Mail,  the  Cunard,  &c.  Among  these  the  Persia 
is  the  largest  of  paddle  steamers.  Some  of  these  magnificent  vessels 
are  of  about  3500  tons,  fitted  with  exquisite  taste  and  elegance.  But 
the  greatest  triumph  of  naval  architecture,  and  the  most  extraordinary 
as'  to  size  is  the  Great  Eastern,  built  iii  1859  by  Mr,  John  Scott 
Russell,  on  the  Thames,  from  the  joint  designs  of  himself  and  Mr, 
Brunei,  This  stupendous  vessel  is  of  the  length  of  691  feet  on 
deck,  has  a  breadth  of  88  feet  and  depth  of  58  feet,  having  a  gross 
registered  tonnage  of  18,914,  but  said  to  be  capable  of  carrying 
25,000  tons  I 

The  most  prominent  events  in  the  history  of  steam  vessels  having 
been  thus  mentioned,  a  few  general  remarks  will  show  the  actual 
position  of  this  imporUnt  aubject. 
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It  is,  perhaps,  impossible  to  over-eetlmato  the  importance  of  the 
building  of  the  Oreat  Eastern  as  an  iron  ship.  In  many  prior  CBses 
steam  ships  had  been  saved  from  foundering  by  being  built  of  metal. 
The  -writer  was  one  who  encountered  the  fearful  hurricane  of 
September,  )  853,  in  the  Bavensboume  in  the  North  Sea,  and  long 
previous  experience  of  the  sea  enables  him  to  declare  that  no  vessel 
built  of  wood  could  have  braved  such  a  prolonged  tempest  with 
impunity,  inasmuch  as  the  twistings  of  the  frame  of  the  eiiip  must 
have  started  trenails  and  butt  ends,  to  her  inevitable  destruction,  and 
that ,  of  the  crew  and  passengers.  The  well-known  instance  of  the 
Great  Britain  lying  a  whole  winter  on  shore  in  Dundrum  Bay,  exposed 
to  the  action  of  heavy  surf,  is  a  powerful  fact  in  favour  of  iron  ships. 
The  introduction  of  water-tight  compartments  has  also  long  been  a 
consideration.  S'^eam  vessels  are  greatly  strengthened  by  me;ftis  of  these 
water-tight  bulkheads  or  transverse  partitions  in  the  hull,  the  general 
adoption  of  which,  more  than  any  other  improvement,  increases  the 
safety  of  steam  navigatiun.  In  a  vessel  of  the  ordinary  construction  a 
small  local  injury  from  striking  upon  a  rock,  from  collision,  or  from 
any  other  cause,  may  occasion  the  sinking  of  the  vessel,  because  the 
water  has  free  access  to  every  part  of  it.  Fire  also,  wherever  it  may 
commence,  is  pretty  sure  to  spread  through  the  whole  length  of  the 
boat.  The  adoption  of  water-tight  bulkheads,  to  confine  the  effect  of 
an  accident  to  the  particular  division  of  the  vessel  in  which  it  origin- 
ates, was  suggested  by  Dodd  as  early  as  1818.  He  mentions  them  in 
p.  220  of  the  treatise  which  has  been  alluded  to  in  the  former  part  of 
this  article,  proposing  to  use  them  between  the  engine-room  and  the 
cabins ;  and.  he  states  that  h&  intended  to  introduce  them  in  two  boats 
which  he  was  then  building.  Whether  he  did  so  or  not  we  are 
xmaware ;  but  the  adoption  of  this  excellent  precautionary  apparatus 
appears  to  be  due  to  Mr,  C.  W.  Williams,  managing  director  of  the 
City  of  Dublin  Steam-packet  Company.  A  minute  description  of  his 
bulkheads,  and  a  very  satisfactory  statement  respecting  their  import- 
ance and  their  eihciency,  are  given  in  a  communicatidn  from  that 
gentleman  to  the  commissioners  on  steam-vessel  accidents  in  1889, 
which  is  printed  in  the  appendix  to  their  report.  He  therein  states 
that  he  first  applied  water-tight  bulkheads  in  an  iron  steamer  called  the 
Garryowen. 

Many  instances  have  occurred  in  which  water-tight  bulkheads  have 
^ved  Lfe  and  cargo.  One  of  our  largest  paddle-steamrrs,  in  March, 
1857,  struck  an  iceberg  with  such  force  as  would  have  shivered  a 
wooden  ship  (or  a  badly-built  iron  one)  to  pieces.  As  it  was,  extensive 
damage  to  the  forefoot  caused  the  fore  compartment  to  fiU  with  water, 
but  so  little  did  it  affect  the  duration  of  the  voyage,  that  the  passengers 
were  unconscious  of  anything  beyond  the  concussion;  nor  did  the 
public  ever  hear  of  anything  beyond  the  shock,  as  the  next  voyage  was 
performed  without  thorough  repair. 

In  the  Great  Eastern,  not  only  has  a  complete  system  of  water-tight 
compartments  beei^  carefully  arranged,  but  these  have  been  longi- 
tudinally crossed  by  fore  and  aft  bulkheads,  in  such  a  manner  that 
neither  one  nor  several  perforations  of  her  bottom  would  disable  her ; 
and,  in  addition  to  these,  a  considerable  portion  of  her  js  doubled,  so 
that  the  outer  skin  of  plates,  separated  above  two  feet  from  a  complete 
water-tight  inner  bottom,  renders  her  not  only  the  safest,  but  the 
strongest  ship  in  the  world ;  for  these  two  separate  bottoms  are  so 
broad  and  stayed,  and  the  whole  is  so  contrived,  that  her  construction 
may  be  csHed  cellular  or  tubular.  She  is  a  ship  perfect  on  Scott 
Russell's  wave  principle  [Ship-Bdildino],  with  J  20  feet  of  midship 
portion,  the  sides  of  which  are  perfectly  parallel ;  but  with  this  portion 
the  lines  of  the  stem  and  stern  portions  are  so  gracefully  combined, 
that  her  form  is  considered  the  finest  afloat. 

It  is  difficult  for  non-nautical  persons  to  comprehend  the  disparity 
in  size  between  the  Great  Eastern  and  all  that  preceded  her.  The  best 
mode  of  comparing  her  with  other  vessels  is  by  noticing  that  the 
engine-room  of  the  Great  Eastern  occupies  a  cubic  space  of  5571  tons. 
Now  the  Duke  of  Wellington,  a  splendid  three-decker  of  121  guns,  is 
of  3826  tons.  Not  only,  therefore,  would  the  Duke  of  Wellington 
stow  in  the  Great  Eastern's  engine-room,  but  there  would  remain 
surplus  space  for  one  of  our  fine  frigates — say,  for  example,  the  Orestes, 
of  1702  tons;  and  as  regards  the  remaining  portions  of  the  Great 
Eastern,  she  could,  in  addition,  stow  away  H.M.  ships  Waterloo,  of 
91  guns,  with  the  Goliath,  Meanee,  and  Vanguard,  each  of  80  guns. 
And  again,  whereas  the  Great  Western  carried  (JOO  tons  of  coal  as  fuel, 
the  Himalaya  1000  tons,  and  the  Golden  Age  1200  tons,  the  Great 
Eastern  carries  10,000  tons.  And  further,  Se  Great  Eastern,  when 
immersed  to  her  load  water-line,  requires  95  tons  to  be  placed  on 
board  her  in  order  to  sink  her  one  inch  deeper,  while  ^e  Persia 
requires  only  80. 

The  great  inducement  for  increasing  the  size  of  merchant  ships,  and 
which  has  led  in  particular  to  the  building  of  the  Great  Eastern,  is 
that  large  ships  alone  are  fit  to  carry  fuel  sufficient  for  a  long  voyage ; 
coal,  when  supplied  at  intermedji^  stations,  being  often  much  oug- 
mented,  perhaps  quadrupled,  in  cost. 

It  would  be  impossible  to  enter  upon  the  merits  of  various  kinds  of 
vessels  now  afloat,  a  large  number  of  which  are  either  fitted  with  screw 
or  paddle ;  but  we  remark  that  so  many  vessels  are  now  built  of  iron, 
that  it  has  been  thought  necessary  by  the  committee  of  Lloyd's, 
London,  to  keep  a  check  upon  their  mode  of  construction,  in  defence 
of  the  interests  of  underwriters,  by  instituting  a  few  regulations  as  to 


the  dimensions  of  the  fnuning,  plates,  &c.,  of  iron  vessels.  As  an 
example,  no  vessel  of  8000  tons,  built  of  iron,  is  allowed  to  have  a  keel, 
stem,  or  stern-post  less  than  12  inches  by  SJ.  The  upright  ribs,  which 
correspond  with  "  timbers  "  in  the  wooden  ships,  must  be  18  inches 
apart,  and  be  formed  of  angle  iron  of64in.x4x^  The  thIclmeBS  of 
plates  forgarboard  strakes  to  stand  as  A  1  for  six  years,  i|j  in. ;  for  nine 
years,  1  in. ;  for  twelve  years,  1^  in.  Plates  between  garboard  strakes 
and  bilge  and  the  sheer-strakes,  for  six  years,  {{ in. ;  for  nine  years, 
jl  in. ;  and  for  twelve  years,  1  in.  Thickness  of  pbtes  for  beams,  |  in. ; 
for  bulkheads,  ^  in.  Angle  iron  for  beam  and  stringers,  or  keelsons, 
6J  in.  X  5J  X  j.  'Thickness  of  wood  for  upper  decks,  &c.,  4  in. ;  wlule 
even  the  sizes  of  the  rivets  are  determined  in  proportion  to  the  thick- 
ness of  plates :  as  an  example,  f  in.  plates  must  have  rivets  at  least  j^in. 
in  diameter;  J  in.  plates,  J  in. ;  {in.  plates,  ^^in. ;  and  1  in.  plates,  |  in. 
thick.  So  important  an  item  of  the  building  of  an  iron  ship  has  the 
use  of  rivets  been  found  to  be,  that  very  elaborate  experiments  were  in 
1857  undertaken  by  the  committee  of  Lloyds,  under  the  direction  of 
their  surveyor,  Mr.  Mumford,  to  discover  a  system  of  joining  iron 
plates  by  iron  rivets  which,  while  they  secured  sufficient  strength,  had 
no  tendency  to  facilitate  the  rusting  of  the  plates  at  the  rivet-holes. 

A  piece  of  iron  plate  J  in.  thick  was  subjected  to  a  strain  in  the 
hydraulic  press,  and  its  breaking  strain  was  found  to  be  about  65  tons 
to  the  foot  breadth  of  the  plate.  Riveted  plat£s  were  afterwards  sub- 
jected to  strain  in  the  same  machine,  each  rivet  being  Jin.  in  diameter, 
and  the  rivets  were  in  each  plate  varieil  in  position.  We  give  the 
following  as  illustrations;  the  whole  particulars  of  each  experiment 
may  be  seen  in  the  surveyor's  report,  as  published  in  full  in  the 
'  Transactions  of  the  Institute  of  Naval  Architects  in  1860 ' ; — 


RlTSts  4  dlametera  aput. 


Solid  plate. 


\ 


Jl 


Lapped  plates* 
Plate  13^  in.  broad. 
Breaking  atntn  43  tons. 
Strain  upon  1 2  inches  S8-03  tons. 
Fractnre    through    the  eoimter- 
sank  plate.) 


Flato  I  in.  thick  by  12}  In. 

broad. 
Creaking  atrain  67  tona. 
Stntin  upon  12  Inches  Si-C] 


If  we  now  turn  our  attention  to  the  arsenals  of  war,  a  like  series  of 
novelties  in  steam-shipping  awaits  us.  The  question  of  iron  armour  for 
our  wooden  ships,  for  ships  built  entirely  of  iron,  or  built  partly  of  iron 
and  partly  of  wood,  or  of  iron  entirely  with  heavy  plate  armour,  is  at 
the  present  time  an  exciting  subject.  Under  the  presidency  of  Sir 
John  Fakington,  the  Institute  of  Naval  Architects  has  already  con- 
sidered the  question  of  a  screw  fleet  with  advantage ;  and  the  veteran 
Sir  Howard  Douglas,  the  Earl  of  Hardwicke,  Captain  E.  P.  Ualsted, 
R.K.,  &c.,  have  entereid  upon  the  subject  with  characteristic  earnest- 
ness and  professional  zeal.  To  detail  what  is  doing  would  be  premature; 
It  is  enough  to  say  that  the  question  of  steam-ships  was  never  one  of 
such  importance  to  England  as  at  present.  Much  might  be  said  of  an 
experiment  made  by  France  in  building  ships  coated  with  heavy 
armour,  like  La  Oloire.  Opinions,  however,  are  so  conflicting  on 
various  vital  points,  that,  having  touched  briefly  the  prominent  out- 
lines of  the  subject^  it  must  be  left  to  the  future  to  chronicle  the 
ultimate  success  or  failure  of  such  experiments. 

Two  noble  vessels  called  the  Warrior  and  the  Black  Prince,  the  one 
built  recently  on  the  Thames  and  the  other  on  the  Clyde,  will  bear 
prominently  on  the  future  history  of  steam  shipping ;  a  brief  descrip- 
tion, therefore,  of  one  of  these  will  be  interesting,  and  the  more  so  as 
a  sort  of  rivalry  between  ourselves  and  another  country  exists  in  the 
question  which  is  likely  to  influence  very  materially  the  nature  of 
future  naval  warfare. 

And  first,  the  La  Gloire  is  a  fine  wooden  ship;  having  a  length  of 
252  feet  between  perpendiculars,  her  breadth  is  55  feet,  and  her  draft 
at  load  water  27i  feet.  She  is  eteamer-rigged,  having  square  sails  only 
on  her  foremast.  Her  masts  are  small  in  proportion  to  the  bull  It  is 
supposed  that  her  ports  are  only  between  6  and  7  feet  above  water,  in 
consequence  of  the  weight  of  her  defensive  armour,  which  consists  of 
plates  of  iron  about  2  feet  wide  and  44  inches  thick,  extending  from 
Bt«m  to  stem,  and  for  a  distance  below  water.  Her  horse-power  is 
supposed  to  be  900,  with  screw  propeller,  and  she  carries  Hi  fifty-four 
pounders  on  her  main  deck,  and  2  screened  heavy  shell  guns  forward. 
Her  porta  are  11 4  feet  apart  on  the  main  deck,  a  formidable  arrange- 
ment as  compared  with  every  ship  that  preceded  her>  But  the 
Warrior  is  a  greatly  superior  ship,  as  the  following  dimensions  will 
prove.  (The  Black  Prince  is  of  the  same  size  and  build  aa  the 
Warrior.) 

The  length  of  the  Warrior  is  380  feet  between  perpendiculars  (420 
feet  over  all),  she  is  of  58  feet  beam,  41}  feet  depth  from  spar-deck  to 
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keel,  26  f^et  draft  of  water,  and  of  the  burden  of  S177  tons,  builder's 
measurement ;  fitted  with  screw  propeller,  and  her  engmes,  constructed 
by  Penn  and  Sons,  are  of  1250  horse-power.  She  is  built  of  iron,  but 
her  great  peouliaritj  ia  that  205  feet  of  her  length  ia  protected  by  44- 
inch  plates  of  solid  iron,  backed  with  two  layers  of  te^  timber,  one  of 
10  inches  next  the  armour,  and  another  within  that  of  8  inches.  Her 
armour  extends  to  9  feet  below  load-water  line ;  and  at  the  extremities 
of  the  armour-clad  portion  of  her  hull,  and  quite  across  the  ends  of 
tile  ship  at  those  parts,  iron  bulkheads  of  strength  equal  to  the  mdee 
(being  4j[-inch  iron  backed  with  18  inches  teak  timber),  protect  the 
engines  and  stores  from  shots  which  might  enter  obliquely  from  bead 
or  stem ;  and  this  inclosed  space  is  divided  into  six  water-tight  com- 
partments, her  two  boilers  being  each  in  its  own  separate  compartment. 
In  addition  to  this  arrangement  inner  bulkheads  extend  all  round  the 
protected  portion  of  her  hull,  leaving  passages  H  feet  wide,  so  that 
any  leakage-water  runs  below,  and  tibis  affords  room  for  necessary 
repairs  if  inj^^ed  by  shot,  &o.  Her  main  deck- ports  are  about  8^  feet 
above  water  (at  load- water  line),  whije  her  ports  are  15^  feet  apart; 
thus  ample  space  is  given  for  working  her  guns,  and  for  warlike  opei»- 
tions.  With  the  spars  and  sails  of  an  80-gun  ship  (but  barque-rigged, 
having  no  crossjack  yard;,  she  will  be  immensely  superior  to  the 
loL  Oloire.  \ 

The  Warrior  is  nominally  a  36-gun  ship,  but  her  guns  will  be 
68-pounderB,  96  owt,,  for  the  main  deck,  10  Armstrong  (70-pounderB) 
on  the  spar-deck,  and  2  pivot  lOO-poundeis  (Armstrong's  also),  one  at 
each  end — in  all  48  guns ;  and  the  number  con  easily  be  increased. 

Aa  a  comparison,  the  Warrior's  superiority  to  the  La  Oloire  may  be 
thus  briefly  stated : —  i 

Ports  much  higher  out  of  the  water,  therefore  could  fight  har  guns 
in  bad  weather  when  La  Oloire  could  not  open  her  porta. 

Her  deck  is  much  higher,  to  facilitate  boarding. 

Has  more  space  in  which  to  work  her  guns. 

Draws  18  inches  less  water  than  La  Oloire. 

Is  less  dependent  on  steam,  being  nearly  full  rigged. 

HEks  greater  speed,  perhaps  of  2  knots  per  hour. 

Has  heavier  armament. 

Besides  having  very  superior  accommodation  for  her  officers  and 
crew.  ^ 

In  doting  this  important  detail  it  should  be  remarked,  that  early  in 
18S9  Sir  J^m  Pakington,  the  first  lord  of  the  Admiralty,  invited  the 
naval  architects  from  the  coast  to  furnish  plans  for  a  mail-cjad  ship,  and 
although  numerous  plans  were  forwarded  (from  Hr.  Scott  Bussell, 
Mr.  Samuda,  Mr.  Laird,  Mr.  Napier,  &c.),  the  design  adopted  originated 
entirely  in  the  office  of  the  late  Controller  of  the  Navy,  Sir  Baldwin 
Walker,  it  being  conceived  by  the  AdminJty  that  such  design  con- 
tained the  avoage  proportions  and  qualifications  of  all  the  others. 

The  last  suggestion  as  to  steam  vessels  for  war  purposes  is  that  by 
Captain  Cowper  P.  Coles,  B.N.,  who  proposes  certain  sloping  armour 
plates  which  shall  throw  off  diot ;  and  also  cartoin  modifications  in 
the  mode  of  arming  men-of-war  so  constructed ;  inasmuch  as  ha  would 
have  only  'one  row  of  guns  on  the  upper  deck  placed  amidships,  but 
placed  on  revolving,  powerfully  screened  platforms.  His  bi^ily  in- 
genious proposals  have  already  been  wen  received  by  the  Admiralty, 
and  experiments  on  a  ship  fitted  by  him  have  been  ordered,  and  will 
probacy  commence  in  a  few  months. 

'  The  following  outline  sketches,  drawn  accurately  to  a  scale  of  240 
feet  to  an  inch,  give  an  illustration  of  the  relative  sizes  of  the  Qreat 
Eastern,  H.  M.  S.  Duke  of  Wellington,  the  Warrior,  La  Qloire,  the 
Himalaya,  and  the  Oreat  Britain,  some  of  the  moat  noted  among 
English  steam  vessels. 


^ 
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OrestEsstem,  691  feet; 
|=L I l_„ 

V»  •  ••••••  ■••■.  ■  i.  ^  »ij 

fiJLB.  Duke  of  WelUagton,  121  gniu,  241  feeb 

...I [..il^lr.^ 

II.M.S.  Warrior,  S80  feet. 
1      ^    » 


La  Oloira,  2M  ftsk 


HimalaTa,  241  feet, 


Orsat  Britain,  300  feet 
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STEABANILIDK    [Steabio  Acid.] 

STEARENE.    [Steabio  Aon).] 

STEARIC  ACID  (HO,CmH„OJ.    This  body  is  the  most  abundant 

1.BT8  AJn>  tOL  DIT.  TOL.  TH. 


constituent  in  all  solid  fatty  substances.  It  exists  in  them  in  the  state 
of  lUarin,  a  combination  or  stearic  acid  with  the  basis  of  Oltoibht. 
The  relation  which  stearic  scid  bears  to  other  acids,  that  occur  in  &ts 
and  oils,  will  be  readily  seen  on  perusing  the  article  on  Fattt  Acids, 
Stearic  acid  is  sometimea  met  with  under  the  name  of  iaitic  add  and 
itforophanie  add,  and  under  the  name  of  anamirtui  add  occurs  in  the 
seeds  of  the  anamirla  cocadut. 

Stearin  is,  for  experimental  purposes,  generally  prepared  frOm 
mutton  suet,  from  a  solution  of  whioh  in  hot  ether  it  crystallises  out 
on  cooling.  By  one  or  two  recrystallisations  it  is  perfectly  purified.- 
Thus  prepared  stearin  forms  white,  pearly,  lamellar  crystals.  When  « 
quite  dry  it  is  not  greasy  to  the  touch,  and  is  easily  pulverised.  It 
melts  when  heated  to  about  144°  Fahr.,  but  by  repeated  fusions 
becomes  more  and  more  dense,  and  requires  an  increased  temperatuM 
for  its  liquefaction.  It  is  almost  insoluble  in  water  and  only  slightly 
soluble  in  cold  alcohol  or  ether.  Seven  times  its  weight  of  boiling 
alcohol  dissolves  it,  and  less  than  that  proportion  of  hot  ether.  By 
destructive  distillation  it  yields  oily  and  fiitty  hydrocarbons,  acetic 
acid,  acrolein,  maigaric  acid,  &o.  By  heating  stearic  acid  with  glycerin 
in  closed  vessels  Berthelot  succeeded  in  obtaining  artifidol  stearins, 
containing  one,  two,  or  three  equivalents  of  stearic  acid  united  with 
glycerin^    [Oltobbin,  Motuatearin,  Dittearin,  TriOearin.'] 

Stearic  acid.  Obtained  by  saponifying  stearin  with  caustic  potash 
and  then  precipitating  the  stearic  acid  by  the  addition  of  hydrochlorio 
or  tartaric  acid  to  the  hot  solution  of  the  resulting  soap.  It  may  be 
purified  by  washing  with  cold  alcohol  and  recrystallising  from  hot 
alcohol  It  may  also  be  prepared  directly  from  mutton  suet  by  saponi- 
fying and  decomposing,  as  above  described,  and  then  submitting  the 
product  to  strong  pressure  •,  the  greater  part  of  the  oleic  acid  is  in  this 
way  removed  and  the  remaining  stearic  acid  obtained  pure  after  one  or 
two  otystalliMtions. 

Steuio  aoid  dystallises  from  hot  ether  in  transparent,  colourless, 
lamelln,  having  a  rhombic  outUne.  Its  fusing  p<nnt  is  about  167* 
Fahr. ;  but  it  does  not  resolidify  until  the  temperature  folia  to  about 
158°  Fahr.  At  higher  temperatures  it  volatilise  and  is  partially 
decomposed.  It  is  insoluble  in  water ;  its  alcoholic  solution  reddens 
litmus  paper ;  it  slightiy  decomposes  carbonates  in  the  cold,  but  oom- 
pletely  on  being  boiled  with  them.  A  mixture  of  stearic  and  palmitio 
acids  melts  at  a  lower  temperature  than  either  acid  does  alone ;  thirty 
parts  of  the  former  and  seventy  of  the  latter  fuse  nearly  20degrees  lower 
than  the  mean  melting  point  of  the  two.  Chlorine  and  bromine  act 
upon  stearic  acid,  especially  when  they  are  heated  together,  giving  rise 
to  ohlor-  and  brom-  derivatives.  Such  a  body  is  chlorosteario  aoid, 
containing  HO,Cj,Hj,Cl,oO,.  Nitric  acid  oxidises  it  to  suberic,  pimeUc, 
adipic,  succinic,  <npnc,  oenanthylic,  caproic,  and  other  acids.  Anhydrous 
phosphoric  acid  removes  from  stearic  acid  tiie  elemenla  of  two 
equivalents  of  water,  and  leaves  a  brittie,  obacuidy-ciTstalline  mass, 
having  tiie  composition  (C,gH,,0,).  Perchloride  of  phosphorus  also 
acts  .energetically  upon  stwrio  acid.  A  mixture  of  stearic  aoid  and 
glycerin  maintained  at  212°  Fahr.,  and  saturated  with  hydrochloric 
acid  gives  rise  to  ilearoMorhydrvfi,  a  orystaUine  body  containing 
(C,.H4,C10J. 

.  Sitarane,  dtareM,  or  vusrganne,  is  a  colourless  crystalline  body 
produced  on  distilling  stearic  acid  with  one  fourth  its  weight  of  quidc 
lime._  It  fuses  at  171'  Fahr.  and  resolidifies  at  162°  Fahr.  Its  com- 
position has  not  been  satisfactorily  determined. 

Stearatet  are  oonibinationa  of  stearic  acid  with  bases,  and  the  com- 
pounds, like  those  of  t^e  other  tattt  aoids,  are  termed  toajn. 
ijtearates  are  mostiy  fusible  and  decompose  when  strongly  heated. 
Those  of  the  alkalies  are  readily  formed  on  heating  stearin  with  the 
alkali,  as  in  the  ordinary  method  of  making  soap.  From  the  alkaline 
stearatea  other  stearates  may  be  formed  by  precipitation  with  a  soluble 
salt  of  the  metal  whose  stearate  is  requirad ;  the  alkaline  stearates 
being  soluble  in  water,  the  stearates  of  other  metallic  oxides  being 


add  ttearate  (KO,H0,2C„H„OA  SUanUe  of  lime  (CaO,C„lC0 A 
Stearate  qf  tUter  <AgO,  i3„I^0J.  Stearale  <f  e(&y{  (stearic  ether) 
(C.H,O.Cs,H„OJ. 

StearanUuM  or  phm^-ttearomde  is  obtained  on  distilling  steario 
add  with  excess  of  aniline.    It  crystallises  in  needles  and  contains 


(n.|c..h.    ) 


For  the  economical  applications  of  stearic  add,  see  CAin>La  Mahu- 
FAOTtlBE;  Soap. 

STEABIN.    [Stkabio  Aon>.] 

STEAKOCHLORHYDRIN.    fSTBABlo  AotD.] 

STEABONE.    rSVBABio  Aon>  1 

8TEAB0PHANIC  ACID.    [Stsabophasw.] 

STEAROPHANIN.  (C„H„0.).  AnamhUn.  A  fatty  matter  dee- 
oribed  by  Frands  as  existing  in  the  A  namirto  OoeeWui.  Bysi^mnifica- 
tion  it  yields  anamirtic  or  ttearopkame  add,  whioh  Sanits  considers 
to  be  identical  with  Utaric  add. 

STEABOPTEN.  Volatile  oils,  as  obtamed  by  distillation  from 
plants,  appear,  like  expressed  oils,  to  consist  of  two  subBtanoes;  one 
solid,  which  has  received  the  name  of  ttearoptai,  and  the  other  liquid, 
called  daopten:  the  former  generally  ciystalljses  when  tiie  oil  has 
been  long  kepk 
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Camphor  is  the  most  remarkable  eubetnnce  of  the  class  of  atearoptens. 
It  ia  obtained  by  distilltition  with  irater,  and  in  the  plant  ia  mixed 
with  oamphor-oil,  from  the  gradual  oxidittioti  of  which  it  appears  to 
be  produoed.    [KsBRiiTiai.  Oils.] 

STKEL.     [MiTAW,  Iron.] 

STEEL  ENGHAVINO.    [EKOBA-visa.] 

STEEL  MANUFACTURE.  Iron  poaeQBKg  qualitiei  which  render 
it  applicable  to  innumerable  purpoees  in  the  arts;  but  there  are 
8ome  uses  for  which  it  is  not  eumoiently  hard,  and  this  defedt  ia 
supplied  by  convertiiig  it  into  steel. 

At  Eiseniirzt  in  Styiia  the  manufacture  of  steel  has  been  carried  on 
ever  since  the  8th  century,  and  yet  the  exact  nature  of  the  operation 
is  perhaps  even  now  imperfectly  understood.  It  ia  generally  admitted 
that  steel  ia  an  intimate  oompoimd  of  iron  and  charcoal ;  for  soft  iron 
containa  a  conaiderable  portion  of  charcoal,  and  it  is  by  no  meona  clear 
that  the  quantity  is  increased  in  the  process  of  steel-making.  There- 
tore  we  must  oonolude  that  some  more  intimate  union  is  effected 
between  them  when  iron  is  eonverted  into  steeL  On  this  point  we 
■hall  touch  again  after  describing  the  manufaoture. 

Hitherto  Swedish  and  Kuaalan  faar-iron  have  been  almost  exchisiTsly 
employed  in  the  manufacture  of  the  best  steel ;  the  preferenoe  given  to 
this  iron  is  decided,  though  from  what  causa  it  arises  has  not  been 
satisfactorily  made  out.  We  may,  however,  remark  that  the  foreign 
iron  vised  is  made  from  magnetic  iron-ore  with  charcoal ;  while  British 
iron  is  obtained  mostly  from  the  impure  carbonate  of  iron,  called 
argillaceous  iron-ore,  or  from  hsematita,  which  is  a  peroxide  of  iron, 
and  both  of  these  are  reduced  by  employing  soal,  or  coke  prepared 
from  it. 

Bar-Sttel  ia  made,  with  few  exceptions,  from  the  Bwsdiah  and 
Russiao  iron,  the  bars  of  which  are  marked  Aoof><(]),  gl  (2),  and 
double  buUet  (3) ;  these  are  the  best  kinds.  Iron  of  lower  quality  is 
also  used,  such  aa  (i),  which  is  a  Russian  iron,  and  o  and  erown  (5), 
d  and  crown  (6),  which  are  Swedish  irons.  There  ia  a  medium  quali^, 
namely,  w  mnd  tnmi*  (7),  i  and  crovh  (8) )  thesa  also  oia  Bwedisb. 
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These  steel  irons  ore  imported  almost  exclusively  by  English  merchants 
residing  in  UuU.    The  limited  quantity  of  the  fine  iron  allowed  to  be 

S reduced  from  the  mines  of  Danemora  in  Sweden  aoeounts  in  some 
agree  for  the  high  price  at  which  they  are  sold. 
Bar-Sled.  The  usual  operation  in  large  eteel-works  ia  first  to  out 
the  bar-iron  into  certain  lengths.  The  closed  vessels  in  which  the 
bars  are  heated  are  usually  twelve  feet  in  length,  and  divided  into  two 
cells  or  troughs,  on  the  bottom  of  which  the  workman  strews  charcoal 
to  the  thicuess  of  about  on  inch.  Upon  this  he  places  on  their  flat 
side  a  layer  of  bars;  then  about  three- fourths  of  an  inch  mor«  of 
charcoal  is  added;  on  this  anojther  layer  of  bars;  and  so  on  tiU  the 
troughs  are  filled.  These  are  then  covered  with  a  ferruginous  earth 
coming  from  the  grinding-stones,  called  wheelswarf,  to  the  thick- 
ness of  about  eight  inches.  All  the  apertures  of  the  furnace  an 
closedwith  lociSe  bricks  and  plastered  over  with  fire-clay.  The  fire  is 
then  lighted,  and  in  four  days  and  nights  the  furnace  is  at  its  full  heat; 
at  which  it  is  kept  for  several  days,  according  to  the  degree  of  hardness 
irequirert.  In  order  to  be  able  to  test  the  progress  of  the  carbonisation, 
a  hole  is  left  in  one  of  the  troughs  near  the  centre ;  three  or  four  bars 
are  placed  in  the  furnace  in  such  a  manner  that  the  ends  come  through 
this  opening,  and  after  the  sixth  day  one  is  pulled  out.  If  the  iron  be 
then  not  sufficiently  carbonised,  the  heating  is  continued  from  two  to 
four  days  longer.  A  bar  is  drawn  every  two  days ;  and  when  the  iron 
is  completely  converted,  the  fire  is  heaped  up  with  small-ooal,  and  the 
.furnace  is  left  to  bum  out.  It  requires  from  this  period  fourteen  days' 
time  to  cool  sufficiently  to  allow  a  person  to  go  in  and  discharge  the 
Steel.  The  cells  or  troughs  must  be  kept  completely  air-tight;  the 
smallest  crack  will  open  when  the  furnace  is  hot,  and  odmit  the  air : 
this  of  course  frustrates  the  object  of  the  operation,  and  any  steel 
which  has  thus  suffered  ia  placed  aside  to  be  reconverted.  It  is  of  the 
greatest  importance  to  give  the  iron  the  exact  quantity  of  carbon 
required  and  no  more.  For  coach-springs,  the  iron  must  not  be  con- 
verted to  the  centre.  For  common  cutlery,  sheer  steel,  and  for  pur- 
poses where  steel  has  to  be  welded  to  itseU  or  to  iron,  the  conversion 
should  be  low,  and  gradually  dissemmated  throughout  the  whole 
thickness  of  the  bar.  For  double  sheer  steel,  the  conversion  should  be 
somewhat  harder  than  the  preceding.  For  files,  and  all  instruments 
where  resistance  or  fine  cutting-edges  are  required,  the  conversion 
should  be  hard,  ond  the  iron  fuUy  carbonised  throughout  the  bar. 

No  defimte  rules  can  be  laid  down  to  enable  the  uninitiated  to  judge 
of  the  temper  or  degreb  of  hardness  of  a  bar  of  steel ;  but  by  habit 
workmen  soon  acquire  the  means  of  distinguishing  between  the  dif- 
ferent degrees  of  hardness  of  two  pieces  of  steel.  ThU  knowledge  of 
the  degree  of  temper  is  of  great  importance  to  the  steel-maker;  for  a 
flle,  made  from  soft  steel  which  would  be  valuable  for  welding  purposes, 
would  be  useless  in  the  arts;  while  a  coach-spring  made  from  steel 
hard  enotigh  to  make  a  file  could  not  be  applied  to  its  intended 
purpose. 


A  converting  furnace  contains  generaUy  fifteen  tons  of  iron ;  and 
there  are  some  large  enough  to  hold  eighteen  to  twenty  tons.  The 
bar-steel,  when  discharged  from  the  furnace,  is  partislly  oovered  with 
small  raised  portions  of  the  metal ;  and  from  the  resembloooe  of  these 
to  blisters,  the  steel  is  called  bliittrtd  tied.  It  has  bean  found-by  tlie 
experiment  of  placing  a  bar  of  Swedish  and  one  of  Staffordshire  bar- 
iron  in  the  same  furnace,  that  the  former  was  muoh  blistered,  while 
the  latter  had  scarcely  any  blisters  laif;er  than  a  pea.  At  one  time  it 
was  common  for  the  steel-maker  to  receive  orders  for  steel  imU  btutertd. 
This  arose  from  a  miataken  idea  resording  the  perfection  of  the  steel ; 
it  being  supposed  that  the  more  it  wa«  blistered,  the  more  it  woe 
carbonised,  and  aonssquently  that  its  quality  was  indicated  thereby ; 
now,  however,  manufoctursrs  are  better  informed,  and  steel  so  blisterad 
is  complained  of. 

Bar-steel  aa  it  comes  from  the  converting  furnace  ia  used  for  various 
purposes  without  refining;  those  parts  which  are  free  from  flaws  and 
blisters  are  brokep  out  and  hammered  or  rolled  to  the  sixes  required 
by  the  manufacturer  for  files,  edge-tools,  table  knives  and  forks,  oooch- 
springs,  and  a  great  variety  of  common  agricultural  implementoi  It  is 
also  manufactured  into  what  is  called  ringk  and  doMe  tketr  HtA;  for 
this  purpose  the  converted  bar  is  selected  of  on  equable  degree  of  hard- 
ness, and  broken  into  pieces  of  about  two  f^t  in  length ;  these  are 
tfUien  to  the  forge,  heated  to  a  full  cherry  red,  and  hammered  into 
bars  two  inches  by  three-quarters  of  an  inch  in  thickness ;  six  of  these 
pieeea  are  put  together  and  kept  firmly  so  Iqr  *  hoop,  which  ia  fixed  at 
the  and  of  a  handle,  thus — 


They  are  then  placed  in  a  hollow  fire  uiffed  by  a  soft  blast,  and  heated 
gradually  up  to  a  full  welding  heat,  during  which  the  workman  covers 
the  surface  with  clay  beaten  very  fine ;  this  runs  over  the  sur&ce,  snd 
to  some  extent  prevents  oxidation.  When  fully  heated,  they  are 
placed  under  the  hammer,  carefully  welded  together,  and  dnwn  into  a 
bar  of  about  two  inchea  square  at  tne  same  heat;  the  ottter  end  is  then 
put  into  the  fire  and  welded  in  the  same  way.  This  is  termed  mglt 
sheer  steel  It  is  made  doubU  by  nicking  the  bar  in  the  middle  and 
doubling  it  together,  giving  a  second  welding  heat,  and  drawing  it  out 
as  before  to  a  bar  of  about  two  inches  square;  it  is  then  hammtred, 
tilted,  or  rolled  to  the  size  required ;  by  this  process  bar-steel  becomes 
more  homogeneous,  of  a  finer  texture,  and  any  instrument  made  of  it 
will  receive  and  retain  a  finer  edge ;  the  steel  is  also  rendered  much 
toughet^,  Which  condition  is  sopposed  to  arise  from  the  abstractioD  of  a 
small  portion  of  carbon,  and  the  mechanical  elongation  of  the  fibre  bj 
these  doublings,  fto. 

In  Bheibeld,  where  the  steel  monufttctute  is  carried  on  to  a  larger 
extent  than  in  any  other  town  in  the  world,  many  manufacturing  firms 
confine  their  operations  exclusively  to  those  above  described :  namely, 
making  bar  steil,  in  the  two  forms  of  blitter  and  Aeer,  without  in- 
cluding the  making  of  aut-steel,  or  the  fiishioning  of  steel  goods.  The 
sheer-hammers,  employed  in  the  {tfoduction  of  sheer  steel,  are  very 
massive  machines,  having  iron  heads  of  twenty  ewts.  or  more,  faced 
with  steel.  The  blows  of  these  hammers)  acting  on  heated  bars  of 
steel,  greatly  change  their  chatactet' ;  the  blistered  steel  loses  all  its 
blisters  and  flaws,  acquires  a  uniformity  of  character  throughout,  and 
becomes  much  more  malleable  and  tenacious.  According  to  the  degree 
in  which  it  ia  welded  or  sheered,  so  does  the  steel  become  applicable  to 
a  large  number  of  practical  purposes. 

Caet  Steel  is  the  steel  employed  for  the  best  goods.  Cast-steel  waa 
flrst  made  by  Mr.  Huntsman,  at  Attercliff,  near  Sheffield,  in  1770; 
since  which  time  the  manufacture  of  it  has  very  much  increased.  It 
is  steadily  superseding  the  use  of  bar  or  sheer  st«el,  on  account  of  the 
equality  of  its  temper,  and  the  superior  quality,  as  well  as  beauty  of 
the  articles  which  are  made  of  it.  The  process  adopted  is  that  of 
taking  bar  steel  converted  to  a  certain  degree  of  hardnees  and  breaking 
it  into  pieces  of  about  a  pound  each ;  a  crucible  charged  with  these  is 
placed  in  the  melting-furnace,  similar  to  that  used  by  brass-founders. 
The  furnaces  are  20  inchea  long  by  16  inches  wide,  and  S  feet  deep.  The 
most  intense  heat  is  kept  up  for  two  hours  and  a  half  or  three  hours, 
coke  being  used  as  fueL  When  the  ftunace  requires  feeding,  the 
workman  takes  the  opportunity  of  lifting  the  lid  of  each  crucible 
and  jUdging  how  long  the  charge  will  be  before  it  is  completely 
melted.  All  the  crucibles  are  usually  ready  about  the  same  time. 
They  are  taken  out  of  the  furnace,  and  the  liquid  steel  ia  poured  into 
ingots  of  the  shape  and  size  required  :  the  crucibles  are  immediately 
returned  into  the  furnace ;  and  when  the  contents  of  all  have  been 
poured  into  the  moulds,  the  crucibles  are  again  charged.  They  are 
used  three  times,  and  then  rejected  as  useless.  The  ingots  are  taken 
to  the  forge-tilt  or  rolling-mill,  and  hammered  into  bars  or  rolled  into 
sheets,  as  may  be  required.  The  celebrated  voolz,  or  Indian  steel,  ia 
cast-steel  ;  but  it  is  generally  so  imperfect  as  to  resemble  cast-iron 
rather  than  cast-steeL  It  is,  however,  made  of  iron  obtained,  aa  the 
Swediah  is,  from  the  magnetic  ore.  Wootz  is  made  by  the  natives 
from  malleable  iron,  packed  in  small  bits  \vith  wood  in  crucibles, 
which  are  then  covered  with  some  green  leaves  obd  cby :  about  two 
dozen  of  these  crucibles  are  packed  in  one  furnace ;  they  are  covered 
with  fuel,  and  »  blast  given  for  about  two  hours  and  a  luJf,  which 
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terminates  the  operation.  When  the  eruoiblea  are  oold,  tbe^  are 
broken,  and  small  atkea  of  steel  are  obtained  in  the  form  in  whioh  it 
eomeR^  England. 

This  making  of  (Mst«teel  is  a  remarkable  operation.  The  best  of  the 
fumaoea  is  believed  to  be  higher  than  any  other  known  in  Knglish 
manu&otures.  'The  ingots  weigh  from  about  40  to  800  lbs.  eaoh, 
according  to  the  purpoaes  to  whioh  they  are  to  be  applied,  No  less 
than  four  to  five  tons  of  coke  toe  needed  for  smelting  one  ton  of  steel. 
The  tUting  of  steel  is  R  prooess  of  hammering,  moHtly  for  east^teel. 
The  steel  is  heated  to  a  certain  temperature,  and  hammered  all  over 
for  a  considerable  time ;  this  closes  the  pores,  and  renders  the  metal 
■a  close  and  oompaot  as  possible.  The  steel  for  the  best  articles  is  both 
east  and  tilted.  0alt4tardening  is  an  operation  whereby  articles  made 
pf  malleable  iron  or  cast-iron  are  superficially  converted  into  steel  by 
heating  them  with  ohsrooal  in  a  crucible. 

JUkUimu  tfStai  Ip  Iron. — The  steel  manu&ioture  is  just  now  in  a 
transitionary  state ;  several  new  processes  of  a  highly  curious  nature 
have  been  introduced  byUeath,  Clay,  Bessemer,  Uchatius,  and  others, 
not  fully  successful,  perhaps,  but  significant  of  the  future.  Most  of 
these  depend  on  s  study  of  the  relations  between  iron  and  steel,  in  a 
way  whioh  we  shall  briefly  describe. 

With  respect  to  the  composition  of  steel  and  the  nature  of  the 
mixture  necessary  to  constitute  It,  difiiarences  of  opinion  have  long 
nisted.  The  question  even  now  is  conaidered  by  some  sa  hardly 
deoidell,  whether  carbon  is  indispensably  necessary  to  its  forma^on, 
and  whether  certain  substances  or  metals,  especially  silicon,  may  not 
give  rise  to  it ;  and  it  is  generally  admitted  that  phosphorus  is  always 
present.  Berselius  nientions  iron  containing  manganese  as  particularly 
.eligible,  and  yet  analyses  show  that  this  metal  is  not  present  in  steel 
In  most  caass.  An  experiment  performed  by  Mr.  Fepys  in  ISlfi,  seems 
not  only  to  prove  the  necessity  of  carbon,  but  also  that  the  diamond  is 
capable  of  producing  the  same  efiiact.  In  order  to  get  rid  of  the  objec- 
tion that  the  carbonaceous  matter  of  a  common  fire  might  supply 
oarbon  wh^n  iron  and  diamond  were  heated  by  means  of  it,  he  placed 
diamond-powder  in  a  piece  of  pure  soft  iron  wire  j  and  having  properly 
secured  it,  he  heated  it  by  means  of  voltaic  electricity  :  after  a  few 
minutes'  heating,  the  diamond  had  disappeared,  and  the  interior  surface 
of  the  iron  was  converted  into  perfect  blistered  steel,  which,  being 
heated  to  redness  and  plunged  into  cold  water,  became  so  hard  as  to 
resist  the  file  and  Scratch  glass.  Boms  years  since  a  method  was  dia- 
oovered  by  Haokintoah  of  converting  iron  into  steel  by  means  of  the 
oarbon  of  earburetted  hydrogen  gas.  Qay  Lusaso  found  that  during 
fusion  steel  loses  much  silicon  and  a  little  oarbon.  Brands  has  found 
that  when  the  carbon  has  fallen  short  of  one  per  cent,,  the  steel  was 
defioisnt  in  hardness ;  and  when  it  has  exceeded  this  proportion,  the 
dies  have  split  or  not  stood  their  work.  He  states,  at  the  same  time, 
that  minute  quantities  of  other  bodies  appear  to  iufiuenee  the  quality 
of  steel  I  and  that  vinless  it  contain  phosphorus  it  cannot  be  depended 
on  for  the  manufacture  of  dies  in  coining.  Dr.  Thomson  examined 
■ome  oaat^tael  furnished  him  by  'Mr.  Buttray,  a  steel-maker  near 
QUagow.  The  general  result  of  his  trials  gave  him  a  composition 
Whi^  ^qsTOaches  20  atoms  of  iron  +  1  atom  of  carbon )  and  this  he 
thii^  likely  to  be  the  constitution  of  cast-steel,  sa  opini(Hi  ocrrobo- 
rsted  bf  the  fsct  above  stated  by  Hr.  Brando.  Mr.  Farsday  and  Mr. 
Btodart  published  in  the  '  Phil.  Trans.'  for  1822  a  valuable  series  of 
•zperiments  on  alloys  of  steel,  from  which  it  appears  that  by  combining 
■teel  with  other  metals  its  quality  is  improved.  A  very  minute  addk. 
tion  was  found  sufficient  to  produce  a  good  eSeet :  thus  one  600th  of 
silver  gave  an  alloy  harder  than  east-steel ;  one  100th  of  nickel  gave 
a  very  hard  alloy,  susceptible  of  a  fins  polish ;  alloys  of  rhodium  and 
platinum  ware  idac  formed;  and  these,  with  the  alloys  of  iridium, 
/  oamium,  and  palladium,  formed  the  most  valuabla  eompounds. 

iii..  sinks,  in  a  paper  read  before  Haa  Society  of  Arts  in  1857,  on  the 
nature  and  properties  of  steel,  described  the  experiments  which  had 
led  him  to  the  following  conclusions  :  That  the  substances  whose  appli- 
ea&n  to  pore  iron  convert  it  into  steel,  all  contain  oarbon  and  nitro- 
gen ;  or  that  nitrogen  hw  access  to  the  sir  during  the  process.  That 
oarbim  alone  added-or  applied  to  purs  iron,  does  not  produce  steel  |  and 
(hat  ndther  doe*  nitrogen  alone  produce  it.  That  it  is  essential  for 
both  carbon  and  nitrogen  to  be  present,  That  both  exist  substantially 
in  steel  after  its  conversion.  That  such  presence  is  the  real  eause  of 
the  distinctive  physical  properties  of  steel  from  thosa  of  iron.  That 
presumptively,  though  not  demonstratively,  the  form  of  combination  is 
that  of  a  triple  alloy  of  iron,  carbon,  and  nitrogen. 

It  has  for  many  years  beien  believed  in  England,  that  Swedish  iron 
derives  some  of  its  valuable  steel-making  properties  from  the  presence 
of  a  small  quantity  of  manganese;  hence  the  question — might  not 
manganese  be  profitably  added  to  En(^h  iron  f  Mr.  Heath  took  up  the 
subject,  spent  a  fortime  upon  it,  greatly  enriched  Sheffield,  and  died 
broken-hearted.  In  1889  he  deviswl  a  mode  of  combining  carbon  with 
manganese,  to  produce  a  carburet,  which  converted  English  iron  into 
very  good  steeL  The  manganese  appeared  to  him  to  act  as  a  sort  of 
detergent^  taking  away  certain  impurities  from  the  iron.  Unfortunately 
for  his  interests,  he  tinprared  the  process ;  he  put  into  the  furnace  the 
elements  of  the  carburet  (carbon  and  manganese)  instead  of  the  carbu- 
ret itself,  thereby  lessehing  the  expense.  He  neglected  to  obtain  a 
■eepnd  patent  for  this  improvementj  the  Sheffield  manufacturers  saw 
tha  flaw,  made  the  new  steel  without  paying  him  any  royalty  and 


defied  him.  The  suit  of  Heath  v.  Unwin,  carried  on  for  eleven  years, 
in  all  tha  various  forms  kno\»n  to  English  law  and  equity,  ruined  Mr. 
Heath,  who  died  in  ISfiO.  His  widow  succeeded  in  obtaiaing  a  small 
interest  srising  out  of  the  patent,  but  quite  disproportionate  to  the 
importance  of  the  invention.  Mr.  Webster  has  stated  that,  between 
1838  and  1865,  buyers  of  Sheffield  oast-steel  goods  benefited  to  the 
extent  of  too  miilioni  iterling  by  the  lowering  of  prices  due  to  Mr. 
Heath's  process. 

Steel  is  of  a  lighter  gray  than  iron.  It  is  susceptible  of  receiving  a 
very  high  polish,  and  this  is  greater  as  the  grain  is  finer.  When  steel 
is  hardenwl  its  volume  is  increased.  When  heated  to  redness,  and 
slowly  cooled,  it  is  scarcely  harder  than  iron ;  but  by  very  rapid  cooling 
it  becomes  hard,  and  so  brittle  as. to  be  readily  broken.  The  fracture 
is  usually  fins  grained.  In  ductility  and  malleability  tt  is  much  infe- 
rior to  iron,  but  exceeds  it  greatly  in  elasticity  and  sonorousness. '  It 
may  be  subjected  to  a  full  red  heat,  or  2786"  Fahr,,  without  melting, 
and  is  therefore  less  fhsible  than  oast-iron,  but  much  more  so  than 
wrought-iron.  Pieces  of  steel  which'  have  not  been  cast  may  be  readily 
welded  together  or  with  iron ;  but  after  casting,  the  operation  is  more 
difficult.  In  order  to  give  to  steel  the  different  degrees  of  hardness 
required  for  various  purposes  to  which  it  ia_  applied,  it  is  subjected  to 
the  process  of  tempering.  The  higher  the  temperature  to  which  it  is 
raised,  and  the  more  sudden  the  cooling,  the  greater  is  the  hardness. 
Thus  when  immersed  in  mercury  the  hai^nass  is  greatest,  on  account  _ 
of  the  good  conducting  power  of  the  metal,  and  its  consequent  ready' 
abstraction  of  heat.  After  this  comes  acidulated  water,  s^t  water, 
common  water,  and  lastly  oily  or  fatty  bodies.  It  is  found  that, 
according  to  the  degree  to  which  steel  is  tempered,  it  assumes  various 
colours,  and  formerly  these  colours  served  as  guides  to  the  workmsn ; 
now,  hoa-ever,  a  thermometer,  with  a  bath  of  mercury  or  of  oil,  is 
employed,  sad  the  operation  is  performed  with  a  much  greater  degree 
of  certainly.  Into  this  bath  the  articles  to  be  tempered  are  put,  with 
the  bulb  of  the  thermometer  gmduated  up  to  the  boiling-point  of 
mercury.  The  tempering  heat  varies  from  480*  Fahr.  (for  lancets)  to 
^600*  (for  pit  saws). 

Puddled  and  Bestemer  Sted. — Arising  out  of  the  inquiries  concerning 
the  relations  between  iron  and  steel,  several  new  modes  of  making  sted 
have  recently  been  introduced  or  ptoposed.  Hitherto,  most  Englidi 
steel  has  been  made  by  the  converting  proceas,  already  described ;  but 
on  the  Continent  it  is  more  usual  to  adopt  what  is  called  the  raw 
method,  puddling  the  metal  in  a  charcoal  furnace.  The  English 
method  raitei  the  amount  of  carbon  in  or  with  6ar-iron  up  to  about 
1  per  cent. ;  the  Continental  method  Uniiert  the  amount  of  carbon  ii;  or 
with  .pi^iron  from  4  to  1  per  esnt.  Riepe's  method,  patented  in 
1650,  and  worked  some  time  by  the  Low  Moor  Iron  Company  and  tiie 
Mersey  Steel  Company,  is  for  making  a  kind  of  steely  iron  by  the 
puddlmg  procesai,  good  enough  for  most  common  purpoaes — hard  and 
unyielding,  or  soft  sad  silky,  according  to  the  extent  to  which  the 
process  is  cairied.  To  produce  this  steel,  pig-iron  ia  thrown  into  a 
puddling-fumacc  [Fukhaos;  Iron  MANnFAoruBE],  together  with  a 
little  iron  slag,  salt,  clay,  and  oxide  of  manganese ;  tiie  molten  metal  is 
wn-ked  or  puddled  beneath  tiie  scum,  and  is  worked  up  into  balls  or 
blooms  at  a  certain  stage.  Captain  Uchatius,  engineer  of  the  Imperial 
Arsenal  at  Vienna,  has  devised  a  method  of  making  steel  in  which  (as  he 
thinks)  English  iron  would  suit  as  well  aa  Swedish  or  Russian.  He  brings 
the  iron  to  a  granular  state,  by  running  it  from  a  furnace  into  agitated 
oold  water.  These  grains  ore  mixed  with  some  cheap  o^gen-yielding 
material,  such  as  apothose  iron-ore,  put  into  a  crucible,  and  melted 
in  a  cast«teel  furnace.  The  pig-iron  gives  up  acme  of  its  carbon  and^ 
its  earthy  impurities  to  the  oxygen,  and  becomes  ateel  The  smaller^ 
the  granules,  the  softer  the  steel  Uchatius  produces  26  lbs.  of  ateel 
from  24  lbs.  of  granulated  iron,  4  lbs.  of  spathoee  ore,  4  lbs.  of  oxide 
of  manganese,  and  a  little  clay.  Sir  F.  Knowles  has  introduced  a 
method  in  which  a  retort  instead  of  or  crucible  is  used ;  while  the  crude 
iron  ia  mixed  with  hot  gases  rich  in  carbon.  The  proceBses  of  Uchatius 
and  Knowles  seem  better  adapted  for  the  labonttory  thui  fqr  large 
manufacturing  operations.  OUier  modes  of  producing  steel  directly 
from  the  crude  iron  have  been  introduced,  with  varying  success,  by 
Clay,  SauQderson,  Plant,  Nasmyth,  Mortier,  and  others. 

But  of  all  the  novelties  connected  with  the  ateel  manufacture,  those 
by  Mr.  Bessemer  have  attracted  the  most  notice  within  the  last  few 
years.  He  has  taken  out  five  or  six  (patents  on  the  subject.  In  his 
faandIN  the  difference  between  iron  and  steel  ia  aimply  one  of  degree,  for 
it  is  not  easy  to  aay  where  Bessemer  iron  ends  and  Bessemer  ateel 
begins.  It  was  at  the  Cheltenham  meeting  of  the  British  Association, 
in  1868,  that  the  process  first  attracted  attention.  Mr.  Bessemer  con- 
ceived tiiat  pig-iron  might  be  converted  into  malleable  iron,  and  then 
into  steel,  without  any  additional  consumption  of  fuel.  Pig-iron 
contains  more  carbon  than  the  others ;  and  if  oxygen  could  be  made  to 
bum  a  portion  of  this  away,  the  objest  would  be  accomplished.  Hnw, 
then,  to  expose  molten  pig-iron  to  we  action  of  oxygen  (  He  decided 
that  a  bUut  would  best  effect  this.  He  formed  a  fire-brick  furnace  of 
small  aise,  with  tuyire  holes  near  the  bottom,  and  two  larger  holes 
half-way  up.  Molten  pig-iron  flowed  at  once  from  a  blast-funiace  to 
this  small  fumaoe  or  cylinder,  and  a  blast  was  driven  into  the  cjliader. 
A  violent  commotion  ensued,  and  an  intense  heat  resulted  from  the 
combination  of  the  oxygen  in  the  bloat  with  the  carbon  in  the  molten 
mass.    Volumes  of  flame  and  a  few  sparks  were  produced,  and  then  a 
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aort  of  eruption  of  slag.  Flames  again  appeared ;  for  some  of  the 
oxygen  formed  an  oxide  with  some  of  the  iron,  and  acted  as  a  kind  of 
solvent  for  sulphur  and  earthy  matters.  The  pig-iron  lost  about 
12  per  cent,  of  its  weight  during  this  process.  The  rich  slag  thrown 
out  might  be  afterwards  treated  with  carbon  gases,  and  made  to  yield 
more  iron.  When  the  flames  and  sparks  had  subsided,  a  plugged 
hole  was  opened,  and  the  metal  poured  into  an  ingot-mould,  without 
leaving  any  cinder  or  oxide.  The  process  took  little  more  than  half  an 
hour,  and  no  fuel  was  used.  While  in  the  cylinder,  the  metal  was  not 
a  mere  pasty  mass,  it  was  a  boiling  fiery  fluid.  At  a  certain  stage,  the 
iron  became  crude  steel.  By  continuing  the  boil,  more  carbon  was 
driven  out,  and  purer  steel  resulted.  In  short,  any  medium  between 
the  softest  iron  and  the  hardest  steel  might  be  produced  by  varyinz 
the  duration  of  the  process.  One  kind,  called  by  Mr.  Bessemer  xmi- 
steel,  is  more  elastic,  harder,  and  stronger  than  bar-iron,  but  not  so 
hard  and  flue  as  steel ;  it  is  useful  for  light  and  strong  purposes ;  it  is 
more  difficult  to  roll  than  iron,  but  is  stronger  and  more  durable,  and 
is  therefore  considered  to  be  cheaper  in  the  end. 

In  the  threp  years  next  following  this  announcement  of  Mr.  Beesemer's 
invention,  the  comments  took  tiie  whole  range  between  the  highest 
praise  and  the  most  marked  disapprovaL  The  inventor  and  his  friends 
claimed  for  the  novelty  a  diminution  of  labour,  time,  and  cost ;  the 
production  of  a  metal  more  homogeneous  than  by  the  common  method; 
no  residue  of  wasteful  slag ;  and  the  power  of  producing  ingots  of  any 
weight  from  one  to  seven  or  more  cwts.  The  Llanelly  Tin-Plate  Works 
supplied  Hr.  Bessemer  with  some  pig-iron  such  as  they  used  for  producing 
the  beet  sheet-iron :  he  converted  it  into  a  soft  ingot,  which  was  wrought 
at  a  white  heat  into  a  slab  by  the  force  of  a  steam-hammer,  and  then 
rolled  into  very  good  sheet-iron  for  tin-plate.  Mr.  Adorns  stated  that 
an  amateur  might  easily  make  a  bit  of  steel,  by  melting  4  ozs.  of  cast- 
iron  in  a  crucible,  pouring  it  into  the  bowl  of  a  large  tobacco-pipe,  and 
using  the  stem  as  •  blow-pipe.  On  the  other  hand,  most  of  the  manu- 
facturers found  &ult  with  the  Bessemer  process.  Some  of  them  said 
that,  although  tha  process  removes  the  carbon  and  silicon  more  com- 
pletely than  the  ordinary  method,  and  the  sulphur  about  as  well,  it' 
leaves  the  phosphorus  untouched,  which  they  regarded  as  a  fotal  blot. 
Others  made  trial  of  the  process,  and  declared  the  iron  or  steel 
produced  to  be  bad.  In  1859,  after  patenting  several  modifica- 
tions of  his  plan,  Mr.  Bessemer  described  his  process,  in  a  some- 
what altered  form,  before  the  Institute  of  Civil  Engineers.  He  had 
been  endeavouring  to  get  rid  more  completely  of  ihe  sulphur  and 
phosphorus.  He  used  Swedish  iron  instead  of  UngHah  for  the  best 
steel,  poured  the  molten  metal  into  cold  water  instead  of  into  a  large-' 
mould,  re-melted  it,  and  finally  poured  it  into  small  moulds.  Other 
changes  had  been  made  in  the  apparatus  and  the  process.  Some  of 
the  ingots  exhibited  possessed  wonderful  tensile  power.  A  bar  3  inches 
square  was  bent  round  until  the  outer  curve  was  lengthened  from  12 
to  16}  inches,  and  the  inner  lessened  from  12  to  7^  inches,  cold,  and 
without  a  flaw.  Four  iron  rods,  1^  inches  diameter,  were  twisted  cold 
into  a  cable ;  the  rods  stretched  one  foot  in  four  during  the  process,  and 
thinned  out  in  inverse  proportion.  A  steel  bar,  2  inches  square,  was 
twisted  cold  into  a  spiral  at  an  ang^  of  45°.  A  round  steel  bar  was 
hammered  cold  into  the  form  of  a  horse-shoe. 

At  the  present  time,  the  Bessemer  process  is  under  probation. 
■Works  have  been  erected  at  Sheffield  to  put  it  in  operation;  and 
similar  establishments  have  been  founded  in  several  Continental  states. 
By  this  means  the  system  will  obtain  that  which  alone  can  determine 
ite  value — a'  fiur  tnal  on  a  laree  scale.  Persons  of  moderate  views 
believe  that  the  semi-st^el  will  Become  useful  for  railway  purposes,  as 
being  harder  than  bar-iron,  and  for  marine  engine-work,  because  it  is 
lighter  than  iron  for  equal  strength.  How  far  fine  steel  can  be  profit- 
,ably  produced,  without  the  converting  process,  is  still  a  disputed 
point. 

In  1853,  Sheffield  had  160  sted-oonverting  furnaces,  and  1496  oast- 
steel  "  holes"— about  16  holes  to  a  casting-furnace.  Of  the  20,000  to 
,40,000  tons  of  Swedish  iron  annually  imported,  nearly  all  goes  to 
Sheffield  to  be  converted  into  steeL  Including  Russian  and  English 
Sron,  it  is  supposed  that  about  50,000  tons  are  annually  made  into  steel, 
jof  which  30,000  tons  are  cast-steel.  The  value  of  this  quantity  is 
roundly  estimated  at  about  1,500,0002,  yearly. 
STEELTARD.    Weiohino  Maohihe.] 

STEELYARD,  MERCHANTS  OF  THE,  a  body  of  aUens  who 
enjoyed  various  commercial  privileges  in  England  from  an  early  period 
to  the  middle  of  the  16th  century.  "  The  emperor's  men,"  mentioned 
in  some  ordinances  of  Ethebed  II.  (a.d.  978-1016)  as  trading  to  England, 
were  the  predecessors  of  tie  merchants  of  the  Teutonic  Guild.  In  1220 
the  merchants  of  Cologne  hod  a  hall  or  factory  in  London,  for  the  legal 
possession  of  which  they  made  an  acknowledgment  to  the  king,  "  It 
»«?"«*'»*  fu»  GildhaU,  by  the  association  of  the  merchants  of  other  cities 
with  those  of  Cologne,  became  In  time  the  general  factory  and  residence 
of  all  the  German  merchants  in  London,  and  was  the  some  that  was 
afterwards  known  by  the  name  of  the  German  Gildhall  ("  tiUdhalla, 
Tcutonicoram").  (Macpherson,  'Annals  of  Commerce,*  i.  383.)  In 
1286,  Henry  III.  gave  them  permission  to  attend  fairs  in  ony  part  of 
England,  and  also  to  buy  and  sell  in  London,  saving  the  liberties  of 
the  city;  and  they  were  exempted  from  several  customs  and  payments. 
In  the  16th  century  we  find  the  Hanse  merchants  engrossing  the  privi- 
leges of  the  above  ancient  iusorporation,  Cologne  being  a  member  of 


the  League,  and  the  whole  of  the  German  merchants  resident  in  London 
probably  belonging  to  one  or  other  of  the  Hanse  towns.  At  least,  after 
1476,  th^  had  but  one  factory  in  London,  which  was  the  Steel-yard, 
or  Steel-house,  as  it  was  sometimes  called,  situate  a  UtUe  east  of 
Dowgate,  between  Thames  Street  and  the  river.  The  Thames-street 
front  was  fortified  with  three  portcullised  gateways ;  and  the  whole 
w^  inclosed  by  strong  walls,  within  whidh,  more  than  once,  and 
especially  on  the  irruption  of  Wat  Tyler's  mob  in  1381,  the  Hanse 
merchants  saved  tJiemselves,  while  the  Flemings  and  other  foreigners 
fell  victims  to  the  national  prejudice.  In  the  interior  was  the  great 
hall,  adorned  with  pictures  by  Hans  Holbein,  in  which  the  corporatirai 
held  their  councils  and  partook  of  their  feasts.  On  tlie  west  side  of 
the  hall  was  a  garden,  adorned  with  vines  and  rare  fruit  trees.  The 
Thames  front  was  a  quay,  with  all  the  conveniences  then  known  for 
embarking  or  diseml»u-king  goods.  The  remunder  of  the  area  was 
occupied  by  lofty  warehouses  and  streets .  of  booths  for  the  reception 
and  display  of  the  necessaries  and  luxuries  imported  from  the  north, 
south,  and  east,— fine  cloths,  wines,  silks,  dried  fruits,  spices,  with 
hemp,  tallow,  furs,  salt-fish,  and  iron.  Strict  order  was  preserved  in 
the  building,  whose  gates  were  shut  at  nine  in  the  evening ;  and  to  the 
corporation  was  entrusted  the  care  and  repair  of  Billingsgate ;  every 
master  being  under  an  obligation  to  provide  harness  for  war,  the  same 
as  a  native.  The  old  building  was  destroyed  in  the  fire  of  London  in 
1666.  That  which  succeeded  differed  Uttle  from  the  other  erections  in 
its  neighbourhood.  The  Steelyard  was  in  the  parish  of  AllhoUows, 
at  which  church  the  members  attended,  and  which  they  embellished 
with  painted  windows.  After  the  fire  of  London,  on  the  rebuilding  of 
the  chureh,  they  contributed  the  carved  oak  screen  which  still  sepa- 
rates the  choir  from  the  nave.  In  1673,  the  inconvenience  of  attend- 
ing a  service  in  a  foreign  language  induced  them  to  petition  for  one  of 
the  abandoned  churches,  and  that  in  Little  Trinity  Lane  vras  granted 
to  them,  which  has  thenceforward  been  used  by  the  Gterman  residents 
in  London  for  divine  service  in  their  own  tongue.  In  1476,  Edw.  IV^ 
entered  into  a  treaty  with  the  Hanseatic  League,  by  which  the  privi- 
leges of  the' London  factory  were  placed  on  a  more  secure  foundation, 
instead  of  being  granted  only  for  a  short  period,  and  being  at  times 
curtailed,  and  even  occasionaUy  suspended.  By  way  of  settling  former 
disputes,  it  was  thought  Worth  while  to  pay  them  10,0002.,  or  rather  to 
remit  customs  duties  on  their  goods  to  that  amount.  The  king  was  to 
appoint  two  or  more  judges  to  act  without  the  ordinary  legal  formalities 
in  all  civil  and  criminal  cases  between  the  Hanse  merchantsand  English ; 
and  similar  regulations  were  to  be  adopted  in  refoeuoe  to  English  sub- 
jects residing  at  the  Hanse  towns.  The  fee  simple  of  the  Steelyard 
was  conveyed  by  this  treaty;  also  the  Steelyard  at  Boston,  and  a  house 
at  Lynn.  Under  this  treaty  and  their  old  chartera,  the  Hanse  merchants 
of  the  Steelyard  were  enabled  to  monopolise  certain  branches  of  trade, 
in  which,  tiiey  were  exempted  from  duties  payable  by  other  tnders ; 
and  by  their  combination  and  capital,  they  were  doubtleas  formidable 
competitors  in  other  branches  of  foreign  trade;  but  thou^  the  activity 
of  foreigners  might  be  tolerated  while  native  capital  was  wanting,  yet  a 
trade  from  which  English  merahants  were  virtually  excluded  could  not 
possibly  be  permanent.  The  industry  and  energy  of  the  English  trader 
made  him  a  formidable  competitor.  He  not  only,  in  spite  of  the 
troubles  of  the  wars  of  the  Roses,  exerted  himself  to  supply  domestic 
wants,  but  he  actually,  as  is  noticed  above,  had  pushed  himself  into 
the  traffic  of  the  Baltic.  In  addition,  the  requirements  of  commerce 
had  introduced  the  use  of  larger  vessels ;  which  could  not  well  be 
adopted  by  the  Hanse  merchants,  as  they  could  not  come  above 
London  Bridge.  All  things  were  working  against  the  interests  of  the 
Steelyard. 

In  160£  a  rival  interest  was  created,  by  a  charter  granted  to  the 
Company  of  Merchant  Adventurers  for  trading  in  '^oollen  cloth  to  the 
Netherlands.  TUe  merchants  of  the  Steelyard  Were  bound  in  heavy 
penalties  not  to  interfere  with  the  trade  of  this  new  incorporation, 
which  soon  became  a  powerful  rival,  not  only  to  the  German  merchants, 
but  to  the  merehants  of  the  staple.  In  1551,  various  allegations  of  the 
Merchant  Adventurers,  with  the  coimter-statements  of  the  merchants 
of  the  Steelyard,  were  put  into  the  hands  of  the  solicitor-general  and 
the  recorder  of  London,  upon  whose  report  the  council  came  to  a  reso- 
lution that  the  Steelyard  merchants  had  forfeited  their  privileges,  their 
charters  being  contniry  to  the  laws  of  the  realm.  The  council  reported 
that  no  particular  persons  or  towns  being  mentioned  in  tjiese  charters, 
the  corporation  hod  extended  their  privileges  to  whomsoever  they 
pleased ;  that  English  subjects  had  not  enjoyed  reciprocity. of  jvivileges 
in  the  Hanseatic  towns ;  that  their  English  trade  was  no  longer  confined 
to  the  Hanse  towns ;  that  they  had  engrossed  almost  the  enUro  trade 
carried  on  by  foreigners  in  the  kingdom ;  lastly,  that  they  hod  reduced 
the  price  of  wool,  and  also  of  com  by  their  importations  of  foreign 
grain.  The  articles  which  they  imported,  besides  grain,  are  stated  to 
have  been  cordage  and  other  naval  stores,  flax  and  hemp,  linen,  doth, 
and  steel.  The  English  Merchant  Adventurers  flourished  on  the  ruin 
of  the  older  incorporation,  which  however  contiuded  to  linger  until 
1597,  when  the  Emperor  Rudolph  having  ordered  the  factoiies  of  the 
English  Merchant  Adventurers  in  Germany  to  be  shut  up.  Queen 
Elizabeth  directed  the  Lord  Mayor  of  London  to  close  the  house  occupied 
by  the  merchants  of  the  Steelyard.  The  buildings  and  site  of  tht 
Steelyard,  however,  remained  in  possession  of  the  towns  of  Hamburg, 
Bremen,  and  Lttbeck,  as  representatives  of  the  old  Hanse  corporation, 
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till  1853,  when,  having  no  \aa  for  them,  they  sold  the  property,  for 
which  it  ia  said  they  obtained  72,00O;. 

(Stiype's  .Rxja.  Mem.,  iii  77;  Anderson's  Commerce;  Mouphcrson's 
Commerce  ;  ■  Dr.  Reinhold  Pauli's  Bildtr  mu  €Ut  England,  which  con- 
tains an  essay  on  the  Steelyard.) 

STEERING  APPARATUS.  Various  contrivances  have  been  made 
of  late  years,  some  of  great  ingenuity,  to  remedy  the  inconveniences 
of  the  steering-wheel  so  long  in  use.  Larger  vessels  requiring  more 
IMwerfuI  apparatus  for  moving  the  rudder,  many  patented  inventions 
have  appeared  which  have  introduced  the  use  of  cogs  and  screws ;  but 
no  one  has  yet  succeeded  in  effecting  such  results  as  would  warrant  its 
general  adoption.  One,  however,  that  by  which  the  steering-wheel  is 
situated  in  the  fore  part  of  the  vessel,  its  motion  being  oonununicated 
to  the  rudder  by  ropes,  chains,  or  rods,  was  used  by  Symington  in  his 
tug-boat  upon  the  Forth  and  Clyde  Canal,  about  1802  ;  but  whether  its 
subsequent  adoption  in  North  America  is  in  any  degree  to  be  attributed 
to  that  circumstance,  we  are  not  aware.  The  peculiar  arrangement  of 
the  river  steamer/  of  America,  which  have  the  engines  and  some  of  the 
cabins  on  deck,  combined  with  their  great  length,  renders  it  impossible 
for  the  steersman,  if  in  the  situation  usual  in  the  steam-vessels  of  this 
country,  to  see  his  course ;  and,  iherefure,  he  is  usually  elevated  on  a 
platform  near  the  bow. 

STELE,  the  name  of  any  upright  column,  ur  tablet,  on  which  were 
engraved  decrees,  funereal  and  ol^er  inacriptiuns,  sometimes  decorated 
with  subjects  in  relief.  The  Egyptian  steles,  called  hatu,  pUced 
in  the  tombs,  have,  during  the  6th  and  12th  dynasties,  scenes  of  family 
worship;  but  under  the  18th  and  subsequent  dynasties  adotutions  to 
deities  are  represented :  at  all  periods  they  have  hieroglyphical 
inscriptions,  dedications  to  sepulchral  deities  'entreating  certain  benefits 
for.  the  dec«ued,  and  other  religious  formulee,  or  even  family  registers. 
Some  are  dated  ip  the  reign  of  the  king  vmder  whom  the  deceased 
died.  Other  steles,  dedications  of  temples,  or  invocations  to  deities  on 
behalf  of  different  monarchs,  were  placed  in  the  adyta  of  temples. 
Granite,  basalt,  and  calcareous  stone  were  chiefly  used.  The  Assyrian 
steles  haVe  generally  a  bas-relief  of  the  monarch  by  whom  erected,  and 
a  long  account  of  his  conquests,  in  cuneiform  characters.  The  Greek 
sepulchral  steles  are  often  ornamented  with  figures  of  various  deities 
to  whom  they  were  dedicated,  scenes  of  family  repasts,  or  last  adieus, 
representations  of  the  deceased,  or  floral  and  architectural  ornaments, 
and  inscriptions  commemorative  of  the  deceased.  Public  acts,  treaties, 
and  religious  dedications,  were  often  registered  on  steles.  They  are 
generally  made  of  white,  although  occasionally  of  coloured,  marbles. 
Some  Carthaginian  steles  have  dedications  to  Baal  Hammon  and  Tanath, 
and  representations  of  this  goddess.  (Layard's  Nineneh  ;  Stackelbei^ 
Die  OrSber  der  UeUenea  ;  Hincks,  On  the  Egyptian  Stele.) 
'  STELLIONATE,  a  woixl  derived  from  iteltio,  the  name  of  an  animal 
of  the  lizard  kind,  mentioned  by  Pliny  ('  Hist.  Nat.',  I.  S,  c.  10),  and  by 
Virgil  ('  i  Oeor.',  243),  is  a  term  used  in  the  Roman  law  to  denote  aU 
such  crimes,  in  which  fraud  is  an  ingredient,  as  have  no  special  names 
to  distinguish  them,  and  are  not  defined  by  any  written  law.  In 
general,  wherever  a  civil  action  might  be  brought  on  the  grotmd  of 
fraud,  there  might  be  a  criminal  prosecution  for  stellionate.  The  term 
however  is  chiefly  applied  to  cases  where  a  person  sells,  exchanges,  or 
transfers  to  one,  property  with  respect  to  which  he  has  already  entered 
into  a  contract  with  another.  It  is  aUo  applied  to  coses  o^  pledging 
another  man's  property,  substituting  base  for  precious  metals,  deimng 
in  couirterfeit  or  Adulterated  goods,  and  generally  to  the  practice  of 
any  species  of  imposture.  The  punishment  of  stellionate  was  of 
necessity  discretionary.  Where  the  criminal  was  a  person  of  distinc- 
tion, the  ordinary  punishment  appears  to  have  been  temporary 
banishment  and  degi'adation  from  his  tank ;  and  where  he  belonged  to 
the  lower  orders,  it  seems  to  have  been  competent  to  inflict  any 
punishment  short  of  conde^nnation  to  work  in  the  mines.  ('  Dig.',  47, 
tit.  20 ;  Hellfeld,  '  Jurispr.  For.',  a.  2007.)  The  term  stellionate  is 
used  in  the  law  of  Scotland  in  nearly  the  same  sense  as  in  the  Roman 
law.    (Ersk., '  Inst.',  4,  tit.  i.  s.  79.) 

STENCILLING  is  a  mode, of  tianafening  a  coloured  pattern, or 
design  to  the  surface  of  cloth,  paper,  or  other  material.  The  pattern 
is  cut  through  a  stencil  plate,  usually  a  piece  of  sheet  metal ;  and  liquid 
or  pasty  colour  is  brushed  over  the  plate,  in  such  a  way  as  to  pass 
through  the  perforations,  but  not  to  reach  those  parts  of  ibe  paper  or 
cloth  on  which  the  uncut  portions  of  the  plate  rest.  Examples  of  the 
process  will  be  found  noticed   under   Cabp-Uakinq    and   Papks- 

BANOraOB. 

STENOGRAPHY,  or  the  art  of  short-writing,  is  a  term  com- 
pounded of  two  Greek  words,  <my6s,  contracted,  and  ypdiptiy,  to  write. 
The  invention  of  steno^phy  among  the  Greeks  is  generally  asaij^ed 
to  Xenophon  the  historian ;  but  it  is  said  that  the  art  was  first  practised 
by  Pythagoras,  and  that  the  poet  Ennius  was  the  first  who  adopted  a 
system  of  short  writing  by  which  a  person  was  enabled  to  follow  a 
speaker.  It  ia  said,  though  upon  no  very  certain  testimony,  that  he 
commenced  by  employing  eleven  hundred  marks  of  his  own  invention, 
and  increased  the  number  as  circumstances  required. 

There  are  also  writers  who  ascribe  the  invention  of  t^e  art  to 
Cicero ;  and  it  was  certainly  practised  by  him  on  account  both  of  its 
brevity  and  secresy.  He  reminds  ('  Ad.  Att,,'  ziiL  82)  his  friend 
Atticus  that  he  wrote  {iii  <n]iuluy)  by  signs.  The  art  was  com- 
municated by  Cicero  to  Tiro,  his  freedman,  who  made  considerable 


improvements  in  it,  and  is  said  to  have  been  likewise  the  first  person 
,  who  applied  it  to  the  purpose  of  taking  down  public  speeches.  Euse. 
bills  attributes  the  invention  to  Tiro.  The  oration  of  Gato  relative  to 
the  Catilinarian  conspiracy  was  preserved  by  means  of  sl^orthand. 
The  art  was  subsequently  improved,  and  stenography  became  a  fashion- 
able accomplishment  with  the  Romans.  There  is  extant  a  work  on  the 
shorthand  (nota  of  the  Romans)  attributed  to  Tiro  and  Seneca,  and 
printed  in  Qruter's '  Collection  of  Inspriptions.'  Host  of  the  writers  of 
that  age  allude  to  the  stenographic  art  in  their  works.  Horace  points 
out  its  brevity ;  and  Uvid  mentions  its  lulvantages  in  point  of  secresy. 
It  is  also  commended  by  Ausouius,  Martial,  Manilius,  and  othera 
[NoTART.]  The  Roman  ^orthand  was  very  different  from  our  own  : 
the  aJ}breviations,  in  general,  appear  to  have  resembled  those  adopted 
in  ordinary  writing,  and  which  frequently  occur  in  ancient  manu- 
scripts, as  well  as  in  early  editions  of  Latin  works.  A  very  large 
collection  of  manuscript  abbreviations  is  printed  at  the  end  of  Ooschen's 
edition  of  Gains ;  and  specimens  of  ancient  Roman  stenogrfiphy  are 
given  in  Lewis's  '  Historical  Account  of  Shorthand.'  Some  passages  in 
the  Roman  writers,  which  have  been  supposed  to  refer  to  shortiiand, 
appear  to  refer  to  writing  in  cipher. 

The  first  English  ti-eatise  on  Stenography  was  published  in  1688,  by 
Dr.  Timothy  Bright,  and  dedicated  to  Queen  Elizabeth.  It  whs  en- 
titled '  Cbaracterie,  or  the  Art  of  Short,  Swift,  opd  Secret  Writing;' 
and  consisted  exclusively  of  arbitrary  characters,  each  of  which  repre- 
sented a  word.  Two  years  afterwards  appeared  '  The  Writing  School- 
master,' in  three  parts,  by  Peter  Bale.  The  system  of  Bale,  like  that 
of  his  predecessor  Bright,  was  formed  of  arbitrary  characters,  instead 
of  a  combination  of  elementary  marks  or  signs.  Both  systems  were 
exceedingly  crude,  and  difficult  of  attainment ;  requiring,  as  they  did, 
for  their  practical  application,  a  remarkable  tenacity  of  memory ;  but 
they  diq>layed  great  ingenuity  as  first  attempts.  The  earliest  eS'ort  to 
form  a  regular  shorthand  alphabet  appears  to  have  been  made  by  John 
Willis,  who  in  1602  published  'The  Art  of  Stenographic,  or  Short 
Writing,  by  Spelling  Characterie.'  The  work  went  through  numerous 
editions.  The  alphabet  was  formed  of  the  most  difficult  and  complex 
characters,  which  were'  ill  adapted  for  joining,  their  formation  con- 
suming treble  the  time  required  for  forming  the  characters  in  any  of 
the  modem  systems  of  moderate  celebrity.  Willis  was  followed  by  a 
host  of  imitators,  none  of  whom,  however,  effected  any  material 
improvement.  In  1618  appeared  a  treatise  upon  Stenography  by 
Edmond  Willis,  which  was  fallowed  in  1680  by  that  of  Witt ;  in  1638 
by  that  of  Dix ;  and  by  a  great  number  of  others  at  short  intervals. 
That  of  Rich,  published  in  1654,  was  praised  by  Locke.  In  17SS  was 
published  the  system  of  Xr.  Thomas  Gumey,  which  has  since  been  so 
very  extensively  practised  by  various  members  of  his  family  and  others, 
in  Uie  houses  of  parUament,  the  courts  of  law,  &c. 

Among  the  more  recent  systems,  that  of  Dr.  Byrom  deservedly 
occupies  a  very  prominent  position.  He  succeeded  in  forming  an 
alphabet  at  once  simple,  precise,  and  practicable,  as  well  as  in  rendering 
the  general  details  of  his  theory  exceedingly  clear  and  intelligible. 
His  system  was  incomparably  superior  to  any  which  hod  preceded  it. 
Although  the  treatise  wsa  completed  by  the  year  1720,  it  was  not 
published  till  1767,  after  the  death  of  the  author,  who,  as  be  depended 
for  support  principally  upon  private  tuition,  obtained  an  act  of  par- 
liament for  the  security  of  his  invention.  The  doctor,  in  1749,  printed 
fifty  copies  of  his  work  for  the  use  of  his  particular  friends.  Since  its 
publication  it  has  been  edited  by  several  persons.  Mr.  lihomas  Moli- 
neux,  of  Macclesfield,  published  an  edition  which  he  entitled  'An 
Introduction  to  Mr.  Byrom's  Universal  English  Shorthand,'  which  was 
popular  for  many  years ;  and  some  years  later,  Mr.  William  Gawtress,, 
of  Leeds,  published  a '  Practical  Introduction  to  Shorthand '  upon  the 
general  principles  of  Byrom,  which  is  one  of  the  cheapest  and  most 
useful  manuals  of  shorthand  which  ever  appeared. 

The  system  next  deserving  of  notice  is  that  of  Taylor,  which  made 
its  appearance  ip  1786,  and  ia  entitled  '  An  Essay  intended  to  esta'olish 
a  standard  for  a  universal  System  of  Stenography  or  Shorthand 
Writing.'  This  author's  system  is  superior  to  that  of  Byrom  in  several 
particulara ;  but  principally  in  a  greater  brevity  and  simplicity  of  the 
alphabet,  and  the  faciuty  with  which  the  varioiis  characten  may  be 
joined  to  eiwh  other;  all  points  of  the  utmost  valu^ and  importance. 
Some  useful  practical  improvements  upon  Taylor's  system  have  been 
made  in  Mr.  Harding's  treatise  on  the  art.  Dr.  Haver's  system,  though 
it  obtained  considerable  popularity,  is  inferior  to  that  of  Taylor,  on 
account  of  his  alphabet  requiring  a  greater  number  of  strokes  of  the 
pen,  and  the  charactera  being  more  difBcult  of  junction.  Since  the 
pubUcation  of  Dr.  Mavor's  treatise,'  many  others  of  various  degrees  of 
excellence  have  been  published,  but  it  is  needless  to  enumerate  them ; 
tjiose  who  desire  further  information  as  to  the  history  of  the  art  will 
find  much  valuable  matter  in  Mr.  Lewis's  '  Historical  Account  of 
Shorthand.'  The  alphabets  on^the  next  page  will  in  some  measure  _ 
illustrate  a  portion  of  the  foregoing  remarlu  as  to  the  improvements 
which  have  from  time  to  time  taken  place . 

To  shorthand  writera  we  owe  full  reports  of  the  proceedings  of  par- 
liament, of  public  meetings,  and  of  the  courts  of  law.  The  newspaper 
press  has  indeed  given  a  powerful  stimulus  to  the  cultivation  of  the 
art,  by  affording  a  respectable  livelihood  to  a  numerous  body  of  in- 
dividuals. In  addition  to  what  it  has  done  for  the  daily  and  weekly 
press  in  particular,  shorthand  is  used  for  taking  down  sermons,  Boientilio 
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Jaotarei,  tc.    By  itudenta  of  divinity,  medioine,  law,  or  otliars,  wlio    identifio  or  other  subjeoiB,  Bbortbaod  may  ba  studied  irith  great 
m»y  wish  to  preserra  tiia  whole  or  piurta  of  duwounw  or  leotures  on  |  advantage.    The  art,  however,  ia  not  to  be  act^uired  without  the 
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dUigent  application  of  many  montba,  and  it  also  requirea  considerable 
manuiU  dexterity,  though  worthless  treatises  and  travelling  teachers  of 
stenography  occasionally  assert  the  contrary. 

We  shall  now  give  a  brief  aammary  of  the  prlQcipIes  of  stenography, 
aooording  to  the  system  of  Taylor,  as  improved  by  Harding. 

Of  the  Alphabet, — The  vowels  are  represented  by  points,  a  period 
standing  for  a,  e,  and  t,  and  a  comma  for  o  and  u.  The  single  con- 
sonants of  the  shorthand  alphabet  amount  only  to  sixteen,  c  and  z 
being  rejected  as  unnecessary,  the  former  having  both  a  bard  and  a 
soft  sound,  similar  to  k  and  t,  as  in  the  words  "  command  "  and  "  sen- 
tence j"  t  is  therefore. alvfays  substituted  for  c,  where  the  letter  has  a 
soft  sound,  and  it  where  it  has  a  hard  sound  :  /  and  e,  being  similar  in 
Bound,  are  both  represented  by  the  same  character.  For  the  same 
reason,;  and  j'  are  represented  by  one  character,  as  are  also  it  and  q. 
Characters  ars  also  assigned  to  dmible  consonants,  such  as  ck,  th,  and 
ih.  These  double  consonants  conduce  to  both  perspicuity  and  ex- 
pedition. The  vowels  are  distinguished  from  each  other  by  t^elr 
position.  For  instance,  should  the  period  be  placed  over  the  top  of 
k  consonant,  it  signiHea  a  /  if  placed  against  the  side,  or  opposite  the 
centre  of  the  consonant,  it  becomes  e  y  if  placed  at  the  bottom  i.  The 
personal  pronoun  /  ia  represented  by  a  mark  similar  to  the  tup  part  of 
4  note  of  admiration.  The  comma  ia  o  when  placed  in  tne  same 
aituatioQ  as  the  dot  or  period  for  a,  and  u  when  in  the  aama  situation 
■a  the  dot  for  e.  Where  vowels  have  been  generally  omitted,  either 
through  the  haste  of  transcribing  remarks  on  any  subject,  or  for 
expedition  in  following  a  speaker,  they  ought,  where  such  a  course  is 
rendered  necessary,  to  be  supplied  immediately  afterwards,  while  the 
subject  written  ia  fresh  in  the  recollection  of  the  writer.  In  all  words 
which  have  neither  incipient,  terminative,  nor  long  vowels,  no  middle 
vowel  should  be  expressed  unless  some  peculiarity  may  render  it 
expedient  or  necessary  to  deviate  from  this  general  rule.  A  word  of 
more  than  one  syllable,  having  a  long  vowel  in  it,  must  generally  have 
that  vowel  expressed,  because  the  long  vowd  being  found  in  that 
tyllable  which  is  moat  distinctly  heard  in  pronunciation,  affords  the 
greatest  help  in  reading;  at  the  same  time,  nowever,  when  a  word  of 
more  than  one  syllable  eonsista  of  several  consonants,  even  the  long 
irowel  may  be  frequently  omitted.  The  various  characters  of  the 
alphabet  represent,  when  placed  by  themselves,  a  number  of  small 
worda.  For  example,  the  a  or  an  is  written  by  dot;  tht  and  also  and  by 
«i  comma,  the  former  being  written  above  the  line,  and  the  latter  below. 
*rhe  consonant  b  represents  the  word  be,  by,  been  ;  d,  <io,  dyi,  done  ;  f, 
»/.  </.  if;  %>  ^^t  9"''  S"!  good  ;  h.  An  re,  lie;  k,  htow,  l-iiown  ;  1,  tird, 
ail,  iciU,  and  so  on  throughout  the  alphabet.  For  the  attainment  of 
pnctical  proficiency  in  the  art,  it  is  necessary  that  the  alphabet  should 
be  acquired  so  perfectly  as  to  be  written  correctly  four  times  in  a 
minute.  It  is  necessary  also  in  this  plaoe  to  explain  that  d  and  r, 
iwhich  in  the  alphabet  appear  to  be  precisely  the  same  in  form,  are 
distinguished  by  the  former,  when  joined  to  another  consonant,  being 
{written  downwards,  and  the  latter  upwards. 

0/  Prepoatitmt  and  rerminatiow.— Prepositions  and  terminations 
«re  the  letters  or  signs  by  which  the  first  and  last  syllables  of  words 
•re  repreaented.  The  whole  of  the  single  and  double  consonants  of 
the  alphabet  are  employed  in  denoting  the  Ixginnings  or  endings  of 
worda ;  in  which  situations  the  letters  are  not  joined  to  the  other  part 
of  the  word,  but  placed  so  close  as  to  show  their  connection  and 
prevent  their  being  mistaken  for  separate  and  independent  words. 
The  letter  i  representa  the  prepositions  oi»,  obi,  &o. ;  and  the  termlna- 
Uona  U(,  t«e,  bly  ;  the  letter  d,  the  prepositions  de  and  det,  and  the 
«ermmatlona  Ami,  end,  ened,  4c. ;  Uie  letter  /,  the  preposition  for 
•nd  the  termination  ful ;  and  the  other  alphabetical  charactere  are 
appropriated  in  a  similar  manner.  Besides  the  consonants  several 
arbitrary  marks  are  alao  used  to  denote  the  endings  of  words.  In 
many  cases  a  preposition  and  a  termination  together  are  all  that  are 
necessary  to  represent  a  word. 

t»/iJr6t«roria.— In  the  system  of  Taylor  very  few  arbitraries  are 
employed.  They  do  not  exceed  twenty  m  number  and  may  generally 
be  employed  wiOi  advantage,  which  is  more  than  can  be  said  of  the 
arbitraries   of  several  other   systems.      The  experienced   shorthand 

•  As  iBprsved  ty  Harding  in  the  posittoni  ef  the  roweli. 


writer  may  readily,  and  with  mush  benefit  to  Ijimselfv  increase  the 
number  of  these  marks  as  occasion  may  require.  For  instance,  the  in- 
dividual who  acquires  the  art  of  writing  shorthand  for  the  purpose  of 
its  practical  application  in  a  court  of  law,  may  readily  assign  arbitrary 
marks  for  such  technical  terms  or  lengthy  words  as  are  of  most 
frequent  recurrence.  In  the  same  manner  the  student  of  medicine  or 
divinity  may  also  form  such  characters  to  suit  his  own  peculiar 
pursuit ;  and  those  persons  who  practise  ahorthand  for  a  variety  of 
purposes  may  in  like  manner  adapt  them  to  the  several  subjects  on 
which  they  may  have  occasion  to  take  notes.  The  great  capabilities  of 
arbitrary  characters  in  these  respects  have  not,  we  believe,  been 
pointed  out  as  they  might  have  been,  either  by  Hr.  Harding  or  any 
other  author  into  whose  system  we  have  looked. 

Of  the  mode  of  "Spelling. — The  great  aim  of  shorthand  being  to 
represent  words  by  the  fewest  simple  characters  possible,  all  letters 
which  are  not  distinptly  sounded  in  any  word  must  be  omitted,  except 
in  cases  where  their  retention  may  seem  necessary.  If  words  are 
written  as  they  are  pronounced,  every  silent  letter  will  of  course  be 
omitted.  In  following  a  speaker,  however,  it  is  necessary  that  all 
vowels  should  be  omitted,  or  otherwise  it  will  be  Impossible  to  take 
more  than  the  substance  of  his  remarks.  Where,  however,  proper 
names  occur,  they  should  either  have  the  vowels  inserted  or  be  written 
in  longhand  :  the  latter  method  is  most  advantageous,  aa  the  names, 
when  so  written,  serve  us  rallyibg-puinta  to  the  eye  in  deciphering 
shurthaud  notes.  Where  the  vowels  are  omitted  in  general  writing, 
the  rule  is  to  write  such  of  the  conaonanta  oa  ore  sounded  in  the  pro- 
nunciation of  any  word. 

Of  llUceUaneota  tiodet  of  ilS&rmad'ott.— Aa  in  following  a  speaker 
all  the  vowels  require  to  be  omitted,  and  the  consonants  only  written, 
so  all  the  small  words  in  a  sentence  are  likewise  left  out.  In  some 
cases,  however,  where  the  speaker  is  deliberate'°and  the  writer  is  expert, 
nearly  all  the  words  may  oe  expressed.  In  the  abridgement  of  sen- 
tences of  course  the  writer  is  guided  by  his  own  judgment  and  the 
necessities  of  the  case.  The  different  tenses  and  moods  of  the  verba 
■re  generally  expressed  in  the  English  language  by  the  help  of  other 
verbs,  as  ihail,  have,  had,  can,  could,  may,  mial,  be,  fte.  These  being 
written  by  their  first  consonant,  may  be  joined  together ;  but  a  point 
should  be  inserted  over  the  characters,  to  signify  that  they  are  tiie  first 
lettera  of  words  in  the  sentence>  The  radical  part  of  a  word  too  may 
often  be  sufficient  to  denote  the  whole  word,  aa  exp.  fur  expenses,  pot. 
for  possible,  and  ao  forth.  A  mode  of  contraction  much  used  in 
common  writing  ia  to  express  the  first  and  last  consonants  of  a  word, 
inserting  a  dash  in  the  middle  to  show  tliat  it  is  deficient.  This  plan 
may  be  adopted  in  shorthand  writing,  or  the  common  lettera  may  be 
occasionally  used.  If  the  characters  cannot  be  distinguished  by  the 
plan  first  pointed  out,  the  termination  may  be  written  under  the  first 
consonant.  The  usual  abbreviations  in  lon^and  can  be  adopted  in  short- 
hand. If  a  part  of  a  sentence  is  to  be  repeated,  a  line  may  be  drawn 
under  it,  and  a  caret  placed  where  the  repetition  should  be  read. 

As  our  object  is  not  to  supply  a  manual  by  which  the  art  of  short- 
hand may  be  acquired,  but  rather  to  aflbrd  some  information  concern- 
ing its  leading  principles,  we  have  omitted  explanations  of  minor 
importance. 
STEPPE8.    rPlAlMS.] 

8TERE0GRAPHIC.  This  word,  which  is  derived  from  artptis, 
"solid,"  and  yfii^ui,  "to  draw,"  and  which  the'refore  ought  to  be 
applied  to  every  method  of  representing  a  solid  in  a  plane,  has  never- 
theless a  limited  technical  sense,  being  applied  to  that  projection  of  a 
sphere  in  which  the  eye  is  at  s  point  jin  the  sphere,  and  tlie  plane  of 
projection  is  the  great  circle  of  which  the  eye  is  at  the  pole,  or  a  plane 
parallel  to  it  This  mode  of  projection  was  known  to  Hipparehus,  and 
was  first  described  in  the  work  on  the  planisphere  attributed  to 
Ptolemy. 

The  stereographic  projection  has  two  remarkable  fpropertiea.  The 
first  is,  that  ail  circles  are  projected  either  into  straight  lines  or  circles. 
Thuse  ^yhich  pass  through  the  eye  are  of  course  projected  into  straight 
lines;  la  every  other  vase  the  projection  is  the  Subcoittrabt  section 
of  a  cone,  which  has  its  vertex  at  the'eye,  and  the  circle  to  be  projected 
for  its  base  ;  consequently  the  projection  is  a  oircla  As  much  of  the 
circle  as  lies  below  the  plane  of  projection  (tbe  eye  being  oonaidered  as 
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abore  it)  is  projected  inside  the  great  circle  on  wliiofa  projection  is 
made ;  and  all  the  r^  outside  :  when  this  projection  is  employed  in 
maps,  it  is  usual  to  place  all  the  part  of  ibo  globe  to  be  projected 
below  the  plane  of  projection. 

The  Bflcond  property  is,  that  the  angle  made  by  two  eiroles  which 
meet  on  the  globe,  is  equal  to  the  angle  made,  at  the  point  of  meeting; 
by  the  two  circles  which  are  the  projections  of  those  circles,  the  angle 
made  by  two  intersecting  circles  being  always  that  made  by  their 
tangents.  This  property  Is  easily  proved  as  follows :  Draw  through 
the  point  of  intersection  of  the  two  circles  {a.  and  B)  which  are  to  be 
projected,  two  other  circles  (a'  and  B'),  Which  bare  the  same  tangents, 
and  pass  through  the  eye.  Then  the  tangents  of  a'  and  8'  at  the  eye 
make  the  same  angle  as  those  at  the  other  point  of  intersection ; 
that  is,  as  the  tangents  of  A  and  B  at  the  point  to  be  projected.  But 
thes6  tangents  of  a'  and  b'  at  the  eye  are  parallel  to  the  pfofeetioiu 
of  the  tangents  of  a  and  b  at  the  point  to  be  projected  :  wneniis  the 
projections  of  these  tangents  of  a  and  B  make  the  same  angle  as  the 
tangents  themselves. 

The  first  property  was  known  to  Hipparchus  and  Ptolemy :  the 
history  of  the  second  is  rather  curious.  The  first  writer  who  seems  to 
have  looked  attentively  for  a  discoverer  was  Delambre  ('  IiUm.  Inst.', 
vol.  v.,  p.  893)^  who  could  not  find  it  in  Clavius,  Stoffler,  nor  in  any  of 
the  writers  of  the  middle  ages,  who  have  treated  pretty  voluminously 
on  the  astrolabe,  which  word,  as  used  by  them,  merely  meant  a  stereo- 
graphic  projection.  That  it  was  mentioned  (without  demonstration) 
in  the  French  Mathematical  Dictionary  of  Sav(Srien  (1758),  in  an 
article  which  was  copied  word  for  word  into  the  '  Kncyclop^die,'  was 
^  all  that  Delambre  could  then  say  of  its  origin.  He  afterwards,  in 
"  -writing  bis  '  History  of  Astronomy  in  the 'Middle  Ages,'  found  the 
proposition  demonstrated  in  the  '  Compleat  System  of  Astronomy,'  by 
Charles  Leadbetter,  London,  1728  ;  but,  judging  from  the  rest  of  the 
work,  he  presumes  tiut  Leadbetter  could  not  have  been  the  discoverer. 
Ko  claim  was,  however,  at  the  time  put  in  for  any  one  else,  and 
Sav&ien's  article,  which  attpenred  in  the  '  Encyclopedia,'  first  called 
general  attention  to  the  property,  and  this  can  be  traced  to  Lead- 
better's  work  nearly.  For  we  find  that  Sav^rien  translated  his  artiole, 
word  for  woid,  from  the  second  edition  (1748)  of  Stone's  '  Mathematical 
Dictionary.'  Stone,  was  a  sontemporary  of  Leadbetter,  and  several 
times  refers  to  his  writings. 

On  consulting  the  third  edition  of  Dr.  Harris's  'Xexicon  TedmiDUm' 
(1716),  knd  feeling  sure,  with  regard  to  that  work,  that  such  a 
]iropoi>ition  a*  the  one  called  Leadbetter's  would  be  stated,  if  it  were 
then  known,  we  turned  to  the  artiole  '  Spherick  Qeometry,'  and  there 
we  foiiiid  it,  with  a  demonstration,  enunciated  as  follows : — "  All 
Angles  made  by  Circles  on  the  Superficies  of  the  Sphere  are  equal  to 
those  made  by  their  Bepresentatives  on  the  Plane  of  the  Projeotion." 
The  claim  of  Leadbetter  is  therefore  overthrown.  In  the  preface, 
Harris  says  that  under  (among  others)  '  Spherical  Qeometty '  will  be 
found  enti*  treatises,  which,  if  he  mistakes  not,  are  as  short  and  plain 
.  as  any  extant.  If  this  proposition,  had  been  new,  he  would  probably 
have  noted  it  here,  particularly  if  it  had  been  his  own.  We  find  how- 
ever, finally,  that  the  property  has  been  shown  ('  Enoy^p.  Brit.', '  Pro- 
jection') to  have  been  demonstrated  fay  Halley  in  No.  919  of  the 
'  Philosophical  Transactions,'  and  is  attributed  by  him  to  De  Moivre  or 
Hook. 

The  conseqaence  of  this  theorem  is,  that  any  small  portiati  ot 
the  sphere  is  projected  into  a  figure  very  nearly  similar  to  itself,  so 
that  any  not  very  large  portion  of  the  earth  preserves  its  figure  with 
tolerable  accuracy  in  the  map.  fienoe  some  writers  have  said  that 
there  is  no  distortion  in  the  stereographic  projection,  which  ia  not 
absolutely  true,  though  nearly  so  of  countries  which  bear  no  greater 
proportion  to  the  whole  earth  than  liiost-of  them. 

The  mode  of  laying  -down  the  stereographic  projection  is  briefly 
stated,  and  a  diagram  ^ven,  in  the  article  Map  ;  it  will  be  found  at 
greater  length  in  the  memoir  of  Delambre  above  cited,  or  in  any  good 
work  on  the  construction  of  maps. 

STEREOSCOPE,  from  (niptit  (solid),  and  mowit  (a  view,  or  inan4», 
to  view),  an  instrument,  by  which  two  pioturoi  of  any  object,  taken 
from  different  pointe  of  view,  are  seen  as  a  single  picture  of  uat  objeot, 
having  the  natural  appearance  of  relief  or  soUdi^. 

The  theory  of  the  stereoscope  is  sufficienUy  dJscussed  under  Sioet. 
The  reflecting  stereoscope  was  first  described  in  a  paper  by  Professor 
Wbeatstone,  entitled  '  Contributions  to  the  PhysioloKv  of  Vision : 
Part  L  On  some  Remarkable  and  hitherto  Unobserved  Phenomena  of 
Binocolar  Vision,'  read  before  the  Royal  Society,  June  list,  1888,  and 
printed  in  the '  Philosophical  Transactions '  a  few  months  later.  The 
refracting  stereoscope  is  describad  by  Sir  David  Brewster  in  a  paper 
'  On  the  Law  of  Visible  Position  in  Single  and  Binocular  Vision,  and 
on  the  Representetiou  of  Solid  Figures  by  the  Union  of  Dissimilar 
Plane  Figures  on  the  Retina)/  which  he  communicated  to  the  Royal 
Society  of  Edinburgh  in  January,  1843.  He  further  explained  and 
defended  his  views  in  subsequent  papers,  which,  like  the  former, 
appeared  in  the  '  Edinburgh  Transactions '  of  that  and  following  yean. 
The  opinions  of  Sir  David  Brewster  ate  fiurthsr  set  forth  in  lus  work 
'The  Stereoscope'  (8vo,  1856);  those  of  Mr.  Wheatetone  must  be 
sought  in  the  paper  already  referred  to,  and  in  another  wUeh  formed 
the  Bakeriao  Lecture  of  the  Royal  Society  for  1853,  being  'Part  XL  of 
Contributions  to  the  Physiology  of  Vision,  and  on  ^nooular  Vision.' 


The  dissimilarity  of  the  pictures,  as  seen  by  each  eye  separately,  does 
not  appear  to  be  a  modem  discovery.  It  was  rsoognlsed  by  Euclid 
2000  years  ago,  and  minutely  described  by  Oalen,  The  idea  was 
revived  by  Baptist*  Porta  in  1S93 ;  also  by  Leonardo  da  Vinoi )  by 
Aguilonius,  in  a  work  on  the  vision  of  solids  (1613);  by  Harris,  la 
1776;  by  Dr.  Smith,  Dr.  Porterfield,  and  others.  Thus,  as  Brewster 
remarks,  writers  in  every  age  knew  the  two  facte  that  the  pictures  on 
the  retinee  of  the  two  eyes  were  dissimilar,  and  that  by  the  unicm  of 
these  two  fiat  distinct  pictures  we  obtain  the  vision  of  solids.  But  in 
order  to  obtain  accurate  pictures  of  objeote  as  seen  by  sash  eye,  and 
the  method  of  uniting  them,  photography  and  the  binocular  camem 
were  required.  The  first  was  already  ^ufflcientiy  advanced,  and  the 
latter  was  introduced  by  Brewster;  while,  in  order  to  view  the 'pictures 
with  efi'eot,  the  lenticular  stereoecope  was  contrived.  The  first,  instru- 
ment of  this  kind  was  constructed  by  the  late  Andrew  Ross  for  tiis 
inventor,  and  was  exhibited  to  Uie  British  Association  in  Birmingham 
in  1849.  It  did  not,  however,  attract  attention  until  the  Frenoh 
optician  Du  Boscq  showed  his  remarkable  collection  of  stereoscopio 
views  in  the  Oreat  Exhibition  of  1881.  after  wfiich  the  demand  for  the 
stereoscope  warmed  into  a  passion  which  has  scarcely  since  cooled 
down.  The  lenticular  stereoscope,  as  described  by  the  inventor, 
"  eonsisto-  of  a  pyramidal  box  of  wood  or  metal,  or  any  other  opaque 
material,  blackened  on  the  inside,  and  having  a  lid  for  the  admission  of 
light  when  the  pictures  are  opaque  The  box  is  open  below,  in  order 
to  let  the  light  pass  through  the  pictures  when  they  are  tiransparent. 
Another  lid  is  sometimes  added,  so  as  to  open  externally  on  the  bottom 
of  the  box,  for  the  purpose  of  exhibiting  dissolving  views  in  the  stereo- 
Boope.  The  bottom  of  the  box  is  generally  Coveted  witii  ground-glass, 
the  surface  of  which  ought  to  be  very  fine,  or  very  fiue-grained  paper 
may  be  used.  The  top  of  the  box  consists  of  two  portions,  in  one  of 
which  Is  the  right  eye-tube,  containing  a  semi-lens,  or  quarter-lens,  and 
in  the  other  the  left  e3rs-tube,  also  oontaining  a  semi-lebs  or  quarter- 
lens.  These  two  portions  may  be  advantageously  made  td  approach  or 
recede,  in  order  to  suit  eyes  at  dififerent  distances  from  one  another ; 
and  the  tubes  oontaining  the  lenses  should  draw  out,  ill  order  to  suit 
long-  and  short-sighted  eyes."  The  two  dissimilar  pictures  (which,  for 
eanvenlence,  are  mounted  cm  a  thick  catd,  forming  the  universally, 
known  "  slide  ")  are  plaoed  in  a  groove  in  the  bottom  of  the  boic,  when, 
on  looking  through  the  eye-tubes,  they  are  seen  united  into  a  tingle 
picture,  and  the  object  or  objecte,  if  a  proper  amount  of  light  is 
obtained,  stand  out  with  an  almost  magical  appearance  of  relief  and 
solidity.  For  opaque  slides,  a  mirror  may  be  used,  and  made  to  move 
on  a  hinge,  so  as  to  tlirow  light  into  the  instrument,  The  employment 
of  photography  for  the  stereographs  has  wonderfully  Sxtefaded  tile 
range  of  the  instrument. 

The  quarter-  or  semi-lens  may  also  be  used  in  the  binocular  oatnera. 
And  here  we  may  state  the  advantage  of  dividing  the  lenses.  Whole 
lenses  were  originally  used ;  but  as  the  outer  half  of  each  lens  is  useless, 
as  the  eyes  only  look  through  the  inner  halves;  moreover,  U  itis 
impossibla  to  give  two  lenses  precisely  the  same  fdoal  lengtli  and 
magnifying  pov^er,  it  was  found  to  be  zbore  accorate,  and  even  cheaper, 
to  cut  each  lens  into  halves  or  quartet*,  and  to  shape  each  half  or 
quarter  into  a  round  disc,  with  the  thin  part  of  each  turned  inwarcis 
in  tiie  instrument.  In  this  way  a  single  lens  eould  be  made  into  one 
semi-lens  or  two  qunrter-letu  stereoscopea.  It  is  evident  that  these 
portions^  out  from  the  same  lens,  must  have  the  same  focal  length  and 
magnifying  power.  It  is  by  means  of  these  semi-  or  quarter-lenses  that 
the  storeoscopio  efibct  is  produced,  though  they  do  not  themselves  pro- 
duoe  that  efifect.  What  they  acoomplish  is  the  transference  of  the  two 
dissimilar  pictures  or  stereographs  to  a  middle  point,  Tbe  union  of 
these  two  pictures,  or  their  superposition  on  that  middle  point, 
produces  the  stereoscopic  efibct.  [SlOHT.]  The  half-  or  quarter-lenses 
are  placed  2^  inches  apart,  cerrespouding  to  tiie  distance  between  the 
eyes. 

Among  the  various  forms  of  the  instfument,  we  may  mention 
Sniith  and  Beak's  adtromaUc  stereoscope;  the  rtfiteUnt)  st^oscope; 
Claudet's  ttertomohotcope  t  aild  Skaife's  ptHotograpK,  colisisting  of  a 
combination  of  lenses  of  small  sise  (one  inch  in  diameter,  and  the 
focal  Ivngth  of  the  combination  one  inch).  In  this  last  instrutneht 
the  thickness  of  the  gUss  through  which  the  light  peases  is  stnall,  and 
hence  the  actinic  rays  are  so  powerful  that  a  i^otognph  ttiay  be  taken 
almost  in  an  instant,  and  is  not  liable  to  the  ertors  wldcti  the  use  of 
large  lenses  occasions.  The  small  pictures,  or  pittologntm*,  as  the^  are 
called,  may  be  magnified  by  an  enlargillg  eatnera.  .  The  small  picture 
may  also  be  inoloa^  between  two  plates  of  glass,  and  raised  to  a  tem- 
perature sufficient  to  fuse  the  tiiree  glaates  into  one,  effectually  pro- 
tecting the  picture  froili  the  presence  of  tiie  air,  and  forming  what  is 
called  a  cAroino-crysfttl. 

From  what  has  been  said,  it  will  be  gathered  that  the  truthfulness 
of  the  stereoscopic  picture  must  depend  mablly  on  the  chanicter  of  the 
dissimilar  pietures  or  stereographs.  Stereographic  portraite  are  usually 
taken  with  cameras  contrived  for  the  purpose,  tii  otder  to  teke  stereo- 
graphs of  lanthcapes,  buildings,  statuary,  £e.,  the  ordinatjr  landscape 
camera  ia  employed ;  the  Camera  being  removed,  after  the  first  picture 
is  taken,  to  a  position  parallel  to  thai  just  occupied,  and  at  an  equal  dis- 
tance from  the  principikl  object,  but  ihore  o^  less  distant  from  the  first 
poeitiou  in  prc^xntion  to  the  diatanoe  from  the  object  to  be  repre- 
sented. '  The  stereoscopio  angle,  as  it  is  called,  has  been  laid  down  At  1 
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in  25  for  objects  fiO  feet  or  more  distant ;  some  have  even  recom- 
mended that  the  camera  should  be  removed  to  a  distance  of  4  feet  in 
order  to  take  views  of  an  object  only  20  feet  distance.  But  the  effect 
of  such  an  arrangement  is  obviously  to  make  one  picture  represent 
much  more  of  the  right  side,  the  other  more  of  the  left  side,  of  an 
object  falling  within  the  field  of  vision,  than  could  be  seen  by  a  person 
gtanding,  say  midway,  between  the  two  positions.  And  the  two  pic- 
tures BO  taken  must,  when  united  in  the  steieoscope,  present  an  exagge- 
rated and  therefore  untrue  representation.  In  fact  there  will  be;  what 
is  so  oommonly  seen  in  the  stereoscope,  an  unnatural  appearance  of 
separation  between  the  chief  object  and  the  accessories.  You  see 
round  the  figure  in  fact,  just  as  in  life  you  see  round  a  statuette  or 
small  model ;  and  hence  there  arises  that  detached  model-like  appear- 
ance which  is  often,  and  veiy  properly,  objected  to  in  stereoscopic  repre- 
sentations. What  thejBtereoscope  ought  to  show  is,  the  representation 
of  an  object  or  objects  in  nearly  the  same  relative  solidity,  relief,  abd 
separation  as  the  reality  possesses ;  and  that  is  what  the  stereoscope 
would  exhibit  if  the  stereographs  were  taken,  as  they  ought  to  be,  and 
as  the  most  successful  (though  not  the  most  popular)  are  taken,  from 
positions  little,  if  at  all,  exceeding  that  of  the  eyes  apart  The  great 
importance  of  strict  accuracy  in  views  of  countries  beyond  the  reach  of 
the  ordinary  traveller,  of  antiquities,  objects  of  special  scientific  and 
archaeological  interest,  &c.,  wiU  be  at  once  acknowledged;  and  the 
value  of  the  stereoscope  for  afibrding  such  representations  in  their 
greatest  attainable  perfection  is  daily  becoming  more  apparent. 

STEREOTYPING.    [Pbikti»o.J 

STEBLINO,  a  word  applied  to  all  lawful  money  of  Great  Britain. 
In  Buding'a  work  on  '  Coinage,'  vol.  L,  p.  18, 4to.  edit.,  the  various 
supposed  derivations  of  the  word  are  given.  Buding  says,  *'  its  origin 
and  derivation  are  still  unsettled ;"  but  he  inclines  to  attribute  it  to  an. 
abbreviation  of  Eaterlings  people  of  the  north-east  of  Europe,  some  of 
whom  were  employed  in  the  12th  century  in  regulating  the  coinage  of 
EngUuid.  But,  looking  at  the  facts  that  tterUng  meant  a  penny,  not  a 
species  of  coinage;  that  it  was  used  in  Germany,  and  in  Scotland 
before  Eastern  coiners  were  employed  in  England;  that  it  is  spelt 
starting  by  some,  as  by  Spelman,  and  aUUin  by  some  of  the  French 
writers,  we  reject  the  derivation  above,  and  agree  with  Polydore 
Vergil  and  Bishop  Nicolsun  in  deriving  the  name  from  the  UtiU  tlart, 
which  were  very,  common  on  the  penny  coins.  (See  the  Campanioin 
to  the  Almanac  for  18o6.) 

STERLlSaS  RULES  (or  Simpson's  Rules).  Useful  formuto  used 
principally  in  estimating  the  "displacement"  of  a  ship  when  afloat. 
They  are  derived  from  the  equation  to  the  parabola,  and  have  been 
already  noticed  under  Sbif. 

STERN.     [Ship.] 

STERNUTuRIES,  called  also  Ptarmios,  agents  which  cause  sneezing. 
The  most  familiar  are  snuSi  of  different  kinds,  many  of  which  cause 
likewise  a  flow  of  the  natural  secretion  from  the  nose,  when  they  ore 
termed  errhines.  [Ebrhines.]  Sternutories  are  chiefly  eyiployed  to 
occasion  a  violent  suocussion  of  the  frame^  either  to  restore  suspended 
respiration,  as  in  some  cases  of  fainting,  or  to  dislodge  some  foreign 
body  from  the  nasal  passage  or  windpipe,  or  "more  rarely  to  cause  the 
bursting  of  abscesses  in  the  tonsils.  They  are  also  used  to  avert 
impending  fits  of  hysteria  or  epilepsy,  or  to  terminate  prolonged  hiocup. 
Their  use  requires  caution  in  individuals  disposed  to  apoplexy  or 
affected  vrith  rupture.  They  ar«  generally  improper  for  pregnant 
women  and  young  children.  They  occasionally  excite  too  violent  and 
continued  sneezing,  which  may  be  controlled  by  creasote ;  breathing 
diluted  carbonic  acid ;  putting  a  sinapism  round  the  throat ;  or 
inhaling  chloroform. 

STETHOSCOPE.    [Auscultation.] 

STEWARD,  LORD  HIGH,  OF  ENGLAND,  one  of  the  ancient 
great  officen  of  state.  Under  the  Norman  kings  and  the  early  kings 
'of  the  Plantagenet  line  it  seems  to  have  been  an  hereditary  offioe. 
(Hugh  GrentmesnU  held  the  office  in  the  reign  of  Henry  II.,  and  it 
passed  with  his  daughter  and  co-hair  in  marruge  to  Robert  de  Bello- 
teont,  who  was  Earl  of  Leicester.  Bobert's  son  held  it,  on  whose  death 
without  issue  it  passed  to  the  husband  of  his  sister,  the  elder  Simon 
de  Montfort,  who  had  also  the  dignity  of  Earl  of  Leicester,  Prom  him 
it  passed  to  his  son,  the  second  Simon  de  Montfort,  who  was  slain  at 
the  battle  of  Evesham  in  126fi.  This  high  dignity  then  reverted  to 
the  crown,  but  was  immediately  granted  to  Edmund,  king  Henry  the 
Third's  younger  son,  together  with  Montfort's  earldom  of  Leicester,  in 
whose  descendants,  the  earls  of  Lancaster  and  Leicester,  it  continued, 
md  in  the  person  of  Henry  the  Fourth,  who  was  duke  of  Lancaster, 
was  absorbed  into  the  regal  dignity. 

From  this  time  no  person  has  been  invested  with  this  high  dignity 
as  an  heritable  possession,  or  even  for  his  own  life,  or  quamdiu  k  bene 
9fumt ;  but  onlv  for  some  special  occasion,  the  office  to  cease  when 
the  business  which  required  it  was  ended ;  and  this  occasion  has  usuaUy 
been  when  a  person  was  to  be  tried  before  the  House  of  Peers. 
Before  thw  court  a  peer  may  be  impeached  for  treason,  felony,  mis- 
prision of  treason,  and  misprision  of  felony  ;  but  a  commoner  only  for 
high  nusdemeanora,  and  not  for  any  capital  oBence.  The  lords  are 
summoned  to  appear,  and  the  decision  is  by  a  majority,  but  no  con- 
vicUon  can  take  place  unless  the  majority  consist  of  twelve  or  more. 
1  he  spiritual  lords  may  bo  present  at  the  trial,  but  cannot  vote.  On 
such  occasions  there  is  a  lord  high  steward  created,  who  presides,  and 


when  the  proceedings  are  closed,  breaks  his  wand,  and  dissolves  the 
court;  but  if  the  trial  take  place  during  the  session  of  parliament, 
though  a  lord  steward  is  appointed,  it  is  not  considered  as  his  court,  he 
having  none  of  the  functions  of  the  judge,  only  voting  witb  the  rest  a* 
a  peer,  although  he  presides. 

ST^DIAMYL.    [OBaANOHErALLic  Bodhs.] 

STIBETHYL.    [ORaajroHETALLia  Bodies.] 

STIBMETHYL.    [pBOAitoMETALLio  Bodies.] 

8TIBTRIAMYL.    [Obqanometallio  Bodies.] 

STILBENE.  (C„Hi,)  A  crystalline  hydrocarbon  produced  by  the 
distillation  of  the  hydride  of  sulphobenzoyL  TIdoMttaU  (C„H,jS,), 
another  white  crystalline  body,  is  also  produced  at  the  same  time. 

STILBESOUS  ACID.  A  product  not  fully  investigated,  obtained 
by  the  action  of  chlorine  upon  essence  of  bitter  almonds, 

STILBIC  ACID.     [Stilbtl.] 

STILBYL.  (C,,H,jOJ.  The  hypothetical  radical  of  a  small  group 
of  organic  compounds  of  which  the  following  ard  the  names  and 
formulae : — 

'BensSin  or  hydride  of  stUbj-l  .        .        .''••°"2*} 

Beazlle '    .    .  C„H,,0, 

BenziUs  odd,  stUbjUc  add,  or  stUUo  add      .  ''••^n^*  j  O, 

Chloride  of  sUlbyl *'"°"a*  } 

STILBYLIC  ACID.    [Stilbtl.] 

STILL.    [Distillation.] 

STILLISTEARIC  ACID.  A  crystalline  organic  acid  obtained  by 
the  saponification  of  the  vegetable  fat  expressed  from  the  fruit  of  the 
StiUinffia  ubifera. 

STIMULANTS  or  Excitanti  (in  medicine),  agents  which  increase 
vital  action,  first  in  the  part  to  wliich  they  are  applied,  then  of  the 
system  generally,  and  perhaps  ultimately  of  some  particular  organ ; 
and  when  this  organ  is  a  gland  or  secreting  organ,  a  renewed  or 
augmented  secretion  is  observed.  The  nervous  system  seems  to  be 
the  part  which  they  chiefly  influence,  and  through  it  the  vascular, 
and  m  many  eases  the  muscular.  This  is  well  seen  m  the  simple  efiect 
following  the  employment  of  ammonia  in  a  fainting  fit,  where  the 
application  of  the  vapour  of  ammonia,  or  its  carbonate  (smelling  salts) 
to  the  nostrils,  stimulates  the  brain,  and  so  restores  the  heart's  actv>n, 
by  which  the  circulation  is  resumed,  and  ail  parts  dependent  on  it 
vivified.  Aromatio  vinegar,  electricity,  galvanism,  and  the  sudden 
application  of  cold,  especially  alternated  with  heat,  and  chloric  ether, 
have  a  like  eSbct. 

The  agents  which  constitute  this  class,  thongh  often  confounded 
with  others,  are  perfectly  distinct ;  differing  from  all  by  their  sensible 
qualities,  their  chemical  compoeition,  the  nature  of  their  physiological 
effects,  and  of  the  therapeutic  indications  they  are  calculated  to  fulfil. 
They  are  often  confounded  with  tonics  [Analeptics],  antispasmodics, 
and  even  narcotics,  to  all  of  which  they  have  relations  of  affinity,  but 
are  not  identical  with  any.  In  so  far  as  they  both  act  on  the  nervous 
system,  they  have  most  iJfinity  with  antispasmodics  [Antispasxodics], 
but  differ  &oni  them  inasmuch  as  stimulants  increase  the  actions 
which  are  natural  to  the  different  organs  of  the  body ;  while  antispas- 
modics allay  or  diminish  inordinate  or  abnormal  action.  Nearly  the 
same  may  be  said  of  the  distinctions  between  them  and  narcotics 
[Narootios],  for  though  the  increased  action  excited  by  an  agent  of 
this  class,  if  extreme  or  long  continued,  is  followed  by  a  greater  or  less 
degree  of  collapse,  still  this  is  very  different  from  that  which  follows 
the  employment  of  a  narcotic,  which  is  much  greater,  as  well  as  more 
speedy.  Certain  articles,  such  as  opium  and  alcohol,  may  be  made  to 
act  in  dther  way ;  but  while  opium  is  not  unf  requently  used  to  stimu- 
late, alcohol  is  never  used  medically  as  a  narcotic,  thongh  the  coma 
and  stupor  which  ensue  from  an  excessive  dose  of  it  are  as  profound, 
and  often  as  &tal,  as  from  an  overdose  of  opium. 

Above  all,  stimulants  are  most  frequentiy  confounded  with  tonics ; 
but  independently  of  the  consideration  that  stimulants  operate 
directiy  on  the  nervous  system,  while  tonics  affect  the  muscular  and 
sanguiferous  systems,  their  operation,  as  well  as  the  nature  of  their 
effects,  is  entirely  different.  Stimulants  render  the  movements 
generally  more  frequent ;  tonics  render  them  stronger ;  stimulants  too 
freely  or  too  often  used,  exhaust  the  excitability;  tonics,  within  a 
certain  limit,  maintain  it.  The  action  of  the  one  is  immediate  and 
transient;  that  of  the  other  slow,  scarcely  perceptiUe,and  progressive, 
but  permanent.  Tiiis  is  best  seen  in  their  efiects  on  the  stomach. 
Tonics  render  the  digestion  more  perfect;  stimulants  quicken  it: 
moreover,  most  tonics  must  be  themselves  digested  before  the  system 
can  benefit  by  them  ;  while  stimulants  display  their  effects  as  soon  as 
they  touch  the  lips  or  reach  the  stomach.  In  man^  fevera  cinchona 
bark  produces  no  abatement  of  the  symptoms  for  which  it  is  usually 
prescribed,  as  the  stomach  is  too  wef^  to  digest  it ;  but  capsicum  or 
cayenne  pepper  given  along  with  it,  so  rouses  the  stomach  that  tho 
febrifuge  power  of  the  bark  is  then  manifested. 

Stimulants  are  of  two  classes  :  one  comprising  medicind  sul;- 
stances;  the  other,  warmth,  cold,  electricity,  galvanism,  and  mental 
agents,  such  as  music  (when  Uvely),  joy,  hope,  &c.  Many  of  the  latter 
class  have  been  already  treated  of   [BATaziio;  ELSOTBldTr;  Gal- 
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TAVISX} ;  of  the  othera,  the  sffecta  are  too  fcmilUr  to  lequire  notice, 
except  to  reoommend  the  practice  of  encourBging  the  hope  of  a  favoui^ 
aUo  iaeue  to  hia  complaint  in  the  rofoi  of  a  patient,  in  all  cases  not 
desperate,  as  oheiishing  this  feeling  greatly  increases  the  chance  of 
reooveiT.  The  former  class  ^  is  divided  into  permanent  stimnlants 
and  dimuible  stimulants,  the  effect  of  the  permanent  being  slower 
but  more  lasting,  that  of  the  othen  quick  but  transient.  The  first  are 
used  where  a  considerable  and  enduring  power  is  wished  to  be 
imparted  to  the  Bystem,  as  in  the  convalaacence  from  acute  diseases, 
the  other  where  some  great  and  impending  danger  is  to  be  obviated,  as 
in  eases  of  faintihg  fits,  or  when  aedatiTe  poisons  are  to  be  antagonised. 
In  these  latter  instances,  ammonia,  alcohol  in  some  form,  or  siiuphurio 
ether,  arq  commonly  had  recourse  to.  Permanent  stimulants  are 
generally  volatile  or  essential  oils,  pure,  or  in  the  combinations  in 
which  tiiey  exist  in  roots,  harks,  or  flowers,  and  are  often,  highly 
aromatic ;  malt  liquors  may  also  be  classed  with  permanent  stimulants. 
The  precise  sta|;e  in  the  progress  of  fevers  and  other  acute  diseases, 
when  antiphlogistio  or  reducing  measures  should  be  abandoned,  and 
stimulants  sufaetituted,  is  the  nicest  point  that  a  medical  attendant  is 
ever  called  upon  to  decide ;  and  nothing  more  dearly  distinguishes  the 

i'udicioua  piaotitioner  than  his  correct  determination  of  this  point, 
t  may  be  safely  asserted  that  more  cases  are  lost  by  a  premature  use 
of  them  than  by  delay,  as  the  numerous  relapses  in  fever  testify. 
All  penons  recovering  from  severe  disoanon  are  almost  in  the  condi- 
tion of  newly  bom  children,  in  whom  the  irritability  and  excitability 
are  very  great.  These  should  not  be  violently  acted  upon,  but  on  the 
contrary  they  should  be  treated  with  the  utmost  gentleness  and  care. 
Sleep  is  a  mors  useful  restorative  than  any  other.  Stimulants  are  more 
necessary  during  the  night  than  during  the  day,  and  as  more  persons 
die  during  that  period,  the  use  et  stimulants  becomes  more  urgent  at 
that  time.  But  the  beet  and  most  harmless  is  a  very  strong  infusion 
of  tea,  especially  green,  given  in  small  quantities,  every  hour  or  two, 
as  the  danger  of  the  case  may  point  out. 

A  useful  stimulant  is  furnished  by  coca,  the  leaf  of  Erythrozylon 
eoca  (Lamarck),  a  shrub  native  of  South  America.  Its  power  of  enabling 
the  Indians  to  sustain  prolonged  fatigue,  either  on  journeys  or  while 
working  in  mines,  has  been  long  known.  It  has  only  lately  been 
tried  in  Europe.  Its  utility  seems  manifest  in  cases  of  nervous 
ezhaostion  from  over-study  or  long  fasting.  A  few  grains  chewed,  or 
an  infusion  of  varying  strength  according  to  the  necessity  of  the  case, 
wards  off  fatigue  and  assists  respiration.  But  too  much  caution  can- 
not be  observed,  lest  a  habit  should  be  acquired,  not  less  pernicious 
than  the  abuse  of  opitim  or  alcohol.  (See  Poppig'i  Travdi  tit  Peru, 
an  extract  from  which  is  in  Companion  to  BotmoMl  Xagaziae  vol.  L, 
p.  161,  ind  with  Jig.  voL  iL,  p.  26 ;  Weddell'a  Voyage  dam  It  nord  de 
la  BoHvie;  Johnston,  Ohemiitry  of  Common  Life,  voL  ii.,  p.  187,  and 
The  TeAnoUgiM,  voL  L,  p.  256.) 

STIVER.    [MoiTBT.] 

STOCKADE,  in  Fortification,  is  the  name  given  to  a  wall  constructed 
by  planting  upright  in  tiie  ground  squared  trunks  of  trees,  or  rough 
pUei  of  timber,  so  as  to  enclose  an  area  which  is  to  be  defended.  T^e 
trunks  or  piles  are  planted  close  together ;  and  at  intervals  of  three 
feet  from  one  another  loopholes  are  cut  through  them,  or  notches  a 
few  inches  long  are  out  down,  vertically,  frcnu  the  top,  through 
which  the  defenders  may  direct  a  fire  of  musketry  on  the  assailants. 
An  indosure  of  timber  so  planted  it  sometimes  called  a  Palanka, 
from  a  name  which  is  said  to  have  bepn  given  by  the  Turks,  when 
they  first  entered  Europe,  to  their  field-redouts  or  small  entrenched 
oampe. 

Stockades  are  still  frequently  constructed  as  temporary  fortifications 
in  countrie*  which  abotmd  with  timber,  as  in  North  America  and  the 
Bast  Indieg ;  and  among  uncivilised  nations,  these,  and  rude  par^ieta 
of  earth,  are  the  only  l^ds  of  fortification  which  have  been  executed. 
They  were  also,  in  general,  the  means  employed  by  ancient  armies 
while  besieging  towns,  to  protect  themselves  or  to  prevent  the  escape 
of  the  garrison.  The  waUa  with  which  the  Peloponnesiana  surrounded 
Flatssa  during  the  siege  and  the  blockade  of  that  city  were  stockades, 
consisting  of  palisades  planted  close  together  in  a  double  line  wijli  a 
certain  interval  between  the  lines.    (Tbucydides,  ii  76.) 

The  description  of  the  pahs,  or  hippaha,  of  N^ew  Zealand,  given  in 
the  accounts  of  Captain  Cook's  voyages,  would  nearly  serve  for  the 
stocludee  within  which  the  natives  of  that  country  have  on  several  recent 
oocasiona  resisted  the  assault  of  a  British  force.  It  is  stated  that  the 
works  consisted  of  trunks  of  trees  planted  dose  together,  with  a  small 
indinstion  towards  the  interior  spabe ;  and  tliat  at  intervals  from  one 
another,  particularly  at  the  angles  of  the  works,  there  were  scaffolds 
whose  heights  from  the  groimd  were  three  feet  lees  than  that  of  the 
top  of  the  wall,  so  that  Uie  defenden  were  able  to  see  the  ground  at 
the  foot  of  the  wall  while  they  were  concealed  from  the  view  of  the 
enemy.  In  the  interior  there  was  usually  a  hollow  place,  in  which  the 
women  and  children,  with  the  provisions,  were  deposited.  The  pahs 
are  generally  on  the  summits  of  heic^ts,  and  they  are  sometimes 
strengthened  by  outworks  of  a  similar  nature.  Those  of  most  recent 
construction  are  usually  so  placed  as  to  allow  of  a  ready  retreat  into 
"the  bush." 

On  the  frontiers  of  the  United  States  of  North  America,  during  a 
war,  stockades  consisting  of  roughly-hewn  trunks  of  trees  pUmted  dose 
together  in  upright  positions  ana  pierced  with  loop-holes  for  musketry, 
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are  very  frequently  constructed  for  the  purpose  of  inclosing  an  aiea 
which  is  to  be  defended ;  and  at  each  of  the  angles  of  the  inclosure  a 
sort  of  blockhouse,  serving  as  a  bastion  to  flank  the  stockade,  is  con- 
structed with  very  thick  logs  of  timber  placed  horizontally :  these 
block-houses  are  sometimes  formed  with  an  upper  story,  the  angled  of 
which  project  over  the  sides  of  tiie  lower  one,  so  that  by  loop-holes  in 
the  projecting  part  of  the  floor  a  fire  of  musketry  may  be  made  upon 
the  enemy  when  at  the  foot  of  the  wall. 

STOCKINGS.    [HoBiKBT  Maitcpaotdbk.] 

STOCKS,  a  term  applied  to  the  various  "  Funds  "  which  constitute 
the  national  debt.  Each  proprietor  of  stock  may  transfer  his  interest 
to  others  by  sale.  When  the  transfer  is  effected  by  a  broker  he  must 
be  autiioriaed  by  a  power  of  attorney  from  his  principal,  the  stamp- 
duty  on  which  is  21<.  6<2. ;  and  the  document  may  be  so  drawn  as  to 
empower  him  both  to  buy  and  Bell  stock  and  to  receive  the  dividends 
for  the  person  by  whom  he  is  commissioned.  Few  persons  buy  or  sell 
stock  except  through  the  medium  of  a  broker,  but  the  general  practice 
is  to  receive  their  dividends  themselves.  The  purchaser  acquires  the 
dividend  due  upon  the  stock  for  the  current  half-year,  and  thus  at  one 
point  there  will  be  a  sum  of  29t.  id.  due  on  three  per  cent,  stock,  and 
a  fortnight  afterwards  only  1<.  Sd.  On  the  bargain  being  completed, 
the  parties  repair  to  the  Bank  to  transfer  the  stock.  "  For  this  pur- 
pose the  seller  makes  out  ti  note  in  writing,  which  contains  the  name 
and  designation  of  the  seller  and  purchaser  and  the  sum  and  descrip- 
tion of  the  stock  to  be  transferred.  He  delivers  this  to  the  proper 
dark,  and  then  fills  up  a  receipt,  a  printed  form  of  which,  with  blanks, 
is  obtained  at  the  o£Sce.  The  clerk,  in  the  mean  time,  examinee  the 
seller's  accounts;  and  if  he  find  him  possessed  of  the  stock  proposed 
to  be  sold,  he  makes  out  the  transfer.  This  is  signed  in  the  books  by 
Vbo  seller,  who  delivers  the  receipt  to  the  clerk ;  and  upoil  the  pur- 
chaser's signing  his  acceptance  in  the  book,  the  derk  signs  the  receipt 
as  witness.  It  is  then  delivered  to  the  piuehsser  upon  payment  of  the 
money,  and  thus  the  business  is  completed."  (Dr.  Hamilton, '  History 
of  the  National  Debt') 

Bai;g)Uns  in  stock  are  tnmsacted  in  the  Stock  Exchange,  in  Capel- 
court.  All  the  more  respectable  brokers  are  members  of  the  Stock 
Exchange,  into  which  association  they  are  dected  annually  by  ballot ; 
but  many  of  the  jobbers,  who  are  not  members  and  carry  on  their 
transactions  outside  the  exchange,  are  said  to  be  persons  of  wealth. 
The  governing  body  consists  of  a  committee  of  twenty-four,  also  elected 
by  ballot.  The  established  rate  of  brokerage  is  one-eighth  per  cent, 
(or  2«.  M.  in  the  1002.)  upon  the  ^amount  of  stock  transferred. 

The  dividends  on  all  descriptions  of  stock  are  due  half-yearly,  either 
on  tiie  6th  of  January  and  6th  of  July,  or  on  the  6th  of  April  and 
10th  bf  October,  and  are  paid  about  a  week  afterwards ;  and  for  about 
six  weeks  previously,  the  books  at  the  Transfer  Office  being  closed, 
transfers  cannot  be  regularly  made.  The  transfers  on  each  stock  are 
effected  at  other  times  only  on  c^ain  days  in  the  week,  which  may  be 
ascertained  by  a  reference  to  any  almanac. 

The  bargains  for  time  form  a  very  important  portion  of  the  business 
of  the  Stock  Exchange.  They  are  bai^jolns  to  deliver  stock  on  a  cer- 
tain day  at  a  certain  price,  the  sdler  of  course  believing  that  the  price 
will  fall,  and  the  buyer  that  it  will  rise.  When  the  period  for  com- 
pleting the  bargain  has  arrived,  a  settlement  is  usually  effected  wiUiout . 
any  payment  of  stock,  the  losing  party  simply  paying  the  difference.  ' 
"  These  bargains  are  usually  made  for  certain  days  fixed  by  a  com- 
mittee of  the  Stock  Exchange,  called  ttUling  days,  of  which  there  are 
about  eight  in  the  year,  namely,  one  in  each  of  the  months  of  January, 
Februaiy,  April,  Hay,  July,  August,  October,  and  November;  and 
they  are  always  on  Tuesday,  We&esday,  Thursday,  or  Friday,  being 
the  days  on  which  the  commissioners  for  the  reduction  of  the  nationu 
debt  make  purchases.  The  settling  d.tys  in  January  and  July  ace 
always  the  first  days  of  the  opening  of  the  bonk  books  for  public 
transfer;  and  these  days  are  notified  at  the  bank,  when  the  books  ore 
shut  to  prepare  for  the  dividend.  The  price  at  which  stack  is  sold  to 
be  transferred  on  the  next  settling  day  is  called  the  price  on  aceoimt. 
Sometimes,  instead  of  doHng  the  account  on  the  settling  day,  the 
stock  ia  carried  on  to  a  future  day  on  such  terms  as  the  parties  agree 
on.  This  is  called  a  conttniKifion."  (Dr.  Hamilton.)  A  defaulter,  in 
the  language  of  the  Stock  Exchange,  is  termed  a  "  lame  duck,"  and  his 
name  is  posted  for  a  certain  time  in  the  great  room.  The  sellers  of 
time  bargains  are  also  technically  called  "  bears,"  and  the  buye^ 
"  bulls ;  "  the  interest  of  the  former  being  to  beat  down  prices,  and  of 
the  latter  to  raise  them. 

Stock  of  a  high  denomination  ma^  usually  be  bought  cheaper  than 
that  of  which  the  nominal  interest  is  lower ;  and  it  is  therefore  the 
most  advantageous  for  temporary  investment.  There  is  always  a  pro- 
bability that  the  stock  bearing  -the  highest  rate  of  interest  will  be 
reduced  by  the  government  when  a  favourable  occasion  presents  itself; 
but  the  price  of  any  one  stock  may  be  taken  pretty  nearly  as  an  indi- 
cation of  the  prices  of  the  rest.  The  fluctuation  in  the  price  of  stocks 
generally  may  be  traced  to  on  almost  infinite  variety  of  causes — to  the 
abundance  or  scarcity  of  money,  and  the  opportunitiee  of  employing  it 
to  advantage  in  mercantile  speculations;  to  the  rumours  of  a  new 
loan,  or  of  the  imposition  of  a  fresh  tax,  or  even  the  repeal  of  a  tax ; 
to  rumours  of  war ;  and  to  innumerable  other  circumstances  relating 
to  the  trade,  finance,  and  other  domestic  affairs  of  the  country.  In 
1797  the  Three  per  Cents,  were  reduced  to  the  lowest  point  whioh 
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they  have  ever  reached  (47))  by  the  succeai  o{  the  French  armieB, 
combined  with  advene  circumstancea  at  home. 

Besides  the  English  funds,  shares  in  many  descriptions  of  foreign 
Btopks,  which  have  been  created  by  loans  rased  in  this  coimtry,  ore 
constantly  for  sale  in  the  money-market,  as  are  also  shares  in  railway, 
canal,  mining,  and  numerous  otiier  similar  speculations. 

STOCKS,  in  Horticulture,  are  young  trees  which  are  designed  for 
the  reception  of  the  grafts  or  buds  from  other  trees.  The  process  by 
which  a  part  of  one  tiee  ia  transferred  to  another  is  called  grafting  or 
budding  [QBArriva],  and  the  object  attained  by  it  in  gardening  is  the 
securing  the  continuance  and  multiplication  of  an  individual  plant 
that  may  possess  peculiarities  deemM  worthy  of  preservation.  It  ia 
by  this  process  that  the  great  number  of  varieties  of  cultivated  fruits 
are  preserved  with  remarkable  integrity,  and  by  which  a  constant 
improvement  may  be  ensured. 

'  Stocks  are  for  practical  purposes  divided  into  three  kinds :  crab 
Stocks,  free  stocks,  and  dwarf  stocks.  Crab  stocks  sre  those  which  are 
grown  from  the  seeds  of  wild  and  imgraf ted  trees,  as  the  cherry,  plum, 
apple,  Ac  These  stocks  are  commonly  used  where  a  large  and  hardy 
growth  is  desirable.  In  the  selection  of  wild  stocks,  those  which  grow 
cleanest,  and  are  freest  from  irregularities  of  the  stem  and  defects  in 
the  bark,  should  be  chosen.  Free  stocks  are  those  which  are  raised 
from  the  seeds  or  layers  of  fruit  and  orchard  trees  which  have  been 
grafted.  These  stocks  are  found  desirable  when  the  object  of  grafting 
is  to  obtain  choice  varieties  of  apples,  peaches,  nectarines,  apricots,  or 
plums.  Dwarf  stocks  are  those  which  are  raised  from  low-growing 
shrubby  trees.  They  are  used  in  the  grafting  of  low-standards  for 
small  gardens,  also  for  wall-trees,  and  espaliers. 

Stocks  are  raised  in  nurseries  from  seeds,  suckers,  layers,  and 
euttings.^  When  raised  from  seeds,  they  should  be  sown  in  the 
autumn,  in  beds  of  common  light  earth :  all  lateral  branches  should 
be  cut  off  as  the^  grow  np ;  and,  according  to  droumstances,  they  will 
be  fit  for  graftmg  in  one,  two,  or  three  years.  Stocks  may  be  used 
when  thqr  have  attained  the  size  of  a  goose-quill,  up  to  that  of  a  man's 
finger.  When  stocks  are  wanted  exp^tioualy,  they  may  be  produced 
froia  suckers  taken  up  and  planted  in  the  autumn,  when  they  will  be 
ready  for  use  the  fbllofring  July  or  August.  They  are  not  often  raised 
from  layers  and  cuttings. 

In  the  selection  of  stocks,  not  only  is  care  required  that  they  be  of 
the  same  kind  as  tiie  graft  or  scion,  but  that  there  is  a  proper  relation 
between  the  rapidity  of  their  growth  according  to  the  objects  wished 
to  be  attained.  When  the  growth  of  the  scion  is  more  rapid  than  that 
of  the  stock,  it  will  sometimes  die.  This  is  the  case  miui  peach-trees 
budded  on  plum-stocks  and  pears  on  the  hawthorn.  At  the  same 
iimo,  when  trees  are  naturally  too  luxuriant  in  leaves  and  branches, 
they  may  be  dwarfed  in  their  growth  and  made  fnutful  by  placing  a 
sdon  from  them  on  a  stock  that  grows  slower  than  themselves.  In 
tills  way  apples  may  be  dwarfed  by  being  grown  on  paradise,  pear, 
or  quince  stocks. 

It  is  frequently  desirable  to  select  those  stocks  which  are  haidier 
than  the  scion,  for  the  purpose  of  ensuring  the  growth  of  the  latter. 
Kot  that  the  stock  has  any  power  of  conununicating  hardiness  to  the 
scion ;  but  those  stocks  that  are  accustomed  to  colder  latitudes  will 
supply  a  Buffloient  quantity  of  sap,  and  be  able  to  resist  the  influence 
of  a  decrease  of  bottom  heat.  The  kind  of  soil  in  which  a  stock  grows 
has  also  much  to  do  with  its  being  adapted  for  the  growth  of  certain 
scions.  Thus  the  crab  has  been  found  best  for  the  apple,  the  wild 
pear  for  the  cultivated  pear,  the  almond  for  the  plum,  and  the  mahaleb 
tor  the  cherry,  on  chalky  soils.  But  the  stock  also  has  the  power 
of  deteriorating  the  fruit ;  the  austere  plum  and  the  crab  will  not  im- 
prove the  peach  or  the  apple  of  the  scion  which  may  bo  grafted  on 
them.  Some  gardenen  therefore  recommend  stocks  of  what  they 
t«in  an  ennobling  character ;  that  is,  of  a  species  as  good  as  that  of 
the  aoioos  they  are  to  bear.  Apricots,  currants,  and  gooseberries  are 
Stated  to  have  been  greatly  improved  by  this  process.  ' 

STOCKS,  a  wooden  machine  formerly  much  used  for  the  punishment 
of  disorderl;r  peraons  by  securing  their  legs."  The  time  when  they  were 
flrat  used  m  England  does  not  appear ;  but  in  the  second  Statute  of 
Labourers,  2fi  Edw,  III,  1860,  in  the  octave  of  the  Purifloation,  it  is 
enacted  that  refractory  artificers  shall  be  put  in  the  stocks  by  the  lords, 
stewards,  bailiffs,  or  constables  of  the  toiyns  where  their  offence  has 
been  committed,  by  three  days ;  or  sent  to  the  next  jail,  there  to 
justify  themselves ;  and  that  stocks  be  made  in  every  town  for  such 
occasion  between  that  time  and  the  feast  of  Fenteeost.  ('  Hot.  Pari.,' 
II.,  284.)  In  1378  the  commons  prayed  the  king  for  their  establishment 
fa  every  viUage.    (Ibid.,  841.) 

In  'King  Lear,' act  ii.,  so.  2,  Shakspere  hog  introduced  the  stocks 
npon  the  stage.  Farmer,  commenting  upon  the  passage,  says:  "It 
should  be  remembered  that  formerly  in  great  houses,  as  still  m  some 
coUeges,  there  were  moveable  stocks  for  the  Correction  of  the  servants." 
The  stalks  we  still  to  be  seen  in  some  country  places,  and  are  not 
wholly  disused. 

^J^H'  jr'P^J^'y  »  i?°8  vestment,  a  matron's  robe,  fi^  tiie  Utin 
ZSn.!Sf>  ^*  *"J°v  "'«,«'^  "o^*  Kti«us,  in  his  'Lexicon 
^^mtat  Homan.,'  has  a  long  srticle  upon  the  rtoto,  as  worn  by  the 

J!Sq!l^!JlT.!'°''J"S  *•"  **""  """"  particularly  applied  to  a 
o»d  itnp  of  «lotb  or  stuff,  with  three  crosses  upon  it,  worn  by  priests 
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of  the  Bomish  church  as  a  sacerdotal  vestment,  with  whom  it  was 
also  called  Orarium.  "Oiarium  eet  stola,"  says  Lyndwood,  in  his 
'  Provinciale,'  "  qua  sacerdos  in  omni  obsequio  divine  uti  debet,  et  suo 
collo  imponitur  ut  significet  se  jugum  Domini  suacepiss&" 

The  stole  or  orarium,  aecoiding  to  Palmer  ('Origines  Liturgicas,' 
vol.  ii)  has  been  used  from  the  most  primitive  ages  by  the  Christian 
clergy.  It  is  spoken  of  by  the  first  council  of  Braga,  aji.  668 ;  by 
Isidore  Hispalensis,  a.d.  600 ;  the  Council  of  X^aodicea,  in  Phrygia, 
A.D.  860 ;  Severiantis  Oabalitanus,  in  the  time  of  Chrysostom ;  and 
many  othen  (see  Bingham's  '  Antiq.,'  b.  xiii.,  o.  8,  §  2 ;  and  Oerbeiti, 
'  Liturg.  Aleman.,'  tom.  L,  p.  240) ;  and  it  has  been  continually  used 
by  all  the  churofaes  of  the  west  and  east,  and  hjr  the  Honophyutes  of 
Antioch  and  Alexandria.  "The  stole,"  says  Palmer, " always  called 
'tlpdpioy  by  the  Oreeks,  was  fastened  on  one  shoulder  of  the  deacon's 
albe,  and  hung  down  before  and  behind.  The  priest  had  it  over  both 
shoulders,  and  the  two  ends  of  it  hung  down  in  front.  The  Eastern 
churches  call  the  stole  of  the  priests  iTtTpaxil>M)y.  Thus  simply  were 
the  dresaes  of  deacons  sad  priests  distinguished  from  each  other  in 
primitive  times." 

The  poll  of  the  metropolitans  was  originally  only  a  stole  wound 
round  the  neck,  witii  the  ends  hanging  do?vn  beUnd  and  before. 

That  the  word  '  stole,'  in  the  sense  of  a  sacerdotal  vestment,  was  of 
early  adoption  into  the  English  language,  appeara  from  the  '  Saxon 
Chronicle '  under  the  year  968,  when  Arohbishw  Dunstan,  at  the  time 
of  personally  confirming  King  Edgar's  grant  of  lands  to  the  monastery 
of  PetCTborou^,  added  that  he  hims&  gave,  among  other  vestments, 
his  f<o2  to  St.  Peter. 

STOMACH,  DISEASES  OF  THE.  The  tissues  of  the  stomach  may 
be  the  seat  of  various  pathological  states,  producing  symptoms  which 
are  often  referred  to  the  general  head  of  dyspepsia.  [Dzsfepsia.] 
This  diseased  condition  is,  however,  but  a  genraal  term  for  the  expres- 
sion of  a  variety  of  symptoms  arising  from  the  pathological  conditions 
of  the  organ.  The  morbid  states  of  the  stomach  have  lAen  recently 
studied  with  great  care,  by  the  medical  men  bot{i  of  this  country  and 
the  continent.  The  principal  structural  morbid  conditions  of  the 
stomach  to  which  attention  need  be  drawn  are:  1.  Softening.  2. 
Degeneration.  3.  Congestion.  4.  Inflammation.  6.  Ulceration.  6. 
Cancer.  At  the  same  time  a  variety  of  symptoms  come  on  indicative 
of  a  change  in  the  functions  of  the  stoinach,  and  which  may  occur 
quite  independent  of  any«  of  the  above  stJTictural  derangements. 
Amongst  the  mostremarkable  of  these  functional  derangements  are  the 
following : — 

1.  Vomiting,  which  may  come  on  from  a  disordered  state  of  distant 
organs,  as  of  the  brain,  liver,  lung,  uterus,  testicle,  and  bther  parts. 
Thu  symptom  is  produced  by  the  reflex  action  .of  the  nervous  system. 
In  the  majority  of  instances  in  which  vomiting  occun,  it  is  produced 
by  the  morbid  condition  of  some  other  organ.  It  should,  therefore, 
always  lead  to  the  investigation  of  other  organs,  as  attempts  at  arrest, 
ing  it  will  not  be  successful  till  the  cause  is  removed. 

2.  Defieitnt  tecretion  of  Qailrus  juiee. — ^Many  dyspeptic  symptoms 
are  directly  traceable  to  this  cause.  It  is  accompanied  with  a  sense  of 
weight  and  oppression  at  the  pit  of  the  stomach.  The  food  remains 
undigested  in  the  stomach,  and  frequently  decomposes,  giving  to  the 
breath  an  unpleasant  smell.  This  state  requires  for  its  treatment  the 
administration  of  stimulants  of  the  gastric  function.  Hydrochlorie 
acid  increases  the  secretion  of  the  gastric  acid,  and  pepeine,  the  active 
principle  of  the  gastric  juice,  has  been  recommended  as  a  remedy. 

8.  PermenlaUoA  of  the  Food. — The  food  may  be  variously  decomposed 
according  to  the  state  of  the  stomach,  and  sometimes  one  change  comes 
on  and  sometimes  another.  Without  any  apparent  cause  in  the 
stomach  itself,  a  fermentation  comes  on  in  the  food,  attended  with  the 
development  of  a  large  quantity  of  carbonic  add  gas,  and  which  is 
also  accompanied  with  the  presence  of  a  minute  plant,  fint  discovered 
by  Professor  Goodsir  S)i  Edinburgh,  and  called  by  him  the  Sarrina 
VentricuU.  This  state  comes  on  when  distant  organs  are  affected,  or 
in  a  general  state  of  the  system  which  must  be  attended  to  for  cure. 

4.  Indigation,  or  any  -derangement  of  the  function  of  diges- 
tion^ dependent  on  morbid  states  of  other  organs,  either  connected 
with  the  stomach,  as  the  salivary  glands,  the  liver,  the  pancreas,  or  the 
bowels,  or  upon  derangement  of  organs  more  distant,  as  the  kidneys, 
brain,  to.,  or  upon  gluttony  or  drunkenness.  This  functional  derange- 
ment  is  cured  by  the  removal  of  the  cause.     [Dysfepsu.] 

The  general  charaotere  of  the  structural  diseases  of  the  stomach  are 
as '  follows ;  Softening  of  the  mucous  membrane  of  the  stomach 
may  occur  during  life  as  the  result  of  the  action  of  the  gastric  acid 
upon  the  membrane,  or  it  may  occur  from  the  same  cause  aStei  death. 
The  latter  form  is  very  frequent,  and  was  formerly  regarded  as  an 
indication  of  structural  change  during  life.  Softening  of  the  stomach 
occurs  during  life  in  wasting  diseases,  in  which  there  is  a  great  depres- 
sion of  the  vital  powers,  as  in  typhoid  fever,  cancer  of  the  womb, 
peritonitis,  and  tubercular  disease  of  the  braiu.  It  more  frequently 
occurs  in  the  latter  disease  among  children,  than  in  any  of  the  diseases 
of  adults.  This  ^ease  is  accompanied  with  great  disorder  of  the 
digestive  functions,  p«un  and  tenderness  of  the  epigastrium,  loea  of 
appetite,  tbirat,  vomiting,  and  nausea. 

Degeneralion  occurs  in  the  glandular  structure  of  the  proper  mucous 
substances  of  the  stomach,  and  is  the  most  common  of-  thu  structural 
diseases  of  the  stomach.    In  these  cases  either  the  gastiic  fulUclos  lu-o 
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entirely  deatroyed,or  the  cells  in  their  interior  become  changed,  or  the 
tissue  between  the  foUiolea  is  charged  with  fibrinous  and  other  deposits. 
This  state  is  attended  with  severe  dyspeptic  symptoms,  nausea  or 
-vomiting  in  the  morning,  oppression  after  food,  and  frequently 
anoimia  and  general  debility.  This  morbid  state  may  prevent 
altogether  4he  digestion  of  food  in  the  stomach ;  but  the  digestive 
functions  of  the  intestines  may  become  more  active,  and  the  general 
nutrition  of  the  body  must  suffer.  It  is  not  however  unfrequently 
)he  cajBe  that  the  intestinal  mucous  membrane  is  affected  in  the  same 
way  as  the  stomach,  and  then  the  general  symptoms  become  more 
severe.  In  the  treatment  of  these  cases  the  object  should  be  to 
relieve  the  etomach  of  its  digestive  duties  as  far  as  possible.  Albu- 
minous food  should  be  taken  in  small  quantitiea  and  frequently. 
The  carbonates  of.  soda  and  potash  may  also  be  advantageously 
employed  so  as  to  facilitate  the  passage  of  t£s  food  out  of  the  stomach 
before  digestion  commences. 

Congation  of  the  blood-vessels  of  the  stomach  oconn  as  the  result 
<^  any  meclumical  impediment  which  prevents  the  blood  returning  from 
the  stomach  towards  the  heart.  It  occurs  in  disease  of  the  liver  and 
spleen,  and  leads  to  the  deposit  of  melanic  matters  in  the  mucovis 
membrane,  and  to  degeneration  of  the  tissue.  One  of  the  consequences 
of  such  congestion  is  the  effusion  of  blood  into  the  stomach,  and  its 
ejection  by  vomiting.  This  disease  is  called'  hamatemetit.  In  the 
treatment  of  this  form  of  disease  efforts  must  be  mode  to  remove  its 
causes.  Astringents,  as  sulphuric  acid,  tannic  acid,  and  acetate  of  lead 
with  opium  may  be  given.  Sometimes  congestion  of  the  stomach 
occurs  as  the  result  of  the  suppression  of  some  natural  discharge. 

Inflammation  of  the  stomach  or  gastritis  is  a  ^ery  rare  disease. 
It  is  commonly  seen  as  the  result  of  the  introduction  of  poisons 
into  the  stomach,  and  siso  from  the  excessive  use  of  alcoholic 
beverages.  When  it  occurs  it  is  accompanied  with  congestion.  It 
is  attended  with  vomiting,  excessive  thirst,  and  tjie  ejection  of  a 
fluid  like  that  found  in  pyrosis.  [Pntosis.]  In  treating  this  form  of 
diseasff  all  stimulants  must  be  avoided.  Food  of  the  mildest  and  most 
easily  digested  kind  must  be  admimstered,  and  leeches  may  be  applied 
to  the  epigastrium.  Iced  water  and  lumps  of  ice  should  also  be  &eely 
given. 

Vlceration  of  the  muceus  membrane  of  the  stomach  oocurs  both  in 
congestion  and  inflammation.  Ulcers  may  however  exist  without  the 
symptoms  of  these  diseases.  The  ulcer  is  generally  solitary,  deep,  well- 
defined,  of  a  circular  or  oval  shape,  and  is  about  the  eiae  of  a  shilling. 
It  is  a  dangerous  condition  and  may  end  fatally  by  perforating  the 
membranes  of  the  stomach,  or  by  producing  htemorrht^,  or  excessive 
exhaustion.  Ulceration  is  accompanied  by  pain  of  a  gnawing  and 
burning  kind  a  few  minutes  after  the  taking  of  food.  There  iB,also  great 
tenderness  over  the  epigastrium,  and  frequently  pain  in  the  back.  Vomit- 
ing is  also  a  common  symptom  after  tf^ng  fco^  The  treatment  of 
cases  should  be  more  dietetical  than  medicinal.  Food  must  bf  taken 
in  small  quantities  and  of  the  meat  digestible  kind.  Milk  with  ptepaia- 
tions  of  wheaten  flour  are  to  be  commended.  Astringent  medicines 
should  be  administered,  and  the  salts  of  iron  may  be  preaoribed  with 
astringents  should  hsmorrhage  supervene. 

Canceroat  ulctrtUion  of  the  stomach  is  not  easily  distinguished  from 
simple  ulcer  during  life,  and  requires  the  same  treatment.  It  is  not 
so  frequent  as  is  sometimes  supposed.  Dr.  Brinton  states  that  not 
more  than  one  per  cent,  of  fatal  cases  of  ulceration  of  the  stomach  are 
due  to  cancer.  Cancerous  ulceration  is  most  frequently  seated  at  the 
orifices  of  the  stomach. 

(Aitken,  Handbook  of  the  Seience  and  Praetiee  of  Medicine  j 
Cbiambers,  On  Pigettion  and  iU  Derangemente  /  VftAaon,  Zeehim  on 
the  Praetiee  of  Phytic:  Bennett,  On  the  PrincipUt  and  Practice  of 
Medicine.) 

STONE.    [Caloultjb.1 

STONE  FOR  BUILDTNO.  There  are  few  praotioal  questions 
belonging  to  the  building  arts  of  more  importance  than  those  connected 
with  tiie  nature  of  the  stones  used  in  them ;  for  not  only  does  the 
character  of  the  architecture  adopted  materially  depend  upon  the  fiuii^ 
lities  the  stones  present  for  artistic  expression,  but  the  dui«bility  of 
the  buildings,  and  the  retention  of  their  original  effect  must  be  regu- 
lated entirely  by  the  powers  of  resistance  of  those  materials  to  the 
causes  of  decay  which  are  always  at  work  upon  them.  Where  stone  of 
large  dimensions,  and  of  great  transverse  strength,  is  used  habitually, 
arohitectnre  assumes  an  impoeing  palatial  effect,  with  a  tendency  to 
prefer  the  horizontal  to  the  vertical  line  :  where  stone  of  small  dimen- 
sions is  used,  vaulted  construction,  heavy  piere,  and  the  minute  st^le 
of  ornamentation  (which  always  accompomes  the  use  of  the  rendering 
coats,  almost  necessarily  used  on  sucn  stones,)  may  be  as  distinctiy 
traced  as  the  external  characteristics  of  the  arehitecture  adopted ;  and 
tiie  horizontal  line  habitually  disappears  in  favour  of  the  arch,  or  of 
the  vertical  line :  where  eitones  are  easily  worked,  florid  ornamentation 
is  adopted ;  where  they  are  hard,  and  comparatively  unmanageable, 
massive,  and  sometimes  clumsy  forms  are  adhered  to.  The  durability 
of  the  stones,  and  their  capacity  of  supporting  fine  sculpture,  moreover, 
must  materially  affect  the  decision  of  tiie  ardiitect  with  respect  to  the 
amount  of  decoration  to  be  employed  on  them,  and  to  the  choice  of 
the  mode  in  which  they  are  to  be  treated ;  for  it  must  evidentiy 
be  absurd  to  spend  time  and  money  on  the  decoration  of  materials 
which  are  susceptible  of  rapid  or  of  unequal  decay.    The  resistaDom  of 


btunea  to  crushing  foraes  have  likewise  a  marked  influence  upon  the 
style  of  building  they  are  capable  of  receiving ;  for  that  style  is  often 
light,  or  massive,  in  proportion  to  the  resistance,  provided  tJwajrs  that 
the  labour  in  the  conversion  of  the  stone  should  ofibr  litUe  resistance 
to  what  may  be  called  its  plastic  treatment.  The  colour  of  stones  has 
also  an  influence  upon  the  sesthetical  efEect  of  a  building ;  and  it, 
therefore,  becomes  in  its  turn  a  matter  of  importance  to  the  arohitect, 
both  on  account  of  the  original  colour,  and  of  its  possible  modi- 
fications. 

A  good  building  stone  must  possess,  then,  great  powers  of  reaistsDoe 
to  crushing,  and  breaking,  weights ;  it  must  be  even  in  its  grain,  and 
able  to  furnish  large  blocks ;  it  must  not  contain  elements  which 
are  susceptible  of  decomposition  by  reason  of  the  atmospheric  action 
upon  them,  or  of  their  mutual  reactions  upon  one  another ;  it  must  be 
non-absorbent  of  water,  or  of  vapour,  to  a  certain  extent  (but  only  to 
a  certain  extent,  sa  will  be  ^own  in  the  sequel);  and,  ss  far  as 
possible,  be  of  a  homogeneous  nature.  As  a  general  rule,  the  denser 
stones  are  more  durable  than  the  lighter  ones ;  but  this  law  only  holds 
good  when  their  structure  is  of  a  permanent  and  of  a  crystalline  nature. 
The  stones  which  are  of  a  massive  character  from  top  to  bottom  of  the 
quarry-bed  are  usually  more  durable  than  the  foliated,  or  fissile  materials 
of  the  same  description ;  and  the  crystalline  stones  are  almost  always 
superior  to  the  amorphous  ones,  both  in  appearance  and  dunbility. 
The  granites,  quarts  rocks,  and  transition  marbles  furnish  the  most 
lasting  building  stones,  though  even  they  are  occasionally  subject  to 
destructive  actions  of  peculiar  natures ;  the  sandstone  conglomerates, 
and  the  sandstones  partially  metamorphosed  by  the  vicinity  of  plutonio 
rooks,  are  usually  more  durable  than  the  liJmestones ;  whilst  of  the 
latter,  the  stones  presenting  a  regular  crystallisation  are  far  superior  to 
the  saocharoid  marbles,  or  to  the  amorphous  earthy-textured  stones. 
The  clay  slates,  which  perhaps  can  hardly  be  considered  to.be  building 
stones,  present  singular  powers  of  resistance  to  atmospheric  agents, 
after  they  have  been  exposed  to  the  action  of  plutonio  rooks ;  and  the 
magnesian  limestones,  when  selected  from  the  crystalline  varietiea,  are 
of  great  practical  value.  When  stones  are  mainly  composed  of  organio 
remains  united  by  a  more  or  less  orystalline  cement,  or  when  they  are 
composed  of  materials  having  diffsrent  rates  of  expansion,  there  are 
great  probabilities  of  the  occurrence  of  rspid  decay,  and  materials  of 
this  description  should  be  avoided  for  external  uses. 

In  the  article  Ati(obfbi(bic  Isfluehoe  will  be  found  a  short  review 
of  the  present  state  of  our  knowledge  with  respect  to  the  resiatanoe  of 
building  stones  to  the  particular  causes  of  decay  presented  by  that 
agent.  There  are  other  causes  occasionally  at  work,  however,  to  which 
it  may  be  advisable  to  call  attention,  for  the  stability  of  a  building  may 
often  depend  on  their  action.  Thus  in  bridges,  it  is  found  that  some 
stones  do  not  satisfactorily  resist  exposure  to  tidal  immersion,  though 
they  may  stand,  as  workmen  say,  very-well  when  kept  constantiy  either 
wet  or  dry ;  the  Portland  stone  is  an  illustration  of  this  remark.  Other 
stones  again  may  stand  well  in  fresh  water,  but  they  disintegrate  in 
salt  watn- ;  others  may  stand  well  in  the  atmosphere  of  the  interior  of 
a  country,  and  yet  yield  rapidly  on  the  sea  shore,  or  in  certain  towns. 
Some  stones  resist  the  action  of  fire,  such  as  the  commonly-called  fire- 
stones  of  the  suberataceous  series;  whilst  the  limestones,  and  the 
ordinary  sandstones,  are  very  injuriously  affected  by  great  heat;  and 
are  either  partially  calcined,  or  split  and  cracked  by  it  in  a  manner  to 
destroy  their  powers  of  cohesion.  Where  the  stones  employed  are 
intended  to  receive  heavy  crushing  loads,  they  must  be  selected  from 
amongst  the  denser  varieties ;  and  the  portions  of  the  stone  work 
of  a  building  which  might  take  up  water  by  capillary  action  must 
be  executed  of  such  materials  as  should  limit  its  range  and  its 
chemical  effect.  And  here  it  may  be  as  well  to  remark  that,  although 
in  positions  of  this  kind,  the  non-absorptive  powers  of  a  stone  are  great 
recommendations  for  its  use,  yet  that  in  the  plain  wall  spaces  of  the 
upper  structures  externally,  and  in  floors  and  wall  linings  internally, 
there  is  a  disadvantage  in  the  use  of  the  decidedly  non-absorbent 
stones.  They  are  in  fact  rapid  conductors  of  heat,  and  if  any  moisture 
should  exist  in  the  atmospiiere  it  condenses  on  their  surfaces  in  a 
manner  which  is  unsightly,  and  often  injurious  to  the  health  of  the 
inhabitants  of  the  building  wherein  this  phenomenon  occurs.  Some 
stones  are  exposed  to  a  very  disagreeable  action  from  the  efflorescence 
of  the  salts  they  vaty  contain ;  others,  again  part  with  their  consti- 
tuents in  a  manner  to  compromise  the  solidity  of  the  mass,  and  even 
to  produce  injury  to  the  materials  around  them,  as  for  instance,  in  the 
case  of  the  magnesian  limestone,  which  under  the  action  of  London 
rain  parts  with  the  sulphate  of  magnesia  in  such  quantities  as  to 
destroy,  upon  its  subsequent  efflorescence,  the  materials  into  which  it 
filters.  It  would  seem,  moreover,  that  some  of  the  limestones  are 
liable  to  chemical  changes  of  a  peculiar  nature ;  for  the  marbles, 
such  as  the  Carrara  marble,  pass  from  the  subcrystalline  to  the 
saocharoid  state  on  exposure  to  gentle  heat,  or  to  the  effects  of 
the  atmosphere ;  whilst  on  the  other  hand,  the  Fortiand  stone,  and 
other  varieties  of  the  carbonates  of  lime,  which  have  not  been  afi'ected 
tn  lilu  by  plutonio  agencies,  harden  by  exposure.  It  may  be  that  in 
the  former  case,  the  water  of  crystallisation  evaporates;  and  thus 
allows  the  base  to  resume  an  amorphous  character ;  and  that  in  the 
latter,  the  hardening  proceeds  from  the  change  in  the  proportions  of 
carbonic  acid  present,  the  stones  being  originally  prottjoarbonates  of 
lime,  and  subeequeutly  passing  into  the  percwbonates.    The  best  sand- 
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stones  also  harden  by  exposure  to  the  weather ;  and  it  may  be  observed 
that  this  uiduratmg  process  talies  place  the  most  rapidly  when  the 
water  taken  up  by  the  sandstones  may  contain  any  lime  in  solution. 

The  resistance  of  building  stones  to  physical  forces  depends  greatly 
upon  the  homogeneous  nature  of  their  grain,  and  the  direction  of  their 
planes  of  stratification  and  cleavage ;  the  resistance  to  disintegration 
and  decay  depends  also  very  much  on  the  same  causes,  especially  when 
the' stones  are  employed  in  buildings.  Thus  the  stones  which  have 
been  produced  by  ibe  deposition  of  diluvial,  or  alluvial  currents, 
present  distinct  traces  of  bedding,  in  consequence  of  the  inequalities  in 
the  transporting  powers  of  those  currents  at  particular  periods ;  and  if 
those  stones  should  be  used  in  such  a  manner  as  to  leave  the  planes  of 
bedding  vertical,  and  parallel  to  the  exposed  face  of  the  building,  they 
would  be  exposed  to  exfoliation  of  a  very  dangerous  character.  The 
stones  which  have  been  produced  by  the  deposition  of  substances  in 
suspension  in  former  oceans,  such  as  the  ooUtes,  the  chalk,  and  the 
freshwater,  or  marine  limestones  of  the  tertiary  series,  often  have 
planes  of  bedding  produced  by  the  periodic  abundance  of  the  animal 
remains  they  may  contain ;  or  they  may  have  distinct  laminations  in 
consequence  of  their  mode  of  crystallisation.  In  either  of  these  cases  the 
stones  would  be  exposed  to  crush  with  greater  e^e  in  the  direction  of 
the  divisional  planes,  and  the  effects  of  the  atmosphere  would  be  most 
energetically  exercised  when  those  planes  were  placed  in  a  dirpction  to 
favour  the  absorption  of  moisture  by  capillary  action,  or  to  allow  the 
stone  to  exfoUato  in  a  directton  parallel  to  the  face.  In  fact,  the  most 
important  rule  to  be  observed  in  the  practical  use  of  stone  is  to  place 
it  "in  the  natural  way  of  the  bed,"  as  workmen  say ;  and  though  there 
may  be  some  stones  in  which  it  is  very  difficult  to  distinguish  the  bed, 
and  others  in  which  there  is  less  reason  than  usual  for  adhering  to  this 
law,  yet  even  in  them  it  is  preferable  to  place  the  bed  of  the  stones  in 
its  natural  position. 

A  very  elaborate  report  was  drawn  up  in  1889,  by  a  commission 
named  for  the  purpose  of  selecting  the  building-stone  to  be  employed 
in  the  Houses  of  Parliament ;  but  in  consequence  of  the  marked  &ilure 
of  the  material  then  selected,  the  recommendations  of  that  report  have 
lately  been  treated  with  neglect.  This  is  unfortunate ;  because  there 
is  much  information  of  value  in  the  report,  and  the  methods  of  exami- 
nation it  was  based  upon  are  substantially  correct ;  and,  as  it  now 
appears  that  the  stone  actually  used  in  the  Houses  of  Parliament,  viai 
not  the  one  tecomtnended  by  the  commUsionen,  the  latter  ought  not  to 
be  blamed  for  the  failure  which  has  occurred.  The  errors  which, 
however,  do  exist  in  the  report  consist  in  these  points : — 1.  The  resis- 
tances to  atmospheric  action  were  appreciated  by  the  state  of  the  stone 
in  certain  ancient  buildings,  which  were  mostly  in  the  neighbourhood 
of  the  quarries  from  whente  those  stones  bad  been  extracted.  2.  In 
the  attempt  to  judge  of  the  durability  of  both  new  and  old  stones  by 
what  is  known  as  Brard's  test,  or  exposing  them  to  the  eSects  of  the 
efflorescence  of  a  solution  of  the  sulphate  of  soda.  Now  it  is  notorious 
that  the  atmospheres  of  large  towns  contain  many  elements  which  do 
not  exist  in  the  atmosphere  of  the  country,  and  nothing  but  a  long 
exposure  to  the  former  would  justify  an  absolute  opinion  as  to  its 
possible  effects;  even  the  Caen  stone  itself  resists  tolerably  well  in 
Lower  Normandy,  but  it  decays  rapidly  at  Hivre,  and  more  rapidly 
still  in  London.  The  objections  raised  by  the  French  engineers  to 
Brard's  test  have  already  been  referred  to  under  Athosphebio  Ih- 
FLCENCE ;  and  it  may  suffice  here  to  observe  that  practically  it  has 
been  shown  to  be  of  very  little  use  as  an  indication  of  the  durability  of 
a  building-stone. 

Before  closing  these  remarks,  it  may  be  as  well  to  state  that  some 
classes  of  stones  ore  known  by  the  name  of  freeitone,  when  they  are 
susceptible  of  being  worked  freely  by  the  axe,  or  by  the  mallet  and 
chisel ;  the  ordinary  sand  and  lime  stones  ore  of  this  description,  but 
the  granites,  whinstones,  slates,  and  basalto,  cannot  be  worked  in  this 
manner.  Another  technical  distinction  in  the  mode  of  conversion 
arises  from  the  description  of  saw  used ;  the  softer  stones  are  cut  by 
the  toothed  saw,  the  harder  ones  are  cut  by  the  plate  saw  and  grit. 
The  marbles  are  susceptible  of  receiving  a  polish ;  the  ordinary  sand 
and  limestones  remain  dull  whatever  labour  may  be  expended  on  their 
faces.  The  stones  ^hich  strike  fire  (or  the  silicious  ones)  are  usually 
harder  and  more  durable  than  the  calcareous  stones ;  but  the  labour 
upon  them  is  much  more  expensive;  and  it  is  almost  always  the  case 
that  the  stones  which  present  on  the  surfaces  of  their  fracture,  a 
number  of  asperities  and  sparkling  facettes  are  more  difBcultly  worked 
than  are  the  stones  which  present  even,  dull  faces.  Of  materials  of 
this  description  the  lighter  coloured  ones  are  generally  softer  than  the 
darker  ones,  and  it  may  be  considered  a  safe  rule  in  judging  of  new 
atones,  that  if  they  absorb  water  easily  they  are  not  fitted  to  resist  the 
action  of  the  atmosphern.  If  the  stones  diould  yield  a  clear  ringing 
sound,  they  may  be  considered  to  be  of  a  fine  uniform  texture,  and 
free  from  flints,  earthy  nodules,  vente,  or  shakes ;  and  if  in  Working 
they  should  emit  a  sulphurous  smell  they  would  usually  prove  to  he 
durable.  One  of  the  simplest  and  best  precautions  to  be  observed  in 
the  use  of  building-stones,  is  to  quarry  them  some  long  time  previously 
to  their  application,  and  to  expose  them  to  the  weather,  in  order  that 
they  may  lose  gradually  what  workmen  call  their  "  quarry  damp."  In 
buildings,  the  denser  and  harder  stone  should  be  used  in  the  lower 
•ourses,  the  lighter  ones  in  the  superstructure;  the  non-absorbent 
(tones  should  be  used  in  the  ground  ond  in  plinths,  cills,  string  courses. 


and  weather  beds  of  cornices,  &c. ;  the  softer  and  more  abeorbent 
stones  may  be  used  for  plain  walling.  ~- 

Mr.  HodgkiusoQ  found  that  the  resistance  of  stone  columns  to  crush- 
iog  weighte  was  nearly  uniform  when  their  heighte  were  less  than 
12  times  the  dimension  of  their  sides;  when  their  heights  were  15 
times  their  sides,  the  resistance  was  manifestly  diminished;  when 
their  heighte  were  24  times  their  sides,  the  resistance  diminished  in 
the  ratio  of  138  to  96  nearly ;  when  they  were  30  times  the  side,  the 
resistance  became  reduced  from  138  to  75 ;  and  when  they  were  40 
times  their  side,  the  resistance  was  reduced  from  138  to  52.  Stone 
columns  are  considered  by  Mr.  Hodgkinson  to  yield  first  at  the  ends, 
in  consequence  of  the  tendency  of  rigid  bodies  to  split  into  wedges, 
with  sharp  points  at  their  apices,  under  the  action  of  superincumbent 
weights.  The  weighte  stone-columns  can'  bear  depend  at  all  times  on 
their  smallest  section. 

Mr.  Adie  published  in  the  '  Transactions  of  the  British  Association 
for  the  Advancement  of  Science,'  1834,  some  interesting  observations 
on  the  expansion  of  stone  under'the  influence  of  heat.  From  these  it 
would  appear  that  within  a  range  of  180°  Fahr.,  the  expansion  of  the 
Craigleith  stone  is  O'O0117S8  of  ite  length,  or  the  same  as  the  expan- 
sion of  glass,  and  very  nearly  the  same  as  the  expansion  of  cast-iron, 
as  ascertained  by  Lavoisier.  The  expansion  of  the  black  Galway 
marble  was  found  to  be  0'00043856  of  ite  length ;  that  of  white  marble 
seems  to  have  been  rather  leas,     [Heat  ;  Resistance  of  Materials.] 

(Consult  Rondelet,  FArt  de  Bdtir  ;  Claudel,  Formula  A  Tmnge  dtt 
Ing(nieurs  ;  Dumanet,  Court  de  ComUruction  ;  De  la  Beche's  Cfeoloffical 
Observer;  Report  on  Building  Stonet,  1839 ;  2e>  Annalee  det  Minet,  and 
la  Annalet  da  Ponti  ei  Chaunta,  passim;  la  Annala  det  Travaax 
Publiquei  de  la  Sdgique ;  Trantactions  Of  the  Britith  AaociatioH  ; 
Builder  {  journal ),  passim ;  Trantaciiont  of  the  Society  of  Arte,  1 860.) 

STONEWARE.    [Earthbhwabe  ;  Pottekt  and  Pobcklain.] 

STONE  WORKING.  Under  Quarby  and  Quarrtino  a  descrip- 
tion is  given  of  the  mode  of  dettushing  and  shaping  blocks  of  stone  at 
the  quarries.  A  few  lines  will  suffice  to  convey  an  idea  of  the  subse- 
quent operations. 

Until  within  a  comparatively  recent  period,  few  other  tools  than  the 
saw  and  chisel  were  employed  in  this  work ;  but  now  machinery, 
moved  by  steam-power,  is  extensively  adopted.  The  working  of  marble 
for  ornamental  purposSs  was  the  chief  cause  of  this  change ;  seeing 
that  the  highly- wrought  surfaces  might  suitebly  be  produced  by  labour- 
saving  expedients.  The  sawing  by  hand  of  blocks  of  stone  for  build- 
ings, or  slabs  for  pavemente,  is  familiar  to  every  one.  The  workman 
employs  a  kind  of  blunt  knife,  which  is  converted  into  a  species  of  saw 
by  the  presence  of  sand  and  water ;  the  action  of  this  blade,  by  a  pro- 
cess something  between  cutting  and  grinding,  severs  the  block  of  stone 
into  two.  The  shaping  by  hand  of  blocks  of  stone  is  equally  familiar ; 
chisels,  of  various  ^pes,  urged  by  a  mallet,  do  the  whole  work.  But 
it  is  of  more  elaborate  contrivances  that  we  here  treat. 

Some  of  the  marble-sawing  machines  are  of  the  kind  shown  in  the 
annexed  cut.    Several  saws  are  fixed  parallel  in  a  frame,' at  any  distance 


Pif.  1.— Haible  Bawisf  MaoUne. 

part  according  to  the  thickness  of  the  slab  to  be  cut.  The  frame 
lides  in  vertioil  grooves ;  and  it  is  so  balanced  that  the  saws  are  kept 
at  a  height  corresponding  to  the  port  of  the  block  which  is  being  cut, 
and  descend  as  the  cut  deepens.  These  so-called  saws  are  blades  of 
soft  iron,  used  with  sand  and  water ;  the  sand  being  varied  in  quality 
according  to  the  kind  of  stone  to  be  cut.  An  apparatus  is  placed  over 
the  frame,  whereby  a  little  stream  of  sand  and  water  is  miide.  to  flow 
continuously  into  each  saw-cut.  Not  only  does  the  use  of  such  a 
machine  save  much  labour,  it  saves  material  also ;  for  in  hand-sawing 
the  workmen  never  succeed  in  keeping  the  saw  in  a  true  plane ;  and, 
as  a  necessary  result,  great  waste  is  occasioned  in  subsequent  grinding. 
Mr.  Stewart  has  recently  invented  a  machine  for  cutting  large  msmim 
of  stone ;  a  series  of  chisel-outters  follow  each  other  in  the  same  out, 
and  are  fixed  to  a  frame  traveling  on  a  kind  of  railway.    The  action  ot 
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each  cutter  is  that  of  a  forcible  blow  ;  the  machine  being  intended  to 
operate  ujxjn  the  harder  kinds  of  stone.  Messrs.  Hunter,  of  Manches- 
ter, have  devised  a  machine  for  catting  pavement-slabs.  Twenty  or 
thirty  cutters  are  fixed  to  the  'periphery  of  a  revolving  disc  ten  or 
twelve  feet  in  diameter.  These  maohmes  are  in  use  in  Dean  Forest ; 
some  of  them  will  cut  250  square  feet  of  pavement,  1}  inches  thick,  in 
ten  hours.  G 

When  marble  or  other  atone  has  been  cut  into  slabs,  its  further 
working  is  effected  by  machines  of  various  kinds.  To  reduce  it  to 
narrow  slips,  it  is  exposed  to  the  action  of  small  circular  cutters, 
ranged  parallel  on  one  common  axis ;  the  distances  between  the  cuttera 
are  made  equal  to  the  intended  widths  of  the  strips ;  the  marble  is 
slowly  brought  up  to  the  revolving  cutters  by  the  action  of  pulleys  and 
weights. 

Circular  jneces  are  cut  from  slabs  by  ingenious  machines.  Large 
circles  are  cut  by  means  of  four  cutters  placed  at  the  ends  of  the  arms 
of  a  horizontal  cross ;  the  size  of  the  cross  determines  the  diameter  of 
ibe  circle  to  be  cut,  and  the  ourvature  given  to  each  cutter  is  made 
correspondent  thereto.  When  the  frame  or  cross  is  made  to  rotate, 
the  four  cutters  follow  one  another  in  the  same  path,  and  speedily  cut 
out  a  circular  piece.  Smaller  circles  are  cut  by  means  of  a  hollow 
cylindrical  tool,  something  like  a  punch ;  but  it  acts  by  continual  rota- 
tion, and  not  by  blows.  By  a  modification  of  this  apparatus,  round 
pillars  and  hollow  cylinders  or  tubes  of  stone  may  be  cut. 

To  produce  mouldings,  or  »i"'i1»T  symmetrical  cuttings  in  stone, 
various  machines  are  employed.  The  tuming-lathe  is  used  for  circular 
objects,  Iron  cutters,  with  sand  and  water,  are  not  used  here ;  but  the 
workman  acta  upon  the  stone  with  long,  ^harp-pointed  instruments  of 
steel ;  and  when  the  shape  has  been  thus  roughly  produced,  it  is  finished 
•  by  gouges  and  other  tools.  Strips  of  stone  or  marble,juch  as  those 
used  for  chimney-pieces,  have  mouldings  formed  upon  their  surfaces 
by  different  means.  The  cutters  here  are  in  fact  grinding  tools.  They 
consist  of  masses  of  iron,  whose  surfaces  are  circular,  and  have  been 
wrought  into  various  forms,  such  as  hollows,  headings,  ogees,  &c. ;  the 
tool  rotates  rapidly  in  contact  with  the  stone,  which  is  brought  up 
close  to  it  by  a  weight  and  pulley ;  and  thus  a  moulding  is  formed  on 
the  surface  of  the  strip  of  stone,  a  counterpart  of  that  on  the  iron  tooL 
A  workman  applies  sand  and  water  to  the  iron  tool.  The  apparatus  is 
shown  in  the  annexed  cut. 


Fig.  S. — Marble  Uonldlng  Msohine. 

The  naoothing,  grinding,  and  polishing  of  marble  and  (tone  are 
effected  by  machines  variously  ammged.  Large  slaba  are  ground  by  a 
plate  of  cast-iron.  The  slab,  placed  horizontally,  has  a  reciprocating 
motion  given  to  it ;  the  iron  plate,  resting  upon  it,  has  a  kind  of  spiral 
motion ;  and  tSe  two  motions  t(^;ether  enable  the  iron  to  act  equally 
on  all  parts  of  the  stone.  Sand  and  water  are  let  down -between  the 
two  surfaces,  through  holes  in  the  iron  plate.  Smaller  surfaces  of 
stone  or  marble  are  ground  by  being  held  down  by  hand  upon  the  sur- 
face of  a  revolving  iron,  table,  kept  moistened  with  sand  and  wat6r. 
The  Earl  of  Caithness  has  recently  devised  a  machine  for  dressing  the 
surface  of  Caithness  rag  slabs,  a  stone  well  fitted  for  street  pavements. 
About  SO  iron  bars  are  ranged  parallel  and  vertical,  each  with  jagged 
teeth  at  the  bottom ;  a  crank  movement  lifts  them  all  to  a  certain 
height,  one  after  another,  and  lets  them  fall  heavily ;  the  slab  slowly 
moves  beneath  them,  so  as  to  be  subjected  all  over  to  an  equal 
amount  of  jagging  or  chipping.  This  produces  a  surface  level  but  not 
smooth. 

The  polishing  of  marble  requires  tools  different  from  those  used  in 
grinding  or  smoothing,    OThe  tools  are  made  of  lead  or  some  other 


heaVy  substance,  and  are  faced  with  a  peculiar  kind  of  felt,  which, 
whtfi  wetted  and  rubbed  to  and  fro  by  any  convenient  machinery, 
polishes  the  marble.  For  smoothing  and  polishing  of  carved  marble, 
or  of  small  pieces  shaped  in  any  irregular  way,  small  pieces  of  cas^ 
iron,  gritstone,  smooth  stone,  slate,  tec,  are  used  in  various  ways. 

STOP.    [Oboan.] 

STOPPAGE  IN  TRANSITU  is  the  seizure  by  the  seUer  of  goods 
■old  on  credit  during  the  course  of  their  passage  (transitus)  to  the 
buyer.  This  principle  is  said  to  have  been  established  about  1690  in 
the  Court  of  Chancery  (2  Vem.,  203) ;  and  it  has  since  been  ackiiow- 
ledged  in  the  courts  of  common  law.  The  transitus  is  defined  to  be 
the  passage  of  the  goods  to  the  place  agreed  upon  by  the  buyer 
and  seller,  or  the  place  at  which  they  are  to  come  into  the  possessiim 
of  the  buyer.  This  definition  does  not  mean  that  the  term  tran- 
siiua  impUes  continual  motion :  goods  are  in  transitu  while  they 
are  at  rest,  if  they  are  still  on  the  road  to  the  place  to  which  they 
have  been  sent.  This  doctrine  of  stoppage  in  transitu  entitles  a  seller, 
who  is  empowered  to  stop  the  goods  before  they  come  intp  the  buyer's 
possession.  The  right  is  not  confined  to  cases  of  buying  and  seUing. 
A  factor  either  at  home  or  abroad,  if  he  consigns  goods  to  his  principal 
by  the  order  of  the  principal  and  has  got  the  goods  in  his  own  name 
or  on  his  own  credit,  has  the  same  right'  of  stoppage  in  transitu  as  if 
he  were  the  seller  of  the  goods.  Questions  of  stoppage  in  transitu 
sometimes  involve  difficult  points  of  law.  The  right  of  stoppage 
impUes  that  the  goods  are  in  the  possession  of  the  sell^  or  factor  when 
he  exercises  this  right.  The  exercise  of  the  right  is  excluded  in  the 
case  of  a  bill  of  lading  which  has  been  endorsed  over ;  for  here  the 
endorsem^it  posses  we  property  in  the  goods  absolutely  to  the 
endorsee. 

STOKAX.    [Sttrax,]   . 

STORMS.    [Tornado;  Whirlwind.] 

STOVE  [UooKiHO  Appabatds  ;  Smoke,  Comsuhftion  of  ;  Wabx-, 
mo  and  Vbntilation.1 

STOVE-PLANTS.    [Hovhousb.] 

STRABISMUS.    [SqoniTiNO.] 

STRAIGHT,  STRAIGHT  LINE,  PLANE.  The^  is  no  occasion 
to  define  a  straight  line  as  matter  of  information ;  so  that  we  have 
here  only  to  consider  the  definitions  whidi  have  been  given  and  their 
relative  merits,  taking  them  as  attempts  to  produce  a  mathematical 
description  of  straightness. 

There  are  three  attempts  at  definition  of  a  straight  line;  by  Plato 
(or  one  of  his  immediate  school),  by  Aichimoles  (as  is  said),  and  by 
Euclid.  The  modems  have  repeated  these  various  forms,  but'  have 
not,  to  our  knowledge,  ever  succeeded  in  producing  a  definition  entirely 
new  which  did  not  contain  the  defects  of  one  or  other  of  the  three  just 
mentioned. 

The  Platonic  definition,  according  to  Froclus,  is  as  follows: — ^"A 
straight  line  is  that  of  which  the  middle  parts  hide  {iwiwfo(r$fT)  the 
extremities ; "  a  physical  definition,  owing  its  truth  to  the  circumstance 
of  the  rays  of  light  proceeding  in  straight  lines,  and  involving  the 
notion  of  straightness^as  a  part  of  its  own  explanation.  This  &fini- 
tion  has  been  little  if  at  all  used  by  geometrical  writers. 

Archimedes  defines  a  straight  line  as  the  shortest  distance  between 
two  points,  or  at  least  this  definition  is  often  attributed  to  him,  but 
not  correctly.  It  is  one  of  his  postulates  in  the  book  on  the  Sphere 
and  Cylinder,  that  of  all  lines  drawn  between  two  points  the  least  is 
that  which  is  straight :  but  he  is  too  well  judging  a  geometer  to  assign 
such  a  property  as  a  definition.  The  Arabs  sutetituted  the  shortest- 
distance  description  for  the  definition  in  Euclid,  and  accordingly  our 
earlier  editions  of  Euclid  do  the  same;  nor  was  this  flaw  removed 
tmtil  1506,  when  Zamberti  translated  Euclid  from  the  Gre^.  It  has 
often  been  supposed  tiiat  this  shorteet-distanoe  definition  is  good  as  a 
definition,  though  not  proper  for  a  pupil  in  geometry,  an  opinion  from 
which  we  must  dissent :  for  how  is  it  known  to  those  who  are  yet  to 
leam  what  a  straight  line  is,  whether  there  can  be  a  shprtest  distance  f 
That  is,  how  is  it  known  that  there  are  not  mai^y  distances  between 
two  points,  on  dineient  lines,  which  are  severally  shorter  than  any 
other  distance,  and  equal  to  one  another !  The  answer  is,  no  doubt, 
that  the  mind  has  a  perfect  conception  of  the  impossibility  of  such  a 
thing ;  and  the  rejoinder  is — ^yes,  because  the  mind  has  a  perfect  con- 
ception of  a  straight  line  :  that  is  to  say,  the  definition  is  only  saved 
from  causing  confusion  by  its  own  uselessness.  Again,  the  supposition 
that  measurement  of  distances  on  all  numner  of  curves  is  to  be  a  pre- 
liminary to  one  of  the  definitions  of  a  science  which  treats  no  curve 
but  the  circle,  and  does  not  succeed,  by  reason  of  certain  limitations  of 
process,  in  mesauring  distance  even  on  that  one,  is  an  incongrui^. 

Euclid  defines  a  straight  line  to  be  that  which  lies  evenly  (4(  trtv 
Kterai)  between  its  extreme  points.  The  words  i^  taov  have  been  trans- 
lated ex  aqvo  by  Barocius,  ex  aquali  by  Zamberti,  equally  hy  Billingdey 
(taking  some  of  the  oldest  translations  as  specimens).  The  definition 
wants  precision,  but  the  meaning  is  obvious.  Two  points  being  given, 
the  surrounding  space  may  be  viewed  in  all  manner  of  relations  to 
those  two  points,  as  above  or  below,  right  or  left,  las.  The  straight 
line  which  joins  the  two  points  is  that  which  is  not  more  related  to 
one  of  these  notions  Uian  to  any  other;  and  throughout  its  whole 
length  takes  an  even  course,  'without  a  possibility  of  being  claimed,  so 
to  speak,  by  any  one  of  the  surrounding  parts  of  space  nther  than  bjr 
any  other. 
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lu  making  aaeh  a  definition  Euclid  is  well  aware  that  he  cauuut  rust 
an7  conclusion  upon  it,  and  that  in  the  postulate  that  two  straight 
lines  cannot  inclose  a  space  lies  all  his  power  of  producing  a  theorem; 
Why  then,  it  may  be  asked,  does  he  introduae  a  definition  at  all  ?  Wh^ 
not  give  the  reader  to  tmderstand  that  a  straight  line  is  a  notion  uni- 
Tersally  understood  and  incapable  of  definition  in  simpler  terms  ?  To 
these  questions  the  answer  may  be  twofold.  In  the  first  place,  he  is 
not  answerable  for  the  genius  of  any  language  but  his  own,  and  it  is 
Teiy  possible  that  to  a  Greek  commencing  geometry,  tbBtia  might  be 
a  hard  word,  and  i^  1<rov  kcitw  a  real  explanation ;  in  which  case  his 
definition  is  defensible  until  it  can  be  shown  that  he  might  hare  chosen 
a  twtter  one.  We  are  not  to  judge  of  the  force  of  the  last-quoted 
words  from  the  ex  aqiio  of  the  middle  Latin,  or  the  evhUy  or  equally 
of  the  English.  Secondly,  he  is  evidently,  in  some  of  the  first  defini- 
tions, recalling,  and  not  instilling,  notions :  he  is  proceeding  with  his 
reader  as  by  words  to  which  botii  attach  a  conception,  and  he  tries 
these  words  for  use  by  ascertaining  that  both  parties  agree  on  such 
circumlocution  as  can  be  substituted  for  them. 

The  greatest  defect  of  Euclid's  definition,  since  it  applies  even  to  the 
Tiew  just  taken  of  its  intent,  is  the  want  of  words  signifying  that  i( 
Iffou  refers  equally  to  aU  adjoining  parts  of  space :  Euclid  is  thinUng 
too  much  of  a  plane  before  he  has  defined  a  plane.  Suppose,  for  in- 
stance, a  sphere,  and  that  lines  on  a  sphere  only  are  contemplated : 
the  line  which  joins  two  points  ti  Itrm  with  reference  to  all  adjacent 
parts  of  that  sphere  is  not  a  straight  line,  but  on  are  of  a  great  circle. 

Is  it  possible,  taking  such  allowances  as  Euclid  sanctions  in  the  use 
of  figure,  to  give  what  shall  be,  whether  difficult  or  not  difficult, 
capable  of  use  or  not  capable,  a  just  definition  of  a  straight  line  t  We 
think  it  is,  as  follows : — The  Greek  geometer  implicitly  allows  (L  t)  a 
TRAII8LA.TI0N  of  figure  without  change  of  form  or  properties:  from 
this,  by  first  defining  the  plane,  a  definition  of  the  straight  line  may 
be  proposed,  which  we  bring  forward,  not  for  any  value  which  it  has, 
but  because  the  atipulations  of  geometry,  are  better  understood  by 
consideration  of  cases  proposed  for  aoceptanoe  or  rejection,  than  by 
any  other  method. 

1.  Lot  two  points  (a  and  b)  be  said  to  be  at  the  same  dUtance  from 
a  third  (c),  when  A  and  o  being  joined  by  can/  line,  the  line  o  a.  can  be 
tnmslated,  o  remaining  fixed,  so  that  a  shall  be  brought  to  coincide 
irithB. 

2.  A  plane  is  a  sur&ce  any  point  of  which  ia  equally  distant  from 
two  given  points. 

3.  A  straight  line  is  the  intersection  of  two  pUnes, 

In  the  debates  of  the  normal  school,  which  were  token  dowp  in 
■horthand,  and  published  in  1800,  is  a  discussion  on  this  subject. 
Lagrange  presiding,  Fourier,  then  one  of  the  pupils,  proposed  the  pre- 
ceding second  and  third  definitions,  but  without  assigning  a  definition 
of  equi-distance  independently  of  the  straight  line.  He  also  proposed 
as  the  definition  of  a  straight  line  the  locus  of  a  point  which  ia  equi- 
distant from  three  given  points ;  which  is  faulty,  inasmuch  as  the  three 
given  points  should  not  be  in  one  straight  line,  which  cannot  be  sup- 
posed until  the  straight  line  is  defined.  Laorange  admitted  the  rigor 
of  the  definition,  but  considered  that  it  failed  in  presenting  a  sensible 
image  of  the  thing  defined.  Another  of  the  pupils  however  insisted 
that  the  idea  of  distance  involved  that  of  a  straight  line,  which  is  true 
of  distance  as  a  quantity,  though  not  neoessarily  so  of  equi-distanoe  aa 
tk  relation. 

General  Thompson  proposes' to  define  a  straight  line  as  one  whidi 
being  turned  about  its  extreme  points  suffers  no  change  of  place. 
Lagrange,  in  tiie  debate  above  alluded  to,  suggested  the  same  notion. 
|TfaIs  d^nition,  we  think,  offers  the  most  tangible  illustration  of  that 
of  Euclid.  Let  the  two  extremities  of  the  mtended  straight  line  be 
situated  in  a  solid ;  and  let  them  remain  fixed  in  space  while  the  solid 
takes  such  motion  as,  under  that  condition,  it  is  capable  of.  The 
straight  line,  the  line  which  lies  i^  taov  with  regard  to  the  extreme 
points,  then  remains  fixed.  For  if  any  part  of  it  moved,  there  would 
be  in  every  position  a  relation  to  adjoining  parts  of  space,  which  would 
jbe  in  a  state  of  continual  change.  The  connexion  between  this  defini- 
lUon  by  rotation  and  that  of  Euclid  might  require  more  development 
to  render  it  as  clesr  as  possible :  but  we  think  the  student's  own 
refiection  vrill  lead  him  to  make  it  satisfactorily.  But  whatever  may 
be  thought  of  the  endeavour  to  exercise  the  discrimination  of  which 
'geometry  points  out  the  possibility  by  framing  or  arguing  on  defini- 
tions, we  do  not  remember  to  have  seen  one  so  well  cuculated  for  the 
mere  beginner  as  the  following  :— "  A  straight  line  is  a  straight  line." 

The  postulates  relative  to  a  straight  line  demanded  by  Euclid  (we 
do  not  speak  of  his  translators)  are  :  1.  That  such  a  line  can  be  drawn 
from  any  one  point  to  any  other.  2.  That  when  terminated,  it  can  be 
lengthened  indefinitely.  8.  That  two  such  lines  cannot  inclose  (jtii 
»<pi<X«'»')  •  »pace.  It  is  also  tacitly  assumed  that  every  part  of  a 
straight  Ime  is  a  stnught  line :  that  every  straight  line,  infinitely  pro- 
duced, divides  a  plane  in  which  it  Ues  into  two  parts,  and  will  be  cut 
by  any  line  drawn  from  a  point  on  one  side  of  it  to  a  point  on  the 
other.  It  might  also  have  been  assumed  that  two  straight  lines  which 
comdde  in  two  points,  coincide  when  produced  beyond  those  pomts; 
but  here  Eadid  has  preferred  to  assuise  that  aU  right  ansles  are  equal. 

[BIOHTAhOLB.]  -o       --a  -^ 

TiMdeamiion  which  EucUd  gives  of  a  plane,  is  that  of  a  siu^ace 
irnuh  lies  evenly  between  its  bounding  straight  lines.    To  this  defini- 


tlou  there  ia  the  iHjriuus  ubjectton  that  though  a  plane  miy  be  as  easily 
conceived  as  a  straight  line,7et  it  is  actually  capable  of  definition  by  a 
straight  line.  For  a  plane  is  the  surface  any  two  points  of  which  can 
be  joined  by  a  straij^t  line  which  liea  wholly  on  the  siirfaoe.  Neither 
this  definition  (nor  Euclid's)  precludes  the  necessity  of  a  postulate 
demanding  the  pdssibility  of  drawing  a  plane  through  any  straight 
line.  ObjectioBS  might  be  made  to  the  first  part  of  Euclid's  eleventh 
book,  which  would  require  for  their  answer  that  another  postulate 
should  be  granted,  mmilar  to  that  required  for  a  straight  line,  namely, 
that  if  two  planes  coincide  in  any  portion  of  surface,  they  coincide 
altogether.  Euclid  does  in  fact  assume  a  postulate  which  is  not  ex- 
pressly laid  down,  namely,  that  a  finite  siraig^t  line  can  be  produced 
in  every  plane  in  which  it  lies,  but  we  think  it  may  be  fairiy  doubted 
whether  the  first  three  propositions  of  the  book  in  queatioB  are  as 
perfect  as  they  might  be  made. 

STRAIN.    [Sprain.] 

STRAIN  AND  STKESa    [Hatesials.  Stbkkoth  or.] 

STRAKONIN.    A  crystalline  body' contained  in  stramonium  seeds. 

STRAMONIUH,'.  botanically  the  JkUmra  Slrammiium,  or  Thorn 
Apple,  an  introduced  but  now  frequently  self-sown  and  consequently 
wild  plant,  found  particularly  wherever  a  garden  once  has  been.  The 
ieaves  and  seeds  are  offidnaL  The  leaves  during  drying  diHuse  a 
stupifying  odour,  and  become  deep  grayish  green,  and  then  scarcely 
possess  any  odour  :  the  taste  is- disagreeable,  saline,  and  strongly  bitter. 
The  seeds  are  kidney-shaped,  flat,  about  the  sise  of  linseed,  uneven, 
nearly  black  :  when  bruised  the  smell  is  disagreeable  and  repulsive ; 
taste  bitterish  and  oily ;  by  expression  sixteen  ounces  of  fresh  seeda 
yield  two  ounces  of  clear  fot  oil,  which  has  neither  taste  nor  odour. 
The  seeds  of  the  other  species  of  datura  are  often  substituted,  perhaps 
without  any  great  disadvantage.  They  are  also  confounded  with  the 
seeds  of  NigtUa  Saliva,  which,  though  black,  are  smaller,  nearly  three- 
cornered,  and  have  an  acrid  aromatic  taste,  and  in  considerable  quantity 
are  poisonous  like  those  of  stramonium. 

The  seeds  are  used  to  form  the  extract ;  they,  as  well  as  the  unripe 
capsules,  yield  the  alkaloid  called  datiira,  which  crystallises  from  its 
solution  in  alcohol  or  water  in  colourless  shining  aggr^ated  prisma ; 
without  odour  when  pure,  but  when  impure  possessing  a  stron^y 
narcotic  odour ;  taste  a^  first  bitter,  then  very  acrid,  and  like  toboooo. 
This  is  extremely  poisonous  :  one-eighth  of  a  grain  can  kill  a  sparrow 
in  less  than  three  hours ;  and  the  smallest  quantity  applied  to  the  eye 
causes  very  lasting  dilatation  of  the  pu{al. 

Stramonium  in  small  doses  causes  sli{^t  convulsive  action  about  the 
throat,  vrith  dryness  of  the  tongue,  disposition  to  vomit,  and  general 
diminution  of  aensibility,  with  ^ight  increase  of  secretion  of  the  skin, 
mucous  membranes,  and  kidneys ;  but  if  the  dose  be  larger,  the  brain 
becomes  affected,  and  vertigo,  indistinctness  of  vision,  with  dilatation 
of  the  pupil,  disposition  to  sleep,  or  coma,  but  more  frequently 
delirium,  are  added.  The  delirium  is  always  peculiar,  and  tiie  indi- 
vidual manifests  a  disposition  to  perform  ridiculous  actions,  or  assume 
absurd  positions.  If  the  dose  be  still  larger,  and  produce  fatal  effects, 
the  brain  is  usually  found  to  be  much  congested,  the  vessels  being 
gorged  with  blood.  Large  bleedings  generally  save  the  patient; 
emeti<^  can  rarely  be  made  to  act,  as  ia  observed  when  other  narcotic 
poisons  have  been  taken.  Stramonium  is  most  useful  in  cases  of 
increased  sensibility,  particularly  in  local  affections  of  the  nerves ;  it  ia 
decidedly  useful  in  allaying  pain  of  the  sciatic  nerve,  particularly  when 
combined  with  ipecacuan.  It  has  been  recommended  in  mania, 
especially  when  accompanied  with  lucid  intervals,  in  epilepsy,  and 
hysteria ;  but  with  very  variable  success,  probably  to  be  accounted  for 
by  the  careless  preparation  of  the  medicine.  It  is  popularly  used  for 
smoking,  to  allay  paroxysms  of  satluna,  but  its  employment  in  this 
way  is  quite  empirical,  and  r^ulated  by  no  clear  principle.  By  the 
action  of  heat  during  smoking,  an  empyreumatdc  oil  is  found,  simuarin 
properties  to  that  of  hyoscyamus. 

STRATEGY  (from  the  Greek  trrfontyla,  which  may  be  transhited 
"  generalship  ")  is,  properly,  the  science  of  combining  and  employing 
the  means  which  the  different  branches  of  the  art  of  war  affijrd  for  the 
purpose  of  farming  projects  of  operations  and  of  directing  great 
military  movements:  it  was  formerly  distinguished  from  the  art  of 
making  dispositions,  and  of  manoeuvring,  when  in  the  presence  of  the 
enemy;  but  milita^  writers  now,  in  general,  comprehend  all  these 
subjects  under  the  terms  of  grand  and  elementary  tactics.  [Taotics.] 

The  general  principles  of  strategy  and  tactics  have  been  and  must  be 
the  same  in  all  ages.  To  overcome  the  enemy,  it  is  neceaaaiy  to  be 
superior  to  him  at  the  point  of  collision,  not  necessarily  numerically, 
for  number  only  does  not  always  represent  the  strength  or  relative 
strength  of  an  army,  but  superior  when  due  allowance  ia  made  for 
other  advantages  or  disadvantoges.  The  object  then  of  oil  strategical 
combinations  should  be  to  bring  the  mass  of  the  forces  in  collisiun  with 
fractions  of  the  enemy ;  and  secondly,  to  act  as  much  as  possible  on 
his  communications  or  lines  of  operations  without  exposing  one's  own. 
The  roads  on  which  an  army,  or  portion  of  an  army,  marches.  Are 
termed  strategical  lines,  and  the  belt  of  ground  containing  two  or  more 
strategical  lines,  if  lying  close  together,  is  termed  a  line  of  operatjoua. 
In  order  then  to  bring,  and  always  to  have  the  power  of  bringing,  the 
mass  of  the  forces  in  collision  with  fractions  of  the  enemy,  it  is  neces- 
sary to  choose  such  lines  of  operations  as  are  interior  ;  interior,  that  is, 
with  respect  to  those  on  which  the  enemy  acts.   That  is  to  say,  thnt 
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.these  linee  must  be,  relatively  to  those  o{  the  enemy,  each  that  the 
portions  of  the  army  moving  on  them  may  be  more  easily  or  rapidly 
united  than  the  enemy  can  be,  moving  on  his,  so  as  to  be  superior  at 
any  particular  point  to  the  enemy.  As  a  general  rule,  then,  disregarding 
the  relative  rates  of  marching  of  armies,  cross  roads,  &0.,  interior 
linee  are  such  as  are  closer  together. 

Strategy  oonaistB,  therefore,  chiefly  in  mn-ting  choice  of  convenient 
basea  (forl^ed  places  or  strong  positions)  in  order  to  place  there  in 
security  the  military  establishments  of  an  army ;  such  as  the  barracks, 
hospitids,  and  magazines  of  ammtmition  and  provisions,  previously  to 
commencing  offensive  operations,  or  in  contemplation  of  the  army  being 
compelled  to.  act  on  the  defensive.  In  the  former  case,  it  may  be 
necessary  to  decide  on  undertaking  the  siege  of  some  fortress  on  a 
frontier,  should  there  be  none  such  in  possession,  for  the  purpose  of 
holding  the  neighbouring  district  in  subjection,  and  commanding  the 
roads  by  which  it  may  be  thought  convenient  to  penetrate  into  the 
enemy's  country,  or  by  which  the  provisions  and  warlike  stores  may  be 
brought  up  to  the  immediate  seat  of  the  war.  In  the  latter  case, 
choice  is  to  be  made  of  positions  strong  by  nature,  or  which  may  be 
made  so  by  art,  for  the  army  to  retire  to  while  disputing  the  ground 
gradually,  harassing  the  enemy  by  frequent  skirmishes,  or  preventing 
him  from  receiving  supplies  by  intercepting  his  convoys  on  the  roads. 

Thus,  after  the  battle  of  Vittoria  (1813)  the  allied  British  and 
Spanish  armies  being  at  a  great  distance  from  the- original  base  of 
operations  in  Portugal,  and  it  being  intended  to  carry  the  war  into 
IVance,  Lord  Wellington  undertook  to  besiege  St.  Sebastian  and  to 
blockade '  Pampeluna,  jn  order,  by  the  possession  of  those  places,  to 
have  secure  stations  for  his  recruits  and  magazines  while  the  army 
advanced  into  the  mountainous  districts  between  St.  Jean  Pied-de-Port 
and  the  sea.  On  the  other  hand,  the  conviction,  in  1809,  that  the 
British  army  would  be  compelled  to  act  entirely  on  the  defensive, 
induced  the  English  general  to  take  measures  for  a  retreat  into  Por- 
tugal, and  to  commence,  many  months  before  the  retreat  took  place, 
two  chains  of  strong  redouts  on  the  north  of  Lisbon,  in  the  expecta- 
tion of  being  able  Uiere  to  resist  effectually  the  very  superior  forces  of 
the  enemy.  « 

The  pfoject  formed  by  Marshal  Soult,  in  ISIS,  in  opposition  to  thi^t 
of  Lord  Wellington,  affords  also  a  good  illustration  of  the  nature  of 
strategical 'operations.  The  French  general  decided  to  advance  towards 
Pampeluna  in  the  hope  of  being  able  to  succour  that  place,  and  after- 
wards to  unite  his  army  with  that  of  Suchet  in  Aragon  :  he  expected 
also  {o  conmund  the  road  along  the  Spanish  frontier,  by  which  he 
might  have  got  to  the  rear  of  the  allies  in  a  fertile  country,  where  his 
army  coiild  have  found  subsistence.  (Napier,  voL  vi)  Ihis  project 
failing,  and  the  battles  of  the  Pyrenees  having  forced  the  French  army 
to  act  on  the  defensive,  Mushal  Soult  took  measures  for  protracting 
the  war  to  the  utmost. 

In  the  defence  of  an  extensive  territory,  since  it  is  generally  impoa- 
mble  to  cover  the  whole,  the  principles  of  strategy  indicate  that  the 
army  should  be  kept  in  force  on  a  few. of  the  most  important  positions. 
By  securing  these,  the  designs  of  the  enemy  may  be  more  effectually 
filtrated  than  if  it  were  attempted  to  occupy  every  poet  in  the  coun- 
try ;  for  the  different  divisions  of  the  army  being  in  the  latter  case 
weak  and  ill  supported,  they  are  liable  to  be  cut  off  in  detail,  whereas 
the  difficulty  of  dislodging  a  large  body  of  troops  from  one  strongly 
intrenched  position  may  deter  the  enemy  from  attempting  it :  at  tiie 
same  time  the  occupation  of  that  position  by  the  defending  army  may 
paralyse  his  movements  by  rendering  it  daiigerous  for  him  to  leave  in 
his  rear  a  foroe  which  might  prevent  him  from  drawing  supplies  from 
his  magazines.  The  evils  attending  the  dissemination  of  troops  over  a 
great  extent  of  country  are  strongly  exemplified  in  the  surprise  of  the 
Austriana  by  M»t«><h1  Tureime.  The  French  general  caused  the  several 
corps  of  his  army  to  be  drawn  together  towards  Bef  ort  in  such  a  manner 
as  not  to  excite  notice ;  and  from  thence  suddenly  penetrating  into 
Alsace,  in  the  midst  of  the  enemy's  quarters,  he  defeated  the  troops 
before  they  had  time  to  unite. 

STRAW-PLAIT  MANUFACTURE.  The  domestic  character  of 
this  branch  of  industry,  which  renders  it  peculiarly  important  as  a 
means  of  affording  employment  to  women  and  children,  especially  in 
agricultural  districts,  may  probably  account  for  the  droumstance  that 
very  little  is  known  of  its  history.  It  is  not  known  when  the 
manufacture  of  hats  or  boimets  of  plaited  straw  first  became  important 
in  Italy,  where  ^it  bos  long  formed  one  of  the  leading  pursuits  of  the 
agricultural  population;  but  it  appears  from  Ooryat's  '  Crudities,' 
published  in  1611,  that  "  delicate  strawen  hats  "were  worn  at  that  time 
by  both  men  and  women  in  many  places  in  Piedmont.  Coryat  states 
that  many  of  these  hats  had  at  least  a  htmdred  seams,  from  whieh  it 
is  evident  that  very  fine  plait  was  made  at  that  time.  The  straw-plait 
manufacture  does  not  appear  to  have  been  followed  in  England  for 
more  than  about  a  century.  The  wives  and  daughters  of  the  farmera, 
before  that  time,  used  to  plait  straw  for  making  their  own  bormets, 
before  stmw-plaiting  became  established  as  a  numufscture.  Gipsy 
straw-hats  were  worn  by  ladies  in  this  country  about  174S-6.  When 
Arthur  Toung  visited  Dunstable,  in  1763,  the  straw-plait  manufacture 
appears  to  have  been  established,  though  not  very  extensively.  In 
Mucpherson's  '  Annals  of  Commeree,'  published  in  1805,  Dunstable  is 
described  as  "  a  town  in  the  neighbourhood  of  which  tiie  women  and 
children  are  employed  in  making  hAts,  baskets,  and  many  fancy  artielei^ 


of  stntw,  which  in  their  hands  assume*  a  Tsst  Tsriety  of  figures  and 
colours,  and  produces  considerable  emolument,  especially  since  the 
straw  hats  have  been  in  general  request  among  the  ladies." 

The  large  size  of  the  wheat-straw  iised  in  this  country  for  plaiting 
prevented  the  home  manufacture  from  entering  into  competition  with 
that  of  Italy  in  articles  of  fine  quality;  the  sizaw  grown  for  the 
purpose  in  Tuscany  being  mudi  smaller,  as  well  as  superior  in  colour. 
This  difficulty  was  in  some  degree  overcome  by  the  expedient  adopted 
in  England  towards  the  end  of  the  last  century,  of  splitting  the  straw, 
and  using  the  narrow  tpUiUt,  or  slips  of  straw,  in  lieu  of  whole  straws 
The  operation  of  splitting  is  performed  by  small  cutting  instrumenta 
called  machina,  which  have  a  number  of  sharp  edges  so  fixed  as  to 
divide  the  straw,  by  a  motion  in  the  direction  of  its  length,  into  four, 
five,  six,  or  more  equal  parts.  Before  machines  were  invented,  straws 
were  occasionally  split  with  kniVes  by  hand ;  a  process  which  was  both 
tedious  and  unsatisfactory,  since  it  gave  no  security  for  the  uniform 
width  of  the  splints,  upon  which  the  beauty  of  the  plait  greatly 
depends.  Mr.  Corston,  m  a  letter  addressed  to  the  Society  oi  Arts  in 
1810,  observes  that  "  by  the  mere  invention  of  the  splitting  of -a  straw 
a  source  of  employment  has  been  discovered,  which  has  increased  th? 
returns  in  that  branch  not  less  than  from  800,000(.  to  400,000^.  armually." 

QreaUy  as  the  British  straw-plait  manufacture  lud  been  encouraged 
by  the  use  of  sidit  straw,  by  improvements  in  bleadiing,  and  by 
inoreased  care  in  Uia  selection  of  stnws  of  uniform  sice  and  colour,  it 
wsa  found,  when  the  ra-eetablisbment  of  peaoa  allowed  the  free 
importation  of  Italian  straw  hats,  that  the  home  manofsctura  was 
unable  to  compete  with  the  foreign,  notwithstanding  the  heavy  pro- 
tective duty  levied  upon  hats  or  bonnets  of  straw  imported  from 
other  countries.  The  Society  of  Arte  therefore,  for  a  long  aeries  of 
years,  offered  encouragement  <  to  attempts  for  the  improvement  of  the 
British  straw  manufacture,  which  called  forth  many  interesting  com- 
munications, and  has  led  to  great  improvement.  As  early  as  1805,  the 
Society  presented  a  gold  medal  to  Mr.  William  Corston,  of  Ludgate 
Hill,  for  a  substitute,  of  his  invention,  for  Leghorn  plut.  His  plait 
was  formed  of  ryeatraw.  More  recentiy  rye-stiaw  has  been  tried  for 
the  same  purpose  by  Messrs.  J,  ft  A.  Muir,  of  Oreenock,  who  attempted 
to  establish  the  straw-plait  manufacture  in  the  Orkneys,  In  plait 
made  of  split  straw,  unless  two  splinta  are  laid  together,  with  tiieir 
inside  surfaces  towards  eadi  other,  as  in  the  plait  called  "patent 
Dunstable,"  it  necessarily  happens  that  the  face  of  the  plait  exhibita 
alternately  the  outer  and  inner  surfaces  of  the  straw,  wliioh  differ  frtnn 
each  otiier  in  colour  and  gloss.  Articles  made  of  split  straw  are  also 
iUterior  to  those  of  whole  straw  of  equal  fineness,  in  pliability  and 
durability.  Another  dreumstanoe  which  greatly  increases  the  beauty 
of  Leghorn  plut  is  the  mode  of  joining  it,  so  as  to  form,  by  the  com- 
bination of  several  narrow  strips,  an  extended  sheet  of  plaited  work. 
British  ^lit  plait  is  usually  joined  by  making  the  several  rows  of  plait 
overwrap  each  other  a  littie,  and  then  stitchUig  through  the  two  over- 
wrapping  pieces  with  a  needle  and  thread.  The  surface  of  a  hat  or 
bonnet  formed  in  this  marmer  oonsiata  of  a  series  of  ridges ;  and  part 
of  each  row  of  plait  is  concealed  by  that  next  above  it,  so  that  to  form 
a  band  one  inch  wide,  with  a  plait  a  quarter  of  an  inch  wide,  it  will  be 
necessary  to  use  five  pieces  of  pUdt ;  at  least  a  fourth  part  of  the  width 
of  each  being  absorbed  by  the  overwrapping  joint.  Leghorn  plait  is 
formed  in  such  a  nuuiner  that  it  nuy  be  joined  without  this  loss ;  the 
edge  of  one  row  of  plait  being,  as  it  were,  knitted  into  the  edge  of  the 
other,  in  such  a  way  that  the  pattern  may  appear  uninterrupted,  and 
the  line  of  junction  be  almost  invisible. 

The  home  manufaoture  of  Itslian  straw  was  introduced  by  Mr. 
Parry  in  1822.  The  ears  are  cut  off  with  a  knife,  and  the  straws  are 
then  carefully  sorted  toobtain  uniformit^in  length,  thickness,  and  colour. 
The  plait,  of  which  an  engraving  is  given  bdow,  oonsiste  of  thirteen 
straws.  These  are  tied  together  at  one  end,  and  then  divided  into  two 
portions ;  six  straws  being  turned  towards  the  left  side,  and  seven  to 
the  right,  so  that  the  two  portions  of  straw  may  form  a  right  angle. 
The  seventh  or  outermost  straw  on  the  right-hand  side  is  then  turned 
down  by  the  finger  and  thumb  of  the  right  hand,  and  brought  under 
two  straws,  over  two,  and  under  two.  This  being  done,  there  will  be 
seven  straws  on  the  left  and  six  on  the  right  aide  of  the  angle;  and 
the  next  operation  is  to  turn  down  the  outurmost  of  the  seven  with  the 
left-hand  finger  and  thumb,  and  to  pass  it  under  two  straws,  over  two, 
and  under  two.    The  light  side  irill  again  have  seven,  and  the  left 

nc.1. 


side  six  straws;  and  the  plaiting  must  be  continued  in  the  same 
manuer,  alternately  doubling  and^aiting  the  outeimoet  seventh  Rti»w 


Digitized  by 


Google 


817 


STRAW-PLAIT  MANUFACTURE. 


STRAWBERRY. 


S4B 


from  side  to  side,  until  it  becomes  too  short  to  croas  over  so  an  to 
double  on  the  other  ride  of  the  angle.  The  plaiter  then  takes  another 
straw,  and  puts  it  tmder  the  short  end  at  the  point  of  the  angle  (the 
middle  of  the  plait),  and,  by  another  stravr  coming  under  and  over  the 
joined  one  from  both  rides  of  the  angle  in  the  operation  of  plaiting, 
it  will  become  fastened ;  the  short  end  being  then  left  out  underneath 
the  plait,  and  the  newly  fastened  straw  taking  its  place  on  that  ride  of 
the  angle  to  which  the  short  one  was  directed.  The  plait  thus  formed 
is  represented  in  the  out  fg.  1,  about  double  the  real  size.  The  plait 
is  formed  in  pieces  of  great  length,  which  are  adjusted  in  spiral  coils, 
vith  their  adjacent  edges  knitted  together,  so  as  to  form  the  large 
oircalar  meces  of  plait  which,  under  Uie  name  of  hats,  or  flalt,  are  so 
eztensively  exported  from  the  north  of  ItsJy.  The  mode  of  effecting 
the  junction  may  be  explained  by  the  help  of  the  annexed  cuts.  Pig. 
3  represents,  about  four  times  the  real  size,  the  two  adjacent  edges 
when  knitted  together ;  the  dotted  lines  indicating  the  edges  of  each 
piece  of  plait,  ami  showing  how  far  the  angular  folds,  or  t^u,  of  one 
piece  are  insOTted  inio  those  of  the  adjoining  piece.  .  The  thread  by 
-which  the  two  rows  of  plait  are  h^  together  ii  here  straight  and  is 

Fig.  2.  Fig  8. 


Mitirvly  concealed  in  the  riait  The  joint  is,  indeed,  only  to  be 
detected  on  either  ride  by  Ae  slightly  increased  thickness  of  the  plait 
where  the  angles  are  inserted  into  each  other,  and  the  thickness  of  the 
thread  itself.  The  mode  of  junction  may  perhaps  be  better  \mder- 
■tood  from  fig.  8,  which  represents  the  pieces  of  plait  drawn  a  little 
asunder,  and  shows  the  course  of  the  thread,  wluch  is  indicated  by 
dotted  lines  where  it  is  covered  by  the  straw.  The  operation  is 
performed  by  pushing  a  needle  through  the  folds  in  the  required  order, 
and,  after  passing  it  through  as  many  as  can  be  conyeniently  done  at 
once,  drawing  it  through  in  the  manner  of  a  bodkin,  leaving  its  plaoe 
to  be  taken  by  the  thread.  Sometimes,  for  the  sake  of  expedition, 
;only  every  alternate  fold  is  threaded.  In  arranging  the  pUit  in  a 
spiral  coil,  as  in  making  a  hat,  it  is  necessary,  in  a  few  pUuMS,  to  force 
two  loops  of  the  smaller  circle  into  one  of  the  larger  circle  adjoining  it, 
to  allow  for  their  different  diameters. 

Specimens  have  been  produced  in  En^and  even  finer  than  real 
Iieghom ;  but  such  extreme  fineness  can  oiJy  be  attained  by  a  sacrifice 
•of  strength,  and  an  increase  of  work- 
Tie  material  commonly  used  for  plait  in  Tuscany  is  the  straw  of 
Tntieam,  twrgidum,  a  variety  of  bearded  wheat,  which  seems  to  differ  in 
no  respect  from  the  spring  wheat  grown  in  the  vale  of  Evesham  and 
jn  other  parte  of  England.  It  is  grown  m  Tuscany  solely  for  the 
Btraw,  and  not  for  the  grain ;  and  the  upper  joint  of  the  straw  is  that 
«hiefly  used  for  plaiting.  The  straw  is  puUed  whUe  the  ear  is  in  a 
soft  milky  state  ;  the  com  having  been  sown  very  close,  and  oonse- 
quentiy  produced  m  a  thin,  short,  and  dwindled  condition.  It  is  then 
dried  by  spreading  it  thinlv  upon  the  ground  in  fine  hot  weather,  and 
«terwards  tied  up  in  bundles  and  stacked,  for  the  purpose  of  enabling 
the  heat  of  the  mow  to  drive  off  any  remaining  moisture.  After 
remaining  in  the  mow  for  about  a  month,  it  is  spread  out  in  a  meadcuv 
md  exposed  to  the  action  of  dew,  sun,  and  air,  in  order  to  bleach  it 
The  rtraw  u  frequently  turned  during  this  operation;  and  after  it  is 
completed,  the  lower  joint  of  the  straw  is  pulled  off,  leaving  the  upper 
•joint,  with  the  ear  attached  to  it,  for  use.  ThU  part  is  then  subjected 
to  the  action  of  steam,  and  to  fumigation  with  sulphur,  in  order  to 
complrte  the  bleaching,  after  which  it  Is  ready  for  use.  It  is  tied  up 
m  bundles,  and  imported  to  England  in  this  state. 

Bleaching  with  sulphur  is  commonly  practised  in  this  oountrv.  The 
apparatus  for  this  process  usuaUy  consista  of  a  cask  open  at  both  ends 
with  Its  seams  papered.  It  is  set  upright  on  the  ground,  having  a 
r^u°^"*  *°  It  mmde,  about  6  inches  beneath  the  top,  to  sup^rt 
anoUier  hoop  with  a  net  stretched  across  it,  upon  which  the  straw  is 

!SIiiSf**fe  r7'%T^."  ^^  ™^«^  '^*1' »  %W  overlappmg  Ud, 
stuffed  with  hste  of  cloth.     A  brazier  of  burning  fharcoal  is  Sted 


beneath  the  cask,  and  upon  this  is  placed  an  iron  dish  containing 
pieces  of  brimstone.  The  brimstone  soon  takes  fire,  and  the  sulphur- 
ous acid  gas  evolved  during  its  combustion  fills  the  cask,  and  blotches 
the  straw  in  three  or  four  hours.  After  bleaching,  the  straw  is  aired 
and  softened  by  spreading  it  upon  grass  for  a  night,  and  it  is  then 
ready  for  splitting.  Chloride  of  lime  is  also  employed  as  a 
bleacher. 

Straw  nuty  be  dyed,  for'  ornamental  purposes,  of  many  different 
colours.  Blue  is  given  by  a  boiling-hot  solution  of  indigo  in  sulphuric 
acid;  yellow,  by  decoction  of  turmeric;  red,  by  boiling  hanks  of 
coarse  scarlet  wool  in  a  bath  of  weak  alum-water  containing  the  straw ; 
or  directly,  by  cochineal,  salt  of  tin,  and  tartar.  Brazil  wood  and 
orchil  are  also  employed  for  dyeing  straw. 

The  tfUvU,  or  pieces  of  split  straw,  being  curved  in  a  way  whidi 
would  impede  the  operation  of  plaiting,  reqnire  to  be  flattened 
between  rollera:  These,  as  well  as  the  whole  straws  used  in  other 
kinds  of  plait,  are  moistened  with  water  to  render  them  easy  to  work. 
It  need  hardly  be  observed  that  cleanliness  is  indispensable  to  the 
beauty  of  the  plait.  Hence  the  Italian  plaiters  find  Uie  spring  to  be 
the  most,  fitvourable  season  for  the  work,  as  the  plait  is  not  then 
e^^Kwed  to  the  smoky  atmosphere  of  the  hute  as  fai  winter,  nor  to  the 
dust  and  perspiration  of  summer.  The  Italian  plait  is  dressed  and 
polished  by  passing  it  forcibly  between  the  hand  uid  a  sharp  piece  of 
wood. 

The  British  straw-plait  district  comprises  Bedfordshire,  Hertfordshire, 
and  Buckinghamshire ;  those  counties  being  the  most  favourable  for 
the  production  of  the  wheat-straw  commonly  used  for  Engliiih  plait. 
The  manufacture  is  also  followed  in  a  few  places  in  E^ssex  and  Suffolk; 
but  very  little  in  other  counties.  The  principal  markets  are  Luton, 
Dunstable,  and  St.  Alban's.  In  Italy  the  manufacture  is  chiefly 
followed  in  the  neighbourhood  of  Florence,  Fisa,  Siena,  and  the  Val 
d'Amo,  in  Tuscany ;  and  it  is  also  established  in  Venice  and  other 
^^ices.  There,  as  in  England,  the  manufacture  is  purely  domestic 
The  chief  market  is  Florence ;  and  the  demand  is  prindpaUy  from 
England,  France,  Qermany,  and  America. 

There  are  many  kinds  of  straw-plait  made  in  England,  known  by 
the  names  of  v>hxAt  DiauiaHU,  patent  DiuutabU,  tpUt  Mtraw,  Devonthire, 
Laton,  Bedford,  Leghorn,  ItaUan,  backbone,  lustre,  vave,  diamond,  to., 
— differing  one  from  another  in  the  straws  being  whole  or  splits  in  the 
thicknewi  of  the  straws,  in  their  number,  or  in  other  particulars. 
There  has  also,  within  the  last  few  yean,  been  a  great  extension  given 
to  the  trade,  by  the  combination  of  lace,  wlulebone,  mohair,  and 
other  substances  with  the  straw,  leading  to  the  production  of  very 
beautiful  &bric8. 

In  the  '  Companion  to  the  Almanac '  for  1861,  is  an  article  by  Ur. 
Charles  Knight,  describing  many  of  the  features  in  the  English 
straw-plait  manufacture  of  the  present  day.  A  few  of  the  chief  facta 
will  here  be  given  in  a  condensed  form.  The  census  of  1851  showed 
that  28,000  females  of  all  ages  were  engaged  in  Qreat  Britain  in  this 
manufacture ;  of  whom  10,000  were  in  Bedfordshire,  9000  in  Hert- 
fordshire, 3000  in  Buckinghamshire,  and  the  rest  scattered  in  other 
counties.  When  seasons  are  favourable,  and  fashion  teada  to  the 
wearing  of  straw  hats  and  bonnets,  many  girls  and  women  turn 
their  attention  to  this  trade,  who  would  otherwise  seek  engage- 
ments as  domestic  servants.  Such  was  the  case  in  1859,  when 
Luton,  Dunsteble,  and  St.  Alban's  were  very  busy  with  the 
straw-plrit  trade.  During  that  season,  one  single  fiirm,  Messrs. 
Vyse,  purchased  as  much  plait  as  SOOO  persons  could  prepare,  and 
made  up  9000  straw  hate  and  bonnete  weekly.  Men  are  oigaged 
in  cutting  and  sorting  the  straw,  diying  and  brushing  the  plait, 
and  stiffening  and  blocking  the  hate  and  bonnete  when  made;  the 
other  processes  are  undertaken  by  females.  Taking  all  the  branches, 
it  was  estimated  in  1861  that  70,000  persons  were  thus  employed  in 
Oreat  Britain,  and  that  the  yearly  returns  were  900,0002. ;  it  is  sup- 
posed that  in  1859  these  numbers  were  doubled.  The  manufacture  of 
Brazilian  grass  hate  is  one  of  the  peculiarities  of  the  St.  Alban's  dis- 
trict. In  the  country  places  surrounding  the  three  chief  towns  for 
the  manufacture,  straw-dealen  buy  straw  from  the  farmera,  sort  and 
cut  it,  bleach  it,  and  make  it  up  into  bundles.  Weekly  markete  are 
held  in  the  towns,  at  which  the  plaiters  buy  the  straw.  The  women 
and  girls  make  up  the  straw  into  plaite  of  various  kinds  and  widths, 
which  are  either  sold  at  once  to  itinerant  dealers  or  middlemen,  or  are 
taken  to  market.  The  bundles  of  plait  are  bought  by  hat  and  bonnet 
makers,  who  either  work  at  their  own  houses,  or  are  employed  in 
large  esteblishmente  by  the  chief  firms.  These  straw  and  straw-plait 
markete  are  held  in  the  open  streete  of  the  three  towns.  No  plaiters  are 
employed  by  the  manufacturers ;  the  straw  is  bought  already  plaited, 
and  r«idy  to  be  made  up  into  hate  and  bonnets.  Much  taste  and  skill 
are  shown  in  the  making  of  the  better  kinds  of  straw  bonnete,  and  the 
weaver  occasionally  earns  high  pay.  The  manufacturers  attend  to  all 
the  fluctuations  of  foshion ;  and  the  workpeople  have  to  adapt  them- 
selves to  frequent  changes  in  form,  material,  and  manipulation. 

A  small  import  duty,  formerly  imposed  on  foreign  straw-plait,  was 
repealed  in  I860; 

STRAWBERRY.  The  botanical  charactora  of  the  strawberry  have 
been  given  in  the  Nat.  Hist.  Dit.  Of  the  cultivated  strawberry,  the 
varieties  are  almost  endless,  and  nearly  every  season  something  new  is 
produced.     In  the  Fruit  Catalogue  of  the   London   Horticaltural 
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Society,  upwards  of  sixty  varietiiis  are'tuuned  is  worth  cvdlivatiiig,  and 
there  are  as  many,  or  perhaps  more,  which  are  reckoned  worthless. 

Strawberries  may  be  propagated  either  by  means  of  their  suckers  or 
runners,  or  by  sowing  seed.  The  young  plants  will  generally  bear  the 
year  after  they  hare  been  planted'  or  sown.  In  order  to  obtain  the 
fruit  in  perfection^  they  should  be  planted  where  they  hare  access  to 
abundance  of  light  and  air.  Plants  grown  from  runners  are  best  for 
new  beds,  and  should  be  planted  out  in  March,  in  beds  with  three  or 
foiir  rows,  leaving  an  alley  between  each  bed.  The  alleys  should  be 
wide,  the  beds  kept  clear  from  weeds,  and  the  runners  cut  at  least 
three  times  in  the  season.  In  the  autumn  the  rows  should  be  dug 
between^  and  in  the  spring  some  straw  or  dimg  should  be  laid  between 
the  rows.  If  the  manure  produces  too  luxuriant  a  growth  of  the 
plants,  it  should  not  be  employed.  The  rows  of  the  beds  should  be 
two  feet  apart,  the  plants  eighteen  inches  asunder,  and  the  alleys  three 
feet  wide  between  each  bed.  The  duration  of  .the  plants  is  about  three 
years.  As-they  are  dioeoious,  care  should  be  taken  that  there  are  male 
plants  in  the  bed  in  the  proportion  of  about  one  to  ten.  The  wood- 
sCrauberr]/  is  best  produced  from  seed,  which  should  be  sown  as  soon 
as  it  is  obtsuned  from  the  fruit,  and  should  be  planted  ib  beds  in 
March,  in  the  same  way  as  the  others.  The  alpine  ttnucberry.  is  best 
grown  from  seeds,  which  should  not  be  sown  till  the  spring,  and  may 
be  planted  in  July  or  August,  in  rows  at  the  back  of  hedges  or  walls, 
in  a  rich  or  moist  soil.  The  duration  of  these  and  of  the  last  seldom 
exceeds  two  years. 

Strawberries,  when  ripe,  may  be  eaten  in  almost  any  quantity  with- 
out injury.  They  are  frequently  eaten  mixed  with  sugar  and  cream, 
or  wine.  When  ripe  and  well  grown,  they  hardly  require  such  additions ; 
but  when  their  sugar  is  deficient,  this  ingredient  may  be  safely  added ; 
and  the  addition  of  wine  under  tiiese  circumstances  should  be  preferred 
to  creoin,  as  the  Utter  is  very  liable  to  disagree  with  disordered 
stomachs. 

STRENOTH  OF  BEAMS,'.PILLARS,  &a    [Matebials,  Stberqtb 

OF.] 

STRING-COURSE,  a  projecting  coune  of  masonry  forming  a  string 
or  horizontal  line  on  the  face  of  a  wall,  and  consisting  of  a  series  of 
mouldings,  as  in  Qothic,  or  of  a  flat  surface  (either  plam  or  enriched), 
as  in  Italian  architecture.  In  both  styles,  string-couises  admit  of  great 
Tariety,  and  contribute  very  much  to  decoration,  while  they  are  in 
themselves  essential  members,  inasmuch  as  they  serve  to  define  the 
internal  division  of  the  building,  corresponding  with  the  fioors  of  the 
several  stories ;  and  by  sepanvtdng  one  tier  of  windows  from  another, 
to  mark  each  as  a  distinct  portion  of  the  general  composition,  complete 
as  regards  itself,  though  secondary  to  the  other.  While  they  separate, 
they  serve  also  to  connect  and  combine  the  successive  stages  of  a 
building;  and  to  produce  a  due  admixture  of  horizontal  with  per- 
pendicular lines. 

STRONTIA.    [STBOJiTinM.] 

STRO'NTIUM  (Sr).  A  peculiar  metal  found  in  combination  with 
oxygen  and  carbonic  or  sulphuric  acid,  and  forming  the  carbonate  and 
sulpliate  of  strontia.  From  the  very  considerable  resemblance  existing 
between  boiyta  and  strontia  thqy  were  once  supposed  to  be  identical. 
Crawford  and  Sulze  noticed  a  difference  between  them,  and  in  the  year 
1792  Bit  Hope  established  sufficient  differences  to  prove  that  they  were 
completely  distinct  bodies,  and  the  newly  discovered  body  was  named 
Strontia  or  Strontita,  from  Strontian  in  Scotland,  the  place  in  which 
it  was  discovered. 

Strontium  was  procured  from  the  carbonate  of  strontia  by  Davy  in 
1808  ;  the  method  adopted  is  that  which  we  have  described  for  obtain- 
ing barium  [BariomI  from  the  carbonate  of  baryta.  It  is  a  malleable 
metal  of  a  pole  yellow  colour,  is  heavier  than  sulphuric  acid,  fixed, 
difficultly  ftisible,  and  not  volatile.  When  exposed  to  the  air  it  attracts 
oxygen,  and  becomes  converted  into  strontia ;  when  thrown  into  water, 
it  decomposes  it  with  great  violence,  produdng  hydrogen  gas,  and 
forming  with  the  water  a  solution  of  strontia. 

Oxygen  and  Strontium,  as  just  mentioned,  readily  unite,  constituting 
the  protoxide,  or  itrontia  (SrO),  which  in  combination  with  acids  exists 
Ui^ely  in  nature,  and  the  peroxide,  which  is  entirely  an  artificial  pro- 
duct. The  simplest  mode  o^  procuring  the  protoxide,  or  strontia, 
when  required  to  be  free  from  water,  is  to  dissolve  the  native  carbonate 
in  nitric  acid,  and  to  decompose  the  crystallised  nitrate  obtained  at  a 
red  heat ;  or  the  sulphate  of  strontia,  which  is  a  much  more  common 
substance,  may  be  converted  by  the  well  known  means  first  into  sul- 
phide and  then  into  nitrate.  The  properties  of  strontia  are,  that  it 
has  a  grayish- white  colour ;  its  specific  gravity  is  between  3  and  i ;  it 
is  very  infusible,  not  volatile,  has  an  acrid  ta«te,  and  has  an  alkahne 
reaction  on  vegetable  colours.  On  comparing  tiiese  properties  with 
those  of  baryta,  it  will  be  observed  that  thpre  is  considerable  resem- 
blance between  them,  but  they  differ  in  one  remarkable  respect, 
namely,  that  strontia,  unlike  baryta,  is  not  poisonous.  W^hen  exposed 
to  the  air  it  attracts  carbonic  acid,  and  is  reconverted  to  the  state  of 
earbonate. 

Slrontia  and  Water  combine  to  form  at  least  two  compounds  :  when 
a  small  quantity  of  water  is  poured  upon  strontia,  it  slakes,  gives  out 
heat,  is  rendered  white,  and  becoming  a  hydrate,  it  is  fusible  at  a 
white  heat,  but  does  not  part  with  its  water.     Its  formula  is  SrOHO. 

According  to  Davy,  strontia  is  soluble  in  about  two  hundred  times 
its  weight  of  water  at  common  temperatures.    Tho  solution  is  called 
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Slmntia  Water,  and  is  occasionally  employed  as  a  chemical  reagent ; 
it  acts  energetically  as  an  alkali  on  vegetable  colours  and  in  saturating 
acids.  In  boiling  water  strontia  is  much  more  soluble  than  in  cold. 
As  the  solution  cools,  crystals,  the  primary  form  of  which  is  a  square 
prism,  are  deposited,  and  these  appear  to  consist  of  SrO,  9H0. 

Peroxide  of  Slrontittm  (SrO  J  may  probably  be-  obtained,  as  the  per- 
oxide of  barium  is,  by  passing  oxygen  gas  over  strontia  at  a  red  heat, 
or  by  heating  it  with  ciUorate  of  potash. 

Neither  nitrogen  nor  hydrogen  unites  with  strontium. 

Chlorine  and  Strontium  combine  to  foijn  only  one  compound,  con- 
sisting of  (SrCl). 

The  best  mode  of  procuring  this  salt  is  to  dissolve  carbonate  of 
strontia  in  dilute  hydrochloric  acid,  and  to  evaporate  the  solution  to 
its  crystallising  point,  the  chloride  containing  water  then  separates  in 
long  slender  crystals,  which  consist  of  one  equivalent  of  chloride  and  one 
equivalent  of  water.  When  exposed  to  heat  the  water  is  expelled,  and 
a  solid  white  chloride  remains.  The  crystals  deliquesce  in  a  moist 
atmosphere,  are  soluble  in  twice  theii'  weight  of  water  at  60°,  and  still 
more  so  in  boiling  water ;  this  salt  is  soluble  also  in  alcohol,  and  the 
solution  when  burning  exhibits  the  peculiar  red  fla&ie  characteristic  of 
the  compounds  of  this  metal. 

Chloride  of  strontium  may  be  more  directly,  but  leas  eligibly,  pre- 
pared than  in  the  mods  now  described,  by  passing  chlorine  gas  over 
heated  strontia;  oxygen  gas  is  expelled,  and  chloride  of  strontium 
remains. 

Fluoride  of  Strontium  (SrF)  is  an  insoluble  pulverulent  compound. 

Sulphide  of  Strontium  (SrS)  may  be  formed  either  by  heating  the 
native  sulphate  with  charcoal,  or  by  fusing  strontia  and  sulphur  in  a 
green  glass  tulie.  It  dissolves  in  hot  water,  and  as  tho  solution  cools 
crystals  of  sulphide  of  strontium  are  formed.  They  appear  to  contain 
water. 

This  compound  is  used  for  the  preparation  of  the  salts  of  strontia, 
the  sulphate  being  a  much  more  common  substance  than  the  carbon- 
ate, wMch  is  preferable  however  when  obtainable. 

We  shall  now  describe  three  oxisalts  of  strontia,  'two  of  which  exist 
in  nature,  and  the  third  is  occasionally  employed  in  chemical  re- 
searches. ^ 

Carbonate  of  Strontia;  i?<ro»<«i>tite.— This  was  the  first  discovered 
compound  of  strontia;  it  occurs  crystallised  and  massive.  Primaiy 
form,  a  right  rhombic  prism.  Cleavage,  parallel  to  the  lateral  faces  oi 
the  primary  form.  Fracture,  uneven.  Hardness,  scratches  carbonate 
of  Ihne,  but  is  scratched  by  fluor-sjjar.  Colour,  white,  greenish,  gray-_ 
iah,  and  brown.  Streak,  white.  Lustre,  vitreous.  Transparent,  trans- 
lucent.    Specific  gravity  3'605. 

Before  the  blow-pipe  it  fuses,  and  gives  a  purple  light.  It  dissolves 
with  effervescence  in  dilute  nitric  acid,  tjnd  the  solution  is  precipitated 
by  sulphuric  acid. 

Mamce  Varieties. — Amorphous,  globular.  Structure  fibrous,  somo- 
times  granular.       ' 

Found  at  Strontian  in  Scotland,  Braunsdorf  in  Saxony,  and  in  Peru. 

Analysis  by  Klaproth  :— 

Carbonic  acid    ........     SO* 

Strontia.       ••....•••     69*S 

'Water OS 

100- 

Stromnite,  <a  Bwn/strontianite,  or  Barytiferous  Carbonate  of  Strontia, 
is  a  nuneral  found  at  Stromness  in  Orkney.  It  occurs  massive.  Struc- 
ture fibrous.  Hardness  3*6.  Specific  gravity  3'7.  Lustre  somewhat 
pearly.  Translucent  on  the  edges.  Colour  grayish  and  yellowish 
white.  It  is  soft  and  brittle.  Effervesces  with  acids,  but  does  nut 
melt  before  the  blow-pipe. 

According  to  Dr.  Traill,  who  discovered  this  substance,'  it  con- 
sists of — 

Carbonate  of  strontia         ......  C8-6 

Solphate  of  baryta 27'S 

Carbonate  of  lime 2'6 

Oxide  of  iron 0*1 

Loss V» 

lOO- 

Carbonate  of  Strontia  (SrOCO,)  may  bo  artificially  obtained  by 
several  processes;-  as  by  exposing  strontia  water  to  the  air,  or  by 
adding  an  alkaline  carbonate  to  it;  or  by  decomposing  any  soluble  salt 
of  strontia,  by  means  of  an  alkaline  carbonate,  &c.  In  whatever  mode 
obtained,  it  is  a  colourless  insipid  powder,  quite  insoluble  in  water, 
decomposed  by  acids  with  effervescence,  and  by  exposure  to  a  high 
temperature.    It  is  used  for  preparing  the  various  salts  of  strontia. 

Sulphate  of  Strontia;  Celettin. — Exists  lar;gely  in.  nature.  It  occiuv 
crystallised  and  massive.  Primary  form  a  right  rhombic  prism. 
Cleavage  easy,  parallel  to  the  base  of  the  primary  form,  but  leas  so 
in  the  direction  of  the  lateral  faces.  Fracture  conchoidal,  tmeven. 
Scratches  carbonate  of  lime,  but  it  is  scratched  by  fluor-spar.  It  is 
brittle.  Colour  white,  bluish,  reddish- white.  Transparent;  trans- 
lucent.   Lustre  vitreous.    Specific  gravity  3"858. 

The  Massive  Varieties  are  nodular,  tabiuar,  and  ainorphous.  Struc- 
ture columnar,  fibrous,  granular. 
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It  is  not  acted  upon  by  acida.  Before  the  blow-pipe  it  decrepitates 
and  fuaea  into  a  -white  friable  enamel.  The  powder  becomes  phos 
phoiesoent  on  a  hot  iron. 

Aoooiding  to  Klaproth  it  consists  ci —  ^  ' 

Sniphario  tetd     •••....,41 
Bmmtla  *.........    ss 

'  100 

This  rabstance  ooonm  near  Bristol,  in  Sicily,  at  Bex  in  Switzer- 
land,  Ac 

Svlphate  ofStnntia  and  Saryta  ;  Orrmerite. — This  mineral  is  found 
in  Hanover.  It  occurs  massive.  Its  structure  is  radiated.  Hardness 
.  3'0  to  8"6.  Colour  white,  with  sometimes  a  shade  of  blue.  Translucent. 
Liis<a«  vitreous.    Speoifio  gravity  8-76. 

Sulphate  <ff  Stnmiia  (SrOSO,)  may  be  obtained  artificially,  by  adding 
sulphuric  aoid,  or  a  sulphate,  to  anjr  soluble  salt  of  gtrontia.  It  is  a 
colourless,  insipid,  heavy  powder,  insoluble  in  water,  and  dissolved 
only  by  strong  sulphuric  acid,  from  which  it  is  precipitated  by  water. 

Nitrate  of  Strontia  (SrONP,)  is  procured  by  dissolving  the  carbonate 
in  dilute  nitric  acid,  or  by  decomposing  the  sulphide  of  strontium  with 
that  add.  The  solution  is  colourless,  and  by  evaporation  it  crystal- 
lises in  octohedrons,  which  are  soluble  in  five  parts  of  water  at  60°, 
and  in  half  a  part  at  212°.  It  is  insoluble  in  alcohol,  but  when  finely 
powdered  ahd  mixed  with  it,  the  alcohol  bums  withji  beautiful  red 
flame. 

Under  peculiar  circumstances  a  hydrsted  nitnte  of  strontia  is 
formed,  containing  four  equivalents  of  water.  The  form  of  this  is  an 
oblique  rhombic  prism. 

The  salts  of  strontia  are  occasionally  used  in  chemical  investigations, 
and  in  giving  a  crimson  flame  to  fire-works. 

STROPHE  (irrpo^)  is  a  set  of  verses  composed  according  to  a 
certain  system  of  metres.  The  word  is  derived  from  irfp4<tm,  "to 
turn,"  as  in  the  lyric,  especially  the  choral  poetry  of  the  Greeks,  this 
part  of  a  poem  was  sung  during  the  movements  and  dances  of  the 
chorus.  In  modern  times  such  a  combination  of  verses,  written  either 
in  the  same  or  in  different  metres,  is  commonly  designated  by  the 
Italian  nape  stanza.  The  division  of  a  poem  into  strophes  was  how- 
ever applied  by  the  ancients  only  to  lyric  poetry,  and  here  one  strophe 
seldom  exceeded  the  number  of  four  verses,  with  the  exception  of  the 
dramatio  and  other  choruses,  in  which  a  strophe  sometimes  contains  a 
conriderable  number  of  verses.  However  different  the  metre  of  the 
several  verses  may  be,  there  is  always  a  unity  of  rhythmin  them  which 
characterisefB  a  strophe  as  an  artistic  whole.  The  various  kinds  of 
strophes  were  designated  by  the  ancients  by  various  names  which 
either  indicated  the  number  of  verses  they  contained,  such  as  distichs, 
tristicha,  tetrasticha,  &c.,  or  were  derived  from  the  name  of  their 
inventors,  or  from  the  characteristic  metre  in  which  they  were  com- 
posed, such  as  the  Alcaic,  Sapphic,  Choriambio  strophe,  4o.  Again, 
strophes  in  which  all  the  verses  are  of  the  same  metre  are  called 
monocola;  and  those  consisting  of  verses  of  two,  three,  or  four  diflerent 
metres,  ore  called  dicola,  tricola,  or  tetracola.  The  choral  poems  of 
the  Greeks  generally  consisted  of  three  main  parts,  strophe,  antistrophe, 
and  epode.  The  antistrophe  always  corresponds  in  its  metre  with  the 
jstrophe,  and  thus  forms  a  second  stanza,  equal  to  the  first ;  the  epode 
Idifiers  from  both,  and  forms  the  concluding  stanza  of  a  chorus. 
.(0.  Hermann,  'Klementa  Doctr.  Metr.*) 

STRO'PHULUS  is  an  eruption  of  pimples  upon  the  skin,  which 
frequently  occurs  in  infants  whose  health  is  disordered  by  the  irritation 
of  teething  or  any  other  cause.  Dr.  Willan  describes  the  following 
^orms  of  the  disease : — 

1.  3.  ifitartinctu;  of  which  the  vulgar  name  is  Redrgum  or  Red-gown. 
The  eruption  in  this  form  consists  of  vivid-red  distinct  papuLe, 
scattered  in  varying  numbers  over  the  cheeks,  the  arms,  the  bocks  of 
the  lumds,  or,  in  some  cases,  the  whole  body.  After  an  uncer- 
tam  duration  the  papulta  disappear,  the  cuticle  separating  in  scurf; 
but  very  frequently  the  fading  of  one  eruption  is  rapidly  followed  by 
the  appearance  of  another,  which  ^josses  through  similar  stages,  and 
generally  spreads  further  over  the  skin.  A  few  of  the  papulte  in  each 
eruption  sometimes  assume  the  character  of  small  pustules,  a  little 
fluid  bein^  formed  in  their  apioee :  but  tins  commonly  disappears  witib- 
out  burstmg.  The  origin  of  the  eruption  may  usually  be  traced  to 
disorder  of  the  digestive  oigans,  by  a  gentle  correction  of  which  it  may 
■t  J^?*  A  sudden  repulsion  of  it  by  exposure  to  the  cold,  or  any 
injudicious  remedies,  may  bring  on  diarrhoea,  and  even  severe  general 
illness.    In  itself  it  is  a  disease  of  no  importance. 

2.  &  aOidui  diflers  from  the  preceding  only  in  the  colour  of  the 
papulte,  which  consist  of  minute  whitish  specks,  slightly  elevated,  and 
usuaUy  surrounded  by  a  pole  ring  of  red.  They  appear  in  the  same 
situations  as  those  of  the  first  variety,  are  referrible  to  a  similar  origin, 
and  require  no  other  treatment.  ^^ 

8.  S.  amfirtut  is  often  caUed  the  Tooth-rash,  and  the  Rank  Red-gum. 
It  occurs  only  during  the  process  of  teething,  and  consiBts  (in  children 
of  three  or  four  months  old)  of  small  closely-set  papuUe,  less  vivid  but 
more  pennanent  than  those  in  S.  intertinciiu.  Their  usual  seat  is  on 
Uie  che^  and  sides  of  the  nose ;  sometimes  they  extend  to  the  fore- 
head and  the  arms,  and  sometimes  large  papulso  appear  upon  the  loins. 
it  the  eruption  occurs  when  the  infant  is  eiglit  or  nine  months  old,  it 


generally  assumes  a  severer  form  :  one  or  two  extensive  patches  appear 
on  the  arms,  shoulder,  or  neck,  the  papula  in  each  being  hard,  large, 
and  set  so  closdy,  that  the  whole  surface  of  the  akin  seems  bright  red. 
These  usually  continue  for  a  fortni^t,  spreading  slowly  from  one  jart 
to  another,  and  then  fade,  leaving  the  part,  after  tlie  exfoliation  of  the 
cuticle,  rough  and  discoloured  for  a  week  or  two  longer.  A  similar, 
but  more  obstinate  and  painful  form  of  eruption,  sometimes  appears 
on  the  lower  extremities  and  the  lower  port  of  the  trunk.  It  is  never 
advisable  however  to  adopt  any  active  treatment  for  the  remedy  of 
this  variety  of  the  disease.  It  commonly  continues  during  the  whole  of 
the  early  period  of  dentition;  but  it  affords  in  some  measure  a  safe- 
guard agamst  mora  serious  disorders,  and  disappeais  soon  after  the  first 
teeth  have  cut  through  the  gums. 

4.  S.  volaiieui  is  characterised  by  small  oiroular  clusters  of  from  six 
to  twelve  bright-red  papulse,  which  break  out  successively  in  many 
different  parts  of  the  boidy,  remaining  in  each  for  about  four  days,  and 
then  becoming  brown  and  disappearing  v^th  scurf.  The  complaint 
generally  lasts  three  or  four  wedcs,  and  passes  in  successive  eruptions 
over  a  considerable  part  of  the  body.  It  is  attended  by  alight  fever 
and  general  distvu-buice  of  the  system,  and  is  most  common  in  children 
of  from  three  to  six  months  old. 

5.  S.  candidxu  is  distinguished  by  the  papulte  being  larger  than  in 
any  other  variety.  Their  surfaces  are  smooth  and  sliining,  and,  their 
bases  not  being  inflamed,  they  seem  paler  than  the  adjoining  skin : 
they  usually  last  for  about  a  week,  and  disappear  in  the  same  manner 
as  those  in  the  preceding  forms.  An  eruption  of  this  kind  is  most 
common  in  children  a  year  old,  who  have  shortiy  before  its  appearance 
suffered  from  some  acute  disease.  It  requires  no  active  treatment : 
like  all  the  other  varieties  of  the  disorder,  it  ceases  with  the  irritation 
from  which  it  has  its  origin. 

STRUMA.    [SOBOFULA.] 

STRYCHNIC  ACID.  [Nux  Vomica,  Aikaloidb  of.J, 
STRYCHNINE.  [Nux  Vomica,  Alkaloidb  of.] 
STRYCHNOS  NUXVCMICA,  Meduxil  PrcpertU$  of.  The  genus 
StiychnoB,  consisting  of  about  twelve  species,  is  remanable  for  con- 
taining among  these  some  which  possess  only  mild  or  beneficent  pro- 
perties, while  others  are  endowed  with  more  potent  and  destructive 
powers  ttian  almost  any  other  members  of  the  vegetable  kingdom. 
This  extraordinsry  difference  is  presumed  to  be  owing  to  certain  species 
containing  only  an  extractive,  which  is  tonic  and  febrifuge,  while  others 
contain  one,,  two,  or  three  alkaloids,  which  are  extreindy  poisonous. 
This  is  true  (U  far  as  the  S.  Nux-vomica,  S.  IgtuUia,  S.  CoMriMa,  and 
iSi.  Tieuti  are  concerned,  all  of  which  contain  either  Strychua  or  Bruda, 
and  some  both  of  these  alkaloids ;  S.  Saneti  IgtiaUi  contains  an  alkaloid 
called  Igasurine  [Nux-Tomica,  Alkaloids  of]  ;  but  it  does  not 
apply  to  the  &  toxifera,  (Schomburgk),  in  which  no  alkaloid  has  been 
detected.  It  must  be  admitted,  however,  that  the  S.  toxifera,  though 
equally  fatal  with  the  others,  produces  death  in  a  different  way.  Those 
possessed  of  an  alkaloid  deslzoy  Ufe  by  exciting  tetanic  spasms,  while 
the/teoitrofi,  or  toorary,  or  uron  (prepared  from  Ihe  S.  toxifera),  pro- 
duces diametrically  opposite  effects,  as  the  muscles  of  voluntary  motion 
are  paralysed  by  it.  The  only  species  strictly  officinal  is  the  nuz- 
vomica,  poison-nut,  or  ratsbane,  of  which  the  seeds  are  employed,  and 
to  this  our  attention  will  be  at  present  confined. 

Stry^MOi  Nux-vomiea  is  a  native  of  Coromandel,  Malabar,  Ceylon, 
and  other  parts  of  India,  growing  in  sand^  places,  and  attaining  tiie 
size  of  a  tree,  but  short,  crooked,  and  sometimes  twelve  feet  in  circum- 
ference, flowering  in  the  rainy  season.  The  fruit  is  about  the  size  of  a 
St.  Michael's  orange,  with  a  bitter  astringent  pulp,  and  containing  from 
three  to  Ave  seeds.  The  pulp  may  be  eaten,  but  the  seeds  are  poison- 
ous and  officinal ;  each  seed  is  flattish  or  very  slightiy  concave  on  the 
side  of  the  umbilicus,  convex  on  the  other,  thidcened  at  the  margin, 
peltate,  about  three  lines  in  thickness,  and  clothed  with  dense  grapsh, 
silky,  or  velvet?  hairs,  which  towards  the  umbilicus  are  arranged  in 
concentric  cirofes.  The  testa  or  coat  is  thin,  the  nucleus  white  or 
gVayish,  hard,  homy,  or  cartilaginous,  bipartite  or  divided  by  a  cavity 
in  the  centr6;  tiie  embryo  is  near  the  margin  of  the  seed,  and  its 
position  is  often  indicated  by  a  prominent  point. 

Owing  to  the  hard  cartilaginous  nature  of  the  seeds,  they  are 
extremely  difficult  to  reduce  to  powder  or  to  slice.  Different  expe- 
dients are  adopted  to  accomplish  this.  The  entire  seed  is  devoid  of 
odour,  but  the  powder  has  a  peculiar  one,  somewhat  resembling 
liquorice ;  the  taste  is  nauseously  bitter.  Nux-vomica  should  never 
be  purchased  in  the  state  of  powder,  as  it  is  frequentiy  adulterated 
with  common  salt  or  even  emery-powder. 
An  oil  is  expressed  from  the  fresh  seeds,  which  is  used  for  burning. 
tfux-vomica  seems  to  exert  a  deleterious  influence  alike  over  vege- 
tables and  animals ;  there  is,  however,  a  difference  of  susceptibility  to 
its  action  in  different  classes  of  animals,  since  a  much  larger  quantity 
is  necessary  to  destroy  herbivorous  than  carnivorous  animals. 

The  degree  of  effect  varies  with  the  quantity  ^employed,  but  it  seems 
to  be  the  same  in  kind,  being  confined  to  the  ganglionic  system  of 
nerves  and  the  spinal  cord,  extending  as  high  up  as  the  medulla 
oblongata,  and,  according  to  Flourens,  influencing  even  the  cerebellum, 
but  certainly  not  direcUy  affecting  the  cerebrum.  Hence  in  fiital  cases 
the  intellect  is  not  disturbed  till  Uie  extinction  of  life.  The  decapita- 
tion of  animals  does  not  hinder  the  characteristic  action  of  mue-romioB, 
while,  on  the  other  hand,  the   removal  of   the  spinal-marrow  corn- 
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pletely  prevents  its  peculiar  agency,  even  thougli  arUfioial  respiraUon 
be  maintained.  "  From  some  experiments  of  Segalos,  It  appears  also 
to  exhaust  the  irritability  of  the  heart ;  for  in  animalH  he  found  that 
organ  could  not  be  stimulated  to  contract  after  death,  and  life  could 
not  be  prolonged  by  artificial  breathing.  Ntii^vomica  differs  from  all 
narcotic  poisons,  by  not  exhausting  the  sensibility.  During  the  inter- 
Tals  of  the  fits  the  sensibility  is  on  the  contrary  heightened,  and  the 
faculties  acute."    (Christison.) 

Three  distinct  degrees  of  action  may  be  observed  from  the  use  of 
niue-vomica.  In  small  doses  the  ganglionic  system  appears  chiefly  to 
be  affected,  and  this  so  slightly,  that  any  phenomena  are  observed  only 
in  cases  of  disease,  particularly  in  hysterical  and  weak  persons.  The 
secretions  are  increased,  both  of  the  intestinal  canal,  the  liver,  tlie 
kidneys,  and  of  the  skin,  accompanied  with  an  increase  of  appetite  and 
improved  digestion.  Hence,  in  small  doses  it  is  a  useful  adjunct  to 
aperient  and  diuretic  medicines. 

It  is  in  the  second  degree  of  action  that  the  clu)racteiistio  effects  of 
nux-vomica  begin  to  appear.  The  patient  experiences  a  feeling  of 
weight  and  weakness  in  the  movements  of  the  limbs,  inducing  him  to 
remain  at  rest ;  while  his  mind  is  restless,  sad,  depressed,  and  anxious 
for  solitude  and  darkness,  as  he  is  peculiarly  sensitive  to  light,  noise, 
or  the  movement  of  the  surrounding  objects.  With  an  augmentation 
of  the  dose,  these  phenomena  are  increased,  and  the  contact  of  any 
external  body  causes  a  feeling;  like  an  electric  shock,  the  voluntary 
muscles  are  no  longer  under  the  control  of  the  will,  and  the  individual 
staggers  on  the  least  attempt  at  walking.  At  the  beginning  of  these' 
occnrrences  the  pulse  is  hard  and  quickened;  the  gums,  cheeks,  and 
eyes  reddened,  and  the  respiration  more  frequent;  but  when  the 
nervous  system  is  more  affected,  the  hardness  of  the  pulse  subsides, 
the  countenance  becomes  of  an  ashy  paleness,  the  ^es  appear  sunken, 
articulation  is  difficult  and  indistinct,  breathing  is  laborious,  and 
accompanied  with  violent  spasms  of  the  larynx,  and  the  other  muscles 
of  respiration  are  irregular  in  their  action.  After  these  symptoms 
bave  lasted  six  or  twelve  hours,  they  subside,  and  a  great  increase  of 
the  secretions  is  observed  to  f<Jlow ;  itching  of  the  skin,  with  much 
perspiration,  even  accompanied  with  an  eruption  of  vesicles  or  large 
blebs ;  the  secretions  of  the  serous  membranes,  of  the  kidneys,  and  of 
the  mucous  membranes,  are  sensibly  increased,  those  of  the  latter  some- 
times becoming  bloody.  During  this  period  the  patient  complains  of 
heat  in  the  stomach  and  throat,  of  thirst,  of  foul  taste,  and  rancid 
eructations,  with  nausea,  and  occasionally  even  vomiting.  While  the 
augmented  secretions  are  taking  place,  the  more  pronunent  nervous 
symptoms  disappear ;  and  in  a  few  days  the  sufferer  recovers  entirely 
from  Ihe  debihty  and  excessive  sensibility. 

The  third  degree  of  action  manifests  itself  by  tetanus  and  asphyxia, 
occurring  in  single  paroxysms,  alternating  with  paralytic  torpor.  The 
paroxysms  become  longer,  and  the  remissions  shorter,  in  which  how- 
ever, till  death  dose  the  scene,  the  intellect  remains  imaffected.  While 
the  voluntary  muscles  are  entirely  withdrawn  from  the  control  of  the 
<will,  the  pulse  sinks  and  becomes  slower,  the  breathing  more  and  more 
laborious  ("  the  external  muscles  of  the  chest  may  be  felt  during  the 
fits  as  hard  almost  as  bone;  and,  according  to  on  experiment  of 
Wepfer,  the  diaphragm  partakes  of  tiie  spasm  of  the  external  muscles : " 
Christison).  The  belly  swells  and  exhibits  blue  marks,  the  countenance 
is  livid,  and  in  a  paroxysm  of  tetanic  rigidity  the  breathing  ceases, 
though  the  heart's  action  and  the  peristaltic  motion  of  the  intestines 
continue  for  some  time ;  and,  if  an  artery  be  opened,  black  carbonaceous 
blood  issues.  "  Death,  however,  does  not  always  take  place  by  ^etanus : 
in  some  cases  the  departure  of  the  convulsions  has  beien  followed  by  a 
fatal  state  of  general  and  indescribable  exhaustion."  (Christison.)  Thus, 
after  Uie  spasms  have  lasted  twelve,  sixteen,  or  twenty-four  hours,  and 
completely  disappeared,  tiie  individual  has  nevertheless  died,  after 
being  apparently  in  a  state  of  safety.  This  has  been  ascribed  to  the 
depressing  effect  on  the  heart's  action,  through  the  medium  of  the 
nervous  system,  of  long-continued  pain.  Or  the  individual  may  suffer 
an  attack,  after  the  primary  symptoms  have  subsided,  of  inflammation 
of  the  stomach  and  intestines,  which  may  or  may  not  prove  fatal. 

Vomiting  does  not  always  occur,  though  the  name  would  seem  to 
imply  tiie  frequency  of  this  symptom. 

Nux-vomica  is  important  not  only  for  its  formidable  poperties,  but 
for  Vbe  illustrations  it  furnishes  to  certain  physiological  doctrines. 
Thus,  when  used  in  cases  where  a  portion  only  of  the  body  is  paralysed, 
it  excites  convulsions  in  the  paralysed  port  before  any  action  be  observed 
in  the  sound  parts.  "  The  paralysed  ports  are  the  seat  of  tetanio 
shocks,  of  a  prickly '  sensation,  and  of  &  perspiration,  which  is  not 
observed  elsewhere.  In  hemiplegia  the  sound  side  of  the  body  remains 
tranquil,  while  the  affected  one  is  the  seat  of  extreme  agitation ;  the 
tetanio  attacks  succeed  each  other  rapidly,  and  an  abundimt  exudation 
takes  place.  Even  an  anoipalotui  eruption  has  been  observed,  while 
the  hoalthy  side  has  been  perfectly  free.  One  side  of  the  tongue  is 
sometimes  sensible  of  a  decidedly  bitter  taste,  which  is  not  perceptible 
on  the  other.  If  the  dose  be  augmented,  both  sides  become  the  seat 
of  tetanic  action,  though  not  equally  so."  (Magendie.)  It  is  al^  very 
remarkable  that  the  contact  of  any  external  body  with  any  port  of  the 
frame  of  an  individual  under  the  influence  of  nuz-vonuca  which  is 
supplied  with  nerves  originating  from  the  spinal  cord,  immediately 
excites  convulsive  actions.  In  persons  jxiisoned  by  nux-vomica,  whether 
the  seeds  or  bark  (false  Angustuia  bwk),  the  mere  act  of  touching  the 


skin  to  feel  the  pulse  has  excited  again  the  convulsive  motions.  Of 
these  two  phenomena,  namely,  the  action  of  stiychnia  on  the  paralysed 
limbs  previous  to  causing  any  obvious  effect  on  the  sound  organs,  and 
of  the  contact  of  an  extraneous  body  exciting  the  tetanic  throes,  the 
following  explanation  has  been  given  by  Mr.  Glrainger  : — "  Stiychnia 
acts  by  preference  on  the  paralytic  limb  or  limbs,  because  ihe  cerebral 
control  is  removed  from  the  paralysed  limb.  If  the  cord  be  divided, 
the  pure  spinal  power  remaining,  when  the  skin  is  touched  the  limb  ia 
retracted,  and  must  be  retracted,  because  the  cerebral  control  ia  wanting. 
So  when  the  spinal  cord  is  stimulated  by  stiychnia,  it  must  act  on  the 
limb  or  limbs  from  which  the  cerebral  power  is  withdrawn." 

Ifux-vomica  acta  most  rapidly  when  introduced  into  a  vnn,  and  in 
other  instances  in  the  ratio  of  the  absorbing  pCwar  of  the  part ;  but  it 
produces  no  effect  when  applied  directly  to  a  nerve  or  to  the  brain. 

In  &tal  cases  the  morbid  appearances  vary  according  to  the  period 
at  whidi  death  occurs.  When  death  results  from  asphyxia,  the  bndn 
is  gorged  with  blood,  and  the  texture  softer  than  qatuniL  When 
death  takes  place  at  a  late  period,  sometimes  appearances  of  inflamma- 
tion are  found  in  the  stomach  and  intestines ;  but  frequently  these  ore 
absent.  A  tetanio  stiffiiess  remains  in  the  corpse  till  decay  commences : 
this  state  of  rigidity,  however,  does  not  invanably  occur. 

The  powerful  properties  <^  nux-vomica,  and  the  rapidity  of  its  wstion 
when  administered  in  the  state  of  a  pure  alkaloid,  stiychnia,  or  its 
salts,  have  deterred  medical  men  from  making  so  extensive  a  use  of  it 
as  its  therapeutic  qualities  entitle  it  to.  The  necessity  for  car»  in  its 
administration  is  manifest  from  the  facts,  that  death  resulted  in  one 
instance  merely  from  a  woihan  grating  cheese  with  a  file  which  had 
been  previously  used  to  rasp  seeds  of  nux-vomica;  and  in  another 
instance  death  ensued  from  three  grains  of  the  alcoholic  extract  b«ng 
taken  at  once.  The  consequence  of  a  salutary  dread  of  it  being  enter- 
tained has  been  that  it  is  generally  employed  only  as  a  lost  resource, 
instead  of  being  used  at  an  earlier  period.  It  mig^t,  however,  be  bene- 
ficially used,  with  due  caution  and  careful  superintendence,  in  many 
cases  of  hysteria  and  hypochondriasis,  dependent  on  irregular  action  of 
the  nerves  of  the  ganglionic  system.  •  In  cases  of  hysterical  paralysis, 
accompanied  with  greatly  impaired  sensibility,  it  would  be  more 
influential  than  any  other  agent  in  a  disease  at  once  tedious  txti 
distressing. 

In  paralysiB  it  has  been  found  more  uniformly  beneficial  than  most 
other  remedies,  though  success  has  not  always  attended  its  empl(>y- 
ment.  It  is  certainly  better  suited  for  some  fonns  (A  pualyds  thui 
for  otheia. 

It  is  most  serviceable  in  cases  of  paralysis  of  parts  whidi  derive  thek 
nerves  from  the  ganglionic  system  or  npinal  cord.  Hence  it  is  more 
servic^ble  in  paraplegia  tluua  in  hem^egia,  in  palsy  of  the  bladder,  of 
tub  rectum,  and  even  in  seme  cases  of  chronic  diarriicea  dependent  on 
atony  of  the  intestines.  It  ia  more  serviceable  in  the  palsies  which 
follow  fevera,  rheumatisms,  repelled  eruptions,  habitual  drunkenness, 
and  exposure  to  noxious  met^,  such  as  lead  or  menniry,  and  merely 
depressed  nervous  power,  than  in  those  which  result  from  effusion  at 
blood.  Its  use  is  altogether  improper  immediately  after  an  apoplectio 
seizure,  and  indeed  whenever  vascular  fulness  or  organic  disease  of  the 
brain  is  supposed  to  exist.  Though  less  useful  in  affections  of  the 
nerves  which  arise  from  the  brain,  it  Las  nevertheless  proved  beneficial 
in  some  cases  of  amaurosis,  in  which  the  endermic  method  of  applica- 
tion has  been  employed,  rather  than  the  internal  administration  of  it. 
Deafness  has  also  been  cured  by  it.  When  employed  in  paralysis  of 
any  of  the  limbs,  an  auspicious  sign  of  its  beneficial  influence  is  a 
feeling  of  formication,  and  often  of  sweating,  with  or  without  an  erup- 
tion, and  spasmodic  twitchings  in  the  limb,  while  the  rest  of  the  body 
^  unaffected. 

It  was  conjectured  by  Batka,  and  it  has  nnce  been  proved  by  Dr. 
CShaughneesy,  that  the  false  AnguEftura  bark  [Oalifea]  was  the  bark 
of  the  Strychnoi  mixvomiea;  so  that  in  case  of  poisoning  by  that 
article,  the  same  mode  of  treatment  is  to  be  puraued  as  in  poisoning  by 
nux-vomica  or  strydmi^  "  Nux-vomica  bark  (kuchila)  is  commonly 
sold  in  Calcutta  for  rohun,  the  harmless  bark  of  Boymida  febrifuga — a 
most  dangerous  substitution."    (FereinL) 

Notwithstanding  the  "  Act  to  regulate  the  Sale  of  Poisons  "  in  this 
country,  nux-vonaea,  compounded  in  various  ways,  is  too  freely  sold, 
and  used  for  nefarious  purposes. 

In  cases  of  poisoning  by  nux-vomiea,  the  most  prompt  treatment  ia 
neceeaaiy,  and  still  more  so  if  any  of  the  soluble  salts  of  strychnia 
have  been  taken.  "  Nux-vomica  is  occasionally  made  the  instru- 
ment of  Toluntuy  dea^,  although  no  poison  causey  such  torture." 
(Christison.)  The  stomach-pump  should  instantly  be  hod  recourse  to, 
when  nux-vomica  has  been  taken  in  poi^der ;  and  as  it  adheres  very 
obstinately  to  the  ooat  of  the  stomach,  it  must  be  perseveiingly  used, 
with  plenty  of  water.  Emetics  are  too  tedious  in  their  action  to  be 
depended  upon.  M.  Donn^  has  recommended,  when  strychnia  or  any 
of  its  salts  have  been  taken,  to  endeavour  to  form  an  insoluble  salt ; 
and  for  this  purpose  proposes  chlorine,  bromine,  or  iodine.  Tho 
tincture  of  iodine  may  be  procured  promptiy,  but  if  ten  minutes 
elapse  before  it  be  administered,  it  is  unavailing.  When  the  quan- 
tity of  strychnia  token  is  not  large,  nor  the  symptoms  very 
urgent,  vital  stimulants  or  sedatives  are  often  sufficient;  and  for 
this  purpose,  wine,  brandy,  or  a  mixture  of  acetous  ether  and  laudanum, 
or  laudanum  alone,  .iriU  remove  the  present  danger.    Chlorofoim  ia 
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sometimes  BuccessKil,  as  U  also  ice  applied  along  the  spine.  Couium 
or  its  tincture  offers  probable  means  of  antagonising  the  action  of 
Btiyclmia,  as  suggested  by  Dr.  Fereir^  It  is  said  that  the  leaves  of 
the  FeuUUa  cordifoUa  furnish  an  antidote  to  nux-vomica  and  several 
other  vegetable  poisons.  It  must  ever  be  remembered  that  the  danger 
is  not  entirely  removed,  though  the.  spasms  may  have  subsided,  and 
the  respiration  become  ea^.  Inflammation  of  the  stomach  may  snper- 
Teoe,  which  will  require  uie  usual  treatment,  or  secondary  asphyxia 
may  steal  on,  and  destroy  the  patient.  To  prevent  this  last  occurrence, 
great  watchfulness  is  necessary,  especially  during  the  night,  and  the 
patient  should  be  frequently  awakened,  and  made  to  drink  freely  of 
green  tea.  But  perhaps  the  most  potent  and  efficient  antidote  to  the 
'  other  poisonous  strychnias  would  be  the  urari  poison  of  South  America, 
-as  suggested  hy  Mr.  Morgan.  (See  Morgan's  'Lecture  on  Tetanus,' 
p.  81.)  The  preparation  of  this  substance,  which  has  been  an  object  of 
curiosity  and  interest  since  the  time  of  Sir  Walter  Raleigh,  has  been 
fully  detailed  by  Sir  Robert  Schomburgk.  (' Anmils  of  Natural  History,' 
vol.  vii.)  It  is  an  article  of  much  importance  to  the  natives  of  GFuiana, 
as  much  of  their  means  of  subsistence  depends  upon  their  possessing 
this  poison,  in  which  to  dip  their  arrows  for  the  chase.  The  chief,  if 
not  the  only,  active  ingredient  is  the  Strydmot  toxifera  (Schom.),  and 
perhaps,  in  some  places,  Stri(chnoi  cogem  (Bentham),  the  other  ingre- 
dients (most  of  which  are  obtained  from  climbing  plants,  lianos,  or 
"  nebbees,"  except  one  bulbous  plant,  a  cissus,  and  another  supposed 
to  belong  to  the  Xanthoxylea)  are  used  only  to  bring  the  juice  to  a 
proper  d^;ree  of  consistency  end  adhesiveness.  Arrows  dipped  in  it 
Lave  been  known  to  retain  their  poisonous  properties  for  twenty-seven 
^ears.  (Ili£^  in  '  Medical  Gazette,' vol.  zz.,  p.  261.)  The  poison  when 
inspissated  may  be  rendered  liquid  by  heat,  and  is  soluble  in  water,  in 
alcohol,  in  hydrochloric  acid,  and  in  volatUe  alkaline  spirit.  It  unites 
with  acids  without  commotion  or  change  of  oolour.  If  it  be  imited 
.  with  alkalies,  no  ebullition  is  observable,  but  it  changes  its  colour  from 
a  dark  brown  to  a  yellowish-brown.  It  possesses  a  remarkable  influence 
over  the  blood  after  it  is  taken  from  a  vein.  "  A  few  grains,  mixed 
with  as  many  ounces  of  human  blood  warm  from  the  veins,  entirely 
prevents  a  separation  of  serum  and  crassamentum,  and  the  whole  mass 
continues  in  a  state  of  fluidity  similar  to  that  in  which  it  was  drawn, 
until,  after  some  days,  it  ptutnfies."  (Bancroft)  This  property  seems 
to  point  out  the  propriety  of  employing  it  in  cholera,  in  which  the 
separation  of  the  serum  from  the  crassamentum,  while  the  blood  is 
yet  in  the  body,  is  one  of  the  most  remarkable  symptoms  of  that 
disease.  Dr.  Hancock  is  of  opinion  that  it  is  one  of  the  most  potent 
sedatives  in  nature,  and,  could  it  be  safely  managed,  he  hod  no 
doubt  it  might  become  a  valuable  remedial  agent  in  the  treat- 
iment  of  spasmodic  or  convulsive  disorders.  Its  taste  is  an  agreeable 
bitter,  and  it  has  a  tonic  and  febrifuge  effect,  frequently  proving  a 
^valuable  cure  in  intermittents.  It,  as  well  as  the  venom  of  the  viper, 
seems  to  be  disarmed  '^of  its  virulence  by  undeigoing  the  process  of 
digestion. 

I  On  account  of  the  di£BcuIty  of  preparing  the  alcoholic  extract  of 
nux-vomitxt  of  uniform  strength,  strychnia,  or  some  of  its  soluble  salts, 
is  now  generally  substituted  for  it,  as  these  admit  of  easy  subdivision 
of  the  doee.  Sulphate  of  strychnia  has  been  used  in  some  cases  with 
great  advantage  (See  Oaskoin,  in  '  Med.  Qaz.,'  vol.  x.,  p.  816) ;  so  also 
the  acetate' ;  but  a  form  of  preparation  which  has  proved  of  service  in 
some  long-standing  and  almost  hopeless  cases  of  paralysis,  is  the  hydrio- 
date  of  strychnia.  (See  Magendie, '  Formulaire.')  Phosphate  is  also 
used ;  and  in  Germany  niixate  is  much  used. 

Care  must  be  taken  that  the  strychnia  be  pure,  as  a  spurious  article 
is  vended  in  France,  which  contains  no  trace  of  strychnia.  Bichloride 
of  mercury  is  a  good  tost  for  strychnia,  but  it  causes  no  precipitate 
from  the  solution  of  the  acetate  of  strychnia ;  but  the  addition  of 
hydrochloric  add  causes  a  white  crystalline  precipitate.  Sulpbo- 
<n|anodide  of  potassium  appears  to  be  toe  best  test  for  strychnia.  (See 
'Britiah  Annals  of  Medicine,'  vol.  i,  p.  190.) 

Strychnia  is  prepared  either  from  the  nux-vomka  seeds,  in  which 
case  it  is  difBcult  and  expensive  to  separate  it  from  the  brucia,  or  it  is 
obtained  from  the  St.  Ignatius  bean,  in  which  it  exists  in  about  three 
times  larger  quantity  than  in  nux-vomica.  It  is  also,  but  rarely,  pro- 
cured from  the  Stryehnoi  Colubrina,  The  purest  and  most  easily 
obtained  is  furnished  by  the  Slrychno  Tievtf,  but  the  rarity  of  this 
substance  is  a  practical  obstacle  to  its  employment.  Igasurina  will 
probably  be  found  to  act  like  the  othera,  but  more  mildly. 

Sndkt-wood. — Many  substances,  in  countries  infested  with  serpents, 
are  reputed  to  be  efficacious  in  counteracting  the  poisonous  bites  of 
these  reptiles :  one  of  the  most  celebrated  of  these  is  the  root  of  the 
Strychnot  Oolubrina.  The  strychnia  probably  acta  as  an  antagonist  to 
fte  stupifying  effects  of  the  poison  of  the  snake,  just  as  arsenic  does  to 
the  poison  of  the  Coluier  earinatui  of  the  Wert  Indies.     [Absenio.] 

Sirychnot potatorum,  called  also  S.  Tettan  Cottay,  or  Clearing-nut,  is  a 
native  of  India,  and  is  a  larger  tree  than  any  other  species.  It  is  devoid 
of  noxious  properties.  The  fruit,  though  when  very  young  it  is  made 
mto  a  preserve,  and  eaten,  is  reckoned  emetic  by  the  native  doctors. 
The  chief  use  made  of  it  is  to  rub. the  seeds  hard  round  the  inside 
of  on  earthen  pot,  into  which  water  is  poured,  and  in  a  short  time 
it  becomes  clear,  tasteless,  and  wholesome,  however  muddy,  brackish, 
or  putrid  it  may  have  been  :  hence  its  name  of  clearing-nut.  Officera 
and  soldiers,  before  setting  off  on  a  march,  provide  themselves  with  a 


etore  of  these,  as  w&ter  purified  by  such  means  is  deemed  more  whole- 
some than  that  clarified  by  alum. 

Slrychnos  ptmdo-nhina,  Quiua  So  Campo,  or  Field  China,  is  a  native 
of  Brazil  (St.  Hilxdre, '  Plantes  Usuelles  de  Brdsil,'  t.  1),  and  is  devoid 
of  strychnia  or  brucia.  It  is  a  remedy  of  the  Sertaneias,  being  pecu- 
liiirly  fitted  for  those  cases  to  which  the  true  cinchonas  are  unsuitable. 
The  taste  is  at  first  faintly  aromatic,  then  astringent,  and  at  lost 
slightly  bitter.  It  has  no  odour.  In  its  properties  it  resembles  quassia, 
menyanthes,  or  gentian  more  than  the  true  cinchonas,  with  none  of 
which,  except  the  humalia  bark,  could  it  readily  be  confounded  in  its 
physical  charactera.  Mr.  Bmrchell  says,  however,  that  even  in  the 
proper  localities  of  the  cinchonas  many  strychni  are  collected. 
[CiKCHONA,  in  Nat.  Hist.  Div.,  coL  1081.1 

STUCCO.  A  name  soinetimes,  though  incorrectly,  applied  to  all 
descriptions  of  lime  or  cement  renderings  on  masonry,  whether 
external  or  internal,  but  which  is  really  given  by  builders  to  a  species 
of  plastering,  in  ordinary  cases  worked  up  by  hand  to  a  fine  face 
adapted  to  receive  paint ;  or  in  si^perior  buildings  made  by  the  addition 
of  other  materials  than  the  lime,  or  plaster,  usually  employed,  in  order 
to  resemble  marble.  Common  stucco,  in  fact,  is  nothing  more  than 
plastering  which  has  received  an  additional  amount  of  manipulation ; 
marble  stucco  is  made  with  fine  lime  (composed  of  the  pure  hydrate 
of  that  base)  mixed  with  calcareous  powder,  chalk,  or  other  analogous 
substances  in  such  proportions  and  worked  in  such  mannei:  as  to  pro- 
duce a  hard,  uniform  surface,  which  admits  d[  being  coloured,  painted, 
and  polished  so  as  to  represent  valuable  marbles.  It  is  employed  in 
decorative  architecture  to  cover  columns,  pilasters,  walls,  cornices, 
plinths,  &o.,  in  sheltered  or  covered  positions :  in  external  woAs,  the 
natural  or  the  artificial  coleareous  cements,  or  the  olea^inoiis  cements, 
are  employed  for  this  purpose— a  distinction  unknown  by  the  Italians 
who  first  used  the  "  stucca  tura,"  from  whence  we  have  derived  the 
art,  and  the  name,  of  the  fine  plastering  used  by  us  exclusively  for 
decorative  and  internal  works. 

Uniform  marble  stucco  is  prepared  by  mixing  pounded  white 
Carrara  marble,  or  gypsum  in  the  form  of  the  white;  alabaster,  with 
rich  lime  carefully  slaked  and  run  through  a  sieve,  and  the  mixture 
is  trowelled  on  to  a  rough  rendering  coat  until  the  surface  is  perfectly 
even  and  homogeneous.  Different  colours  ore  communicated  by  the 
addition  of  the  metallic  oxides,  and  when  very  delicate  tints  arc 
required  plaster  mixed  or  gauged  with  water  containing  size,  fish-glue, 
or  gum  arable,  is  substituted  for  the  hydrate  of  lime.  The  poli^iing 
is  only  commenced  when  the  surface  is  perfectly  dry,  and  it  is  effected 
by  the  use  of  fine  grits,  tripoli  powder,  chalk,  and  oil ;  very  much  in 
the  same  manner  that  marble  is  polished.  Scagliola  is  executed  with 
the  some  class  of  materials  as  the  marble  stuccos ;  but  small  splinters  _ 
(or  scagliole)  of  the  marble  desired  to  be  imitated,  should  the  latter 

g resent  much  variety  of  effect,  are  introduced  in  the  finishing  coats. 
If  late  yeara'.the  Keene's  and  the  Parian  cements  have  been  exclusively 
used  in  London,  instead  of  the  ancient  marble  stuccos. 

STURM'S  THEOREM.  There  is  a  branch  of  the  thooiy  of 
equations,  containing  the  celebrated  theorems  of  Descartes,  Fourier, 
and  Sturm,  which  it  is  advisable  to  place  in  an  article  by  itself,  and  tbe 
present  heading  has  been  chosen  because  Sturm's  theorem  is  at  ooce 
the  most  conclusive  and  the  latest  of  the  three.  It  has  long  bees  a 
problem  of  much  interest  and  notoriety  to  find,  in  a  given  equatiun, 
how  many  roots,  if  any,  are  contained  between  two  given  limits ;  how 
many  roots  are  positive,  how  many  negative,  how  many  imaginary.    - 

The  first  step  towards  the  solution  of  tiie  preceding  problem  was 
made  by  Descartes,  though  it  is  asserted  by  Cossali  and  Libri,  that 
Cardan  came  very  near  to  the  same  step.  Cossali,  after  collecting 
a  table  of  Cardan's  cases,  and  putting  them  in  a  form  which  Cardan 
did  not  use  (an  equation  with  0  on  the  second  side),  then  says  that  an 
amdyst  who  should  look  at  this  table  would  be  able  to  rise  to  Des- 
cartea's  theorem.  This  is  true  enough,  but  it  does  not  prove  that 
Cardan  either  could  or  did  make  the  invention,  but  the  contrary.  All 
the  world  knows  that  mathematical  discoveries  are  recognised  often 
enough  by  analysts  of  a  later  day,  in  rudiments  from  which  tiie  fabri- 
cators of  them  oould  evolve  notlung. 

The  theorem  of  Descartes,  expressed  in  his  own  words,  is  as  follows 
('  Geomettia,'  Ub.  iii.) :  "  Ex  quibus  etiam  cognoscitur,  quot  vene  ei 
quot  falsa:  radices  in  unaquaque  ^lEquatione  haberi  possint.  Kimirum, 
tot  in  ea  veras  haberi  posse,  quot  variationes  reperiuntur  signorum  + 
et  —  ;  et  tot  falsas  quot  vicibus  ibidem  deprehenduntvur  duo  signa  + , 
vel  duo  signa  — ,  qua!  se  invicem  sequuntur,"  That'  is,  <hat  an 
equation  may  have  as  many  positive  roots  as  there  are  changes  of 
sign  in  passing  from  term  to  term,  and  as  many  n^ative  roots  as 
there  are  continuations  of  sign;  but  not  more  of  either  kind.  It 
has  been  doubted  whether  Descartes  knew  the  true  meaning  of  his 
own  theorem  as  to  the  cose  of  imaginary  rools ;  this  doubt  is  as  early 
as  the  time  of  Descartes  himself,  who  replies  in  a  letter  which  we 
cannot  find  by  means  of  Rabuel's  reference  to  it.  This  is  however  of 
little  consequence,  as  the  following  sentence  (also  from  tbe  Geometry) 
shows  in  what  manner  Descartes  understood  his  own  words : 
"CGetenim  radices  tarn  verro  quom  falssa  non  semper  sunt  reales,  sed 
aliquando  tantum  imaginariso ;  hoc  est,  semper  quidem  in  qualibet 
.£quatione  tot  tadicea  quot  dixi,  imaginari  Ucet ;  verum  nulla  inter- 
dum  est  quantitas  quee  illis,  quas  imaginamur,  responded"  It  would 
seem  then  that  Descartes  not  only  remembered  the  limitation  of  the 
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theorem  ariung  from  ihe  poaaible  existence  of  imaginaiy  roots,  but 
proposed  to  divide  those  last  roots  themselves  into  two  classes 
corresponding  to  the  true  and  &lse  (or  positive  and  negative)  of  the 
real  roots.  The  next  step  -vios  made  by  De  Qua  (1741),  who  showed 
that  the  roots  of  an  algebraical  equation  ^  x=  0  are  never  all  real, 
unless  the  roots  of  the  derived  equations  4>'  2=^0,  <t>'  x=0,  &o.  be  also 
all  real ; .  ^'  x,  ^'  x,  &c.  being  the  derived  functions,  or  differential 
coefficients,  of  ^  x.  He  also  showed  how  to  determine  the  conditions 
of  the  reality  of  all  the  roots.  (Lagrange, '  Kes.  des  Equ.  Numer.', 
note  viiii ;  Peacock, '  Report,'  &c.,  p.  327.) 

Descartes's  theorem  would  be  perfect  if  the  roots  of  equations  were 
Uwsys  reaL  For  example,  take  :^— 18a; +  40=0.  If  the  roots  be  real, 
Jiey  are  both  positive ;  write  x  +  S  for  x  riMTOLOTlON  ahd  Evolo- 
noN],  and  we  have  z*— »— 2=0,  of  which  the  roots  are  less  bj  6  than 
those  of  the  former  equation.  But  in  the  second  equation,  one  root  is 
negative  and  one  positive ;  consequently  the  roots  of  the  first  equation 
are  one  greater  and  one  less  than  6.  In  the  same  manner  a  more  com- 
plicated case  might  be  treated. 

The  theorem  of  Descartes,  and  the  notion  derived  from  it,  that  the 
order  of  signs  of  coefficients  regulates  the  signs  of  the  roots ;  with  the 
step  made  by  De  Qua,  and  the  notion  derived  from  it,  namely,  that 
the  derived  functions  must  be  consulted  upon  the  question  whether 
the  roots  of  an  equation  be  real  or  not ;  and  the  common  theory  of 
equal  roots,  namely,  that  when  ^  x=0  has  m  equal  roots,  m— 1  of  its 
derived  functions  (neither  more  nor  fewer)  vanish  at  the  same  time,  or 
with  the  same  root, — were  the  hints  on  which  Foubieb  [Bioo.  Div.] 
was  able  to  make  an  advance  upon  his  predecessors.  The  coefficients 
.  of^the  equation  are  themselves  nothing  but  the  divided  derived  functions 
on  the  supposition  that  x=0.  Thus,  if  ^  =  30?  -7a?+  11»  +  4,  we 
have 

*'0  ♦"0  *"'0 


1.2 


1.2.3 


Let  <px,  0,2,  ^yC,  to.  be  the  function  in  question,  and  its  divided 
derived  functions.  If  we  make  x  great  enough  and  negative  (say 
infinite  and  negative),  the  signs  of  these  functions  arc  aU  alternate, 
that  is,  the  series  yields  nothing  but  changes  of  sign  in  passing 
from  term  to  term.  But  if  we  make  x  great  enough  and  positive  (say 
infinite  and  positive),  the  series  yields  nothing  but  permonenoea  ot 
sign.    Thus,  in  the  preceding  expression  we  have 

ipx  —  +  + 

<l>^x  +  +  + 

ip^  —  -  + 

ip^  +  +  + 

'  nothing  two  no 

but  changes.  changes.  changes. 
^=ax«— 7a?+Has+4,  <i>^x=9t^—\ix+\l,  ^^=9«— 7,  ^,a;=8. 
Now  Dewartes's-theorem  tells  us  that  there  may  be  one  negative  and 
teo  positive  roots,  and  we  see  that  in  passing  from  x=  —  oo  to  z=0, 
or  through  the  whole  range  of  negative  quantity,  there  is  one  change 
of  signs  lost ;  while  in  passing  from  x=0  to  a;=+ao,or  through  the 
whole  range  of  positive  quantity,  tiro  changes  of  sign  ore  lost. 
Fourier's  Uieorem  would  suggest  itself  as  highly  probable  to  any  one 
who  put  Descartes's  theorem  in  the  preceding  form  :  it  is  as  follows : — 
When  x=a,  let  the  signs  of  ^,  ^fi,  ^,a,  tun.  be  ascertained,  and  let 
this  be  caUod  the  criterion  series,  or  simply  the  criterion.  Then  in 
passing  from  x=a,  the  less,  to  x=5,  the  greater  (greater  and  )ess  being 
understood  in  the  algebraical  sense),  the  criterion  never  acquires 
changes  of  sign,  though  it  may  lose  them.  When  m  changes  of  sign 
are  lost  to  the  criterion  in  passing  from  x=a,  the  leas,  to  x^b,  the 
gmltet,  it  follows  that  there  are  either  m  real  roQts  of  the  equation 
^ing  between  a  and  6,  or  some  number,  p,  of  pairs  of  imaginary  roots, 
and  m— 2fi  real  roots  lying  between  a  and  6/  If  nt  be  odd,  there  must 
be  at  least  one  real  root  lying  between  a  and  b.  And  if  no  changes  of 
sign  be  lost  in  passing  from  ato  b,  there  is  certainly  no  root  lying 
b^ween  a  and  o.  For  example,  examine  the  prebeding  function  and 
its  derivatives  whenz=  —  1  and  x=+l.  In  the  former  cose  the 
criterion  is  —  +  —  +  (three  changes),  and  in  the  latter  +  +  •)■  +  (no 
changes).  Three  changes  then  are  lost  to  the  criterion  in  passing 
from  —  1  to  + 1  :  bo  that  there  are  either  three  real  roots,  all  lying 
between  —  1  and  +  1;  or  one  such  real  root  and  two  imaginaiy  roots. 
.  Again,  in  passing  from— 1  to  0,  one  change  is  lost :  there  is  certainly 
then  one  negative  root  between  —  1  and  0.  The  remaining  roots  are 
then  either  both  imaginary,  or  positive  and  lying  between  0  and  1  : 
the  least  consideration  of  tiie  equation  will  show  that  the  former  is 
the  case. 

Fourier's  theorem  is  proved  as  followa : — dhangea  of  sign  take  place 
only  when  quantities  become  nothing  or  infimte;  those  before  us 
cannot  become  infinite,  and  therefore  the  criterion  can  never  be 
disturbed  except  when  one  or  more  of  the  set  (px,  ip^x,  &c.  vanish. 
Now  when  any  function  ^,  vanishes,  say  at  x=a,  its  preWous  sign 
must  have  been  £he  contrary  of  that  of  its  derived  function,  and  its 
subsequent  sign  the  same ;  that  is,  ^  passing  from  a—h  to  a  +  A, 
h  being  very  small,  ;|i'z  x  4<"  must  pass  from  negative  to  positive.  An 
algebraical  proof  may  be  given  of  this,  but  none  which  in  brevity 
«oma9  near  to  the  following.    The  function  ^'«  x  <|<z  is  the  derived 


function  or  difierential  coefficient  of  K^)',  a  positive  quantity.  Now 
if  <Jio=0,  i{^Y  must  diminish  (being  positive)  from  x=a—h  to  x=a, 
and  increase  from  x=a  to  x=a  +  h.  But  a  diffei«ntial  coefficient 
is  ne^tive  when  its  function  diminishes  with  an  increase  of  the  variable, 
and  positive  when  its  function  increases  with  an  increase  of  the 
variable.  Consequently  ^'zx^  is  negative  from  x=a—h  to  x=a, 
and  positive  from  x=a  to  a;=a+A;  as  asserted.  We  now  proceed  to 
the  proof  of  the  theorem. 

1.  When  x=— oo,the  criterion  is  +  —  +  —  '&&  or  — +  — +  4o.; 
and  when  x=  +  oo ,  it  is  +  +  +  &o.  or Ac.  This  follows  im- 
mediately from  the  nature  of  the  functions  px,  ip^x,  &c.,  in  which, 
when  X  is  numerically  great  enough,  the  sign  is  always  governed  by 
that  of  its  highest  term.  Thus,  in  some  place  or  places,  so  many 
changes  are  certainly  lost  as  there  ore  imits  in  the  dimension  of  ^, 
neiOiermore  nor  fewer,  unless  changes  be  gained  and  afterwards  lost 

2.  When  x  passes  through  a  root  of  ^,  as  many  changes  are  lost  as 
there  are  roots  of  ^  equal  to  that  root.  Let  there  be  only  one  root 
equal  to  a,  so  that  ^^a  does  not  vanish.  We  h^ve  than  one  or  other  of 
the  following : — 


x^a—h    «=«    z=tt+h 

x=a—h    csa     t=«+lt 

<t>x      (  +  )          0         (-) 

^      (-)          0          (+) 

,p,x      -          -          - 

*r'        +             +             +  ' 

One  change  lost. 

One  change  lost. 

The  signs  in  parentheses  are  those  which  follow  from  the  theorem 
above  proved.  ^jZ  cannot  change  its  sign  in  the  process,  for  by  hypo- 
thec it  does  not  vanish  when  x=  a,  and  we  take  A  so  small  that  there 
shall  be  no  root  of  ^,z  between  a— A  and  a+h.  At  x=a—k,  we  must 
have  (p^xxipx  native,  and  at  x=a  +  h  we  must  have  it  positive,  by 
the  theorem ;  which  gives  the  sisns  in  parentheses  as  marked. 

Now  let  there  be,  say  five  roon  equal  to  a,  or  let  0a,  ^^a,  ^,a,  0,a, 
<p^a  all  vanish,  ^^  not  vanishing.  We  must  have  then  one  or  ot^er  of 
the  following : —  ' 


x=a—h 


s=a4-* 


<l>,x 


x=a 

t  I  I 

+  0  - 

_  0  - 

+  0  ,  - 

Five  changes  lost. 


30— A     «=a 

—  0 
+           0 

-  0 
+           0 

0 

+       + 

Five  changes  lost. 


=a+h 

+ 
+ 
+ 
+ 
+ 
+ 


All  the  signs  except  those  in  the  lowest  line  ore  dictated  by  the 
preliminary  theorem.  Thus  ^,x,  in  the  first  case,  is  negative  by 
hypothesis;  now  ^,x  is  0',x-^6,  so  \hiA  <t>,x  x  ^^x  must  be  negative 
before  0,z  vanishes,  and  positive  afterwardis.  Hence  <p,x  continuing 
negative,  0^z  must  change  ^from  positive  to  negative.  Again,  ^^x  x 
0,z  makes  a  similar  change.  The  least  consideration  will  show  that, 
the  signs  in  the  lowest  line  b^g  given,  those  in  all  the  upper  ones 
must  be  as  written. 

8.  When  intermediate  functions  vanish,  changes  of  sign  ore  never 
gained,  but  only  lost;  and  are  never  lost  but  in  even  numbers. 
Suppose,  for  instance,  that  p^a  vanishes,  but  not  <pa  nor  0,a.  We 
have  then  one  of  the  four  following : — 


c=:a— A    c=a     *=a+k 

♦*        +  +  + 

+  0  - 


x=a~h 


<p,x 


No 'change  lost.* 

-  0  + 

-t-  +  + 

No  change  lost* 


0,X 


x=a-th 


0  — 


Tteo  changes  lost. 

+  +  + 

-  0  + 

+  +  + 

Two  changes  lost. 


The  signs  in  the  middle  lines 
theorem.  Next  let  ^^a,  ^,a,  0,a, 
We  have  then,  by  the  preliminary 
blowing : — 

xssa-k    i 


are  dictated  by  the  preliminary 
0,a  vanish,  but  not  ^,a  nor  <t>,a, 
theorem,  one  or  other  of  the  four 


0.x 
0,X 

*«z 


-t- 
0 
0 
« 
0 


s=a+ft 

+ 


Four  changes  lest. 


0,X 


x=ia—h    x=a  *=)H-h 

-  0  - 
+     '      0 

—  0  — 

■••         0  ■- 


Four  changes  lost. 


0 
0 
0 
0 

+ 


+ 
+ 
+ 
+ 
+ 


Four  changes  lost. 


*.*  + 

0,X  — 

<pgC  + 

*r»:  - 
0,X 


4- 
0 
0 
0 
0 

+ 


+ 
+ 
+ 
+ 
+ 
+ 


Four  changes  lost. 


*  Observe  that  in  these  ca>c«  s  change  Is  removed  to  a  bightr  place  la  tbt 
(tries,  nearer  to  the  head  of  the  eriterioo. 
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The  aame  concluaiona  vill  be  found  from  other  casea,  and  we  have 
now  examined  every  way  in  which  the  criterion  can  undergo  an  altera- 
tion in  the  order  of  the  signs  of  which  it  ia  composed.  And  since,  the 
function  being  of  n  dimensions,  there  are  altogether  n  changes,  and  n 
only,  to  lose,  it  follows  that  every  pair  of  signs  lost  by  the  vanishing 
of  any  of  the  derived  functions,  in  any  internal  part  of  the  criterion, 
shows  that  there  must  be  two  imaginary  roots  :  for  tiiere  must  be  n 
roots  only,  every  real  root  must  be  accompanied  by  a  change  lost  at 
the  head  of  the  criterion,  and  every  loss  of  changes  which  takes  place 
anywhere  else  diminishes  the  number  which  can  take  place  at  the 
hud.  Again,  since  losses  other  than  at  the  head  of  the  criterion  must 
take  place  in  even  numbers,  it  follows  that  of  any  odd  number  of 
losses,  one  must  have  been  effected  at  the  head,  or  must  have  risen 
from  a  real  root ;  or  if  not  one,  some  other  odd  number. 
I  The  maimer  in  which  the  changes  of  sign  take  place  is  as  follows : — 
TVhen  x-^—ao,  or  even  when  it  is  numerically  greater  than  any 
negative  root,  the  criterion  presents  nothing  but  changes.  Alterations 
of  the  criterion  consist  in  :  1,  Loss  of  one  or  more  cbiuiges  at  the  head 
of  the  criterion  (showing  real  roots);  2,  loss  of  changes  in  even 
numbers  in  the  middle  of  the  criterion  (showing  imaginary  roots) ;  S, 
elevation  of  changes,  or  alteration  of  their  place  in  a  direction  towards 
the  head  of  the  criterion.  This  last  takes  place  only  when  an  odd 
number  of  derived  functions  vanishes,  the  including  functions  (pre- 
ceding and  following)  having  different  signs.    So  soon  as  a  root  nas 

been  passed,  there  is  a  permanency  +  +   or at  the  head  of  the 

criterion;  before  another  root  is  arrived  at,  this  permanence  ifust 
have  become  a  change,  since  a  change  there  must  then  be  at  the 
head  to  be  lost  in  passing  through  the  root.  Hence  it  follows  that 
'between  two  roots  of  ^=0,  there  must  lie  a  root  of  ^'z=0;  and 
jthis  root  is  either  single,  triple,  quintuple,  ftc.,  but  not  douUe, 
.quadruple,  Ac 

For  example,  let  ^=a*  -  7a?+  15a*—  lOa; + 2, 

*,*=43?-21a?+ 80^—10,    ^^=6*»— 21a!-J-15, 

l^^—ix—7,  ^,5C=1. 

There  are  no  negative  roots,  as  is  obvious  from  fhetr  being  nothing 
but  changes  among  the  co-efficients ;  if  we  construct  the  criteria  for 
«= 0, 1,  2,  8,  and  4,  we  find  the  following  results : — 

0  12  3  4 

1>x  +  +     +  —  +    ' 

4,iX  -  +     —  —  + 

<l>ri!  +  0      -  +  + 

1^^  —  —      +  -h  + 

^tX  +  +      +  +  t 

When  «<=0,  the  criterion  allows  four  changes ;  at  z=l,  it  is  inde- 
finite, owing  to  ^,1  =  0.  But  immediately  before  x=l,  ^,x  must,  by 
tlie  preliminary  tneorem,  have  the  sign  contnuy  to  that  of  <p,x,  or  the 
sign  -I-;  consequently,  for  x=l—h,  however  small  h  may  be,  the 
criterion  must  be  -t-  -h  -t-  — >- .  Two  changes  of  sign  are  therefore 
lost  in  passing  from  2=  0  to  x^^l,  and  there  are  either  two  real  roots 
between  0  and  1,  or  two  imaginary  roots.  To  try  this  further,  let 
x^i,  the  criterion  of  which  is  —  +  -t-  —  -f  ;  so  that  there  is  one  root 
between  0  and  },  and  another  between  i  and  1.    When  x=l  -i- A,  the 

criterion  is  +  -i +  ,  so   that   there   is   no  root  between  1  and 

2.  Lastly,  there  is  one  root  between  2  and  8,  and  one  between  3 
and  4. 

The  theorem  of  Fourier,  though  vei^  convenient  in  practice,  is 
defective  in  theory,  as  requiring  an  indefimte  number  of  trials.  If  two 
roots  were  very  nearly  equal,  it  would  require  very  minute  subdivision 
of  the  interval  in  which  they  are  first  found  to  lie,  to  distinguish  them 
from  a  pair  of  imaginary  roots.  This  theorem  was  not  published  till 
1831,  in  Fourier's  posthumous  work,  but  its  author  had  made  his 
methods  known,  and  among  otiiers  to  the  late  M.  Sturm,  a  young 
Uenevese,  employed  in  the  biueau  of  M.  de  F^russac,  editor  of  the 
bulletin  which  bore  ^his  name,  afterwards  a  member  of  the  Institute, 
who  died  a  few  years  ago.  Sturm  applied  himself  to  the  detection  of 
functions  which  should  stand  in  the  place  of  ipx,  ip,x,  <p^,  &o.,  in  such 
manner  that  the  criterion  formed  from  them,  in  the  same  way  as  in 
Fourier's  theorem,  should  never  lose  a  change  of  signs  except  in  pass- 
ing through  a  real  root.  In  this  he  signally  succeeded ;  and  thus, 
though  his  theorem  presents  great  practical  prolixity  of  detail,  he  fur- 
nished' a  complete  solution  of  the  difficulty  which  had  occupied 
analysts  since  the  time  of  Descartes.  Tiiis  theorem  may  be  proved 
as  follows : — 

Let  there  be  any  number  of  functions  v,  T„  v„  . . . .  v,_  the  last  of 
which  is  a  constant  independent  of  x,  and  all  but  the  last  are  functions 
of  X,    Let  them  be  connected  together  by  the  equations— 

T   =P,v,-V„ 

▼l  =  *•.'!-▼•. 


Tr-J^'Pi-lVf-i-y,. 


P,P„  to.,  being  any  functions  of  x,  which  do  not  heoome  infinite 
when  T,v„  tus.,  vanish.  From  this  it  follows,  first,  that  no  two  con- 
Kcutive  functions  of  the  set  v,  ▼„  &o.,  con  vanish  together ;  for  if 


V,  and  T„  for  instance,  vanished  together,  the  third  equation  ahowB 
that  T,  would  also  vanish,  the  fourth  that  T,  would  vanish,  and  so  on : 
consequently  v,,  a  given  constant,  also  vanishes,  which  \3  absurd. 
Secondly,  when  any  one  after  v  vanishes,  the  preceding  and  following 
must  have  different  signs;  forv,=0  gives  v= —v„  v,  =  0  gives  v,= 
— v„  &c  Now  call  the  signs  of  V,  V,,  &c.,  the  criterion,  and  let  v=  0 
when  x  =  a,  there  being  only  one  root  of  that  value,  so  that  V  changea 
sign  in  passing  from  x=a—h  to  x=a  +  h.  Since  T,  does  not  vaniBh 
with  T,  we  have  one  of  the  four  cases  following : — 


—  ■         0 


+ 


x=a—h 

+ 


*=o-H» 


0 

-I- 


+ 
+ 


0  — 

+  .       + 


If  T^  be  the  derived  -fimction  of  T,  only  the  second  or  third  cases 
can  happen,  by  the  theorem  so  often  used  in  the  preceding  part  of  this 
article ;  so  that  a  change  of  sign  will  be  lost  at  the  head  of  the  criterion 
for  every  single  root  of  T=e.  Kor  will  any  change  of  sign  ever  be 
gained  or  lost  in  any  other  manner;  for  suj^pose  x=a  gives  v^^^O 
for  instance,  then  v,  and  t,  have  different  signs,  and  in  passing  fzotn 
X'^a—hio  x=a-i-k,H  each  be  so  small  that  Ao  root  of  v,  or  T, 
lies    between  a  +  &  and  a— A,  we  must  have  one  of  the  following 


CBS— k  c=a  xaa+X 

▼,         —  —          — 

▼«        ±  0          + 

T,          +  +             + 


m=<i—k    CM 
+  + 

+  0 


+ 
± 


In  no  one  of  these  is  any  change  of  sign  lost,  or  anything  ezoept  a 
diange  and  a  permanence  when  x=a—h,  and  a  change  and  a  perma- 
nence, in  a  different  order  perhaps,  when  x=:a-i-K  Consequently,  if  in 
passing  from  z=a,  the  less,  to  z=&,  the  greater,  it  appear  that  no 
changes  of  sign  are  lost,  it  is  certain  that  there  must  have  been  no  real 
roots  of  T  =  0  between  x=a  and  x=b. 

Now,  T,  being  the  derived  function  of  T,  it  remains  to  find  v„  T„ 
ftc.  DiviSe  T  by  t^,  which  is  of  one  dimension  lower,  and  we  have  a 
quotient,  say F., ami  »  remainder  b,.  Then  T=FjT-t-Borv,=— b. 
Again,  divide  ▼,  by  t^  giving  a  quotient  p„  and  a  remainder  B,  :  we 
have  then  y,=^p, ▼(-(■BgOr  v,=  — b,;  and  so  on.  It  appears,  then, 
that  Tr,  being  the  dwived  function  of  v,  we  must  proceed  as  in  finding 
the  greatest  common  measure  of  T  and  T^,  only  changing  the  sign  of 
every  remainder  as  fast  as  it  ia  obtained.  In  order  Uiat  the  last,  v  r, 
may  be  a  finite  constant,  it  is  requisite  that  there  should  be  no  equal 
roots.  We  must  then  suppose  the  equal  roots  to  be  separated  before- 
hand, as  in  the  usual  method.  In  fact,  this  very  process  of  finding  the 
greatest  common  measure,  with  or  without  change  of  sign  in  the 
remainders,  will  first  detect  the  equal  roots,  if  any.  It  is  important 
to  remark,  that  at  any  step  multiplication  by  any  positive  quantity  is 
allowable,  the  signs  (me  only  things  we  have  to  do  with)  not  being  in 
any  case  altered  by  such  multiplication. 

In  Involution  akd  Evolctiox  a  method  of  performing  the 
operations  required  in  Sturm's  theorem  was  proposed,  which  avoids 
useless  writing.  Mr.  Young  ('  Math.  Dissertations,'  p.  143)  pro- 
posed another,  of  much  the  aame  degree  of  abbreviation.  Sturm's 
theorem  however  requires  so  much  operation,  that  there  can  be  little 
doubt  of  that  of  Fourier  being  a  more  easy  mode  of  working  any 
particular  case.  It  ia  not  however  aa  a  key  to  the  mere  numerical 
solution  of  equations  that  either  of  these  theorems  must  be  viewed : 
the  insight  which  they  give  into  the  nature  of  equations,  and  still 
more  that  which  they  are  likely  hereafter  to  give  (for  neither  is  more 
than  a  germ),  will  render  them  both  important  sieps  jn  the  progress  of 
algebra. 

Since  it  is  sufficient  to  the  theorem  that  the  last  function  T,  should 
retain  one  sign,  and  not  vanish,  we  may  stop  in  the  process  mhea 
we  arrive  at  any  function  of  which  all  the  roots  ore  known,  or  can 
be  discovered,  to  be  impossible.  And  it  is  easily  shown,  as  was  done 
by  Sturm  himself,  that  even  when  there  are  equal  roots,  so  that  the 
lost,  Vr,  is  neither  constant  nor  always  of  the  same  sign,  the  theorent 
still  remains  true,  so  fir  as  to  give  the  number  of  different  roots 
which  lie  between  any  two  given  limits,  without  any  information  as 
to  the  number  of  times  which  each  root  should  be  repeated. 

For  instance,  in  the  article  cited  we  find 

V  sar'-Si'- 2a»  +  i— 8 
V,=  4*'-9.i»-4x+l 
V,=48a?+45 

We  need  not  go  further,  for  t,  has  none  but]imaginary  roota.  Now, 
when  x=  — oo ,  the  criterion  is  h —  -h  ;  when  «:=0,  it  ia  —  +  ■^  ;  and 
when  a;=  +  00 ,  ■«■  -t-  + .  Conaequently  there  is  one  negative  root,  one 
positive  root,  ioA  a  pair  of  imaginary  roots. 

The  following  example  is  from  Mr.  Young  (p.  191) :  it  ia  an  instance 
given  by  Fourier  in  illuatration  of  his  own  method,  and  Sturm's  is 
applied  to  it  by  Mr.  Young,  to  show  (the  'superior  certainty  of  the 
latter.    Of  that  certainty  no  one  can  doubt,  but  the  pruoeas  exhibited 
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in  the  page  dted  is  such  as  will  never  come  into  general  use  unleaa  tiie 
work  pan  be  made  more  easy : — 

V  =a?— 2a:*-8a!»  +  4ji!'— 6ar+6 

v,=7a!^  -  10ar»-9a^+ &B-5 

v,-62j!<--70a^+ 123a?— 168a+10 
v.-  -4408a»  +  8862x'— 19810a;  +  20531 
V. = 200865zi  +  489790X- 1169472 
V,=187355a:- 270632 
T,  =  a  positive  constant. 

Here  the  criteria  for  «=— » ,  «=  0,  «=  +  «  are 

x=— 00   —  +  —  +  +  H — +  five  changes 

aj=0        -i + -i +  four  changes 

x=  +eo    +  +  +  H H-+  two  changes. 

There  are  then  one  negative  root  and  two  positive  roots,  and  there- 
fore four  imaginary  ones.  The  reader  will  easily  find  that  the  positive 
roots  lie  between  1  and  2,  and  the  negative  root  between  —1  and  —  2. 
The  exhibition  of  the  process,  leaving  out  the  actual  performance  of 
multiplications,  has  400  figures  in  Mr.  Young's  work.  Fourier  has 
merely  written  down  the  derived  functions,  which  is  done  at  sight,  and 
formed  the  criteria  for  ar=  — 10,  «=— l,a!=— A,  a:=0,  a:= +«,  a;=l, 
a; = 1 0,  which  may  all  be  done  at  sight  also.  From  tliis  he  finds  that 
there  must  be  one  negative  root  between  —  1  and  ~~  10,  that  there  may 
be  two  roots  between  0  and  1,  and  two  more  between  1  and  10.  All 
this  might  be  done  before  T^  could  be  found  and  written  down  as 
above.  It  is  to  be  hoped  either  that  Fourier's  theorem  will  be  com- 
pleted by  the  addition  of  a  test  for  imaginary  roots,  or  tlut  Sturm's 
functiona  will  be  exchanged  for  others  of  less  complicated  opera- 
tion. But  in  the  meanwhile  it  must  be  remembered  that  Fourier, 
Sturm,  and  Homer  have  completely  changed  the  aspect  of  the 
solution  of  numerical  equations  ;  at  the  beginning  of  the  period  men- 
jtioned,  it  would  have  been  thought  too  good  to  expect  that  any  certain 
method  of  predicting,  or  easy  one  of  calcolatiog,  the  roots  of  such 
equations,  should  be  found,  after  the  failure  of  all  analysts  from  Des- 
cartes and  Newton  down  to  Euler  and  Lagrange,  the  best  heads  of 
France  and  England,  Germany  and  Italy.  It  is  a  lesson  against  de- 
spairing of  the  attainment  of  any  result,  however  illustrious  the 
investigators  who  have  not  succeeded,  and  also  against  imagining  that 
the  hints  of  preceding  ages  are  exhausted.  All  the  contents  of  the 
present  article  arise  out  of  a  new  mode  of  looking  at  the  theorem  which 
Descartes  gave  more  than  two  hundred  years  ago. 

STYLE,  used  for  manner  of  writing,  &om  the  Latin  ttghu,  the  some 
word  with  the  Qreek  rrikos,  a  "  pillar,"  or  "  column."^  The  Romans 
gave  tiat  name  to  an  iron  bodkin  having  a  sharp  point,  with  wMoh 
'  they  were  accustomed  to  write  by  exaiation,  or  scratching,  on  their 
wax-covered  tablete  or  note-books ;  and  from  the  instrument  of 
writing,  the  term  was  transferred  to  the  writing  itself,  and  that  too 
considered  in  reference  not  to  the  form  of  the  characters  (which  would 
have  been  ^e  more  immediate  transition),  but  to  the  mode  of 
expression.  Among  the  Romans,  however,  the  term,  in  this  figurative 
application  of  it,  retained  always  cmsiderably  more  of  its  antecedent 
meaning  than  it  does  with  us.  We  say  not  only  style  of  writing  snd 
style  of  speaking,  but  style  of  painting,  style  of  architecture,  style  of 
dress,  style  of  anything  in  which  form  or  maimer  is  conceived  to  be,  in 
however  alight  a  degree,  expressive  of  tasto  or  sentiment — if  even  this 
much  of  distinction  still  remains  between  what  is  called  style  and 
mere  manner  in  the  widest  or  loosest  sense. 

Style,  in  writing  or  speaking,  may  of  course  mean  a  bad  style  as  well 
OS  a  good  style.  Yet  when  the  word  stands  alone,  we  always  under- 
stand it  in  the  latter  sense — ^just  as  when  we  speak  of  expression  in 
painting  or  in  music  we  mean  just  or  forcible  expression.  Tliiis,  Swift 
has  said, "  Proper  words  in  proper  places  make  the  true  definition  of  a 
style."  This,  however,  is  merely  to  tell  us,  what  is  sufficientiy  obvioiis, 
that  the  art  of  expressmg  tliougfat  by  language  consiste  in  two  things : 
first,  the  selection  of  words ;  second,  their  collocation  or  arrangement. 
That  to  constitute  a  good  style,  both  this  selection  and  this  collocation 
must  be  proper,  there  can  be  no  doubt ;  the  only  question  is,  what 
constitutes  propriefy  as  to  such  matters.  Style  has  been  sometimes 
considered  as  nothing  more  than  the  image  or  outward  expression  of 
thought,  as  ite  produce  or  creation  in  the  same  sense  in  which  it  may 
be  said  that  the  impression  upon  the  wax  is  the  creation  of  the  seal ; 
and  it  has  hence  been  assumed  that  all  that  is  necessary  for  the 
ensuring  of  a  style  of  any  degree  of  excellence  is  the  possession  of  a 
corresjionding  power  of  thought.  But  a  littie  reflection  will  satisfy  us 
that  this  is  on  insufficient  explanation.  Of  two  men  equal  in  powers 
of  mind,  and  equally  in  possession  of  a  subject,  nothing  is  more 
common  than  that  the  one  should  be  able  to  expound  it  much  more 
clearly  and  effectively  than  the  other.  Language  is  an  instrument  the 
use  of  which  must  be  learned  like  that  of  any  otiier  instrument.  Style 
is  rather  the  vehicle  than  the  mere  expression  t>t  thought;  and  tiie 
thought  may  be  present  where  the  v^de  is  wanting.  To  some 
extent,  also,  it  may  be  said  to  be  the  dress  of  thought,  or  that  which 
omamente  and  sete  off  thought,  not  only  by  the  added  charms  of 
sound,  but  by  other  powers  which  are  inherent  in  words,  and  of  which 
unexpreased  thought  knows  nothing.  As  there  are  "thoughte  that 
breawe,"  so  there  are  "  words  that  bum  " — that  by  their  assooiations 


excite  impressions  of  the  grand,  tho  pathetic,  or  the  humorous,  whether 
they  are  addressed  to  the  ear  or  merely  to  the  eye.  And  great  effects 
ore  also  to  be  achieved  by  the  arrangement  of  words,  not  cmly  in  the 
production  of  melody  and  cadence,  but  in  a  higher  kind  of  gratification 
or  excitement — as  by  the  luminous  disposition  of  nil  the  parts  of  the' 
sentence,  by  the  presentment  ot  every  term  at  the  pi  ice  best  fitted  to 
bring  out  its  whole  import,  by  all  the  resources  of  what  the  gramma- 
rians call  inversion,  eUipsis,  and  other  figvires  of  speech ;  which,  indeed, 
wherever  they  are  properly  used,  are  no  deviations  from  natural  syntax  at 
all,  but,  on  the  contrary,  the  most  natural  forma  that  can  be  employed. 
For,  while  writing  is  an  art,  it  is  nevertheless  most  true  that,  like  all 
the  other  arts  the  ptu-pose  of  which  is  to  give  expression  to  mind,  the 
guiding  and  controlling  principle  of  its  exercise,  ite  life  and  being,  as 
we-may  say,  must  ever  be  as  exact  and  sympathetic  a  conformity  as 
possible  to  the  thoughts  or  emotions  of  the  writer.  Whatever  more 
style  is  than  the  mere  expression  of  thought,  that  much  it  must  be  st 
the  least.  A  powerful  thinker  may  not  always  be  a  powerful  writer, 
but  no  man  can  be  a  powerful  writer  who  is  not  a  powerful  thinker. 
Even  the  humblest  quality  of  style,  mere  perspicuity,  cannot  be 
attained  without  a  corresponding  degree  of  clearness  of  tiiought.  We 
sometimes  meet  with  a  perspicuity  which  is  little  more  than  gram- 
matical, and  hardly  belongs  to  s^le  at  all;  but  even  that  implies 
distinct  conceptions  so  far  as  they  go — a  limpid  stream  of  thought, 
however  littie  depth  or  spaciousness  of  intellect.  And  as  for  all  higher 
attributes,  it  is  manifeet  that  they  cannot  be  found  in  the  style,  if  they 
do  not  exist  in  the  mind  of  the  writer.  The  only  fountains  from  which 
a  man's  words  can  derive  the  animation  of  true  passion,  or  poetry,  or 
wit,  must  be  his  own  head  and  heart. 

The  lowest  kind  of  writing  that  deserves  the  name  of  a  style  at  all 
(unless  it  is  to  be  called  a  bad  style)  ought,  as  we  have  observed,  to  be 
perfectly  perspicuous — that  is  to  say,  readily  and  completely  intelli- 
gible in  so  &r  as  the  understanding  of  it  depends  merely  upon  a 
knowledge  of  the  language.  The  subject  may  be  a  difficult  one ;  but 
that  is  only  a  reason  for  more  pains  being  bestowed  to  make  the  style 
dear  and  easy,  by  a  ludd  arrangement  and  the  avoidance  of  all 
ambiguities  of  expression.  But  tdthough  this  rule  may  be  justiy 
insisted  upon  where  nothing  beyond  BU(£  perspicuity  is  desirable,  it 
will  not  MU  to  be  so  rigidly  enforced  in  regard  to  the  higher  kinds  of 
style.  Here  some  sacrifice  even  of  perspicuity  is  at  times  to  be  sub- 
mitted to,  for  the  sake  of  appropriate  effects  which  could  not  be 
otherwise  attained.  u£schylus,  no  doubt,  might  have  made  his  cho- 
russes,  Pindar  his  odes,  Tadtus  his  historic  pictures,  more  easily 
comprehensible,  better  fitted  for  the  use  of  such  readers  as  would 
always  run  wUle  they  read,  by  greater  diSiiseness  and  dilution  of, 
style ;  but  much  moro,  certainly,  would  have  been  lost  than  gained  by 
the  attempt.  What  is  to  be  Aeaiei  in  the  highest  kinds  o^ writing,  as 
in  the  highest  creations  of  all  the  fine  arte,  is  not  perfect  compre- 
hensibility  at  a  glance,  but  rather  that  fulness  and  profundity  of 
meaning  which  can  never  be  wholly  comprehended,  but  supplies 
inexhaustibly  something  new  to  be  seen  and  fdt  every  time  we  reium 
to  the  work. 

In  every  cultivated  language,  however,  the  progress  of  style  is 
deddedly  towards  more  and  more  of  first-sight  intelligibility,  in  so  far 
as  that  depends  upon  precision  of  phrase,  and  the  use  of  words  in 
certain  limited  meanings.  This  has  been  remarkably  the  history  of 
the  English  language,  at  least  for  the  last  two  hundred  and  fifty  years, 
during  which  we  have  been  fixing  both  our  grammatical  forms  and  our 
rules  of  syntax  to  an  extent  that  would  surprise  most  persons  if  the 
evidences  of  it  were  steted  in  detaiL  Whether  all  that  has  been  done 
in  this  way  has  really  improved  the  language, — whether  it  has  been 
thereby  rendered  more  ezpresslTe,  more  flexible,  more  fitted  for  the 
various  ends  which  a  language  ought  to  subserve,  may  perhaps  be 
questioned.  The  gain  in  point  of  precision  nuiy  possibly  be  more  than 
balanced  by  the  loss  both  in  ease  and  in  variety  of  style. 

In  another  respect,  however,  English  prose  eloquence  has  undergone 
a  change  of  chaiacter  in  an  oppodte  direction,  by  the  greater  infusion 
which  it  has  recdved  of  a  ooUoquiol  tone  and  phraseology  within  the 
last  century  and  a  half.  Tm  towards  the  dose  of  the  17tii  century, 
the  language  of  books,  except  in  the  comic  drama  and  other  lig^t  com- 
positions of  a  kindred  character,  generally  preserved  a  formality  of  gait 
and  manner  which  distinguished  it  nearly  as  mtach  from  living  con- 
versation as  the  critics  have  hdd  that  the  language  of  verse  should  be 
distinguished  from  that  of  prose.  Among  the  most  eminent  of  the 
writen  who  first  broke  through  this  species  of  restraint  were  Cowlqr> 
in  his  Essays;  Dryden,  in  his  pre&ces  and  other  prose  discourses; 
Sir  William  Temple;  and  the  third  Earl  of  Shaftesbury.  The  example 
set  by  them  was  followed  by  Swift,  Addison,  Stede,  and  their  associates 
and  imitators,  till,  in  the  eulier  port  of  tite  last  century,  the  colloquial 
ease  and  livdiness,  which  had  thus  become  fashionable,  threatened  to 
degenerate  into  a  slovenliness,  or  shambling  fluency,  alike  without  dther. 
elegance  or  precision.  It  must  be  admitted,  that  of  all  the  writen  of 
the  second  quarter  of  the  18th  century.  Lord  BoUngbroke,  whatever 
opinion  may  be  entertained  of  his  depth  of  thought  or  weight  of 
matter,  wrote  the  best  style,  at  once  the  most  flexible  and  idiomatic, 
and  the  purest,  most  refined,  and  most  mudcal.  But  probably  the 
writer  who  on  the  whole  did  most  to  restore  measure  and  emphams  to 
our  prose  style  was  Johnson :  his  manner  has  not  been  much  copied  in 
all  ite  peculiarities  or  in  ite  entire  character,  but  yet  more  or  less  of  ite 


Digitized  by 


Google 


MS 


STYLE,  OLD  AND  NEW. 


STYRONK. 


864 


Influence  may  be  detected  in  the  style  of  nearly  every  one  of  the  more 
remarkable  writers  who  have  subsequently  appeared  among  us.  At 
the  same  time,  howeror,  examples  of  altogether  a  different  character 
were  also  producing  their  effects ;  and  the  rude  vigour  of  Warburton, 
the  ntUvtU  of  Sterne  and  Ooldsmith,  and,  above  all,  the  rapidity, 
variety,  and  imaginative  splendour  of  Burke,  have  all  operated  power- 
fully in  forming  the  greatest  of  our  later  writers.  Mnally,  with  all 
these  inflaencoB  have  mingled  and  cooperated  two  others  which  have 
also  been  impolsiTe  and  generative  to  a  considerable,  though  not  both 
to  the  same,  extent :  on  the  one  hand,  the  revived  study  of  our 
old  Elizabethan  literature ;  on  the  other,  the  new  life  and  spirit  that 
has  been  put  into  literature,  as  into  all  things  else,  by  the  political  and 
social  convulsions  of  the  last  fifty  yearsL  These  two  influences,  though 
thus  apparently  opposite  in  origin,  have  proved  ratiier  mutually  assistant 
than  contradic^ry. 

Purity  of  style  is  more  intimately  connected  with  many  apparently 
higher  things  than  is  commonly  supposed.  When  it  is  considered, 
indeed,  what  the  wrong  use  of  a  word  springs  from  and  implies,  the 
mischief  it  is  apt  to  occasion  is  easily  nndmstood.  It  is  produced  by  a 
confusion  of  thought,  which  is  propagated  wherever  the  vicious  mode 
of  expression  raevails,  and  which,  besides  the  injuiy  done  in  the  par- 
ticular case,  helps  general^  to  impair  the  habit  and  the  faculty  of  clear 
and  correct  thinking.  Yet  words,  for  obvious  reasons,  have  a  strong 
tendency  to  shift  their  signification ;  if  a  language  were  to  be  merely 
spoken,  and  not  written,  this  would  be  constantly  ti^dng  place  to  a 
very  great  extent;  the  only  thing  that  can  check  it,  that  can  famish  a 
practically  available  staodud  of  the  language,  is  the  employment  of  it 
in  writing.  Originally,  indeed,  the  principles  upon  which  it  is  written 
mnst  be  taken  from  its  spoken  form — ^&om  the  tuiM  et  norma  loquencU; 
but  afterwards  commonly  the  spoken  langusge  both  will  be  and  ought 
to  be  rather  regolated  and  controlled  by  the  written  language.  If  it 
should  continue  to  be  otherwise,  the  language  would  not  improve,  but 
would  degenerate  towards  barbarism ;  for  there  could  be  no  progress 
in  any  ouier  direction,  in  this  or  in  anything  else,  where  the  com- 
parative slovenliness  and  incorrectness  of  extemporaneous  precipitation 
were  allowed  to  cany  it  over  the  best  efibrts  of  deliberation  and  care. 

SnrLE,  OLD  AND  NEW.  By  the  Old  Style  is  meant  the  mode 
of  reckoning  time  anterior  to  the  Gregorian  reformation  of  the 
calendar ;  and  by  the  New  Style,  that  adopted  since.  The  adoption  of 
the  reformation  at  diflierent  times  by  dlSerent  countries  renders  it 
necessary  to  remember  the  difference  of  their  reckonings,  as  follows  : — 

The  reformation  took  place  in  1582 :  from  thence  to  the  end  of 
February,  1700,  new  style  is  ten  days  in  advance  of  <M  style.  Thus 
January  1  (0.  S.)  is  January  11  (N.8.),  and  so  on. 
1  From  and  after  March  1,  1700,  to  the  end  of  February,  1800,  new 
style  is  eleven  days  in  advance  of  old  style :  thus  January  1  (0.  S.)  is 
January  12  (N.  S.).  ■ 

j  The  new  style  wm  adopted  in  England  by  24  Geo.  11.  (1761),  which 
enacted — 1,  that  the  year  1752  should  beq^  on  Uie  Ist  of  January 
instead  of  the  25th  of  March,  which  was  then  the  legal  commencement; 
2,  that  the  8rd  day  of  September,  1762,  should  be  called  the  14th,  or 
(Qiat  the  days  £rom  the  3rd  to  the  13th  indusive  should  have  no 
mominal  exuteooe.  Accordingly,  the  year  1751  had  no  January, 
JFebruary,  nor  March  up  to  the  24th  inclusive ;  and  September  wanted 
•eleven  complete  days. 

'  According  to  Sir  Harris  Nicolas,  the  new  style  waj  adopted  as 
follows  : — By  Denmark,  France,  Holland,  and  most  of  the  Low 
^Countries  (some  towns  excepted),  most  of  Italy,  Lorrain,  Portugal, 
and  Spain,  in  1582;  by  German  and  Swiss  Catholics  in  1684;  by 
Poland  in  1588;  by  Hungary  in  1687;  ly  German  and  Swiss  Pro- 
testants, and  the  remaining  piits  of  Holland,  4a,  in  1700 ;  by  Tuscany 
in  1749  or  1751 ;  and  by  Sweden  in  1763.  It  is  not  yet  adopted  in 
Bussia. 

lit  was  at  one  time  sometimes  the  mode  to  ezprem  the  date  in  both 
htyles.  We  have  an  old  letter  written  from  France  to  Holland  in  1619, 
as  we  should  now  call  it,  the. date  of  which  is  Fdvrier 
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[Periods  of  Rkyolutioit.] 
I  STYLOBATE.  In  its  general  meaning  this  term  signifies  any  sort 
iOf  basement  upon  which  columns  are  placed  to  raise  them  above  the 
■level  of  the  ground  or  floor;  but  in  its  technical  meaning  it  is  applied 
iOnly  to  a  continuous  unbroken  pedestal,  upon  which  an  entire  range  of 
^columns  stand — in  contradistinction  from  ptdettaU,  which  are  merely 
detached  fragments  of  a  stylobate  placed  beneath  each  column.  The 
,Greeks  veiy  rarely  employed  the  stylobate,  but  placed  their  columns 
immediately  upon  the  floor  of  the  elevated  platform  of  the  gradini,  or 
deep  steps,  which  served  as  the  basement  of  the  temple,  and  which 
Iwere  generaUy  continued  on  eveiy  side.  [Gbecun  Abchitkctcbe.] 
The  Romans,  on  the  contrary,  broke  up  their  stylobates  into  distinct 
Uocks  or  pedestals  placed  beneath  each  ooluran  :  and  most  foUowers 
of  that  or  the  Italian  school  have  considered  pedestals  of  that  kind  to 
beiJmoet  essential  to  an  entire  order,  and  have  laid  down  proportions 
accOTdingly,  which  are  in  themselves  exceedingly  faulty,  being  much 
■W*  :^'  *^^  ^'^^-  =ol"°in«  "Pon  detached  pedeatala  always  look 
as  II  placed  upon  stilts,  and  where  such  pedestals ^"-^  —  ■^'— - 


,  -  *   — r — "  ^v.v.cDMud  are  as  high  as  they 

are  SOTiietimea  made,  the  columns  seem  to  stand  very  insecurely,  and 

^  tne  etJect  is  very  much  like  that  of  »  round  column  immediately  placed 
vpon  a  dwarf  square  one. 


STYPHNIC  ACID.    [Phmtijo  Obouf.] 

STYPTICS  (from  <mnmK6s,  "  astringent"),  agents  wUch  check  the 
flow  of  the  fluids,  generaUy  of  blood,L  rom  a  relaxed  or.  ruptured 
veaseL  They  are  a  kind  of  astringent,  and  the  principle  of  their  mode 
of  action  has  been  already  detailed,  [AsTBmcEirrs.]  The  only  point 
requiring  notice  here  is  to  enforce  the  necessity  of  their  prompt  em- 
ployment, as  the  natural  disposition  of  the  blood  to  coagulate  becomes 
less  and  lees  as  it  continues  to  flow,  till  fainting  be  induced,  and  a 
cessation  of  the  current  results,  after  much  injury  is  done  to  the 
system.  The  bleeding  may  be  spontaneous,  as  is  frequently  the  case 
with  young  persons,  from  whose  nose  blood,  frequently  flows,  even 
when  perfectly  quiet,  but  still  more  frequently  when  running  or  lifting 
some  heavy  Weight,  or  it  may  be  the  consequence  of  a  wound,  such  as 
a  leech-bite,  or  of  the  extraction  of  a  tooth,  or  caused  by  some  cutting 
instrument.  Those  astringents  are  alone  entitled  to  be  called  styptics 
which  can  be  applied  direc^y  to  the  bleeding  orifice ;  and  of  these  some 
act  chemically,  others  vitally,  and  others  merely  mechanically.  Of 
chemical  styptics,  a  saturated  solution  of  alum,  or  sulphate  of  zinc,  or 
creasote,  are  the  best.  Strong  acetic  acid  acts  both  chemically  and 
vitally.  When  blood  continues  to  ooze  from  the  socket  of  a  tooth, 
it  js  a  useful  plan  to  plug  it  with  a  sponge-tent,  which,  as  it  expands, 
quite  fills  up  the  socket,  and  restrains  the  hsemorrhage. 

A  few  drops  of  collodion  upon  a  leech-bite,  or  the  nap  £rom  a  hat,  or 
a  spider's  web,  may  be  used. 

STYBACIN.    [Stybotib.] 

STYBACONK    [Stybose.] 

STYBAX  OFFICINALIS  Is  the  sonioe  of  the  officinal  storax, 
although  an  article  is  occasionally  vended  under  tiiis  name,  which  is 
obtained  from  the  Liqaidambar  ttjp-ac^fiua,  and  perhaps  other  species 
of  Liquidamiar,  yet  in  the  London  Pharmacopoeia,  it  is  said  to  be  the 
produce  of  an  unknown  plant.  Of  genuine  storax  there  are  several 
varieties,  and  of  those  known  to  the  ancients  many  are  now  altogether 
unascertainable,  while  of  those  mentioned  by  even  recent  writers 
several  are  very  rare,  and  not  of  commercial  importance.  The  tree 
grows  in  Greece  and  Asia  Minor.  Asiatic  Turkey  supplies  whatever  is 
met  with  in  commerce.  It  is  procured  by  incisions  in  the  bark,  or 
perhaps  from  the'punctures  of  insects.  What  flows  from  these  openings 
is  a  liquid  resinous  substance,  which  concretes  into  small  tears,  about 
the  size  of  peas ;  these,  aggregated  into  masses,  constitute  the  ttyrax 
albus,  which  is  of  extreme  rarity.  Another  form  is  that  called  amag- 
ddUAdet,  also  of  great  rarity  and  extravagant  price.  It  is  sometimes 
termed  calamita  vera.  The  commercial  article  is  of  various  degrees  of 
purity  and  excellence.  One  kind  is  called  ttorax  ealamita  vtdyarit,  or 
Scdt  ttvradna.  This  always  conttuns  more  or  less  sawdust,  mixed 
with  variable  quantities  of  redn.  It  is  generally  in  large  round  cakes, 
of  a  brown  colour,  verging  to  red  or  black,  with  fragrant  odour,  brittle, 
and  friable,  but  softens  in  the  mouth,  and  has  a  bitter  taste.  It  bums 
with  a  light  flame.  It  is  considered  to  be  an  artiBcial  compound, 
prepared  chiefly  in  Venice  and  Trieste.  Liquid  storax  contains — 
volatile  oil  (styrol),  a  trace  only ;  resin,  both  soft  and  hard,  from  32 
to  63  per  cent,  in  different  specimens ;  benzoic  acid,  from  1  to  2  per 
cent. ;  gum,  7  to  14 ;  woody  fibre,  20  to  27 ;  ammonia,  an  inappreciable 
quantity ;  cinnamic  acid  and  styracin, 

Storax  is  stimulating  in  a  d^ree  dependent  on  its  purity.  For 
medical  purposes  it  is  directed  to  be  purified  by  stflution  in  alcohol, 
straining,  and  afterwards  distilling  off  the  spirit.  The  residuum  is 
then  used  in  a  few  preparations,  such  as  tinctures  and  pills.  It 
formerly  entered  into  a  multitude  of  compounds,  but  it  might  be 
altogether  supplanted  by  benzoin.  It  is  much  used  to  form  pastilles, 
and  for  fumigations.  The  bark  is  called  cortex  thj/mdamatu,  or  cortex 
thurit,  from  which,  bv  boiling,  liquid  storax  is  procured,  as  wcjl  as  from 
the  laquidambar.  ^here  is  a  storax  from  Bogota,  but  its  source  is 
unknown,  though  Geiger  ascribes  it  to  a  styrax. 

STYBOL  (C^H,).  An  essential  oil  existing  in  the  gum  resin,  or 
balsam,  of  stoiax.  [Baxsahs.]  It  is  obtained  on  distilling  a  mixture 
of  three  parts  of  storax  and  one  of  carbonate  of  soda  with  water ;  and 
is  purified  by  rectification  after  drying  over  chloride  of  calcium.  It  is 
colourless  and  limpid,  has  a  persistent  aromatic  odour,  and  boils  at 
293°  Fahr.  It  is  isomeric  with  cinnamol  or  cinnamene,  but  is  dis- 
tinguished by  being  entirely  solidified  when  heated  suddenly  to  400° 
Fahr.  The  solid  is  a  polymeride  of  styrol  and  is  termed  mctaetyrol,  or 
draconyl,  the  latter  in  aUusioa  to  another  source,  namely,  dragon's 
blood  resin  (Draccena  draco). 

Styrol  is  miscible  in  all  proportions  with  alcohol  or  ether;  ia  neutral, 
and  has  a  density  of  0*924.  Sulphur  and  phosphorus  are  soluble  in 
it.  Nitric  acid  converts  it  into  benzoic  aud  nitrobenzoic  acids ;  oily 
and  resinous  bodies  being  simultaneously  formed.  Chlorine  and 
bromine  form  with  styrol  chloride  and  bromide  of  cinnamene. 

Jletcutyrol  is  insoluble  in  water  or  alcohol,  is  only  slightly  soluble  in 
ether,  and  has  neither  colour,  odour,  nor  taste.  It  softens  on  the 
application  of  heat,  and  at  a  high  temperature  is  reconverted  into 
styroL    Nitric  acid  transforms  it  into  nttrometottjrroi. 

STYBONE  (C„H,oO,  =  '^'^  |  0,).    Cinnamie  alcohol,  Slyraeone, 

Peravine,  Oinnamyl-ttyrime  or  ttt/racin,  or  metaeiniuaiteite  I  q  '{ftj  1 0«) 

is  found  in  liquid  storax  and  in  balsam  of  Peru.    On  distilling  either 
of  the  latter  with  strong  caustic  potash  or  soda,  the  styrone  passes 
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over  along  with  water.  On  adding  common  salt  to  the  water,  a  (ream- 
like  matter  rises  to  the  surface  and  gradually  solidifies  to  an  auicular 
mass  of  styrone.  It  melts  when  heated  and  boils  at  482°  Fahr.  Its 
vapour  has  an  agreeable  odour  resembling  that  of  hyacinths  :  it  rapidly 
attacks  india-rubber.  By  peroxide  of  lead  and  caustic  potash,  or  by 
chromic  acid,  styrone  is  oxidised  to  cinnamio  acid.  ,•  Under  the  in- 
fluence of  platinum  black  it  is  converted  into  the  aldehyd  of  cinnamic 

alcohol  |^i«^^«  ]■ )  or  hydride  of  cinnamyl,  identical  with  the  essen- 
tial oil  of  cinnamon. 

Staraoin,  or  cinnamyl-styrone,  ia  obrioualy  polymerio  with  the 
hydnde  of  dnnamyl  just  mentioned  :— 

c„H,o,}"»    "    '\       n  if 

STYX  (Stu{  or  irvyin  Raip).  In  the  ancient  mythology  the  S^ 
was  believed  to  be  the  principal  river  of  the  lower  world,  round  which 
it  flowed  nine  times.  (Virg., '  Ma.,'  vi.  439.)  It  was  believed  to  be 
an  arm  of  the  river  Qceanus,  which  flowed  round  our  earth,  and  the 
river  Cocytus  was  thought  to  be  a  branch  of  the  Styx.  When  the 
g^>ds  of  the  ancients  took  a  great  oath,  they  always  swore  by  the  water 
of  Styx,  and  awful  punishment  awaited  Mm  who  swore  falsely.  The 
divinity  of  the  river  Styx  was  a  nymph  of  the  same  name,  daughter  of 
Oceanus  and  Tethys,  who  dwelt  at  the  entrance  of  the  lower  world  in 
a  spacious  gtotto  supported  by  silver  oolunma.  (Heeiod,  'Theog.,' 
778.) 

StJB.  A  prefix  applied  in  chemistry  to  a  basic  salt  or  to  an  oxide 
containing  a  less  proportion  of  oxygen  than  a  protoxide. 

80BC0NTBAKY.  This  word  is  particularly  applied  to  the  sections 
of  a  cone,  in  a  manner  which,  without  interfering  with  that  application, 
would  allow  of  its  definition  being  generalised  as  follows : — When  a 
Hgure  or  solid  is  symmetrical,  so  that  equal  lines  or  polygons  can  be 
drawn  on  two  different  sides,  those  equal  lines  or  polygons  may  be 
called  iubeontrary.  Thus,  in  Euclid,  L'fi,  the  equal  lines  which  are 
obliquely  deflected  from  the  two  ends  of  the  base  of  the  isosceles 
triangle,  are  subcontrary.  In  a  right  cone  every  section  has  its  sub- 
contrary,  except  only  ^e  circle  which  generates  the  cone,  and  its 
parallels.  Let  y  be  we  vertex  of  an  oblique  droular  cone,  and  a  B  OS 
the  ciixsle  on  which  it  la  described.  Let  the  plane  T  a  o  be  that  which 
passes  through'  the  centre  of  the  circle  perpendicularly  to  its  plane. 
Then  the  cone  is  exacUy  Uie  same  on  one  side  of  the  pkme  v  a  o  as  on 
the'other ;  and  if  a  plane  a  o  r  be  drawn  through  a  perpendicular  to 
the  line  which  bisects  the  angle  A  T r,  the  section  Aaria  such  that 
dther  half  vrould  take  the  place  of  the  other,  if  it  were  to  make  a  half 
revolution  about  a  F.  It  is  then  an  ellipse  of  which  a  F  is  one  of  the 
principal  axes ;  and  the  middle  point  of  A  r,  falling  in  the  line  which 
usecta  A  TV,  is  the  centre.  Conaeqnently  eveir  section  of  this  cone 
baa  a  subcontrary  section,  except  only  those  which  are  parallel  to  a  of. 
Hence  the  generating  circle  A  BOD  has  a.  lubcontiary  circle  ebfd, 
made  by  taking  the  Ime  K  F  subcontrary  to  A  0,  and  drawing  through 
BF  a  phme  perpendicular  to  the  plane  atf.  The  angles  txf  and 
TOA  are  equal,  OB  also  TAO  and  tv& 


SUBERAMIDE.    [Subkbio  Acid.] 

SUBERANILIC  ACID.    [Susewo  Aom.] 

SUBERANILIDE.    [Subkbio  Aoid.] 

SUBERIC'ACID  (C„Hi,Oo2HO).  An  organic  acid  produced  by 
treating  rasped  cork  with  diluted  nitric  acid ;  the  cork  is  slowly  dis- 
solved, and  a  fatty  substance  is  formed,  which  floats  on  the  surface  of 
the  fluid.  The  solution  is  slowly  evaporated  till  it  thickens,  and  the 
residue  is  treated  with  about  eight  times  ita  weight  of  water,  by  which 
an  additional  quantity  of  fatty  matter  separate  When  the  solution 
is  filtered,  suberic  and  oxalic  acids  separate,  the  former  in  the  state  of 
a  white  powder ;  this  is  to  be  saturated  with  ammonia,  and  the  anberato 
of  ammonia  formed  being  decomposed  by  an  acid,  the  suberic  odd 
precipitates  in  the  state  of  a  white  powder,  which  is  to  be  washed  with 
cold  water.  Suberic  acid  may  also  be  obtained  by  treating  margorio, 
oleic,  or  stearic  acid  with  nitno  acid.  The  properties  of  this  substance 
ore,  that  its  acid  powers  are  but  feeble ;  it  is  very  soluble  in  boiling 
water,  and  the  greater  part  of  it  is  deposited  from  the  solution  on 
cooling  in  the  form  of  a  white  powder ;  it  is  soluble  also  in  anhydrous 
alcohol ;  fuses  at  about  300° ;  and  sublimes  in  acicular  crystals. 

The  suberates  are  not  an  important  class  of  salts ;  we  shall  therefore 
mention  them  briefly,  Suberate  of  ammonia  is  soluble  in  water ;  the 
suberates  of  potash  and  soda  are  deliquescent,  and  fusible  without 
decomposition :  those  of  lime,  baryta,  strontia,  magnesia,  alumina,  and 
manganese  are  more  or  leas  soluble ;  protosuberate  of  iron  ia  a  white 
precipitate ;  the  persuberate  is  a  brown  one  :  the  suberates  of  tin,  sine, 
mercury,  and  sUver  are  white  insoluble  substances :  that  of  cobalt  >■ 
red,  of  copper  iblue-green,  and  uranium  yellow. 

By  the  distillation  of  suberic  acid  with  excess  of  quicklime,  a  body, 
termed  tubenne  or  hydnde  of  tuberyl  (C,jHj,0,)  ia  produced.  The 
following  bodies  are  also  derived  from  sub^c  acid : — 


Snbeiainide   . 
BnberoniUde 
SttlarniiiBic  Add 


.  C„H„NO, 


In  the  limited  nse  of  the  word  subcontrary,  no  sections  are  considered 
in  this  light  except  the  two  circular  sections  of  an  oblique  cone.  Con- 
sequently, when  subcontraiy  sections  are.  mentioned,  these  circular 
sections  are  understood.  The  proofs  given  of  the  existence  of  these 
suboontrary  sections  usually  conceal  the  foot  of  all  cones  described 
upon  a  circle  being  spimetrical  when  produced  in  evety  directian,  and 
seem  to  make  the  existence  of  a  second  circular  secdon  a  sort  of  accident 
of  the  circle,  as  if  no  other  section  had  its  suboontranr. 

Since  all  parallel  sections  of  a  cone  are  similar,  it  follows  that  through 
every  point  of  the  surface  two  subcontrary  circles  can  be  drawn.  The 
surfaces  of  the  second  order  generally  have  the  same  property.    [Sdr- 

TACES  OF  TBE  SeCOHD  ObDKB.] 

SUB-DOMIITAN'T,  in  Music,  the  fourth  of  the  key,  mode,  or  scale. 
Thus,  in  the  key  of  o,  F  is  the  sub-dominant, 
8UBDUPLICATE,  SUBTRIPLIOATE.    [Ratio.] 

ABT8  AHD  SOL  DIV.  VOL.  TIL 


SUBERIC  ETHER.    [Ethtl.] 

SUBERUf  is  a  peculiar  substance  so  named  by  Chevreul,  as  obtained 
from  common  con,  the  epidermis  of  the  jMcrctu  t»ber.  When  ten 
parte  of  cork  have  been  treated  with  water,  alcohol,  ether,  hydroohlorio 
acid,  potash,  tua.,  there  remain  seven  parte,  which  are  subeiin,  possess- 
ing  the  following  properties  : — it  Is  very  inflammable  ;  by  distillation 
it  yields  water,  a  colourless  oil,  and  afterwards  a  yellowish  one,  all  of 
which  are  acid ;  then  ammonia  and  a  &tty  crystallised  substance  are 
produced,  and  various  gases  are  disengaged,  while  charcoal  equal  to 
one-fourth  of  the  subeiin  remains  in  the  retort,    [Csllulosb.] 

8UBER0NE.    [Sdbbbio  AomJ 

SUBJECT,  SUBJECTIVE.  These  words,  with  their  correlatives 
Object  and  Objective,  are  now  again  restored  to  English  philosophical 
language,  through  the  medium  of  the  Qerman  writers.  The  Subject 
is  in  philosophy  invariably  used  to  express  the  mind,  soul,  or  per- 
sonality of  the  thinker — the  Ego.  The  Object  is  ite  correlative,  and 
uniformly  expresses  anything  or  eveiything  external  to  the  mind; 
everything  or  anything  distinct  from  it — the  non-Ego,  The  universe 
itself,  when  considered  as  a  unique  existence,  is  an  object  to  the. 
thinker;  and  the  very  subject  itself  (the  mind)  con  become  on  object, 
by  being  psychologically  considered. 

The  distinction  is  most  important.  The  exact  distinction  between 
the  terms  subject  and  object  was  first  made  by  the  schoolmen  :  for  by 
the  Qreeks  the  word  iroKft/uyor  was  equivooilly  employed  to  express 
either  the  object  of  knowledge  (the  materia  circa  quam)  or  the  subject 
of  existence  (the  materia  in  qua).  Theee  correlatives,  subject  and 
object,  correspond  to  the  first  most  important  distinction  in  philo- 
■sophy,  namely,  the  original  antithesis  of  self  and  not-self,  Theee 
terms,  in  their  substantive  and  adjective  forms,  passed  from  the 
schools  into  the  scientific  language  of  philosophers, 

SUBLIMATION,  a  chemical  operation  effected  by  the  application 
of  heat  to  certain  bodies;  it  is  essentially  similar  to  distillation  in 
principle,  but  diSeis  from  it  in  the  nature  of  the  substances  to  which 
it  ia  applied.  In  distillation  liquids  are  converted  into  vapour,  and 
condensed  into  the  same  form  by  the  cooling  agency  of  water ;  whereas 
in  sabUmation  sohd  bodies  are  vaporised,  and  afterwards  reossume  the 
solid  state,  in  general  merely  by  the  cooling  power  of  the  air,  without 
the  assistanos  of  cold  water. 

Sublimation  is  usually  conducted  in  one  vessel,  the  product  being 
deposited  in  the  upper  part  of  it  in  a  solid  state,  while  the  impurity 
remains  in  the  lower.  In  small  experimental  researches  a  Florence 
flask  answers  perfectly  well,  and  a  good  exemplification  of  the  process 
is  that  produced  by  heating  iodine  in  it :  a  purple  vapour  rises,  which 
almost  immediately  condenses  in  small  brilliant  dark-coloured  crystals 
in  the  upper  part  of  the  flask,  the  impurity  remaining  in  the  lower. 

Sublimation  is  extensively  employed,  and  for  two  difierent  purposes ; 
the  simplest  case  is  that  of  using  it  for  purifying  a  substance,  camphor 
for  example,  in  which  the  pure  camphor  is  vt^rised,  and  condenses 
in  the  upper  part  of  the  vessel,  while  the  impurities  remain  in  the 
lower  part. 

In  preparing  carroaive  sublimate  and  calomel,  these  substances  are 
formed  and  sublimed  by  the  same  operation :  in  general  large  green- 
glass  vasaels,  called  boWiiads,  ore  used  for  calomel  and  corrosive  saUi< 
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mate ;  wbile  for  camphor  very  thin  flint-glass  vessels  are  used,  which 
are  called  bomboloi,  frum  the  Italian  bombola  ;  in  both  cases  a  vessel  is 
broken  after  each  operation,  to  obtain  the  product.  Among  other 
■ubstances  procured  by  sublimation  is  benzoic  add,  formerly  called 
itouen  of  baijamin.  This  acid  is  sublimed  in  much  larger  yesaels,  and 
not  usually  made  of  glass ;  while  the  vapour  of  sulphur  is  condensed 
in  a  laige  chamber,  or  sulphur-house,  and  adheres  to  the  walls  in  the 
form  of  a  fine  powder,  knonii  by  tlie  name  of  lubltmed  tiUphur,  or 
Howen  of  iiUphur.    [Distillation.] 

SUBLIME  (Geometry).  It  may  be  worth  while  to  state  in  few 
words,  and  to  prevent  a  reader  of  the  older  mathematicians  from 
imagining  that  tiiey  spoke  rhapsodically,  that  the  term  tublime  geometry 
was  technical,  meaning  the  higher  parts  of  geometry,  in  which  the 
infinitesimal  calculus  or  something  equivalent  was  employed. 

SUBLIMITY  has  two  significations:  one,  that  of  we  quality  or 
circumstance  in  objects,  which  raises  the  emotion  named  sublimity ; 
the  other,  that  of  the  emotion  itself.  The  nature  of  the  sublime, 
that  is,  those  conditions  of  objects  which  invariably  excite  in  us  certain 
emotions,  to  which  we  give  the  common  name  of  sublimity,  is  a  subject 
of  great  interest  and  importance  in  psychology,  and  has  always  been  a 
favouiita  subject  of  q)ecula(ion.  We  shall  briefly  notice  the  more 
celebrated  theories  which  have  professed  to  embrace  and  explain  all 
"  those  conditions  which  excite  the  emotions,"  and  endeavour  to  point 
out  their  failures. 

Longinus,  whose  work  (TltfH  l^mw)  is  the  meet  ancient,  treats  only 
of  the  sublime  in  writing.  His  treatise  was  meant  as  a  supplement 
to  the  work  of  Csecilius  on  the  '  Sublime,'  in  which  he  says  Cijecilius 
btouf^t  a  number  of  instances  to  show  what  is  the  sublime,  as  if  every 
one  did  not  know  that  well  enough, 

Burke's  '  Inquiry  into  the  Sublime  and  Beautiful '  was  the  first 
attempt  to  give  phlloeophical  precision  to  ovir  notions  of  the  sublime. 
His  theory  is,  that  the  essence  of  the  sublime  consists  in  terror  operat- 
ing either  openly  or  latently ;  and  the  delight  which  is  ^caused  by  this 
t^Tor  is  referred  to  those  principles  of  human  nature  which  he  calls 
"  pasmons  o{  self-preservation,"  and  which  turn  on  pain  and  danger. 
These  passions  "are  simply  painful  when  their  causes  immediately 
aSect  us ;  they  are  delighUul  when  we  have  an  idea  of  pain  and  danger, 
without  being  actually  in  such  circumstances :  this  delight  I  have  not 
called  pleasure,  because  it  turns  on  pain,  and  because  it  is  different 
enough  from  any  idea  of  positive  pleasure — whatever  excites  this 
delight  I  call  sublime."  ('  Inquiry,'  part  i.,  sect.  18.)  "  Whatever,  there- 
tore,  is  terrible,  with  regard  to  sight,  is  sublime  too,  whether  this 
oause  of  terror  be  endued  with  greatness  of  dimenaions  or  not"  (Ibid., 
part  iL,  sect.  2.)  Kothing  can  be  more  explicit  than  these  two  pas- 
sages, nor  more  accurately  exhibit  the  truth  and  error  of  his  theory.. 
The  error  is  glaring  in  the  second  {lassage.  Terror  is  often  one  feeling, 
exciting,  in  conjunction  with  other  feelings,  the  emotion  of  sublimity, 
but  not  always.  The  stars  are  sublime,  yet  there  is  no  terror  in  the 
•motion  they  excite.  On  the  other  hand  there  is  a  terror  in  a  surgeon 
•bout  to  operate,  or  in  a  pedagogue  about  to  flog— but  no  sublimity. 
The  gallows  is  very  terrible,  but  not  at  all  sublime.  Yet  Burice  was 
ao  chained  down  by  his  theory  of  terror  being  the  ruling  principle  of 
the  sublime,  as  to  write — "  There  are  many  animals  who,  though  far 
from  being  hrge,  are  yet  capable  of  raising  ideas  of  the  sublime, 
booauae  they  are  oonaidered  as  objects  of  terror — as  serpents  and 
poisonous  animals  of  all  kinds."  (Ibid.,  part  iL,  sect.  2.)  Now,  when 
a  man  asserts  that  a  serpent  is  sublime,  because  it  is  terrible,  it  is 
evident  that  he  uses  the- word  sublime  in  a  different  sense  from 
the  rest  of  the  world  j  otherwise  wer  say  a  serpent  is  in  no  caa* 
■ublime. 

That  the  terrible  is  often  a  constituent  of  the  sublime  there  can  be 
no  doubt,  and  Burke's  error  consists  in  seizing  this  occasional  con- 
stituent, and  declaring  it  to  be  the  "  ruling  principle."  And  further, 
we  must  observe,  that  whenever  a  feeling  of  terror  is  found  to  be  a 
constituent  of  the  sublime,  t^ere  will  also  invariably  be  found  another 
feeling  of  security,  correcting  this  terror.  Thus,  when  we  stand 
beneath  a  rock,  the  terror  consists  in  a  natural  apprehension  of  its 
falling  down  and  crushing  us,  which  apprehension  is  instantly  checked 
by  our  feeling  of  security  and  confidence  of  its  not  falling.  If  this 
feeling  of  security  did  not  momently  check  the  feeling  of  terror,  the 
•Stot  would  be  terror  only,  and  not  sublimity,  and  we  should  escape 
from  it  as  swiftly  as  possible.  So  universal  is  this  accompaniment  of  a 
feeling  of  security  correcting  the  feeling  of  danger  in  every  case  of 
sublimity  wherein  terror  is  a  constituent,  that  we  are  as  much  justi- 
fied in  asserting  that  "  a  feeling  of  security,  either  operating  openly  or 
latently,  is  the  ruling  principle  of  the  sublime,"  as  Burke  was  in  his 
theory  of  terror.  If  terror  had  been  fotmd  to  be  an  invariable  element 
of  the  sublime,  the  correct  statement  of  the  theory  would  have  been — 
"  The  sublime  is  the  effect  of  the  concurrence  of  the  two  feelings  of 
danger  and  security."  But  unfortunately  there  are  many  coses  in 
which  no  feeling  of  danger  oan  be  found  to  exist.  Infinity  and  eternity 
are  suUime;  but  although,  as  he  says,  "infinity  has  a  tendency  to  fiU 
the  mind  with  that  sort  of  delightful  horror  which  is  the  most 
ganuine  eftct  and  truest  test  of  the  sublime,"  yet  it  does  not 
necessarily  fill  the  mind  with  horror;  it  may  or  may  not,  but  in 
either  case  it  is  sublime.  Helvetius  says,  "  When  God  said,  '  Let 
there  be  light,'  and  there  was  light  i  this  image  is  sublime.  But 
should  mutt  an  image  inspire  fear!    Yes;  because  it  is  necessarily 


associated  in  our  minds  with  the  idea  of  the  Creator  of  such  a  prodigy  ; 
and  being  tiien  seized  in  an  involuntary  manner  with  a  dread  of  the 
author  of  light,  we  feel  the  sensation  of  a  commencing  terror."  ('  On 
Man,'  vol  li.)  Now  we  contend  that  although  fear  would  ariso 
from  such  a  train  of  thought,  yet  this  train  of  thought  is  by  no 
means  a  neeeuary  sequence  to  the  image — "  Qod  said.  Let  there 
be  li^t,  and  there  was  light."  It  may  or  may  not  arise  in  the 
mind,  but  the  sublimity  produced  by  the  image  is  not  at  all  dependent 
upon  it. 

Lord  Eames  has  a  chapter  in  his  '  Elements  of  Criticism,'  on  the 
sublime.  He  says,  "  A  beautiful  object  placed  high,  appearing  more 
agreeable  than  formerly,  produces  in  the  spectator  a  new  emotion, 
tenned  the  emotion  of  sublimity ;  and  every  other  emotion  raemUing 
this  emotion  of  elevation,  is  called  by  the  same  name."  He  has  here 
the  mere  etymological  notion  of  sublimity  ss  something  elevated, 
(See  Dr.  Parr's  observations  on  the  derivation  of  sublime  from  supra 
{mum,  in  the  Appendix  to  Dugald  Stewart's '  Philos.  Essays.')  That 
there  is  little  to  be  leomt  from  such  an  inquiry  is  evident 

Mr.  Payne  Knight,  in  his  '  Analytical  Inquiry  into  the  Principles  of 
Taste,'  puts  forth  the  theory  that  the  sublime  is  the  effect  of  the  influ- 
ence of  mentai  energy  exciting  a  sympathetic  energy  in  the  mind  of  the 
spectator  or  reader.  The  objections  to  this  are  the  same  as  those  to 
Burke's  theory,  namely,  that  it  embraces  a  portion  of  the  truth,  which 
it  would  substitute  for  the  whole  truth.  We  have  only  to  reflect  an 
instant,  and  numberless  instances  of  the  sublime  arise  in  iriiich  no 
mental  energy  is  implied.  Solitude,  for  example,  is  certainly  sublime ; 
so  are  infinity,  eternity,  Mont  Blanc,  Ac.  Mental  energy  is  perhaps  a 
more  comprMiensive  formula  for  sublimity  than  terror,  but  it  is  still 
incomplete ;  and  if  one  instance  of  sublimity  can  be  quoted  which  does 
not  contain  the  element  asserted  to  be  its  'ruling  principle,'  it  is 
obvious  that  the  theory  must  be  erroneous. 

Dugald  Stewart's  'Essay  on  the  Sublime'  is  entirely philologioil, 
and  as  such  alone  worthy  of  attention. 

Dr.  Thomas  Brown  combats  the  notion  of  a  universal  sublime,  but 
avoids  the  real  question  altogether.  All  that  is  positive  in  his  lecture 
on  tiie  subject  is  tiiat  the  sublime  and  beautiful  are  not  two  distinct 
dasses  of  emotjons.  But  the  same  class,  differing  only  in  degree.  "  It 
is,"  says  he,  "  as  in  the  thermometric  scale,  by  adding  one  portion  of 
caloric  after  another,  we  arise  at  last,  after  no  very  long  progress,  from 
the  cold  of  freezing  to  the  heat  at  which  water  boils ;  tiiough  our  feel- 
ings at  these  two  points  are  as  different  as  if  they  had  arisen  from 
causes  that  had  no  resemblance ;  certainly  as  different  as  our  emotions 
of  sublimity  and  beauty."  ('Lectures  on  Philos.  of  Mind,'  Ivii.) 
Nothing  can  well  be  more  erroneous  than  to  take  an  analogy  as  a  proof. 
Misled  by  his  analogy.  Dr.  Brown  has  folsiSed  the  whole  nature  of  the 
sublime,  which,  according  to  him,  is  but  a  lai^ger  or  intenser  form  of 
the  beautiful,  whereas  it  differs  essentially  and  antagonistically.  He 
takes  the  instance  of  a  stream  genUy  gliding  through  fields  rich  with 
all  the  luxuriance  of  summer,  overshadow^  at  times  by  the  foliage 
that  hangs  over  it  from  bank  to  bank.  This  is  beautiful.  He  then 
traces  it  on  to  a  majestic  river,  which  flows  on  and  deposits  itself  in 
the  ocean.  Here  it  becomes  sublime.  And  this  sublimity  he  thinks 
merely  the  last  in  the  progressive  series  of  emotions,  as  the  boiling- 
point  is  the  last  in  the  progressive  series  of  ascending  htet  "  If  we 
were  to  contemplate  this  continued  progress,  we  should  have  a  series 
of  emotions  which  might  at  each  moment  be  similar  to  the  preceding 
emotion,  but  which  would  become  at  last  so  different  from  our  earliest 
feelings  that  we  should  scarcely  think  of  them  as  feelings  of  one  class." 
(IbidJ 

The  answer  to  this  is,  that  upon  a  similar  principle  of  analogical 
reasoning,  you  might  trace  the  "  progressive  series  "  of  feelings  which 
the  man  underwent  from  his  earliest  childhood ;  and  when  this  series 
had  conducted  him  to  the  gallows,  you  nvight  say  that  his  feelings  at 
that  moment  were  so  different  from  his  earliest  feelings,  that  we  should 
scarcely  think  of  them  as  feelings  of  one  class.  Probably  not  Nor 
should  we,  in  our  ethical  philosophy,  class  the  crimes  which  brought 
him  to  the  gallows,  with  the  innocence  which  commenced  the  "  pro- 
gressive series  "  of  his  emotions. 

The  whole  of  Dr.  Brown's  lecture  on  this  subject  is  trivial  or  con- 
fused ;  and  because  he  is  unable  to  analyse  the  feeling  itself,  he  boldly 
pronounces  it  not  to  be  analysed.  "  It  is  the  vain  attempt  to  define 
what  cannot  be  defined,"  he  says, "  that  has  led  to  all  the  errors  and 
supposed  mysteries  in  the  theory  of  sublimity.  Sublimity  is  not  one 
emotion,  but  various  emotions,  that  have  a  certain  resemblance — the 
sublime  in  itself  is  nothing ;  or  at  least  it  is  only  a  mere  name,  indica- 
tive of  our  feeling  of  the  resemblance  of  certain  affections  of  our  mind, 
excited  by  objects  material  or  mental,  that  agree  perhaps  in  no  other 
circumstance,  but  in  that  analogous  undefinable  emotion  which  they 
excite."  We  maintain,  on  the  contrary,  tiiat  sublimity  is  one  emotion, 
not  various  similar  emotions.  It  is  itself  complex,  made  up  of  various 
feelings ;  but  it  is  one  specific  feeling,  which  preserves  its  characteristic 
throughout  the  various  shades  of  difference  in  the  objects  which 
excite  it 

Mr.  Alison's  '  Essays  on  the  Principles  of  Taste '  avoid  the  real  ques- 
tion of  sublimity,  and  the  same  must  be  said  of  his  reviewer,  Francis 
JeflVey,  who  sums  up  his  theory  in  these  words  :  "  The  emotions  which 
we  experience  from  the  contemplation  of  sublimity  or  beauty  are  not 
produced  by  any  physical  or  intrinsic  quality  in  the  objects  which  jve 
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contemplate,  but  by  the  reooUeotioii  or  conception  of  other  objaots 
which  are  associated  in  our  imaginations  with  those  before  us,  and  con- 
sequently suggested  by  their  appearance,  and  which  are  interesting  or 
affecting,  on  the  common  and  familiar  principle  of  being  the  natural 
objects  of  love,  or  of  pity,  or  of  fear,  or  veneration,  or.  some  other 
common  and  lively  sensation  pf  the  mind."  ('  Edin.  Bev.,'  voL  zriiL, 
and '  Essays,') 

The  first  part  of  this  passage  is  either  a  truism  or  an  absurdity.  A 
truism^  if  it  be  meant  to  state  that  as  a  mere  sensation  (without  any 
reepect  to  all  the  sentient  being  had  previously  undergone,  and  wUiw 
that  sensation  would  necessarily  excite)  an  object  in  itnlf  is  not  sub- 
lime (a  truism  however  which  Mr.  Alison  taaerts  to  be  the  oonduaion 
on  which  his  speoulations  rest :  ohap.  r.,  see.  6) ;  an  absurdity,  if  it 
be  meant  to  state  that  an  object  has  no  intrinsio  qtiaUty  capable  of 
exciting  that  emotion.  The  size  of  a  rock,  for  instance,  is  the  condition 
of  its  sublimity ;  so  with  the  cataract — make  it  a  waterfall,  and  it 
oeases  to  be  suUime ;  yet  this  differenoe  of  size  is  surely  an  intrinsic' 
quality  in  the  object  which  excites  the  emotion  I 

The  fundamental  principle  of  Mr.  Alison's  theory  is  "  that  all  objects 
are  beautiful  or  sublime  which  signify  or  suggest  to  us  some  simple 
emotion  of  love,  pity,  terror,  or  any  other  social  or  selfish  afiection  of 
our  nature ;  and  tliat  the  beauty  or  subliijiity  which  we  ascribe  to 
them  consists  entirely  in  the  power  they  have  acquired  by  association 
or  otherwise,  of  reminding  us  of  the  proper  objects  of  these  familiar 
afi'ection&''    (Hud.,  and  Alison's '  Essays,'  i.) 

This  theory  is  in  the  bighaBt  degree  vague.  It  does  not  discriminate 
what  constitutes  the  sublime — it  does  not  analyse  that  complex  emo- 
tion, and  draw  forth  its  characteristic ;  and,  moreover,  in  its  sweeping 
generality  includes  much  that  it  cannot  apply  to.  All  objects  which 
excite  terror  are  not  beautiful  nor  sublime ;  neither  are  all  objects 
which  excite  pity  beautiful ;  and  so  of  the  rest.  To  discriminate  those 
which  are  from  those  which  are  not,  is  impossible  on  this  theory.  To 
resolve  the  emotion  of  sublimity  into  assooiatipn  of  ideas,  is  to  say  that 
this  special  emotion  is  resolvable  into  the  general  law  of  the  human 
mind,  but  to  avoid  an  analysis  or  chaiacteristic  statement  of  this  special 
emotion  altogether.  It  is  saying  that  theft  is  a  crime,  and  referrible 
to  the  general  law  of  criminsJity,  without  onoe  demarcating  what  oon- 
stitutes  theft  as  a  crime,  distinguished  from  murder  as  a  crime. 
Attraction  is  the  law  which  regulates  the  descent  of  an  apple,  and 
association  of  ideas  in  like  manner  is  the  law  which  regulates  the 
/operation  of  memoiy  and  the  flights  of  imagination  ;  yet  as  memory 
and  imagination  are  distinct  from  the  general  law,  as  wul  as  from  each 
other,  so  also  is  the  emotion  of  sublimity  distinct  from  the  emotion  of 
hatred  or  beauty.  Burke,  Knight,  Karnes,  and  Price  endeavoured  to 
ascertain  this  distinction. '  Brown  overlooked  it,  and  Alison  evades  it. 
Had  the  special  law  of  sublimity  been  found,  and  it  was  then  attempted 
to  be  classed  in  its  relation  to  the  general  law  of  the  mind,  the  efibrts 
of  Alison  and  Jeffrey  would  have  been  of  great  importance ;  but  in  the 
meanwhile  it  was  assumed. 

It  appears  to  us  that  the  true  method  of  attaining  the  knowledge  of 
this  special  law  of  emotion,  is  the  method  of  all  psychological  inquiries, 
namely,  induction.  Before  attempting  to  detect  the  law  which  regulates 
it,  we  must  collect  all,  or  a  vast  number  of  instances  of  the  sublime, 
and  analysing  the  elements  of  each  case,  endeavour  to  discover  one 
primal  element  which  is  invariably  a  constituent  of  the  emotion,  and 
without  which  all  the  other  constituents  would  not  be  able  to  form 
that  special  emotion  of  sublimity. 

In  noticing  the  theories  of  former  writers  we  have  found  their 
inductions  imperfect ;  they-have  selected  too  few  instances,  and  con- 
sequently when  we  came  to  select  others,  these  theories  were  sub- 
verted by  the  iqere  statement  of  them.  It  was  sufficient  to  disprove 
the  theory  of  terror,  to  quote  one  instance  wherein  the  terrible  had  no 
place,  and  the  same  with  the  theory  of  mental  energy.  But  these 
theories,  though  incomplete,  contain  much  that  is  true  in  their 
analyses. 

In  proposing  a  new  theoiy,  founded  on  a  wider  nnge  of  induction, 
we  may  observe  that  if  any  one  instance  of  ibo  universally  acknow- 
ledged sublime  can  be  found  in  which  no  such  element  (as  the  one  we 
assert  to  be  the  ruling  principle)  be  detected,  then  that  ain|^e  instance 
is  a  proof  of  the  incompleteness  of  our  theoiy,  aoA  a  more  extensive 
induction  will  be  neoeasaiy. 

It  will  be  necessary  for  tiie  sake  of  deameas  to  make  use  of  purely 
ii'B^^  ,<listinctions  in  treating  this  subject,  though  they  are  liable  to 
be  misinterpreted  as  real  distinctions;  accordingly .  we  divide  the 
question  of  the  sublime  into  throe  : — 1.  The  material  sublime— or  the 
sublime  of  nature.  2,  The  moral  sublime — or  the  sublime  in  human 
actions  and  ideas.  8.  The  emotion  of  sublimity,  which  these  external 
things  excite  in  us — or  tiiat  feeling  in  the  mind  which  gives  to  certain 
phenopiena  of  _  nature,  or  deeds  of  man,  the  attribute  of  sublimity. 
Speaking  cbjectivdy,  the  exciting  cause  of  sublimity  is  vastness ;  spefJc- 
ing  mbjectivdy,  the  emotion  excited  is  a  sense  of  insignificance. 

I.  The  material  sublime.  Examine  eveiy  case  of  material  sub- 
limity, and  the  most  primitive  fact  will  be  found  to  be  vastness; 
whatever  feelings  may  simultaneously  concur,  this  of  vastness  is  in- 
variable. Mere  vastness  is  sublime.  VastneBS  either  of  form  or  of 
power.  Hampstead  Heath  is  not  sublime,  but  Mont  Blano  is.  The 
Thames  is  not  sublime,  but  the  ocean  is.  Solitude  is  sublime — beoause 
it  is  vast,  that  is,  indefinite.    But  solitude  in  »  room  or  garden  is  not 


sublime.  A  cataract  Is  sublime,  but  not  a  waterfall,  yet  the  one  is 
only  larger  than  the  other.  Longiaus  has  remarked  that  the  light  of  a 
small  fire  produces  no  emotion,  but  that  the  boiling  furnaces  of  Mixoh, 
pouring  out  whole  rivers  of  liqiiid  flime,  is  sublime.  Burke  remarks 
that  all  general  privations  are  sublime  because  terrible,  such  as  vacuity, 
darkness,  solitude,  and  silence.  But  they  are  sublime  because  vast, 
not  because  terrible ;  for  they  are  not  neoessarily  terrible,  and  they  are 
necessarily  vast,  indefinite. 

These  instances  are  sufficient  to  illustrate  the  principle.  It  will  be 
observed  that  there  are  some  which  seem  more  naturally  to  derive 
their  sublimity  from  terror  than  from  vastness,  as  ./Etna  for  examjde. 
But  our  object  was  to  show  that  vastness  was  always  a  constituent, 
even  when  other  emotions  came  into  play;  and  as  we  have  already 
seen  instances  where  terror  does  not  form  one  constituent,  and  that 
when  it  does  form  one,  it  is  still  aocompanied  by  vastness,  so  we  prove 
thereby  that  vastness  is  the  more  genial  bet.  Vastness  is  sublime  as 
vastness;  but  terror  is  not  sublime  as  terror.  The  dlffisrenoe  between 
a  shower  and  a  storm  is  purely  quantitative,  yet  the  stoim  alone  is 
sublime. 

II.  The  Moral  snbllme.  It  is  obvious  that  the  moral  sublime  must 
difTer  from  the  material  sublime  in  proportion  as  mind  and  matter 
differ.  Hence  vastness,  which  in  the  external  world  is  superficial  (H 
externa),  in  the  moral  world  becomes  intense  (m  tntfluo).  Intensity  of 
will  equals  vastness  of  form  or  power.  Mere  intensity  is  sufficient  to 
produce  the  sublune.  (Edipus  is  sublime.  Lear,  who  appeals  to  the 
heavens,  "for  they  are  old"  Uke  him,  is  sublime,  from  the  very  in- 
tensity of  his  sufiisrings  and  his  passions.  Lady  Macbeth  is  sublime 
from  the  intensity  of  her  will,  which  crushes  every  female  feeling  for 
the  attainment  of  her  object.  Sctevola  with  bis  hand  in  the  burning 
coals  exhibits  an  intensity  of  will  which  is  sublime.  It  will  be  difficult 
to  find  terror  as  an  element  of  these  cases  of  the  sublime.  Mr.  Knight's 
"  mental  energy"  has  here  more  truth ;  but  though  a  satisfactory  ex* 
planation  of  the  moral  sublime,  yet  it  will  not  apply  to  the  material 
sublim&  The  intensity  of  power  ss  a  source  of  the  moral  sublime, 
has  been  adopted  by  Mr.  R.  Blakey,  in  his  *  History  of  the  Philosophy 
of  Mind,'  1843. 

Such  appear  to  us  to  be  tiie  objective  qualities  of  sublimity,  but  the 
peculiar  emotion  they  excite  has  hitherto  been  thou^t  undeflnable  : 
we  shall  nevertheless  attempt  it. 

III.  The  emotion  of  sublimity.  As  in  considering  objectively  every 
case  of  material  or  moral  sublimity,  we  found  as  the  primary  and 
invariable  fact  vastness  or  intensity,  so  In  considering  subjectively 
every  case  of  sublimity  as  an  emotion,  we  shall  find  the  primary  and 
invariable  fact  to  be  a  sense  of  our  own  insignificance ;  of  our  inferiority 
to  the  object,  or  to  the  will  which  prompted  the  deed ;  and  this  sense 
of  inferiority  has  guided  mankind  in  the  employment  of  a  word  ex- 
pressing elevation  for  sublimity.  Mere  vastness  excites  this  emotion 
by  exciting  a  corresponding  sense  of  our  smallness.  Mere  Intensity 
excite  this  emotion  by  exciting  a  corresponding  sense  of  our  feeble- 
ness. Vary  the  objects — vary  the  emotions  as  you  may,  there  vrill 
invariably  be  this  one  feeling  of  comparative  insignificance.  Take  as 
an  example  the  sublime  words  of  Scnpturo,  "  I  am  the  High  and  the 
Lofty  One,  who  inhabiteth  eternity."  Nothing  can  exceed  the  grandeur 
of  that  idea,  and  he  who  conceives  it  conceives  also,  at  the  same  time, 
the  corresponding  idea  of  his  own  small  and  finite  nature.  In  the 
violent  dashing  of  a  cataract,  in  the  roar  of  the  ocean,  in  the  violence 
of  the  storm,  or  in  the  malestlc  quiet  of  Mont  Blanc  preserving  its 
otim  amidst  all  the  storms  that  play  around  it,  or  in  the  concentrated 
will  of  a  Bcaivola,  Horace,  Brutus,  or  (Edipus,  in  all  these  cases  we  are 
moved  by  a  vivid  feeling  of  some  greater  power  than  our  own,  or  some 
win  more  capable  of  su^ring,  more  vast  in  its  strength  thcoi  our  feeble 
vacillating  will.  It  is  from  this  reason  that  on  imaginative  mind 
experiences  more  emotions  of  sublimity  than  another.  In  proportion 
as  we  comprehend  the  majesty  of  nature,  or  the  amount  of  self-sacrifice 
in  an  heroic  action,  we  comprehend  our  own  inferiority  to  them. 

In  conclusion  we  may  thus  sum  up  our  theory.  The  invariable 
oondition  of  sublimity  in  objects,  either  material  or  moral,  is  vastness 
or  intensity.  The  invariable  condition  of  the  emotion  of  sublimity — 
that  which  distinguishes  this  emotion  from  every  other  emotion — is  a 
comprehension  of  this  vastness  with  a  simultaneous  feeling  of  our  own 
comparative  insignificance,  together  with  a  concomitant  sense  of  pre- 
sent security  from  any  danger  wluch  might  result  from  this  superior 
power.  The  antithesis  to  the  emotion  of  sublimity  is  tlie  emotion  of 
contempt. 

SUBMARINE  DESCENT.    [Dimra  Bbll.] 

SUB-MULTIPLE.    [Aliquot  Past,] 

SUBORNATION  OF  PERJURY,    [PswBT,] 

SUBP(ENA.    [Wirmss,! 

SUBP(ENA,  WRIT  OF,  IN  PLEADING,    [Plkadiko  nt  E(Juitt,1 

SUBSALTS,  [Salts;  Chemical NomnicLATUBB, iVotnenelatttrs o/ 
Saltt.] 

SUBSIDIARY.  -Aquantiiyor  symbol  is  so  called  when  it  is  not 
essentiidly  a  part  of  a  problem,  but  is  introduced  to  help  in  the  solution. 
The  term  is  particulany  applied  to  angles,  since  the  trigonometrical 
tables  give  a  great  power  over  their  management,  which  causes  their 
frequent  introduction,  even  in  problems  in  which  there  is  no  question 
of  MigiiU''  quantity.  For  example,  suppose  it  is  required  to  calculate 
ax+by/il-i^),  where  o--29ia4,  6=80018,  a;  =  -11818.      Assume 
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SUBSIDY. 


SUBSTANCE. 


S7S 


sscos  9,  a^r  cos  ^,  &=r  sin  ^,  whidi  gives  C  bom  tbo  tables,  and  ^ 
and  r  from  the  tables  and  from 

tan^=*,r=-i.. 
a       cos  ^ 

The  quantify  to  be  oalculated  is 

roos^cosS  +  r  sin  ^    n  0,  or  r  oos  (^— 0), 

^  acoa(((>-9)^ 

oos^ 

and  the  final  result  is  found  from  the  tables  in  much  less  time  than 
ax+b  ^/(l—^)  could  be  calculated  by  ordinary  means.  There  is,  of 
course,  no  rule  for  the  most  convenient  introduction  of  subsidiary 
angles  :  every  case  must  be  treated  according  to  the  circunutanoes  it 
presents. 

SUBSIDY,  from  auinidium,  a  Latin  word  signifying  aid  or  assistance. 
"  Subsidies,"  says  Lord  Coke,  "  were  anciently  called  auxilia,  aides, 
granted  by  act  of  parliament  upon  need  and  necessity ;  as  also  for  that 
originally  and  principally  they  were  granted  for  the  defence  of  the 
realm  and  the  safe  keeping  of  the  seas,"  ftc.  The  word  used  in  its 
general  sense  was  applied  to  aids  of  every  description ;  these  were  of 
two  kinds,  one  perpetual,  the  other  temporary.  Those  which  were 
perpetual  were  the  ancient  or  grand  customs,  the  new  or  petty  customs, 
and  the  custom  on  broad-cloth.  The  tempoiaiy  included  tonnage  and 
poundage;  a  rate  of  four  shillings  in  the  pound  on  lands,  and  two 
shillings  and  eightpence  on  goods,  aliens  paying  double;  and  the 
fifteenths  or  tenUis,  &c.,  of  moveable  goods.  The  limited  sense,  which 
is  also  the  more  common  sense,  of  the  word  subsidy,  attaches  only  to 
the  rate  on  lands  and  goods. 

The  grand  customs  were  duties  paid  on  the  exportation  of  wool, 
sheepe^is,  and  leather,  at  the  rate  of,  for  every  sack  of  wool  weighing 
thirty-six  stone,  half  a  mark,  or  six  shillings  and  eightpence ;  for  every 
three  hundred  sheepskinB,  half  a  mark  ;  for  a  last  of  leather,  a  mark, 
or  thirteen  shillings  and  f  ourpence.  The  petty  customs  were  payable 
by  merchant  strangers  only,  and  consisted  of  an  excess  of  one  half  over 
and  above  th?  grand  customs  payable  by  native  merchants.  The 
custom  un  broadcloth  was  first  given  to  the  king  in  the  21st  year  of 
Edw.  in.,  to  indemnify  him  for  tiie  loss  he  incurred  in  oonsequenoe  of 
the  practice,  then  beginning  to  prevail,  of  making  up  the  wool  into 
doth  in  this  country  previous  to  its  exportation.  There  were  also  two 
species  of  customs  payable  on  wines :  one  called  butleroge,  payable  by 
foreigners  importing  wines,  at  the  rate  of  two  shillings  for  every  tun  of 
wine;  the  other,  called  prisage,  payable  by  natives  at  the  rate  of,  for 
every  vessel  importing  tim  tuns  of  wine,  one  tun ;  for  every  vessel 
importing  twenty  or  upwards,  two  tun»;  taken  one  tun  from  before, 
the  other  from  behind  the  mast.  This  was  compoimded  for  by  the 
payment  of  20<.  for  each  tun  to  which  the  king  was  entitled. 

T^e  origin  of  these  customs  seems  uncertain;  Lord  Coke  is  very 
anxious  to  prove  that  they  were  in  the  first  instance  established  by  the 
common  consent  of  the  realm  in  parliament  assembled.  In  support  of 
this  he  dtes  Philip  de  Comineg,  lib.  v.,  fo.  233.  Before  and  during  Lord 
Coke's  time,  as  well  as  immediately  after  it,  the  origin  and  nature  of 
this  kind  of  subsidy  were  most  fully  and  ably  discussed.  Beeidee  what 
may  be  called  the  private  property  of  the  crown,  the  king  had  a  light 
to  require  contributions  from  the  inhabitants  of  particular  districts 
towards  the  expense  of  repairing  bridges  and  the  waUs  of  towns,  which 
contributions  were  called  pontage  and  murage ;  and  to  grant  by  charter 
to  any  city  the  right  to  levy  tolls  upon  all  vendible  things  coming  into 
the  town.  There  were  also  other  sources  of  revenue,  the  temporalities 
of  vacant  bishoprics,  the  forfeitures  arising  from  felonies,  &c.  In  the 
earlier  periods  these  seem  to  have  been  considered  su6Scient  to  main- 
tain the  royal  state,  the  comts  of  justice,  &c.,  and  also  the  ordinary 
^pensee  of  any  wars  m  which  the  king  might  be  engaged.  In  the 
sixth  year  of  Bichard  IL,  the  commons  petitioned  the  king  that  he 
would  live  upon  his  own  revenues,  and  that  wards,  marriages,  releases, 
escheats,  forfeitures,  and  otier  profits  of  the  crown  might  be  kept  to 
be  spent  upon  the  vrars  for  the  defence  of  the  kingdom.  In  addition 
however  to  these  duties  of  defending  the  kingdom  by  foreign  wars,  the 
king  was  bound  to  protect  the  merchants  at  sea  from  pirates,  4a,  and 
for  this  purpose  a  practice  prevailed  twice  in  the  year  "  to  scour  the 
narrow  seas."  To  defray  the  expenses  of  the  royal  navy,  the  king 
collected  at  the  ports  of  his  kingdom  certain  siuns  upon  all  merchandise 
imported  or  exported.  These  sums  were  called  customs,  a  word  which 
in  itself  indicates  the  earlinesB  and  uncertainty  of  their  origin.  In 
process  of  time  however,  the  ordinary  sources  of  the  king's  revenue 
being  continually  diminished  by  the  alienation  of  crown  lands,  *c., 
while  the  expenses  of  the  crown  were  inoeaaed,  the  kings  imposed  of 
their  own  authority  such  sums  ss  varied  from  the  original  amount 
collected,  and  were  complained  of  as  unieaaonable  by  tiie  people.  The 
earher  porhamentaty  history  is  full  of  remonstrances  and  petitions 
apmst  grievous  and  unaccustomed  impositions,  maltolts  (evil  tolls),  Ac. 
There  was  an  instance  also  of  a  petition  by  the  merchants  that  they 
might  pay  no  toll,  but  be  allowed  to  protect  theu-  ships  themselves. 
Ultimatelv  the  kings  were  driven  by  their  neoessities,  the  difBcultios 
of  the  collection  of  irregular  duties,  and  the  circumstances  of  their 
position,  to  have  recourse  to  parliament  to  fix  and  authorise  the  sums 
to  be  coUected  as  customs.    The  first  statute  on  the  subject  oocura  u) 


the  third  year  of  the  reign  of  Edward  I.,  when  the  ancient  or   grand 
customs  were  fixed  at  the  sums  already  stated. 

It  is  observable  that  in  no  instance  was  the  right  of  the  king  to 
collect  some  duties  disputed ;  all  that  is  complained  of  is  the  excess 
and  unreasonableness  of  the  sum  recentiy  imposed.  Many  statutes 
occur  on  the  subject,  but  their  provisions  were  frequently  violated, 
down  to  the  reigns  of  Elixabeth  and  the  Stuarts.  In  tiiese  later  times, 
however,  such  infringements  were  not  passed  over  lig^tiy.  In  the 
reign  of  James  I,  the  question  ss  to  the  right  of  the  king  to  increase 
the  customs  upon  merchandise,  without  assent  of  parliament,  waa 
raised  on  the  occasion  of  his  imposing  B$.  per  cwt.  on  currants.  The 
court  of  exchequer  dedded  that  the  king  hod  such  right,  on  the 
grounds,  1st,  that  his  extraordinary  and  absolute  prerogative  was  not 
bound  by  tiie  statutes  restraining  him  from  increasing  the  customs 
without  sasent  in  parliament ;  2nd,  because  the  extra  dufy  "  was  not  a 
burden  to  the  commonwealth,  but  to  delicate  mouths."  This  decision 
however  raised  great  discussion  in  parliament,  who  pronounced  it  to 
be  illegal.  The  writs  for  ship-money  in  the  time  of  Charles  L  created 
a  similar  ferment,  and  notwithstanding  the  petition  of  rights,  the 
question  cannot  be  said  to  have  been  entirely  set  at  rest  till  up  to  the 
period  of  the  Revolution. 

The  petty  customs  wers  originally  founded  on  a  bargun  between 
the  foreign  merchants  and  king  Edward  I,,  by  which  they  agreed  to 
pay  him  the  amount  of  them,  in  consideration  of  certain  privileges 
granted  them,  and  a  release  to  them  of  all  other  jsises  and  takings. 
Butierage  has  the  same  origin,  but  is  perhaps  of  an  earlier  date.  Pris- 
age is  stated  by  Lord  Coke  himself  to  be  due  to  the  king  by  prescrip- 
tion, and  tiie  right  of  the  king  to  it  seems  to  have  stood  upon  that 
alone ;  that  right  must  hsve  been  one  of  inheritance,  since  by  roysl 
charters  it  was  grsnted  tn  the  city  of  London  and  to  the  Cinque  Forts 
for  ever. 

Tunnage  and  poundage  vras  •  duty  viiying  in  amount  at  difTerent 
times  from  It.  6d,  to  8(.  upon  every  tun  of  wine,  and  from  6d,  to  a  1*. 
upon  every  pound  sterling  of  meitmandise  coming  into  the  kingdom. 
The  object  in  granting  it  was  said  to  be,  that  tiie  king  might  have 
money  ready  in  case  of  a  sudden  occasion  demanding  it  for  the  defence 
of  the  realm  or  the  guarding  of  the  sea.  In  the  ooune  of  the  argu- 
ment in  the  case  of  ship-moUOT  in  IS  Charles  I.,  the  king's  duties  are 
said  to  amount  to  300,0002.  This  probably  vras  the  aggregate  of  the 
customs  and  tunnage  and  prisage. 

The  taxes  coUad  tenths  and  fifteenths  were  the  tenth  or  fifteenth 
part  of  the  value  of  moveable  goods.  Other  portions,  such  as  the  fifth, 
eighth,  eleventh  part,  were  sometimes,  but  rarely,  also  levied.  These 
tues  seem  to  have  had  a  parliamentary  origin.  Henry  IIL  received 
a  fifteenth  in  return  for  granting  Magna  ChoriA  and  the  Chorta  de 
Foresta.  In  the  earlier  periods  never  more  than  one  subsidy  and  two 
fifteenths  were  granted.  About  the  time  of  the  expectation  of  the 
Armada  (31  Elu.),  a  double  subsidy  and  four  fifteenths  were  granted. 
Subsidies  and  fifteenths  were  originally  assessed  upon  each  individual, 
but  subeequentty  to  Uie  8  Edmrd  III.,  when  a  taxation  was  made 
upon  all  tiie  towns,  cities,  and  boroughs,  by  commissionerB,  the 
fifteenth  became  a  sum  certain,  being  the  fifteenth  part  of  their  then 
existing  value.  After  tiie  fifteenth  was  granted  by  [parliament,  the 
inhabitants  rated  themselves.  The  subsidy,  never  having  been  thus 
fixed,  continued  uncertain,  and  was  levied  upon  each  person  in  respect 
of  his  Isnds  and  goods.  But  it  appears  that  a  person  paid  only  in  the 
county  in  which  he  lived,  even  though  he  possessed  property  in  other 
counties.  Certain  it  is  that  the  subsidy  continually  decreased  in 
amount.  In  the  eighth  year  of  the  reign  of  Elisabeth  it  amounted 
to  120,0002.,  in  the  40th  to  78,0002.  [only.  Lord  Coke  estimates  a 
subeidv  (probably  in  the  reign  of  James  I.  or  Charles  I.)  at  70,0002. ; 
the-subsidy  raised  by  the  clergy,  which  was  distinct  from  that  of  the 
laity,  at  20,0002. ;  a  fifteenth  at  about  29,0002.  Eventually  the  sub- 
sidy was  abolisheid,  and  a  land  tax  substituted  for  it. 

(2  ItuI.  ;  4  Intt. ;  'Bate's  Case,'  &&,  2  StaU  TriaU,  371,  ed.  1809 ; 
'The  Case  of  Ship  Money,'  8  Slate  Triali,  826,  ed.  1809;  Venn's 
Abrt,  tit.  •  Freromtive ;'  Comyn's  IHg.,  tit, '  Parliament,'  '  Preroga- 
tive,')   [CnSTOHS^ 

SUBSTANCE.  In  general  usage  substance  means  a  solid.  In 
philosophicsl  speculations  it  has  undergone  the  fate  of  most  general 
terms,  and  has ^leen  tortured  into  all  possible  shades  of  meaning.  In 
physical  speculations  it  has  usually  been  taken  as  an  equivaluit  to 
matter ;  but  in  metaphysictl  speculations  its  meaning,  as  sanctioned 
by  the  highest  autiiorities,  has  remained  true  to  its  etymon  (lui-statu, 
that  which  Hands  under  phenomena).  This  meaning  will  be  rendered 
intelligible  by  the  notion  of  some  Hindu  philosopheis,  who  supposed 
the  world  to  rest  on  the  back  of  an  elephant,  and  that  the  elephant 
stood  on  the  back  of  a  tortoise;  what  supported  the  tortoise,  tiiey 
omitted  to  explain.  In  adopting  their  theory,  we  may  add  that  tkal 
which  the  tortoise  stood  upon  wss  substance. 

As  we  know  that  all  phenomena  must  depend  upon  noumena,  of 
which  they  ore  only  the  manifestation ;  or,  to  use  the  language  of  the 
schoolmen,  as  all  accidents  must  be  accidento  of  nmeAing,  and  must 
depend  on  that  something  for  their  existence,  so  in  pushing  our 
analysis  to  its  limit,  we  must  finally  arrive  at  a  point  to  which  we  can 
give  no  antecedent^  which  we  are  forced  to  assume  as  final,  and  as 
standing  under  or  supporting  the  whole,  and  tins  we  call  sufaetance. 
It  is  the  fundamental  fact  of  all  existence.    We  can  never  know  it,  for 
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we  only  know  plienomenA,  which  are  its  appearances.  We  can  never 
conceive  it,  for  the  first  attempt  to  conceive  it  brings  it  within  the 
sphere  of  our  ideas,  which  are  only  those  ci  phenomena.  We  can 
never  imagine  it ;  but  we  are  compelled  to  assume  it.  It  is  to  us  a 
logical  fact,  not  a  noumenal  one.  Necessary  as  the  basis  of  all  specula- 
tion, as  the  "point"  in  mathematics,  but,  like  the  point,  for  ever  a 
mere  logical  disUnction.  It  is  needf tU  for  all  men  to  know  that  this 
substance  is,  with  respect  to  the  mind,  a  merely  logical  distinction 
from  its  attributes ;  and  it  is  needful  also  to  know  that  as  the  mind 
can  never  transcend  the  sphers  of  its  action,  and  consequently  never 
know  more  than  the  attributes,  all  that  it  can  predicate  of  substance 
must  be  false,  for  substance  is  to  it  a  mere  n^ation ;  il  it  would  affirm 
anything  of  substance,  it  must  inevitably  affirm  it  by  its  attributes, 
which  it  alone  can  know  positively. 

It  is  from  inattention  to  this  latter  fact  that  metaphysicians  have 
blundered  and  misundeistocd  each  othei'  so  constantly.  You  cannot 
conceive  a  point  which  has  neither  length  nor  breadth ;  you  must 
assume  it.  Yoa  cannot  conceive  substance  shorn  of  its  attributes, 
because  those  attributes  are  the  sole  staple  of  your  conceptions ;  but 
you  must  assume  it.  Analyse  as  you  will,  yon  can  never  get  beyond 
a  vague  and  negative  conception  of  a  certain  substratum,  which, 
whenever  you  attempt  to  realise  it,  you  must  invest  with  attributes. 
Qlass  is  a  substance,  at  leajt  is  called  so  in  common  language.  Analyse 
it,  and  you  will  find  that  it  is  no  substance — that  it  is  merely  the  co- 
existence of  flint  and  alkali.  Your  substance  then  has  vanWied  with 
the  analysis.  It  was  found  to  be  flint  and  alkali,  nothing  more ;  no 
distinct  element,  no  tuiitratum  was  discovered.  Where  then  was  your 
glass  substance?  The  gloss  was  a  mere  mode  of  existence  of  two 
particles  of  flint  and  alkali;  it  was  in  itself  nothing,  it  had  no  existence 
apart  from  those  particles,  it  had  no  mbitratum.  Analyse  the  flint  in 
the  same  way,  and  you  wUl  find  the  flint  to  be  in  itself  no  substance, 
but  a  mode  of  existence  of  some  other  particles.  And  yet  the  mind 
refuses  to  admit  that  this  analysis  could  be  bo  continued  ad  infioitum, 
thus  reducing  everything  to  mere  phenomena ;  it  is  impelled  to  stop 
somewhere, and  to  ask,  "attributes  of  what?"  and  there  where  it  stops 
it  recognises  substance.  Hence  Spinoza's  definition  of  substance  being 
existence  itself. 

Fichte,  the  most  scientific  expositor  of  idealism,  has  denied  all  sub- 
stance except  OuA  of  the  Ego,  and  he  says, "  Attributes  synthetically 
united  give  substance,  and  substance  an%lysed  gives  but  attributes ;  a 
continued  substratum,  a  supporter  of  attributes  is  an  impossible  con- 
ception." ('  Wissenschaftsldire.')  Granted  an  impossible  conception, 
but  not  therefore  an  impossible  fact.  Fichte  assumes  that  the  sub- 
jectiv9conception — the  idea — is  the  complete  correlation  and  adequate 
comprehension  of  the  whole  objective  foot;  and  if  this  point  be 
admitted,  his  system  is  irrefutable,  for  attributes  beug  obviously 
mental  conditions,  and  as  beyond  them  we  are  conscious  of  nothing, 
■o  nothing  but  what  they  affirm  can  exist.  Interrogate  consciousness, 
and  you  will  get  no  answer  that  will  apply  to  a  substance.  It  knows 
only  attributes. 

If  we  dissent  from  these  conclusions,  and  maintain  that  there  is 
substance  apart  from  its  attributes  (though  we  insist  on  this  distinc- 
tion being  purely  logical),  it  is  because  the  idealists  have  not  proved 
the  fundamental  position  on  which  all  such  speculations  rest, 
namely,  the  truth  of  the  correlation  between  the  conception  and  the 
object,  so  that  the  one  should  be  taken  as  the  entire  expression  of  the 
otiier. 

In  'oar  analysis  of  substance  it  is  impossible  to  get  beyond 
attributes ;  and  therefore,  subjectively  speaking,  substance  is  nothing 
more  than  the  synthesis  of  attributes :  but  does  this  entitle  us  to 
assume  that  it  is  equally  the  case  objectively  t  Not  until  the  subject 
has  been  proved  to  be  tlie  complete  expression  of  the  object. 

But  the  truth  is,  attributes  themselves  are  but  the  conditions 
excited  in  us  by  objects.  The  Ego  acted  on  by  the  non-Ego  under- 
goes certain  affections  :  these  mental  aflections  are  variously  extension, 
colour,  weight,  hardness,  &c.,  and  these  are  all  the  effects  of  the  action 
of  the  non-Ego  upon  the  Ego,  and  as  a  consequence  these  are  all  we 
know,  and  all  we  know  of  the  non-Ego.  To  call  substance  therefore 
the  synthesis  of  attributes,  is  to  say  that  in  the  synthesis  of  our 
mental  affections  is  contained  all  that  conttituta  the  non-Ego,  instead 
of  saying  that  in  the  synthesis  of  our  mental  affections  is  coutuned 
all  we  can  positively  know  of  the  non-Ego ;  it  is  saying  that  we  include 
all  existence,  and  that  beyond  our  conceptions  nothing  exists;  it  is 
taking  the  human  mind  as  the  measure  of  the  universe. 

We  maintain  therefore,  that  inasmuch  as  what  we  call  attributes 
are  no{  vague  abstractions,  but  positive  effects  of  matter  acting  on  the 
sensory  (and  we ',  assume  the  existence  of  matter  because  Idealism 
has  failed  in  disproving  it) ;  so  there  must  be  substance  or  cause  to 
produce  those  effects ;  and  oltliough  we  can  only  know  these  effects 
and  by  these  effects,  yet  we  are  necessitated  to  assume  an  inconceivable 
cause  or  substance.  We  do  not  know  this  substonoe  :.  we  only  know 
what  sensations  it  excites  in  us. 

The  stronghold  of  Idealism  is  consciousness.  In  consciousness 
there  is  nothing  but  transformations  of  itself — no  substance,  no 
external  world  is  given;  it  knows,  it  feels,  it  is  conscious  of  noUiing 
Vut  itselt  But  consciousness  is  equally  the  stronghold  of  realism ; 
for  we  are  as  conscious  that  what  we  call  substance,  or  the  world,  is 
not  ourselves,  and  does  not  depend  upon  us,  and  is  a  distinct  existence. 


as  we  are  of  our  own  existence.  Hence  the  universality  of  the  belief 
of  KD  external  world — hence  the  impossibility  of  the  idealists'  concav- 
ing for  an  instant  the  non-existence  of  substanca 

In  conclusion  we  may  observe,  that  substance  is  the  unknown,  im- 
knowable  substratum  on  which  rests  all  that  we  experience  of  the 
external  world;  it  is  the  hidden  noumenon  whose  manifestationa 
as  represented  in  perception  we  call  matter  and  the  phenomena  of 
matter,  and  of  which  every  positive  predicate  must  necessarily  be  false, 
and  consequently  all  inquiry  into  its  nature  baseless. 

SUBSTITUTION.  One  of  the  most  important  methods  of  forming 
chemical  substances,  and  of  ascertaining  the  constitution  of  com- 
pounds, is  that  known  as  substitution.  The  term  substitution,  as  thus 
chemically  applied,  simply  means  the  replacement  of  a  body  already  in 
combination  by  another  body  not  in  combination,  and  of  oouisa 
includes  all  processes  of  single  or  double  decomposition.  Thus,  in  a 
compound  ab,  substitution  of  B  for  o  may  be  effected  by  simply 
bringing  o  into  contact  with  ab,  the  new  compound  A  o  being  pro- 
duced :  this  case  of  substitution  is  one  very  frequentiy  performed  in 
chemical  research  and  manufacture,  and  is  Imown  as  single  decom- 
poation  or  single  elective  affiniW.  Ag>ii>>  in  a  compound  a  b,  substi- 
tution of  B  by  0  may  be  effected  by  bringing  a  compound  o  d,  contain- 
ing 0,  into  contact  with  a  b,  thus  producing  the  required  substance 
A  c ;  this  method  of  substitution  is  fully  as  important  as  the  other 
just  mentioned,  and  is  known  as  double  decomposition  or  double 
elective  affinity,  because  there  are,  so  to  speak,  two  elections  or  choices 
going  on,  namely,  a  for  0,  and  B  for  D,  whereas  in  tiie  former  illustra- 
tion only  one  occurs.  By  using  varying  amounts  of  a  substituting 
body,  o„  and  bringing  forces  other  than  the  chemical  to  his  aid,  the 
chemist  can  sometimes  produce  several  distinct  compounds  of  the 
same  bodies,  thus: — ab,  +  o,=ab^, o,-»-B,  or  ab,-ho,=ao,  +  8,. 
Frequently  the  body  substituted  unites  wiUi  one  half  of  the  sub- 
stituting body,  thus : — ^a  B-^o,=AO■^Ba 

Although,  strictly  speaking,  single  and  double  decomposition  ore 
processes  of  substitution,  it  la  found  convenient  to  restrict  the 
term  substitution  to  cases  in  which  organic  compounds  ore  being 
operated  on,  while  the  phrases  single  decomposition  and  double  decom- 
position are  conventionally, applied  to  inorganic  transformations  only. 
[Cbexioal  Affinity.] 

The  simplest  examples  of  substitution  occur  when  chlorine,  or  either 
of  its  analogues,  bromine  and  iodine,  is  made  to  act  upon  an  organio 
compound.  Thus  chloride  of  ethyl  (C^Hj,  CI),  by  the  action  of  chlorine 
suffers  replacement  of  its  hydrogen  by  chlorine;  hydrochloric  acid 
being  formed  and  the  following  bodies  successively  produced : — 

Cbloride  of  chlorethyl    .        ,        ,        ,        .CjIS'Io 

„        Mohlor^thyl ^'♦{ci'}*^ 

»        trlchlor-ethyl      .       ,       .       •  C*  { a'  j.CI 

u         qnadrichlor-ethyl     .        .        •    •  C«  {  g[    }  CI 

H         perohlor-etliyl  or  Maqnlohlorlde  )/,«,«, 
of  carbon         .        .         .     .  /  C^CljCl 

The  constitution  or  construction  of  the  original  compound  from 
which  such  a  series  of  derivatives  is  obtained  seems  to  alter  but  little. 
As  might  be  expected  from  the  nature  of  the  elements,  the  boiling 
point  of  a  body  containing  chlorine  in  the  place  of  hydrogen  is  higher 
in  direct  proportion  to  the  amount  of  hydrogen  replaced.  Specific 
gravity  also  undergoes  relative  increase ;  while  vapour  volume  remains 
constant.  Only  when  complete  substitution  of  one  body  by  another 
has  taken  place  does  the  molecular  arrangement  of  the  original  com- 
pound appear  to  give  way. 

The  substitution  of  cUoriae  for  o^grgen,  and  of  oxygen  by  hydrogen, 
is  frequently  performed  by  chemists.  Peroxide  of  nitrogen  (NO,), 
also,  may  be  introduced  into  organio  compounds  by  acting  upon  them, 
under  certain  conditions,  with  nitric  acid ;  in  these  cases  hydrogen  is 
displaced  and  forms  water  with  the  fifth  equivalent  of  oxygen,  while 
peroxide  of  nitrogen  takes  the  place  of  the  hydrogen. 

SUBSTITUTION,  a  very  common  algebraical  process,  being,  as  its 
name  imports,  the  substituting  for  any  quantity  another  which  is 
equal  to  it. 

A  method  of  approximation,  which  is  frequentiy  used  and  of  great 
importance,  has  obtained  the  name  of  luccemve  ivMtUutim.  Let  any 
equation  be  reduoed  to  the  form 

where  e  is  less  than  unity,  and  ^  a  function  of  x.  If  we  make  x  =  a, 
the  error  thereby  committed  is  less  than  ^,  being  eipx,  in  which  e  is 
less  than  unit^.  Take  this  value  z «  a,  and  substitute  it  on  the 
second  side,  giving  x  =  a  +  etpa :  this  value  is  nearer  than  the  last  in 
most  cases,  for  it  £ould  be 

x^a  +e^{a+  e(px) 
=  o  +  eipa  +  e*^'o.  ipx  nearly, 

where  ^a  is  the  differential  coefficient  of  ^.  The  last  error  was 
e^,  and  the  present  error  is  less,  if  e^'a  be  less  than  unity.    Qene- 
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rally,  U  for  x  we  write  a+p,  and  if  p  be  erroneou*  by  a  quantiiy  of 
the  order  «* ,  we  shall  have,  by  one  more  aubstitution, 

»  =  <»  +  «^  (a  +  p). 
Now  the  error  of   41  {a+p)  will   be   of  the  order  e*,  and  that  of 
e^(a+p)  of  the  order  e*+>.    There  is  then  a  continual  approximation 
to  the  value  of  x. 

Beginning  with  x=a+e^,  in  which  the  error  is  of  the  order  e*,  we 
have 

a;  =  a  +  «<>>  (o  +  eipa), 

in  which  the  error  is  of  the  third  order.  Rejecting  teillis  of  the  tfaird 
order,  we  have 

«  =  o  +  e^pa  +  «**io^'o. 

Substitute  this  again,  and  we  have 

x=  a  +  op  {9  +  eipa  +  ^tpa^/a}, 

in  which  the  error  is  of  the  fourth  order.  Bejecting  terms  of  tne 
fourth  order, 

r  **(»  ■  "I 

x=a  +  e^  +  ^<pa<t/a  *^\    (*'»)'*«+  ^  ^^"^  J 

and  BO  on :  the  development  being  made  by  Tatlor'b  Theorbk.  This 
would  lead  in  effect  to  the  celebrated  theorem  of  Lagrange ;  but  the 
actual  method  of  substitution  is  sometimes  preferable, 

SUBTANGENT,  SUBNORMAL.     [Tanqent.] 

SUBTENSE,  means  any  line,  angle,  &c.,  opposite  to  or  mJbtmding  a 
line  or  angle  spoken  of.  Thus  tiie  chord  of  a  circle  is  the  subtense  of 
the  arc  ai^  of  the  angle  at  the  centre.    The  term  is  now  not  much 

SUBTRACTION,  SUBTRAHEND,  MINUEND.  The  process  of 
subtraction  is  the  removal  of  a  part  equal  to  the  less  from  the  greater. 
The  quantity  to  be  diminished  (mmumdum)  was  called  the  nuniMiuf  ; 
the  quantity  to  be  withdrawn  (ivibtraKaidmn),  the  tubtrahend  ;  and  the 
remaining  part,  the  rtmavnder.  The  terms  subtrahend  and  minuend 
are  almost  out  of  use,  though  often  very  convenient. 

The  operation  of  subtraction  is  often  described  in  a  way  which 
might  be  practised,  but  is  not;  and  the  explanation  of  the  possible 
nu^e  applied  to  the  actual  mode  makes  confusion.  It  is  obvious 
enough  that  if  parts  of  A  be  subtracted  severally  from  greater  parts  of 
B,.tbe  remainders  put  together  make  up  the  whole  remainder.  Thus, 
24  can  easily  be  tj&en  from  76,  for  7  tens  exceeds  2  tens  by  6  tens; 
and  6  exceeds  4  by  2,  so  that  52  is  the  reouunder  required.  But  when 
we  come  to  take  48  &om  93,  the  preceding  mode  of  partition  is  use- 
less. To  remedy  this,  it  is  proposed  in  the  explanation  to  borrotD  1  of 
the  9  tens  in  94,  and  to  put  it  on  to  the  4:  then  8  from  13  leaves  5. 
Now  take  the  4  tens  of  48,  and  subtract  from  the  rtmainiitg  8  tens  of 
93,  and  4  tens  are  left :  the  answer  then  is  45,  The  process  would  be 
as  follows : — 

8  from  8,  imppssible;  borrow  a  ten  from  90 ;  8  from  13  leaves 
5.  Ts^e  4  tens  from  the  remaining  8  tens,  one  of  the  9 
tens  having  been  borrowed,  and  4  tens  remain. 


48 
45 


This  process  is  actually  used  on  the  Continent;  but  with  us,  as  all 
the  world  knows,  there  is  a  different  process,  as  follows : — 

93  8  from  3  impossible:  take  8  from  13,  and  6  remains.    Carry* 

48  one  to  4,  giving  5,  and  subtract  6  tens  from  9  tens,  giving  4 

—  tens. 
45 

There  is  quite  a  different  principle  in  this  process,  which  is  aa 
follows  : — If  two  numbers  be  equally  increased  or  equally  diminished, 
the  difference  remains  the  same.  Having  arbitrarily  increased  the  8 
in  the  upper  line  by  10,  the  lower  line  must  be  somewhere  or  other 
increased  by  10,  in  order  to  keep  the  difference  (which  is  all  that  is 
wanted)  unalteced. 

The  object  in  view  is  attained  by  inoreasiitg  the  upper  line  by  ten 
unite,  and  the  lower  line  by  one  ten. 

Vot  further  detail,  see  CoxFUTATioir. 

SUCCESSION.  This  is  a  legal  term  derived  from  the  Roman 
"  Suocessio,"  which  signifies  a  coming  into  the  place  of  another,  aad 
Sucoeator  is  he  who  comes  into  such  place. 

The  Roman  term  signifies  a  coming  into  the  place  of  another  so  as 
to  have  the  same  rights  and  obligations  with  respect  to  property  which 
that  otiier  had.  There  might  be  snooeesio  either  by  coming  hito  the 
place  of  a  person  living,  or  by  becoming  the  successor  of  one  who  was 
dead.  Qaius  (ill.  77,  &c.)  gives  instances  of  suocessio  in  the  case  of 
persons  living,  one  instance  of  which  is  the  Bonorum  Cessio  according 
to  the  Lex  Julia.  Succession  was  again  either  Universal  or  Singular. 
The  instances  of  universal  succession  (per  universitatem)  which  Qaius 
(ii.  97)  enumerates,  are  the  being  made  a  person's  heree,  getting  the 
possessio  of  the  bona  of  another,  buying  all  a  man's  property,  adopting 
a  person  by  adrogatio,  and  admitting  a  woman  into  the  manus  as  a 
wife ;  in  all  of  wliich  cases  all  the  property  of  the  several  persons 
eifumerated  passed  at  once  to  the  person  who  was  made  heres,  or  got 

*  The  stndant  may  well  ask  fromvhtnt  The  term  "titxij"it  not  the 
proper  one. 


tjie  bonorum  possessio,  or  bought  the  whole  property,  or  «dopted 
another  by  adrogation,  or  married  the  woman.  An  instance  of  singular 
succession  is  the  taking  of  a  legacy  under  a  man's  will. 

The  term  Succession  is  used  in  our  languaga  We  speak  of  the 
succession  to  the  crown  or  the  regal  dignity,  and  the  tain  implies  that 
the  'successor  in  all  things  represents  i^  {ffedecessor.  Indeed,  the 
king,  as  a  political  person,  never  dies,  and  upon  the  natural  death  of  s 
king  the  heir  immediately  succeeds.  The  English  heir-at-law  takes 
the  descendible  lands  of  his  ancestor  as  univerml  sucoessor ;  and  the 
executor  takes  [the  chattels  real  and  ether  personal  property  of  his 
testator  as  universal  sucoessor.  The  general  assignee  or  assignees  of  a 
bankrupt  or  insolvent  take  by  univenial  succession. 

Blackstone  says  that "  oorporstions  aggregate  consist  of  many  persons 
imited  together  into  one  society,  and  are  kept  up  -by  a  perpetuid 
suoceesion  of  members,  so  as  to  continue  for  ever."  It  is  true  that 
when  members  of  a  corporate  body  die,  others  are  appointed  to  fill  up 
their  places,  but  they  do  not  succeed  to  the  others  in  the  Roman  sense 
of  succession— they  simply  become  members  of  the  corporation.  But 
it  has  been  established  in  some  cases  that  the  use  of  ^e  word  "  suc- 
cessors "  implies  that  the  legislature  meant  to  establish  a  corporation ; 
and  yet  it  is  certain  that  a  feoffment  of  land  to  a  corporation  aggregate 
without  the  word-  "  successors  "  is  a  valid  grant.  In  a  feot&nent  to  a 
corporation  sole  the  word  "  successors  "  is  necessary.  The  succession 
in  the  case  of  a  corporation  sole  follows  the  natiire  of  Uie  Roman 
succession.  In  the  case  of  a  corporation  aggregate  there  is  no  suc- 
cession, and  the  rule  that  a  corporation  may  be  established  by  the  use 
of  the  word  "  successors "  in  a  statute  is  founded  on  an  erroneous 
understanding  of  the  term  "  successors." 

SUCCESSION  DUTIES.  For  many  years  persons  suoceeding  to 
personal  property  (including  leaseholds)  whether  they  took  by  wiU  ss 
executors  or  legatees,  or  merely  as  administrators  or  next  of  Hn,  were 
charged  with  Legacy  DaHet,  which  were  payable  over  and  above  the 
stamp  duty,  then  and  still  levied  in  the  first  instance,  on  the  grant  of 
probate  or  letters  of  administration,  according  to  the  estimated  sworn 
value  of  the  personal  property  of  the  deceased.  The  legacy  duty  was 
chargeable  after  the  estate  of  the  deceased  had  been  realised  and 
admmiatered,  on  the  property  distributed  among  the  legatees  or  next 
of  kin,  as  the  case  might  be ;  and  varied  in  amount,  according  to  the 
consanguinity  of  the  next  of  kin,  or  the  absence  of  any  relationship 
between  tiie  legatee  and  the  testator.  The  exemption  of  real  estate 
from  this  species  of  taxation  long  complained  of  as  creating  an  undue 
preference  in  favour  of  the  holders  of  landed  property,  has  at  last  been 
removed.  By  the  Succession  Duties  Act,  1853,  duties  are  impoaed  on 
every  succession  to  property,  whether  real  or  personal,  according  to 
the  value  and  the  relationship  of  the  parties  to  the  predecessor. 
Where  the  successor  is  the  hneal  issue  or  lineal  ancestor  of  the 
predecessor,  II,  per  cent. ;  where  a  brother  or  sister,  or  a  descendant  of 
a  brother  or  sister,  U.  per  cent. ;  where  a  brother  or  sister  of  the  father 
or  mother,  or  a  descendant  of  the  brother  or  sister  of  the  father  or 
mother  of  the  predecessor,  52.  per  cent. ;  where  a  brother  or  sister  of 
the  grand&ther  or  grandmother,  or  a  descendant  of  the  brother  or 
sister  of  the  grandfather  or  grandmother  of  the  predecessor,  81.  per 
oent. ;  and  where  the  successor  is  in  any  other  degree  of  collateral  con- 
sanguinity to  the  predecessor,  or  is  a  stranger  in  blood  to  him,  lOL  per 
cent.  The  ^ue  of  the  succession,  if  it  be  to  real  property,  is 
ascertained  by  considering  the  interest  of  the  sucoessor  as  of  the  value 
of  an  annuity  equal  to  the  annual  value  of  the  property,  estimated  as 
the  aat  directs ;  and  the  duty  may  be  paid  by  eight  equal  half-yearly 
instalments,  or  at  once,  according  to  the  wish  of  tne  party  liable 
thereto. 

SUCCESSIVE  SUBSTITUTION.    [SuBSTrroTioif.]- 

SUCCINAMIC  ACID.    [SuooiHio  Group.] 

SUCCINAMIDE.    [Snooisio  Group.] 

SUCCINAMILIC  ACID.    [Suocitrio  Group.] 

SUCCINALIDE.    [Suoomo  Group.] 

^UCCINANILE.    [Suoomio  Group.] 

SUCCINIC  ACID.    [Suoonao  Group.] 

SUCCINIC  ETHER.    [Kthtl.] 

SUCCINIC  GROUP.  The  generio  name  of  sucdnio  add  and  its 
derivatives. 

Succinic  acid  (2  HO,  C,H^O,)  exists  naturally  in  Akbxr  (lueciimm), 
from  which  resin  it  was  first  obtained  ss  one  of  the  products  of  de- 
structive distillation.  In  combination  with  potash  it  also  occurs  in 
the  milky  juice  of  the  leaves  and  stems  <^  wormwood  {Artentim 
abrintkium).  It  may  be  artificially  prepared  from  stearic  acid  or  oQier 
fatty  matter  by  oxidation  with  nitiio  acid :  in  this  reaction,  pimelio 
and  adipic  acids  are  slso  formed,  as  well  as  a  body  that  was  at  first 
thought  to  be  a  distinct  acid  {lipie  aeid),  but  which  has  since  been 
shown  to  be  identical  with  succinic  acid.  The  most  advantageous 
metiiod  of  forming  succinic  add  is  that  known  as  Dessaigne's,  and  con- 
sists in  fermenting  crude  malate  of  lime  with  eight  or  nine  per  oent.  of 
decayed  cheese  and  three  times  its  weight  of  water.  The  mixture 
must  be  kept  at  a  temperature  of  100"  Fahr.  for  about  a  week,  when 
the  malate  will  be  found  to  be  changed  to  a  crystalline  sMiment  of 
succinate  and  carbonate  of  lime,  acetate  of  lime  remaining  in  solution. 
The  predpitate  decomposed  by  boiling  dilute  sulphuric  acid,  and  the 
solution  evaporated  and  treated  with  tniTnitl  charcoal  furnishes  the  add 
in  rhombio  prisma  or  tables. 
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Succinic  acid  is  inodorous  and  colourless,  has  an  acid  taste,  and  is 
very  stable.  It  is  very  soluble  in  hot  water,  moderately  ao  in  cold 
-water  or  alcohol,  and  only  slightly  soluble  in  ether,  When  heated  it 
fuses  at  a  temperature  somewhere  about  450°  Fahr. ;  and  abore  that 
point  aublimea  and  condenses  in  a  beautifully  white  dystalline  mass 
of  sueetnte  tahydride  (C.H^O,) ;  complete  dehydration  can,  however, 
only  be  effected  when  the  succinic  add  has  been  previously  mixed 
with  phosphoric  anhydride.  Sucdnio  acid  is  not  acted  on  hj  nitric 
•eid,  chromic  acid,  dilorine,  or  even  a  mixture  of  hydrochloric  acid 
and  dilorate  of  potash.  Heated  with  caustic  potash  it  yields  oxalate 
of  the  base  and  a  carburetted  hydrogen ;  and  furnishes  acetic  acid  by 
distillation  with  peroxide  of  manganese  and  acetic  acid. 

BwxauUtt  are,  for  the  most  part,  either  neutral  salts  (2  MO,  C,H,0,) 
or  add  salts  (IIO,  HO,  C,H,0,).  They  are  tolerably  stable,  and  are 
characterised  by  giving  a  red-brown  predpitate  with  persalts  of  iron. 

NeiUral  tuccinate  of  pota$k  contains  (2  KO,  C,H,Og  +  i  Aq.) ;  acid 
mecinate  <^  poUuh  (K0,H0,C,H.0,  +  4Aq.)  The  latter  is  the  salt 
oontained  in  wormwood ;  it  crystallises  in  regular  six-sided  prisms,  and 
is  prepared  by  saturating  a  given  quantity  of  succinic  acid  with  car- 
bonate of  potash,  and  Oiea  adding  a  second  quantity  of  the  add. 
Snceinate  of  ammonia  (2  NH^U,  C,Hj0,y  is  sometimes  employed  to 
•eparate  iron  from  nickel,  cobalt,  and  manganese ;  the  solutions  must 
be  perfectly  neutraL  Succinate  of  todq  has  been  electrolysed  by  Kolbe; 
carbonic  acid  and  oxide  of  methyl  ore  evolved  at  the  podtiva  pole. 
Double  $uceinate  of  magnt$ia  and  potaA  contains  (KO,  MgO,  C,H^O,+ 
6Aq.). 

Succinate  of  ethyl  (succinic  ether)  (2  C^H^,  OgH^O,)  is  a  liquid  of 
Bpecifio  gntvif^,  1-086 ;  boiling  pdnl^  417*3*  Fahr. ;  it  is  obtained  on 
duUlHng  succinic  acid  with  alcohol  and  sulphuric  acid ;  chlorine  con- 
'  Terta  it  into  white  adcular  crystals  of  pen/Uoroiuecinate  <ff  perddortthyl 
(chloroeuoeinio  ether)  (20,01,0,0,01.0,).  The  last-named  body,  by 
distillation,  yields  ddoromccide  (0,01.0,);  and  by  action  of  alkalies 
gives  a  salt  containing  chloroiuecie  add  (O.UCLO.  ?). 

Sulphotuceinie  add  (SHO,C,H,0„  2SO,-l-2Aq.)  is  produced  when 
anhydrous  sulphuric  acid  and  lucdnio  acid  are  brought  into  contact. 
When  pure  it  occurs  in  granular  crystals,  very  soluble  in  water,  alcohol, 
or  ether;  it  is  deliquescent,  and  requires  three  equivalents  of  base  to 
■aturate  it, 

Saednic  oxy  Monde,  or  ehUridt  of  nuxinyi  (C,H,0,CI,),  is  a  colourless 
highly  refracting  oil,  obtained  on  distilUng  equivalent  quantities  of 
•ucdnic  anhydride  and  oxychloride  of  phosphorus.  It  fumes  strongly, 
lias  a  suffocating  odour,  boils- at  about  874°  Fahr.,  and  has  a  spedfio 
gtavity  of  1-89. 

Suedt^  (0,H,0,)"  may  Ve  (warned  to  exist  not  only  in  the  above 
compound,  but  also  in  all  the  other  members  of  this  group.  If  it 
exists  it  is  diatomic,  and  plays  the  part  of  two  equivalents  of  hydrogen. 

Baeeioic  amidet  are  three  in  number.     1,  Suednatiude  (0,H,N,0, 

This  substance  ia  slowly  formed,  in  colourless 


r,c,H,o,"\ 


otystolline  grains,  on  exposing  »  mixture  of  su<3cinate  of  ethyl  with 
twice  its  vdume  of  strong  solution  of  ammonia.  It  is  insoluble  in 
alcohol  or  ether,  and  almost  insoluble  in  cold  water;  boiling  water 
readily  dissolves  it,  and  the  solution  does  not  predpitate  metallic  salts. 

BuecinaniUde,  or  dipkeayltvedndiamide 


/  (  C,H.O.'\ 

fc„H.,N,0.=K,|(OgH.).J 


b  the  insoluble  product  of  tiio  action  of  succinic  acid  upon  aniline. 
3,  Suednamie  acid  (0,H,NOJ  seems  to  have  been  obtained  as  a  silver 
■kit,  but  has  not  yet  been  isolated.    Suednanilic  add,  or  phtnyUucdna- 

Mic  acid,  contains  (C„H„NO,=N  I  q'^^*'  ,  HO^ ,   8.  Sucdnimidt, 

or  bitHCcimtiude  (0,H,N().  +  2  Aq.),  is  a  product  of  the  transformation 
of  succinamide  by  heat.  It  crystallises  in  beautiful  rhombic  tables,  is 
veiT  soluble  in  water,  lees  so  in  alcohol,  and  slightly  so  in  ether.  It 
melts  at  410*  Fahr.  It  ia  isomeric  with  succinamic  add,  but  does  not 
combine  with  potash,  (^lomuednimide,  or  ehlorozomcdc  acid  (C,H01. 
NO,),  results  from  the  action  of  ammonia  on  chlorosuccinio  ether.  It 
may  be  easily  separated  from  other  bodies  that  are  simultaneously 
formed,  and  then  occurs  in  prisms ;  it  is  volatile,  soluble  in  alcohol  or 
ether,  and  decomposes  carbonates  with  effervescence.  Sucdnanik  or 
phenylweeinimide  (0,H,(0,3H,)NO^),  is  that  part  of  the  product  of  the 
action  of  succinic  acid  upon  aniline  that  is  soluble  m  hot  water. 
Purified  by  reciTstallisation  from  alcohol,  it  forms  beautiful  colourless 
needles,  iinolabfe  in  cold  water,  and  volatile  without  decomposition, 

SUOCINIMIDE.    [Succimo  Group.] 

SUOOINUM  is  a  bituminous  substance  of  a  peculiar  kind,  tiie 
natural  history  of  which  has  been  already  detailed.  [Auber,  in  Nat. 
Hist.  Diy.]  It  is  not  now  used  in  the  crude  state  in  medicine,  but  ia 
employed  to  yield  the  oleum  sucdni,  or  oil  of  amber.  This  is  pro- 
cured by  the  destructive  distillation  of  amber,  which  is  put  into  a 
glass,  coTOer,  or  iron  retort,  fitted  with  a  glass  alembic  properiy  luted. 
A  gentle  heat  is  applied  by  means  of  a  sand-bath,  by  which  the  amber 
is  melted,  and  a  Uttle  volatile  oil  passes  over ;  after  this  the  amber 
swells  greatly,  and  the  distillalion  proceeds  rapidly.  By  tlus  process 
three  very  distinct  products  are  obtained,  namely,  impure  sucdnic  acid, 
which  adheres  to  the  neck  of  the  retort ;  an  add  liquid  (called  spiritus 
volatilis  sucdni),  in  which  sucdnio  and  acetic  adds  exist  mingled  wi^ 


empyreumatio  oil ;  and,  lastly,  the  volatile  oil  of  amber,  which  is  to  be 
separated  from  the  acid  liquid  by  careful  pouring  off.  What  remains 
in  the  retort  ia  colophony  of  amber,  which  is  used  to  make  varnish. 
The  volatile  oil  thus  obtafated  is  impure,  containing  various  pyrogenous 
ingredients,  and  requires  repeated  distillations  to  purify  it.  If  in  the 
third  or  fourth  of  these  the  process  be  interrupted  when  about  two- 
thirds  onlv  of  the  oil  has  passed  into  the  reodver,  there  is  obtained  a 
volatile  oil  of  a  light  yellow  colour,  a  peculiar  bituminous  odour,  and  of 
the  specific  grivity  0*880.  If  the  distillation  be  continued  too  long,  an 
empyreumatio  oil  is  evolved,  which  gives  to  the  other  a  coffee-brown 
hue ;  and  this  is  the  general  appearance  of  rectided  oil  of  amber.  By 
some  writers  freshly  prepared  charcoal  is  directed  to  be  put  into  the 
retort  when  the  impure  oil  is  to  be  distilled,  but  that  is  very  improper, 
OS  by  its  means  the  pyrogenous  principles,  which  it  is  the  object  of  the 
rectification  to  separate,  are  very  abundantly  generated.  The  purest 
oil  has  asharp  burning  taste,  an  add  re-action,  and  on  exposure  to  the 
air  becomes  brown  and  inspissated.  Various  resinous  matters  sub- 
stituted for  amber  may  all  be  detected  by  the  absence  of  sucdnio 
add. 

Volatile  oil  of  amber  probably  contains  a  large  portion  of  creasoto, 
as  may  be  inferred  from  the  analogous  action  of  nitric  acid  on  it  and 
on  creasote.  One  part  of  rectified  oil  of  amber,  and  three  parts  of 
moderately  strong  nitric  acid,  form  a  magma,  which  has  the  odour  of 
musk,  and  is  c^ed  artificial  mutik.  Rectified  oil  of  amber  is  sti- 
mulating, anti-spasmodic,  and  rubefadent.  It  is  now  little  given 
internally,  excej^  in  combination  with  aipmonia,  in  the  celebrated  eau- 
de-lace,  for  which  the  tinctura  ammonice  compotila  of  the  Pharma- 
copoeia was  a  substitute,  but  now  omitted.  This  is  to  be  applied  to  th6 
jicntrils  in  fainting,  hysteria,  and  epilepsy,  or  a  very  few  drops  diluted 
with  water  may  be  taken  internally.  Oil  of  amber  ia  beneficially 
rubbed  along  the  spine  in  the  later  stages  of  hooping-cough.  One 
ounce  of  rectified  oil  of  amber,  with  half  an  ounce  of  tinctura  of 
opium,  forms  a  good  embrocation  in  tic-doloureux ;  its  disagreeable 
odour  is  on  obstacle  to  its  employment  when  the  face  is  the  seat  of 
the  disease ;  but  it  proves  a  most  valuable  application  when  the  limbs 
begin  to  lose  their  tone  and  swell  in  advanced  life.  It  ia  extremely 
efficacious  against  the  cramps  of  the  limbs  in  Asiatic  cholera,  but  which 
may  be  prevented  by  pressing  the  foot  against  a  board  or  other  firm 
body  at  the  foot  of  the  bed,  when  the  patient  feels  cramp  coming  on. 

8UCCINTL.    fSuooiKio  Oboop.] 

8UCCISTERENE.  A  white  crystalline  matter  formed  during  the 
distillation  of  amber. 

SUCROSE.    [SnoAB.] 

8UD0RI0  ACID  (C„H,NO„),  HydrotU  Add,  In  addition  to 
lactic  add,  there  is  contained  in  human  perspiration  the  soda  salt  of 
another  acid  to  which  the  above  names  have  been  given.  Sudoric  add 
and  ite  solte  are  tmcrystallisable.  The  sudorate  of  silver  has  the 
formula  0,oH,AgNOi,.  This  salt  ia  insoluble  in  alcohol;  with  this 
exception  M.  the  salto  of  sudoric  acid  are  soluble  in  alcohol. 

SUET  is  a  variety  of  the  fetty  or  adipose  tissue  of  animals,  aocu- 
mulated  in  considerable  quantity  about  the  kidneys  and  the  omentum, 
or  caul,  of  several  of  the  domestic  quadrupeds.  There  are  several 
kinds  of  it,  according  to  the  spedes  of  animal  &om  which  it  is  procured, 
such  sja  that  of  the  hart,  the  goat,  the  ox,  and  the  sheep  (ovis  aries). 
This  last,  which  is  whiter  than  beef-suet  is  officinal.  It  lielongs  to  the 
class  of  saponifiable  fats.  In  the  recent  state  it  is  white,  easily  broken, 
being  solid  at  the  ordinary  temperature  of  the  air,  subdiaphanous, 
scarcely  possessed  of  odour,  or  only  of  a  slight  peculiar  one,  due  to  the 
hircine,  which  in  the  process  of  saponification  evolves  a  volatile  strong- 
smelling  add  (hircinic  acid  of  Chevreul),  but  possessing  a  very 
disagreeable  one  when  putrifying.  It  readily  spoils  on  exposure  to  the 
air,  becoming  rancid  and  yeUow,  but  may  be  restored  again  to  white- 
ness by  chloride  ef  lime  or  chloride  of  magnesia.  For  this  purpose,  for 
each  hundred  parts  of  suet  from  two  to  four  parts  of  chloride  of  lime 
are  to  be  dissolved  in  from  four  to  eight  times  its  weight  of  water,  and 
to  be  mixed  warm,  and  as  much  dilute  sulphuric  acid  is  to  be  added  as 
is  necessary  to  decompose  the  chloride. 

Suet  consists  of  about  three-fourths  of  stearine,  with  some  elaine, 
and  a  little  hirein  and  margarin;  the  preponderance  of  stearin 
renders  it  the  most  solid  of  animal  fate,  a  Gii-cumstance  which  con- 
tributes to  render  it  more  indigestible  than  other  fats.  It  liquefies 
with  a  gentle  heat,  and  the  prepared  suet  of  the  Pharmacopoeia  is 
obtained  by  melting  it  over  a  slow  fire,  and  st^ainin^  it,  to  separate  the 
membranous  portion.  It  is  used  as  an  ingredient  in  cerates,  plasters, 
and  ointments. 

After  being  melted,  it  ia  little  prone  to  spoiling,  and  by  pouring  it 
over  various  articles,  such  as  potted  char,  minced  cullops,  and  mush- 
rooms, from  which  it  tborougtdy  excludes  the  air,  it  aamsts  greatly  in 
preserving  them. 

It  has  been  employed  also  by  H.  Ludensdorff  for  preserving  the 
ftethy  fungi,  or  mushrooms,  for  botanical  museums,  by  boiling  them  in 
it  (wmch  thus  filled  their  pores  and  cells,  and  penetrated  the  very 
substance),  and  then  covering  them  with  a  coat  of  varnish.  It  does 
not  however  always  succeed  in  preserving  the  colour  and  form.  (See 
Klotsch,  in  Hooker's '  Botanical  Uiscellany,'  ii,  p.  159.) 

SUFFERANCE,    [Tenant.] 

SUFFICIENT  REASON,  (Mathematics  and  Physics.)  The  wtn- 
dple  whidi  is  connected  with  uieee  words  might  be,  and  frequently  ia. 
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called  the  uant  of  auGBcient  reason. ;  and  even  this  term  may  appear 
inaccurate,  for  it  should  be  the  want  of  any  poitibU  amount  of  reason. 
Since,  however,  all  tiiat  tftkea  place  must  have  a  sufficient  reason' 
(whether  we  know  it  or  not)  for  its  happening,  and  everything  which 
is  asserted  must  be  capable,  if  true,  of  being  shown  to  have  a  sufficient 
reason,  tiiere  is  no  objection  to  our  using  the  words  "  want  of  sufficient 
reason  "  in  the  sense  of  absolute  want  of  reason,  in  all  matters  connected 
vrith  the  exact  sciences.  If  a  be  equal  to  b,  there  must  not  only  be 
reason,  but  reason  enough  for  it :  anything  short  of  reason  enough  is  no 
reason  at  all,  and  anything  short  of  proof  enough  is  no  proof  at  all. 

The  use  of  the  word  reason  in  the  statement  of  this  principle  may 
itself  be  fairly  objected  to.  We  are  in  the  habit  of  speaking  of  mathe- 
matical consequences  in  the  same  manner  as  of  those  to  which  the 
notion  of  cause  and  effect  applies.  When  one  proposition  is  made  to 
subserve  the  proof  of  another,  we  call  the  first,  one  of  the  reasons  of 
the  second,  just  as  we  should  say  that  the  reason  of  a  flood  was  the 
preceding  heavy  rain.  But  this  mode  of  speaking  must  be  objection- 
able if  the  word  reason  be  used  in  the  same  sense  in  both  places.  For, 
first,  we  are  at  liberty  to  deny  the  effect  on  denying  that  cause ;  if  the 
rain  had  not  fallen,  the  flood  would  not  have  taken  place.  But  when 
we  say  that  one  mathematical  proposition  is  the  reason  of  another,  in 
which  position  do  we  stand  if  we  make  an  hypothetical  denial  of  the 
first  f  Simply  in  that  of  persons  who  assert  a  contradiction  of  terms, 
and  try  tu  make  rational  consequences.  Thus,  the  equality  of  the 
angles  at  the  base  of  an  isosceles  triangle  \a  one  of  the  reasons  (so 
called)  why  the  tangent  of  a  circle  is  at  right  angles  to  the  radius ; 
rationally,  the  first  is  one  of  the  simpler  propositions,  the  necessity  of 
which,  when  seen,  helps  us  to  See  the  necessity  of  the  second  and  more 
complicated,  one.  But  the  necessity  of  the  finit  is  not  previous  to  that 
of  the  second,  except,  in  the  order  of  our  perceptions,  when  we  follow 
Euclid.  Suppose  we  were  to  ask,  if  the  angles  at  the  base  of  the 
isosceles  triangle  had  not  been  equal,  what  effect  would  that  circum- 
stance have  had  upon  the  position  of  the  tangent  of  a  circle  ?  We 
might  as  well  inquire  what  would  our  geometiy  have  been  if  two 
straight  lines  had  been  capable  of  inclosing  a  space  ?  We  remember  a 
book  of  arithmetic  in  which  it  was  gravely  asked,  by  way  of  exercise 
for  the  student,  "  If  6  had  been  the  third  part  of  12,  what  would  the 
quarter  of  18  have  been  ? "  a  question  which  can  only  be  paralleled  by 
"  If  a  thing  were  both  to  exist  and  not  to  exist  at  one  and  the  same 
moment,  how  many  other  non-existences  would  therefore  become 
existences  t" 

Secondly,  the  term  reason,  in  the  sense  of  previous  cause,  is  wrong 
as  applied  to  mathematical  propositions,  because  when  any  one  is  tnade 
to  prove  the  second,  it  generally  happens  that  the  second,  when 
granted,  may  be  made  to  prove  the  first.  Thus  [Rioor  Aholx]  of  the 
two  propositions,  "  all  right  angles  are  equal,"  and  "  two  lines  which 
coincide  between  two  points,  coincide  beyond  them,"  one  must  be 
assumed,  and  the  other  will  then  follow :  but  either  may  be  the  one 
assumed ;  the  other  will  follow.  Now  it  is  absurd  to  say  that  of  two 
things  each  is  the  previous  cause  of  the  other.  The  whole  of  this  con- 
fuuon  may  be  remedied  by  any  one  who  will  remember  that  one  pro- 
position is  not  the  cause  of  another,  but  it  is  our  perception  of  the  one 
which  is  made  the  instrument  of  bringing  about  our  perception  of  the 
other.  The  constitution  of  our  faculties  is  the  previous  cause  of  the 
necessi^  of  mathematical  propositions,  but  not  of  one  before  another, 
though  m  arriving  at  the  perception  of  this  necessity  our  cognisance  of 
the  neceasi^  of  one  is  made  the  previous  cause  of  that  of  the  necessity 
of  another.  To  say  that  B  is  the  consequence  of  ▲,  is  only  to  say  that 
our  knowledge  of  the  truth  of  B  is  the  consequence  of  our  knowledge 
of  that  of  A. 

Taking  care  to  use  the  word  reason  in  the  sense  just  alluded  to,  we 
assume  that  whatever  is  necessary  has  a  possibility  of  being  shown  to 
be  necessary,  and  that  whatever  is  true  has  a  possibility  of  being  shown 
to  be  true.  If  this  be  i  legitimate  assumption,  it  then  follows  that 
whatever  it  is  impossible  to  show  to  be  true,  must  be  fabe.  But  can 
there  be  such  a  thing  as  a  proposition  of  which  there  shall  be  seen,  not 
its  falsehood,  but  the  impossibility  of  demonstrating  its  truth  ?  Can 
there  arise  a  case  in  which  we  shall  be  so  completely  cognisant  of  all 
that  may  possibly  be  said  for  or  against  an  assertion,  as  to  affirm  a 
necessary  incapability  of  demonstiation  -uf  one  sido  or  the  other  ? 
Such  cases  are  universally  admitted  by  mathematicians  to  exist ;  and 
the  final  assertion  which  is  made  on  the  known  impossibility  of  proving 
a  contradiction,  is  said  to  be  made  on  the  principle  of  the  want  of 
lufficienl  reason.  But  this  very  dangerous  weapon  is  never  put  into 
the  hands  of  a  beginner,  in  mathematics  at  least.  And  when  we  call 
it  a  dangerous  weapon,  we  do  not  deny  its  utiUty,  but  we  only  state 
what  is  well  known  to  every  mathematical  teacher,  that  a  student  who 
is  allowed  to  proceed  one  step  by  this  principle  will  soon  ask  per- 
mission to  make  it  the  universal  solvent  of  difficulties,  and  will  be 
quite  ready  to  urge  that  a  proposition  cannot  be  thown  to  be  false,  in 
preference  to  seeking  for  or  following  the -demonstration  that  it  a  true. 
A  beginner  can  easily  admit  a  sound  use  of  this  principle,  but  can 
hardly  distinguish  it  from  the  thousand  inaccurate  applications  which 
his  ignorance  will  make,  if  it  be  left  in  his  own  hands. 
_  But  we  can  imagine  we  hear  it  said  that  this  principle,  though  some- 
times employed  in  pure  physics,  is  never  introduced  into  mathematical 
reasonmg  except  afttr  direct  danonstration,  in  order  to  confirm  the 
mind  of  the  learner  by  making  him  see  how  difficult  it  would  have 


been  to  imagine  the  possibility  of  any  contradiction  being  successfully 
maintained  against  the  proposition  juil  proved.  We  believe,  indeed, 
that' this  principle  is  seldom  employed,  and  always  without  necessity, 
BO  that  we  could  wish  its  use  were  entirely  abandoned.  But  we  can 
show  that  a  tacit  appeal  to  it  is  sometimes  made ;  and  this  is  the  worst 
possible  mode  of  employing  it.  If  the  principle  be  dangerous,  and 
liable  to  be  unsoundly  used,  it  should  be  most  carefully  stated  when 
it  is  used.  Whenever  we  see  a  proposition  assumed,  not  as  an  express 
postulate,  but  in  a  definition  for  instance,  or  as  a  self-evident  truth,  we 
may  trace  the  operation  of  this  principle  on  our  minds.  For  instance, 
take  the  proposition  which  is,  if  there  be  such  a  thing  in  any  one  pro- 
position, a  digest  of  all  the  methods  of  mathematics,  namely,  that  if  the 
same  operations  be  performed  on  equal  magnitudes,  the  resulting  mag- 
nitudes are  equal  Try  to  imagine  this  not  true,  and  want  of  sufficient 
reason  interferes  to  prevent  sucoess.  What  can  maie  a  difference  t  In 
this  question  the  principle  claims  to  be  applied. 

Now,  first,  in  examining  the  definitions  of  Euclid,  we  find  an  asser- 
tion of  theorems  which  we  can  hardly  suppose  that  Euclid  overlooked, 
though  it  is  very  possible  that  the  impossibility  of  imagining  other- 
wise may  have  been  his  guide.  For  instance,  the  assertion  of  the 
equality  of  the  two  parts  into  which  a  diameter  divides  a  cii-cle,  follow, 
ing  immediately  upon  the  definition  of  a  circle ;  and  the  definition  of 
equal  solids  as  those  which  are  contained  by  the  same  number  of 
plUine  figures  equal  each  to  each.  These  and  such  little  matters  have 
been,  or  may  be,  corrected ;  but  we  will  now  point  out  a  use  of  the 
principle  which  exists  in  our  elementary  works  of  the  present  day  in  an 
unacknowledged  form. 

In  proving  the  celebrated  proposition  of  Albert  Oirard  relative  to 
the  dependence  of  the  area  of  a  spherical  triangle  upon  the  sum  of  its 
angles,  it  is  assumed  that  two  spherical  triangles  which  have  their  sides 
and  angles  equal,  each  to  each,  are  equal  in  area.  Now  it  is  easily 
shown  [Stumetbt]  that  there  may  be  two  such  triangles  of  which  it 
is  impossible  to  m^e  one  coincide  with  the  other,  nor  is  any  process 
ever  given  for  dividing  each  into  parts,  so  that  the  parts  of  one  may  be 
capable  of  coinciding  with  those  of  the  other.  Let  the  angular  pointa 
of  one  be  placed  upon  the  angular  points  of  the  other  (which  is  always 
possible),  and  the  triangles  will  not  coincide;  in  common  language, 
they  will  bulge  in  different  directions.  When  the  triangles  are  so 
placed,  and  the  common  chords  drawn,  there  is  no  difficulty  in  seeing 
that  if  ever  a  want  of  sufficient  reason  can  be  granted  upon  perception, 
it  is  fur  there  being  any  inequality  of  the  areas  of  the  two  triangles. 
And  the  equality  of  these  areas  is  accordingly  assumed :  for  instance, 
in  the  proposition  above  alluded  to,  a  pair  of  unsymmetrically  equal 
triangles  always  occurs,  except  when  t^e  given  triangle  is  isosceles. 
And  thus  the  appeal  to  this  principle  may  be  avoided ;  for  it  is  easy  to 
make  the  given  tnangles  into  the  sum  or  difference  of  isosceles  triangles, 
in  which  each  of  one  set  is  capable  of  being  actually  applied  to  one  of 
the  other. 

Leaving  the  subject  of  pure  mathematics,  let  us  now  consider  the 
application  of  this  principle  in  physics.  We  have  observed  [Statics] 
that  the  line  of  separation  between  pure  mathematics  and  t^e  more 
exact  parts  of  mathematical  physics  is  very  slight  indeed  :  this  means 
as  to  the  clearness  and  fewness  of  the  first  principles,  and  the  rigour  of 
the  demonstrations.  If  we  cut  the  link  which  ties  the  sciences  of 
statics  and  dynamics  to  the  properties  of  the  matter  which  actually 
exists  around  us,  we  may  go  farther,  and  say  that  we  have  not  only 
pure  sciences,  but  pure  sciences  in  which  the  principle  of  the  want  of 
sufficient  reason  is  strictly  applicable,  because  it  is  our  ovm  selves  who 
have,  by  express  -hypothesis,  excluded  sufficient  reason.  In  propo- 
flttions  of  pure  mathematics,  we  have  seen  that  we  cannot  invent  or 
deny  for  any  hypothetical  purpose ;  M  and  miat  be,  it  not  and  cannot 
be,  ore  synonymes,  in  all  the  truths  which  these  sciences  teach.  But 
the  properties  of  matter  which  are  not  also  those  of  space,  are  not,  in 
our  conceptions,  necessary  :  we  can  imagine  them  other  than  they  tie, 
without  any  contradiction  of  ideas. 

We  shall  now  proceed  to  consider  the  point  mentioned  in  Statics, 
namely,  the  character  of  the  axioms  of  that  science.  Are  they  "  self- 
evidently  true,' '  and  "  not  to  be  learnt  from  without,  but  fi-om  within  t  * 
We  will  not  here  inquire  whether  the  first  must  be  the  second,  not 
being  sufficientiy  clear  as  to  what  is  meant  by  knowledge  "  from 
without "  and  knowledge  "  from  within,"  to  enter  upon  any  such  inves- 
tigation. It  will  do  for  our  purpose  to  take  knowledge  "  from  within  " 
to  be  a  phrase  descriptive  of  such  truths  as  that  two  straight  lines  can- 
not inclose  a  space,  and  knowledge  "  from  without "  another  phrase 
indicating  such  truths  as  are  found,  say  in  the  facts  of  political  history 
or  geography.  Let  us  separate  from  the  rest  one  axiom  of  statics,  say 
"  equal  weights  at  the  ends  of  equal  arms  of  a  horizontal  straight  lever 
balance  one  another."  First,  "  equal  weights  "  is  a  synonymo  for  equal 
and  parallel  pressures.  We  have  no  objection  to  placing  the  idea  of 
pressure  on  the  same  footing  as  that  of  a  straight  line,  for  be  the  name 
we  give  the  former  conception  what  it  may,  it  is  probable  that  thoso 
powers  of  communication  with  the  external  world  which  are  certainly 
necessary  to  the  development,  at  least,  of  pressure,  are  not  less 
necessary  to  that  of  straightness.  Nor  are  equal  pressures  difficult  of 
definition;  let  them  be  those  which 'ore  interchangeable,  so  that 
either  may  be  put  in  the  place  of  the  other.  The  rest  of  the  terms  of 
the  axiom  are  geometrical,  and  to  balance  each  other  is  to  produce  no 
motion, — motion,  independiently  of  producing  causes,  being,  we  think, 
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as  much  an  idea  of  geometry  bs  any  other.  Let  A  and  b  be  the  tw° 
ends  of  a  lever  (a  rigid  beir  without  weight),  and  o  its  middle  point, 
irhich  is  the  piyot ;  that  is  to  say,  the  middle  point  cannot  move,  the 
only  possible  motion  of  the  lever  being  revolution,  in  the  plane  of  the 
pressures,  about  that  middle  point.  On  these  hypotheses,  tve  may 
certainly  say  that  the  axiom  is  self-evident,  for  want  of  sufficient 
leason,  that  is,  of  a  possibility  of  sufficient  reason  for  anything  in  con- 
tradiction of  it.  We  have,  before  the  pressures  are  applied,  no  cause 
of  motion,  by  hyyithesis  :  tre  are  to  conceive  a  lever,  irhich,  if  it  move 
at  all,  does  so  by  reason  of  the  pressures.  We  have  made  these 
pressures  equal,  and  applied  them  symmetrically  :  there  is  then,  and 
can  be,  no  reason  why  one  should  predominate,  which  does  not  hold  as 
much  of  the  other.  In  th»  very  notion  of  equality  of  pressures  there 
is  interchangeability ;  that  is,  each  may  be  substituted  for  the  other 
without  alt^tion  of  effect.  Suppose  then  the  left-hand  pressure  to 
predominate :  it  will  do  so  if  the  pressures  be  interchanged.  But 
after  the  interchange  the  same  reasons  which  made  the  left  hand  pre- 
dominate, will  make  the  right  hand  predominate :  or  both  ends  will 
move  in  Uie  direction  of  the  pressures,  which  is  impossible. 

We  believe  the  preceding  to  be  as  legitimate  a  use  as  can  be  made 
of  the  sufficient-reason  principle ;  but  before  statics  can  be  established 
on  axioms,  there  is  another  of  them  required,  which  we  have  never 
been  able  to  satisfy  ourselves  comes  "  from  within."  It  must  be 
assumed  that  the  pressure  on  the  pivot  is  eqiukl  to  the  sum  of  the 
pressures  on  the  ends,  whatever  the  lengUk  of  the  arms  may  be  :  this 
we  believe  vx  learn  from  existing  matter  in  quite  a  different  sense  from 
that  in  which  we  speak  when  we  say  that  we  learn  the  conception  of 
pressure  or  of  a  straight  line  from  our  communication  with  the  exter- 
nal world  by  our  senses  :  to  us  it  more  resembles  the  assertion  that 
the  sea  is  salt,  or  that  a  horse  has  four  legs.  It  certainly  does  not 
arise  from  tiie  sufficient-reason  principle ;  for  there  is  a  reason  why 
difference  of  pressures  on  the  pivots  may  arise  in  levers  which  only 
differ  in  the  arms,  namely,  that  very  difference  of  the  arms.  In  fact, 
there  is  a  presumption  against  the  truth  of  the  proposition  d  priori, 
derived  from  a  principle  the  frequent  and  usual  truth  of  which  may  as 
well  be  called  knowledge  "  from  within,"  as  the  conception  of  presstue 
or  of  a  stnulght  line :  this  principle  is,  "  differences  generally  make 
differences,  bat  not  necessarily."  The  beginner  in  geometry  has  this 
in  his  mind  when  he  feels  that  he  has  learnt  something  in  finding  out 
that  the  sum  of  the  angles  of  a  triangle  is  always  the  same,  whatever 
the  triangle  may  be :  he  would  have  expected  it  to  be  otherwise. 
Triangles  of  different  sides  have  generally  different  areas,  different  per- 
pendiculars, different  inscribed  and  circumscribed  circles,  and  different 
angles  :  why  not  different  sums  of  angles  I  In  truth  it  is  a  constant 
and  latent  assumption  throughout  the  exact  sciences  that  "  differences 
are  to  be  supposed  to  make  differences,  except  where  the  cpntrary  is 
proved."  Jjid  the  assumption  that  the  pressure  on  the  pivot  of  a 
tever  is  independent  of  the  arms,  is  either  in  defiance  of  this  general 
principle,  or  a  result  of  experience. 

Thinking,  then,  that  the  sciences  of  pure  mechanics  con  be  founded 
upon  few  and  incontrovertible  postulates,  in  such  a  manner  as  to  entitle 
them  to  the  name  of  pure  sciences,  or  some  ether  which  shall  mark  the 
real  distinction  between  them  and  the  other  sciences  of  matter,  we 
cannot  yet  be  of  opinion  that  their  postulates  are  all  derived  from  Uieir 
own  evidence,  or  obtainable  from  the  suffioient-reaaon  principle.  There 
are,  however,  many  points  connected  with  this  part  of  them  which  are 
difficult  of  exposition  for  want  of  acknowledged  terms. 

SUFFIX,  a  term  lately  employed  in  matiiematical  language  to  de- 
note the  indices  which  are  written  imder  letters,  as  in  ag  a,  a,  a,,  &c. 
Though  these  signs  have  been  so  long  used,  we  never  saw  a  distinctive 
name  given  to  them  before  the  publication  of  Professor  Hall's 
'Differential  Calculus.' 

SUFFRAGAN.    [Bishop.] 

SUQAR.  Referring  to  SuatM  in  the  Natubal  HlSTOBT  'DmBlQn 
of  this  CydopiEdia  for  an  account  of  its  distribution  in  the  organie 
kingdom,  and  to  a  separate  article  [Suoab  Culture  ass  MANurAO- 
tube]  for  information  concerning  the  extraction  from  the  sugar-cane, 
and  purification  of  conunon  or  cane-sugar,  we  shall  at  present  only  con- 
sider sugar  from  a  chemical  point  of  view. 

Sugar— in  Peraian,  ihuJckur,  and  originally  $arhara  (Sanscrit) — may  be 
defined  as  a  body  having  a  sweet  taste,  and  which,  under  the  inBuence, 
direct  or  indirect,  of  ferments,  splits  up  into  alcohol  and  carbonic  acid. 
As  few  plants  ore  wholly  destitute  of  sugar,  and  as  many  contain  it  in 
considerable  proportions,  it  is  not  surprising  that  many  so-called 
varieties  of  sugar  should  have  been  described  from  time  to  time.  Thus 
we  read  of  sugar  of  starch,  sugar  of  raisins,  sugar  of  milk,  sugar  of 

Selatine,  cane-sugar,  grape-sugar,  manna-sugar,  Ik.  Ius.  Many  of  these, 
owever,  have  been  shown  to  be  identical,  and  at  present  nearly  all 
may  be  included  under  four  varieties,  namely  :  Sitcrote,  or  cane-sugar, 
including  sugar  from  the  beet-root,  turnip,  carrot,  maple,  birch,  palm, 
Indian  com,  and  many  fruits  of  tropical  plants ;  Olncote,  induding  grape- 
sugar,  starch-sugar,  and  the  sugar  generally  found  in  dried  fruits; 
fructoK,  the  state  in  which  sugar  exists  in  reeenUy  plucked  fruits ;  and 
Lactate,  the  sweet  principle  found  in  the  milk  of  animals. 

Berthelot  divides  the  whole  class  of  sugars,  properly  so  called,  into 
two  fundamental  groups,  of  which  sucrose  and  glucose  are  the  respec- 
tive types.  The  glucose  group  is  characterised  by  fermenting  directiy 
in  contact  with  yeast ;  by  being  destroyed  by  strong  alkalies,  even  in 
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the  cold,  and  readily  at  212°  Fahr. ;  by  the  reducing  action  on  potas- 
sio-tartrate  of  copper ;  and  by  the  eiraumstonce  that  when  dried  in  a 
water-bath  the  members  of  this  group  are  isomeric,  having  the  formula 
pi»Hi,Oi,.  The  members  of  the  glucose  group  differ  from  each  other 
in  their  crystalline  form ;  in  their  rotaton-  power  on  polarised  light 
[Saoohariubtbt]  ;  in  the  modifications  they  undergo  when  exposed 
to  the  influence  of  heat  or  acids ;  in  the  nature  of  their  combination* 
with  water,  bases,  and  chloride  of  sodium;  and  in  the  maimer  of 
their  conversion  into  mudo  acid,  to.  Under  the  sucrose  gronp^ 
Berthelot  indudes  all  sweet  prindples  analogous  to  cane-sugar ;  they 
'with  difficulty  ferment  under  the  influence  of  yeast;  ore  scarcdy 
changed  by  alkalies,  or  by  potassio-tartrate  of  copper,  even  at  a  tem- 
perature of  212°  Fahr. ;  are,  by  the  action  of  acids,  readily  converted 
into  new  sugars  belonging  to  the  glucose  group ;  and  are  isomeric  only 
when  heated  to  266°  Fahr.,  having  then  the  composition  C„H„0„. 
The  members  of  the  sucrose  group  are  distinguished  from  esch  other 
by  their  crystalline  iorm ;  rotiitory  power ;  unequal  resistance  to  heat, 
acids,  and  ferments;  in  their  behaviour  to  bodies  with  which  they 
combine;  and  in  the  formation  of  mudc  acid,  fto.  Sugar  of  mi& 
(lactose),  however,  stands  in  a  position  intermediate  between  the  above 
groups;  resembling  the  glucose  series  in  the  action  of  alkalies  and 
copper«alts  upon  it,  it  is  nevertheless  analogous  to  sucrose  in  resisting 
the  action  of  <heat  and  ferments,  and  capability  of  being  converted  into 
a  fermentible  sugar. 

The  four  chief  varieties  of  sugar  differ  slighUy  from  each  other  in 
composition,  and  very  widdy  in  appearance  and  sweetening  power. 
Sucrose  has  the  formula  C„Hi,0,„  or  possibly  double  thst  (C^"b„0^ ; 
its  appearance  and  taste  are  well  known.  Qluoose,  or  grape-sugar 
(^ii^iiOii-l-2Aq.)  has  considerably  less  than  half  the  sweetenmg 
power  of  cane-sugar,  and  is  generally  met  with  as  a  somewhat  soft 
and  granular,  rather  than  crystalline  mass.  Fructose  (dkuUmeoH) 
(CuH„0,|)  is  also  less  sweet  than  sucrose,  and  is,  moreover,  uncrystol- 
lisabla  And  finally,  lactose  (C„H„0„*)  occurs  in  hard,  gritty,  mam- 
millated  crystalline  masses,  aiid  is  comuderably  inferior  in  sweetness 
to  any  of  the  other  sugars. 

Cane  Sugar  (0,.H,,0,,) — is  colourless,  inodorous,  of  a  purdy  sweet 
taste,  moderately  bard,  and  brittie.  The  crystals,  when  rapidly  formed, 
as  in  common  refined  sugar,  are  small;  but  when  obt&ined,by  the 
dow  en^xnstion  of  a  strong'  solution,  they  are  of  considerable  siie 
(sugar  candy).  The  specific  gravity  of  sugar  is  about  1*6  :  it  under- 
goes no  chuige  by  exposure  to  the  air ;  and,  when  moderatdy  heated, 
loses  only  a  Uttie  hygrometric  moisture  :  it  is  soluble  in  one-third  of 
its  weight  of  cold  water,  snd  in  all  proportions  in  hot  water  :  a  solution 
saturated  at  230°  forms,  on  cooling,  a  mass  of  small  crystals.  It  is 
soluble  in  alcohol,  but  much  leas  so  than  in  water ;  absolute  alcohol 
takes  up  only  1-fiOth  of  its  weight,  even  when  boiling,  and  this  sepa- 
rates in  smsll  crystals  as  the  solution  cools :  spirit  of  wine,  of  spe^o 
gravity  0*880,  dissolves  nearly  one-fourth  of  its  weight.  Sugar  is 
phosphorescent  when  two  pieces  are  rubbed  together  in  the  dark. 
Heated  to  about  320°  Fahr.,  sugar  mdts  into  a  viscid  colourless  liquid, 
which,  oooled  suddenly,  becomes  a  transparent  mass  (borley-sugor) ;  by 
kaeping,  it  becomes  opaque.  At  400°  to  420°  sugar  is  converted  into 
Cabaxel,  or  burnt  su^or  (C^,H,0,),  two  equivalents  of  water  being  set 
free.  When  exposed  to  a  higher  temperature,  sugar  undergoes  decom- 
position, yielding  various  gaseous  products,  and  leaving  a  large  pro- 
portion of  charooal.  Acids  produce  very  different  effgcts  upon  sugar : 
thus  nitrio  acid  decomposes  and  is  decomposed  by  it,  the  prindpal 
products  being  nitrio  oxide,  carbonic,  oxdio,  and  aaocharic  acids : 
sulphuric  acid,  when  concentrated,  attacks  sugar  itself,  or  even  a  strong 
solution  of  it,  sulphurous  and  carbonic  acid  gases  being  formed  and 
evolved,  and  a  large  quantity  of  carbon  set  free ;  1-lOOth  of  a  grain 
of  sugar,  on  account  of  the  large  proportion  of  carbon  whidi  it 
contains,  is  capable  of  imparting  colour  to  an  ounce  of  sulphuric  add. 
When  sugar,  dissolved  in  dilute  sulphuric  add,  is  kept  for  a  long  time 
at  a  hig^  tempeiatura,  it  absorbs  oxygen  from  the  air,  formic  acid  is 
produced,  and  there  is  depodted  a  brown  insoluble  matter  termed 
ulmin.  Ulmin  is  sometimes  formed  when  rscentiy  expressed  cane 
^uice  is  heated,  a  small  portion  of  lime,  however,  neutralises  the  add 
m  the  juice,  and  prevenfas  its  formation.  Hydiodtloric  add  dissolves 
sugar,  and  forma  with  it  a  tiiiek  blade  reainoua  paste.  A  simple 
solution  of  sngar  in  water  undergoes  change  dowly  when  exposed  to 
the  air,  but  on  the  addition  of  yeast  it  undergoes  rapid  fermentation, 
and  is  converted,  first  into  gmpesi^jar,  and  then  into  aloohoL 

Sugar  in  many  cases  combines  with  the  alkalies,  earths,  and  metallic 
oxides,  and,  in  some  cases,  forms  definite  compounds  with  them 
called  taeduMralet,  or  Bocckeuida.  With  ammonia,  according  to  Ber- 
ceUns,  sugar  combines  to  form  a  compound  of  one  equivalent  of  each ; 
but  by  exposure  to  the  air  the  ammonia,  escapes,  and  leaves  the  sugar 
unaltered:  potash  and  soda  appear  also  to  combine  with  sugar, and 
they  destroy  its  sweetness ;  this  is  restored  when  the  alkalies  are  satu- 
rated with  an  acid :  but  if  they  be  left  long  in  contact,  the  sugar 
becomes  changed  into  a  substance  resembling  gum. 

Lime,  baryta,  and  oxide  of  lead  dissolve  in  considerable  quantity  in 
a  solution  of  sugar :  when  the  first-mentioned  of  tiiese  bodies,  in  the 
state  of  hydrate,  is  digested  at  a  moderate  heat  in  a  solution  of  sugar, 
a  bitter  alkaline  solution  is  obtained,  in  which  the  sugar  is  combined 
with  an  equivalent  of  lime  (OaO,  C„Hj,0,f).  Professor  Daniell  obtained, 
by  the  action  of  these  bodies,  gum  uid  ciystals  of  carbonate  of  lime. 
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The  compound  of  su^jar  and  baryta  u  similar.  When  hydratcd  oxide 
o{  lead  ia  diguited  in  a  solution  of  sugar,  a  yellow  alkaline  liquid  is 
foitoed,  wiiioli  yields  a  tough  deliquescent  mass  by  evaporation ;  but 
when  excess  of  the  oxide  is  boiled  in  a  solution  of  sugar,  and  the 
Uquor  is  filtered  hot,  it  deposits  eventually  a  taatetoi  insoluble  com- 
pound, containing  2  PbO,  C„H,„0,- 

Sugar  dissolves  oarbooate  and  diaowtate  of  copper,  foiming  green 
-  Bolutions  which  are  not  decomposed  by  the  alluJies,  and  this  is  also 
the  ease  with  the  salts  of  iron.  A  crystalline  compound  of  sugar  and 
common  salt  may  be  formed  by  the  apontanaous  evaporation  of  a  solu- 
tion of  four  parts  of  the  former  and  one  pait  of  tiie  latter.  Aooording 
to  PeUgot  it  contains  NaCe,  HO,  C„H.O,  +  Ci,H„0„. 

Distilled  with  ei^t  times  its  weight  of  quicklime,  sugar  funiidies 
KxTAOKTOHK.  CUoriue  tnnsforma  sugar  into  a  brown  substaooe 
partially  soluble  in  water. 

For  ibe  action  of  solutions  of  sugar  on  a  ray  of  polarised  light,  and 
estimation  of  the  strength  of  a  solution  of  sugar,  see  Sacoeukixstkt. 
The  uses  of  cane  sugar  are  too  well  known  to  require  mudi  notice : 
on  account  of  its  antiseptic  power,  it  is  employed  to  preserve  various 
vegetable  products  :  it  is  used  as  a  sweetener  of  many  kinds  of  food, 
and  is  in  these  cases  nutritious ;  but  being  destitute  d  nitrogen  it  is, 
like  other  substances  similarly  constituted,  inca{)able  of  supporting  life 
for  any  length  of  time.  • 

Maple  Sugar,  when  refined,  is  equal  in  appearance  snd  sweetening 
power  to  refined  cane-sugar ;  and  in  composition  they  are  similar. 
£eet-roo$  Sugar  is  eXaetly  similar  to  cane-sugar. 
Orape-tagar,  or  glucoK  (C„H,,0,y  2Ai|.),  or  itarvh^tugar.  Besides 
the  sources  |»«viou8ly  mentioned,  thu  variety  of  sugar  has  been  lately 
shown  to  be  a  constituent  of  healthy  unne.  Under  the  name  of 
diabetic  sugar  it  occurs  in  abnormal  quantities  in  the  urine  of  patients 
afflicted  with  diabetes ;  under  these  oiroumst^noes  it  is  readily  detected 
on  adding  to  a  small  quantity  of  the  urine  contained  in  a  teat-tube, 
first,  solution  of  potash  or  sod^,  next  a  few  drops  of  solution  of  sulphate 
of  copper,  and  then  gradually  heating  to  the  boiling  point,  when  an 
abundant  deposit  of  red  suboxide  of  copper  will  be  formed  if  sugar  be 
present  in  abnormal  quantity.  The  same  test  may,  of  eooiae,  be 
applied  to  any  other  solution  suspected  to  contain  g^oosa. 

an^>e«ugar  is  produced  ia  quantity  by  allowing  a  cream  of  starcb 
and  water  to  flow  into  water  oontaining  one  per  cent,  of  sulphuric 
acid,  at  a  temperature  of  ISO"  Fabr.  The  vrfaofle  is  ultimately  boiled 
lor  a  short  time,  the  sulphuric  acid  neutralised  l^  ehslk,  and  tiie  solu- 
tion evaporated  down  and  set  aside  to  crystallise. 

Glucose  forms  combinations  with  bases  which  are  rapidly  decom- 
posed, yielding  QluoiO  Aoid.  When  hested,  thsy  yield  uucrystallisable 
MxLASSio  Acid.  Combinatioos  of  glucic  acid  with  oertain  ovystaUiaA 
principles  occur  naturally ;  several  are  described  under  Gldoosides. 

Heated  to  about  UO^  Fahr.,  grape-sugar  softens,  and  at  212°  Fahr. 
melts,  and  loses  two  equivaleots  of  water.  At  a  higher  temperotore  it 
is  converted  into  canuneL  Water  diasirfves  less  of  grape  than  of  caoe- 
sugor,  the  solution  is  lees  Tiadd,  and  it  is  not  so  sweet ;  hot  alcohol, 
however,  dissolves  more  of  it,  but  it  is  deposited  again  on  cooling  in 
iaystalline  grains.  With  sulphuric  aoid,  instead  of  being  chured,  as 
cane-su0ff  is,  it  fonns  a  compound  add  called  $ulf)hoiaeeharie  acid, 
.  tulpheglueie,  n^oUgmie,  vegtto-iulpiuric,  or  mlpiamidoiue  aeid,  which 
gives  no  precipitate  with  the  sslts  of  bsrium. 

Homey  contains  both  fructose,  or  unorystollisable  aogv,  and  glucose - 
sugar.    The  two  may  be  sepan^^  by  stroi^  aloohcd,  which  dissolves 
the  fructose  and  leaves  the  grape-sugar  behind. 
Manna  Sugar.    [Mannite.] 
Muahroon  Sugar.     [Uahkite  .] 

liiquorice  Sugar,  so-called,  is  not  a  true  sugar.  See  Olyotkrhizdi, 
Sugar  of  Mills,  Lactine,  or  XoctoM  (C,.H,.0„),  is  obtamed  by  evapo- 
rating the  whey  of  milk  to  its  crystaUising  point ;  it  forms  coltMirless 
four-sided  prisms,  which  are  soluble  in  about  six  parts  of  cold  water 
and  two  and  a  half  parts  of  hot :  the  taste  of  this  sugar  is  not  very 
sweet,  it  is  unalterable  in  the  air,  and  is  insoluble  in  alcohcd  aud  ether. 
£oilod  with  dilute  acids,  it  is  slowly  converted  into  glucose.  It  forms 
two  insoluble  compounds  with  oxide  of  lead ;  aud  reduces  boiling  solu- 
tions of  salts  of  copper,  mercury,  or  silver. 

Mditote,  tre/ialoiu,  uid  mdaUote,  are  three  varieties  of  sugar  lately 
discovered  by  M.  Berthdot.  They  are  closely  allied  to  cane-sugar. 
Melitose  is  contained  in  Australian  manna,  a  iwoduct  of  the  Aieato> 
tut ;  by  fermentation  it  yields  a  non-crystalline  body,  termed  Rusal^ 
^Yi^ifiat  2H0).  TrthaUm,  is  oootainad  in  I'urkidi  manna,  a  sub- 
stance formed  by  an  inseet  (Larimut  nuUJleaf)  at  the  expense  of  a 
V^^ot^fieauBJSchinopij  it  seems  to  be  identical  with  the  myeose 
of  MitsohOTlich,  a  sweet  principle  eootained  in  ergot  of  lye.  Mtiaitete 
occurs  m  Brian9on  mouna,  an  exudation  from  the  larch  tree, 

^^'i  (^'•^"^••) '''  ■  '^'fS"  contsinedin  the  bemes  of  the  mountain 
ash  [Sorbui  OHeuparia),  Heat  transforms  it  into  a  deep  ted  matter, 
termed  forfttnie  ocui. 

SUGAR  CULTURE  AND  KANUFACTURE.  Sugw  U  •  sweet 
crystallised  substance,  most  commonly  propared  fitwi  the  expreased 
juico  of  the  sugar-cane,  of  which  there  are  several  species ;  but  some- 
times from  beet-root,  from  the  sap  of  one  or  more  species  of  maple, 
and  from  other  v^etabla  productions.  Saccharine  matter  lb  indeed 
rae  of  the  most  common  of  vegetable  secretions,  but  it  is  only  from 
the  above-mentioned  substances  that  sugar  has  been  extracted  to  any 


great  extent  as  an  article  of  commerce ;  and  of  these  the  sugar-cane  ia 
by  for  the  most  extensively,  used.  The  sensation  of  sweetness  ia 
indeed  produced  not  only  by  many  vegetable  and  animal  substances, 
but  also  by  some  of  purely  chemiad  character.  The  musoolar  parts  of 
all  quadrupeds,  birds,  and  fishes,  if  boiled  or  roasted  soon  after  death, 
have  a  decided  though  slight  degree  of  sweetoeas ;  wiiiah  sweetoeas 
disat^wars  on  tiie  commenotanent  of  the  spontaoaous  change  whicii 
ends  in  putrefactive  decomposition.  Glycerin  is  a  sweat  sabataace 
obtainable  from  most  of  the  fats  or  eKprassed  oils,  <^hetbsr  soimal  or 
vegetoUe,  by  the  process  of  saponification.  The  sweet  taste  of  new 
milk  is  occssioned  by  a  aaecfaarine  sulxtance  cslled  su^r  of  milk. 
Honey-dew,  <Nr  aphia-sugar,  and  the  hooey  of  the  bee,  are  intermediate 
faetwem  ammal  and  vegetable  sugara;  because,  though- derived  from 
vegetable  juices,  they  sre  modified  by  digestion  in  the  stomarhs  of 
insects.  Among  vegetables  which  contsin  sugar  ready  fonned  (though 
not  in  a  crystallised  or  separate  state),  there  are  aeveral  trees  from  (he 
mp  of  which  it  may  be  obtained  in  ea&daat  quantity  for  human  use. 
Two  of  these — the  Byeam<He  and  the  birch — are  natives  of  Britain; 
but  the  sugar  vriiicb  they  yield  is  not  sufficient  to  repay  the  expense 
of  manufacture.  The  sugar-nuple,  which  abounds  in  some  parts  of 
North  .America,  yields  sugar  in  such  abundance  as  to  be  of  considerable 
^portance.  H«iy  trees  of  the  palm  family  afford  a  sweet  s^,  which 
may  be  boiled  down  to  a  tolerably  solid  viscid  sugsr.  Saoafaaiine 
naatter  exists  in  many  ripe  fruits  in  great  abundance,  as  is  evident  not 
only  bma  ihtai  sweet  taste,  but  also  fr'om.  the  oircumstanoe  that  it 
exudes  from  some,  such  as  the  fig  andthegnpe,in  the  prooess  of  drying. 
Several  roots,  partioulariy  of  the  tubraous  or  fleshy  kind,  oootain 
sufficient  saccluuine  matter  to  be  commercially  impoitaat,  either  for 
separating  it  in  a  pure  state,  or  in  the  form  of  an  extract  of  all  the 
soluble  ingredients  of  the  root.  Of  the  latter  class  liquorice  is  one 
of  the  most  important.  For  the  former  purpose,  attempts  have  been 
made  upon  sevenl  fleshy  roots  employed  as  food.  Maiijgraf  (ia  1747) 
tried  the  skirret  (a  variety  of  paisnep),  the  white  beet,  and  the  red  beet. 
His  experiments  were  resumed  some  yean  afterwards  by  M.  Adiard,  at 
the  desire  of  the  Frussisa  government.  Probably  these  sad  some  other 
earty  e]^)ariments  led,  in  some  degne,  to  the  subseqoeat  iatrodvtctfoD 
of  the  manufacture  (rf  beet-root  sugar  in  France  under  K.  ChaptaL 

The  above  details  show  how  many  souraas  there  are  from  whieb 
sugar  might  be  obtained.  N<ne  of  them,  however,  as  far  as  experi- 
ment has  shown  hitherto,  will  bear  comparison  with  the  sugar-cane  in 
point  of  cheapness;  beet-root  sugar  iadeed  has  entered  ioto  com- 
petiticD  with  that  from  tiia  cane,  hat  only  suoosssfully  whan  aided  by 
fiscal  regulations. 

Hittnry  of  Omu  Shgar. — Unless  we  BU{^>a8e  the  saarad  writera 
to  hwe  alluded  to  it,  Herodotus  is  probably  tlie  earliest  author 
who  mentioned  sugar.  Thec^ihrastus  describes  thres  kinds  of 
hon^ — from  flowers,  from  the  air  (apparsntiy  honey-dew),  and  fran 
canes  or  reeds;  and  ia  another  place  he  daaonbes  a  reed  or  cane  that 
grew  in  moist  places  in  Egypt,  which  was  sweet  eran  to  the  roots. 
From  some  passsges  in  eariy  writen  it  would  seem  that  thCL  iuioa  of 
the  caae  was  used  as  a  driiik.  The  term  "  honey  of  caass,  which 
i^peoia  to  indicate  a  fluid  or  semi-fluid  oonsistwey,  was  used  by 
Avioenaa,  as  late  as  the  tenth  eentuty.  Diceoorides,  about  <lie  period 
of  the  reign  of  Nero,  is  ssid  to  be  the  first  writer  who  uses  the  word 
Saeekarum  {aoKxapor),  or  sugar;  but  though  he  gives  ea  aoourate 
description  of  it^  he  was  evidentiy  unacquainted  vritii  the  process  by 
which  it  was  prepared.  He  says  "  it  is  ia  oonsisterKy  like  salt,  and  it 
is  brittle  between  the  teeth  like  salt."  Seneca  speaks  of  sagar  as  honey 
found  on  the  leaves  of  canes,  vriiixdi  is  prxiduoed  1^  the  dew,  or  the 
sweet  juice  of  the  cane  itself,  concreting;  thereby  showing  tlie  like 
ignorance  of  its  real  character.  Pliny  speaks  of  sugar  as  brought  from 
Arabia,  and  better  from  India.  "It  is,"  he  says,  "hon^  collected 
from  canes,  like  a  gum,  white,  and  briibUe  between  the  teeth;  the 
largest  is  of  the  size  of  a  hasat-nut.  It  is  used  in  medicine  only." 
Qalen,  in  the  second  century,  gives  a  dsscriptian  of  sugar  almost 
identical  with  that  of  Dioacorides,  excepting  that  he  says  nothing  of 
its  brittleness  and  resemblanoe  to  salt.  These  quaiitiea  are  however 
again  mentioned  by  Paulus  .^gineta,  in  the  7th  century,  who,  fcdlowing 
Archigenes,  an  earlier  writer,  describes  sugar  u  "  the  Indian  salt,  in 
colour  and  form  like  common  salt,  but  in'  taste  and  sweetness  like 
honey." 

Such  notioea  mi^t  be  extended  much  further;  but  eoough  baa 
been  stated  to  show  that  sugar  was  known,  and  was  an  arUde  of 
commerce,  at  least  as  early  as  the  commencement  of  the  Christiaa  en ; 
and  also  to  prove  that  its  origin  was  very  imperfectly  understood  by 
ancisBt  Greek  and  Roman  writen.  Although  more  tiian  one  vrriter 
qieaks  of  sugar  as  coming  from  Arabia  sa  weU.a8  India,  it  was  probably 
not  made  in  the  former  country.  Indeed  the  eariy  Arabian  writers 
themselves  speak  of  sugar  as  coming  from  India.  It  ^ipeara  probable 
that  the  white  sugar-candy  of  China,  which  has  been  very  long  cele- 
brated for  its  excellence,  was  the  Indian  salt  of  the  Roman  authors. 
The  historians  of  the  crusades  describe  (he  sugarcane  as  mat  with  by 
the  Crusadera  in  Syria.  One  of  these,  Albertus  AgnfUisia,  about  the 
year  1108,  says  that  "  sweet  honied  reeds,"  which  were  called  Zmera, 
were  found  m  great  quantity  in  the  meadows  about  Tripoli  These 
reeds  were  sucked  l^  the  orasaden*  army,  who  were  much  pleased 
with  their  sweet  taste;  and  our  author  gives  the  oldest  description 
extant  of  the  process  of  extracting  sugar  from  the  eane.    Another  of 
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these  histonaBs,  Jaoobng  <ie  Vitriaeo,  is  1124,  nys  that  in  Syria  reeda 
grow  that  are  full  of  honey;  hy  which  he  uudergtands  a  sweet  juice 
which,  by  the  preesora  ol  a  acrew-angine,  and  aoncreted  by  fire, 
beeomea  augar.  About  the  eune  time  William  of  Tyre  gpeaka  of 
sugar  as  node  in  the  neighbouriiood  of  Tyre,  and  seat  &om  thence  to 
the  farthest  parts  of  the  world.  As  early  as  the  time  of  the  emperor 
Frederick  Barbarossa,  sugar  was  produoed  in  great  quantity  in  Skaly, 
and  used  ia  two  states;  either  boiled  down  to  the  eonBiBteoae  of  honey, 
or  boiled  farther,  so  as  to  form  a  solid  body  of  sugar.  About  ISOtf, 
sugar  was  made  in  the  countries  subject  to  the  Sultan,  and  alao  in 
Cyprus,  Rhodes,  Amorea,  Sicily,  and  other  plaoos  belongii^  to  the 
Christians.  The  progress  made  in  introducing  the  sugar-cane,  and  the 
process  of  extracting  sugar  from  it,  into  the  islands  of  the  Mediter- 
ranean, into  Italy,  and  into  Spain,  ware  derired  from  the  Arabs,  and 
were  in  some  degree  connected  with  the  increased  communioation  with 
the  East  eeBasioaed  by  the  Crusades.  It  is  stated  by  Venetian  histo- 
rians that  in  the  12th  century  Venice  could  import  sugar  cheaper  from 
.Sicily  than  from  Egypt.  The  manofaotnre  of  sugar  was  probably 
Introdaeed  into  Spain  by  the  Moors.  Abont  1426  the  Portngueee  took 
the  augar-eaoe  from  Sicily  to  M^eira ;  and  probably  dnring  the  16th 
century,  it  was  carried  from  Spain  to  tiie  Canaries.  From  these 
Bouroea,  the  eultiTation  of  the  sugai^cane,  and  the  art  of  ">»^"^  angir, 
wra'e  extended  by  different  nariiioBs  of  Europe  to  the  West  In^n 
jahmda  and  -the  Brasilab  Wherever  the  sugar-cane  may  have  been 
indigenous,  there  is  no  reason  to  qtieation  tlis  fact  that  the  mann- 
Jacture  of  sngar,  derived  originally  from  China  and  India,  was  intro- 
dueed  into  the  westerti  world  1^  the  Spanish  and  Portuguese.  In 
His|>ai>iola>  or  8t>  Domingo,  theiv  were,  aa  early  as  1618,  twenty-eight 
cagar-woiks,  established  by  the  Spaniards.  Peter  Martyr,  who  gives 
th&  informaition,  remarks  oa  the  extraon&iary  growth  of  the  cane  in 
that  island ;  which,  for  a  long  period,  atfordad  the  principal  supply  of 
sugar  to  Europe.  Antwerp,  i^nt  1660,  received  sugar  from  Spain, — 
whieh  had  it  from  the  Canaries ;  and  also  from  Portugal,  the  latter 
sottiitry  deriving  it  from  S.  Thorn^  and  other  islands  on  the  African 
Soast,  andirom  Madeira,  flugar  was  also  aa  article  of  import  from 
Barbary. 

WhatevCT  soay  have  been  the  preciae  period  of  the  oommenoement 
of  the  English  Bugar-mannfaetnre  in  Barbadoes,  Anderson  states  that 
in  1627,  and  for  several  years  later,  the  Portuguese  aupphed  most 
ports  of  Europe  with  Brazil  sugars.  About  1660  the  Britidi  planters 
in  Barbadoee  appear  to  have  been  realising  property  very  rapidly  by 
the  raising  of  sugar ;  they  having  obtained  a  few  years  before,  valuable 
information  from  Brazil  reapectingthe  oolture  and  process  of  extracting 
sugar  from  the  cane.  In  1676  the  sugar  trade  of  Barbadoes  is  said  to 
have  attained  its  maximum,  being  then  capable  of  employing  400 
Teasela,  averaging  160  tons  burden. 

OaM»atie»  of  Ae  Sagar-Caiu. — The  botanioal  characters  of  the  sugar- 
•aae  are  given  under  Baocbahttic,  in  Nat.  Hibt.  Dit.,  where  also  the 
prineipal  apeeiea  are  mentioned.  The  height  attained  by  the  canes, 
their  colour,  the  length  of  their  joints,  and  many  other  particulan, 
Tary  with  diffinrent  species,  with  the  character  of  the  soil,  and  with  the 
aiodes  of  culture  adopted.  The  stems  vary  in  height  from  eight  fset 
op  to  twenty  feet,  amd  are  divided  by  prominent  annular  joints  into 
diort  lengths.  Long  narrow  leaves  sprout  from  each  joint;  but  as 
tike  oanes  a{^proaeh  maturity,  all  the  leaves  from  the  lower  joints  &I1 
off.  The  outer  part  of  the  cane  ia  hard  and  brittle,  but  the  inner 
consists  of  a  soft  pith,  whixih  eontalaa  the  sweet  juice ;  this  juice  is 
ehborated  separately  in  each  joint,  indepaadentiy  of  those  abov»  aad 
bdow  it.  The  eaaea  are  usually  prBpagated  by  sHps  or  euttings,  eoa- 
sisting  of  the  top  of  the  eaiM,  with  two  or  three  of  the  uj^m  joints, 
tiM  leaves  being  stripped  off,  These  are  planted  niber  in  holes  dag 
by  hand,  or  In  trenehea  formed  by  a  plongh,  froM  eight  to  twelve 
tnehee  deep.  Three  feat  between  the  rows,  and  two  feet  between  the 
holes  m  toe  rows,  are  about  the  miniama  distances ;  but  when  the 
horse-hoe  is  used  te  keep  the  ground  olear  from  weeds,  the  distaTinws 
are  usually  increased  to  five  feet  and  two  and  a  half  feet  respeeUvely. 
Two  ot  more  sHps  are  laid  longitudinally  at  tiie  bottom  of  each  hole, 
and  covered  with  earth  from  the  banks,  to  the  depth  of  one  or  two 
hiches.  In  about  a  fortnight  the  sprouts  appear  a  little  above  the  earth, 
and  thM  a  Kttls  mor«  earth  from  the  bank  ia  put  into  the  hole ;  aacl 
aa  the  plants  oontfaiue  to  grow  the  esrth  is  occasionally  fiUsd  in,  by  a 
littla  at  a  time,  tmtit,  after  four  or  five  mtmths,  the  holes  are  entiiely 
iiUsdapt,  IVomAugaat  to  Novestbar  k  generally  considered' the  best 
time  for  pUattag  in  the  British  West  Indies;  and  about  March  aad 
Aprfl  is  perh(4)S  Uie  most  generally  approved  time  for  dUtting  the  canes, 
although  that  operation  is  aometimea  pertomed  through  a  great  part 
»f  the  year.  The  maturity  of  the  ease  is  iacttoated  by  the  skin  be- 
oomfaig  dry,  smooth,  and  brittle ;  by  the  cane  beooming  heavy ;  the 
pith  gray,  amnoachmg  to  brown ;  aad  the  juice  sweet  uid  glutinous. 
The  caoas  wmoh  .grow  immediately  from  the  planted  slips  are  called 
fUmt-eeaui;  but  it  is  usual,  ra  the  Weet  Indies,  to  raise  several  crops 
in  successive  years  flrom  the  same  reots ;  the  caaes  vrliich  wpionA  up 
from  tiie  old  roots,  or  itola,  being  called  ratUxmt.  The  rattoons  are 
not  so  vigorous  aa  the  original  piant-caass ;  but  thay  afford  better  sugar, 
and  that  with  less  trouble  in  clarifying  and  concentrating  the  juice. 
Some  planters  have,  under  favourable  oircumstanoee,  raued  rsttoon 
crops  for  mora  than  twenty  years  successively,  from  the  sane  stoles. 
The  canes  should  be  eut  as  sew  the  grotdid  aa  poasiUs^  beoaiae  the 


richest  juice  is  found  in  the  lower  joints.  One  or  two  of  the  top  joints 
of  the  cane  are  cut  off,  and  the  remainder  is  divided  into  pieces  about 
a  yard  long,  tied  up  in  bundles,  and  carried  immediately  to  the  mill. 
The  upper  branches  of  the  cane  ore  used  as  food  for  cattle ;  the 
remainder  of  the  waste  forms  a  valnable  manure,  for  which  purpose 
the  troA  or  waste  from  the  mill  is  admirably  suited,  though  much  of  it 
ia  usually  consumed  as  fuel. 

Pr^fiaratum  of  Sam  Sugar.— Tbo  operation  of  cutting  the  canes  is  so 
adjusted  as  to  ksep  pace  with  the  action  of  the  mill  by  which  the 
juice  is  to  be  pressed  out ;  so  that  the  canes  may  be  crushed  or  ground 
while  quite  fresh.  In  the  East  ladies  mills  of  very  rude  and  imperfect 
ooDstruction  are  used ;  some  of  them  resembling  mortars,  formed  of  the 
lower  -part  of  the  trunks  of  trees,  in  which  the  canes  are  crushed  by 
the  rolling  motion  of  a  pestle,  moved  by  oxen  yoked  to  a  horizontal  bar. 
The  expressed  juice  runs  off  by  a  hole  bored  obliquely  from  the  lower 
part  of  the  mortar-like  cavity,  and  is  conducted  by  a  spout  to  a  vessel 
placed  to  receive  it.  In  order  to  mdce  such  a  mill  effective,  it  is  neces- 
sary to  cut  the  cane  into  very  smaK  pieces.  Other  mills  are  capable  of 
being  moved  from  place  to  place,  so  that  they  may  accompany  the  move- 
ments of  the  cane-cutteis.  One  of  these  consists  of  two  vertical  rollers 
of  bard  wood,  having,  near  their  upper  ends,  endless  acrewa,  or  spiral 
ridges,  ao  fitting  into  each  other  that  both  rollers  may  rovolve  when 
rotatory  motion  is  applied  to  either.  The  axis  of  one  of  the  rollers  is 
prolonged  vertically  above  the  framing,  and  carries  a  beam  to  which 
oxen  are  yoked  to  turn  the  mill.  This  appears  to  be  thja  prototype  of 
the  vertical  mill  long  used  in  the  West  India  colonies.  Another,  stUl 
simpler,  consisting  of  two  grooved  rollers  placed  horisontally  in  contact 
with  each]  other,  and  turned  by  the  power  of  men  applied  to  levers  at 
their  ends,  appears,  in  like  manner,  to  be  the  rude  original  of  the 
improved  horizontal  mills  introduced  of  late  years.  The  common 
vertical  cane-mills  of  the  West  Indies  consist  of  three  rollers,  usually 
of  wood,  with  narrow  strips  of  iron  attached  to  their  faces,  so  as  to 
form,  by  the  spaces  left  between  them,  straight  grooves  extending  from 
end  to  snd  of  the  rollers.  The  moving-power  is  applied  to  the  middle 
roller,  and  communicated  from  it  to  the  otiiers  by  cogged  wheels.  Of 
late  steam-engines  have  been  adopted  with  good  effect  in  some  of  the 
sugai^-works  in  the  West  Indies.  In  using  the  diill,  a  negro  applies 
the  oanes  in  a  regular  layer  or  sheet  to  the  interval  between  the  first 
and  second  rollers,  which  aeize  and  compress  the  canes  violentiy  as  they 
paas  between  them.  The  ends  of  the  canes  are  then  turned,  either  by 
another  negro  on  the  opposite  side  to  the  feeder,  or  by  a  framework  of 
wood  called  a  dumb  rttnmer,  so  that  they  may  pass  back  again  between 
the  second  and  third  roHera.  As  these  aro  placed  nearer-together  than 
the  first  and  second,  they  compress  the  canes  still  more,  so  that  on 
leaving  them  they  are  reduced  to  the  form  of  dry  splinters,  which  are 
called  cant-trash.  Channels  are  added  to  receive  the  liquor  expressed 
from  the  canes,  and  to  conduct  it  to  the  veaselfl  in  which  it  is  to 
undergo  the  sneoeeding  operations. 

The  oonatruotioD  of  tUs  mill  ia  very  defective.  A  better  form  is 
that  of  placing  the  rollers  in  a  horlsmtal  position,  and  feeding  the  mill 
by  sliding  the  oanes  gradually  from  an  inclined  board.  The  rollers, 
inada  vary  aoeurately  of  cast-iron,  and  fiuted  or  grooved  on  the  aurfoce, 
are  not  placed  in  the  same  plane,  but  an  arranged  in  a  triangular  form, 
tiie  periphery  of  the  upper  roller  being  very  nearly  in  contact  with  the 
two  lower  rollers,  which  are  also  very  near  together.  The  two  lower 
roUem,  which  an  called  respectively  the  feeding  and  delivering  rollers, 
have  small  flanges  at  th^  ends,  between  whieh  the  top  roller  is  placed, 
so  that  the  pressed  caaes  may  not  be  able  to  escape  from  the  rollers 
and  dog  the  machinery.  The  feed-board  is  an  inclined  plane,  com- 
monly oi  cast-hpon,  the  edge  of  which  is  neariy  in  contact  with  the 
feeding  roller.  The  delivering  board,  whieh  receives  and  conducts 
aiway  the  truA  ti  the  cane,  is  aba  of  oast-iron,  doping  downwards  from 
the  delivering  roller.  In  some  oases  the  uquor  is  raised  from  the 
gutter  of  t|^  mill-bed  bypumps  connected  with  and  worked  by  {he 
machinery  of  the  mill.  Where  eireumstanees  render  such  an  arrange- 
ment practieable,  hbotcr  may  be  saved  by  placing  the  eruahing-mill  on 
a  high  levd,  so  that  the  liquor  may  run  from  it  to  the  vessels  in  which 
it  is  to  be  purtfisd,  by  tneiined  gutters.  In  Demerara  a  well-constructed 
engine  and  mill  will  produce  alwut  a  hundred  gallons  of  liquor  per 
hour  for  eadi  horss-poww. 

Can*- juice,  as  expressed  by  the  mill,  is  an  opaque,  slightly  viadd 
fluid,  of  a  dijl  gray,  olive,  or  olive-green  colour,  of  a  sweet  balmy  taste, 
sad  of  a  i^)ecifio  gravity  varying  from  I'OSS  to  1-106.  It  holds  in 
sBspeorion  partides  ef  solid  matter  from  the  cane,  a  eondderible 
portion  of  which  is  aeparsble  by  filtration  or  repose.  The  juice  is  so 
exceedingly  fermentable,  that  ia  the  climate  of  the  West  Indies  it 
would  often  run  into  the  acetous  fermentation  in  twenty  minutes  after 
leaving  ths  wSl,  if  tile  process  of  daiitying  were  not  in^nediatd;^ 
eommeneed. 

We  have  aezt  to  treat  of  the  eStraeUon  of  the  sngar  from  the  juiOA. 
As  practised  in  the  East  Indies,  the  liquor,  after  being  strained  so  as 
to  separaite  the  coarser  feealendee,  is  boiled  down  in  open  boilers  into 
•  thick  iaspisaated  juice ;  the  scum  which  rises  during  the  operation 
being  removed.  Whea  it  is  suffldently  evaporated,  it  is  removed  into 
earthen  pots  to  oool,  and  in  these  it  becomes  a  dark-coluured,  soft, 
visdd  mass,  called  goor,  or  jaggery.  Much  of  the  molassea  or  un- 
orystaUisable  part  of  the  juioe  is  then  separated,  by  putting  the  goor 
lato  a  ooaise  doth  aad  subjecting  it  to  pressore;    The  sugar  is  further 
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pvirified  by  boiling  it  with  water,  with  the  addition  of  an  alkaline  solu- 
tion and  a  quantity  of  milk.  When  iiaa  haa  been  continued  until 
scum  no  longer  riaee  upon  the  liquor,  it  ia  evaporated,  and  Bometimea 
■trained,  and  afterwarda  transfetred  to  earthen  pota  or  jars.  After  it 
has  been  left  for  a  few  days  to  gianulate,  holes  in  the  pots  are  unstopped, 
and  the  molaaaee  drains  ofT  into  vessels  placed  to  receive  it.  The 
sugar  ia  rendered  still  purer  and  whiter  by  covering  it  witii  the  moist 
leaves  of  some  succulent  aquatio  plant,  the  moisture  from  which  drains 
■lowly  through  the  sugar,  and  carries  with  it  the  dark-coloured 
molasses.  A  mmilar  process  to  the  above  is  said  to  be  practised  in 
Cochin  China. 

The  separation  of  the  sugar  from  the  cane-juice  is  effected  in  a  much 
■implor  manner  in  the  West  Indies.  The  juice  is  conducted  by  gutters 
from  the  mill  to  large  flat-bottomed  pans,  called  dariJUri.  Kach  of 
these  is  placed  over  a  fire,  which'  may  be  regulated  or  extinguished  by 
a  damper ;  and  each  is  supplied  with  a  stop-cock  or  siphon  for  drawing 
off  the  liquor.  When  the  clarifier  is  filled  with  juice,  a  little  shd^ed 
lime  is  added  to  it ;  the  lime,  which  is  called  temper,  being,  in  most 
cases,  previously  mixed  with  a  little  cane-juice  to  the  conBistence  of 
eream.  As  the  liquor  in  the  clarifier  becomes  hot,  the  solid  portions 
of  the  cane-juice  coagulate,  and  are  thrown  up  in  the  form  of  scum. 
The  proper  heat  is  indicated  by  the  scum  rising  in  bUsters  and  break- 
ing into  white  froth,  which  commohly  happens  about  forty  minutes 
alter  the  fire  is  lighted.  The  damper  ia  then  closed,  and  the  fire  dies 
out ;  and  after  an  hour's  repose,  the  liquor  is  ready  for  removal  to  the 
first  of  the  evaporating  pans. 

Prom  the  clarifier  the  purified  juice,  bright,  clear,  and  of  a  yellow 
wine  colour,  is  transferred  to  the  largest  of  a  series  of  evaporating 
pans,  three  or  more  in  number.  These  evaporators  are  placed  over  a 
long  flue,  heated  by  a  fire  at  one  end,  over  which  the  sinallest  of  the 
coppers,  called  the  teache,  ia  placed.  In  the  process  of  boiling,  impuri- 
ti^  are  tnrown  up  in  the  form  of  scum,  which  is  carefuUy  removed. 
In  the  teache,  the  liquor  is  boiled  down  to  as  thick  a  oonsistenoy  as  is 
considered  necessary  for  granulation ;  this  point  being  most  commonly 
ascertained  by  observing  to  what  length  a  thread  of  the  viscid  syrup 
may  be  drawn  between  tiie  thumb  and  finger.  This  trial  by  the  touch, 
whence  the  teache  4s  supposed  to  derive  its  name,  ia  very  imperfect; 
for  it  sometimes  happens  that  the  syrup  may  have  the  required  tenacity, 
and  yet  not  be  in  a  good  state  for  crystallising.  The  latter  point  may 
be  better  ascertained  by  observing  the  incipient  granulation  of  the 
nrup  on  the  back  of  a  ladle  dipped  in  the  teache.  The  thermometer, 
tooiigfa  useful,  will  not  be  a  sure  guide  in  determining  the  proper 
moment  for  ttrdtrng,  or  emptying  the  teache ;  because  a  viscous  syrup, 
containing  much  gluten  and  sugar,  altered  by  lime,  requires  a  higher 
temperature  to  enable  it  to  granulate  than  a  pure  saccharine  syrup.  The 
concentrated  syrup  is  ladled,  or  tkipped,  from  the  teache,  either  imme- 
diately into  open  wooden  boxes  called  eoolert,  or  into  a  large  cyiindiical 
cooler,  from  which  it  is  afterwards  transferred  to  the  granulating  vessels. 
In  these  the  sugar  a  brought  to  the  state  of  a  soft  mass  of  crystals, 
imbedded  in  thick,  viscid,  but  unonrstaUisable  fluid.  The  separation 
of  this  fluid  is  the  next  piooess,  and  is  perfonned  in  the  curing-hoHU. 
This  ia  a  large  buildingi  the  floor  of  which  is  excavated  to  form  the 
moloases  reservoir.  Over  this  cistern  is  an  open  framing  of  joists, 
ujpon 'which  stand  a  number  of  empty  potting-aukt ;  each  of  these  has 
eight  or  ten  holes  bored  through  the  lower  end,  and  in  each  hole  is 
placed  the  stalk  of  a  plantain-leaf.  The  soft  concrete  sugar  ia  removed 
from  the  coolers  into  these  caaks,  in  which  the  molasses  gradually  draina 
from  the  oryatalline  portion,  pei-colating  through  the  spongy  plantain- 
itaUu. 

When  it  leaves  the  curing-house  the  sugar  is  packed  in  hogsheads 
for  shipment  as  ram,  broum,  or  muicovado  lugar  ;  and  in  this  state  it  ia 
oommonly  exported  from  our  West  Indian  colonies.  As  the  molsases 
ia  very  imperfectly  separated  from  the  crystallised  sugar,  a  considerable 
diminution  of  weight  takes  pUce  subsequent  to  the  shipment,  by 
the  drainage  from  the  hogsheads.  This  waste  has  been  estimated  to 
amount  to  no  less  than  12  per  cent.  The  loss  upon  French  colonial 
BOgars  used  to  be  much  greatw  even  than  this.  Meana  have,  however, 
been  adopted  of  Uto  years  in  some  colonial  sugar-woiks  for  reducing 
thisloia. 

Clayed  tugar,  also  called  Zubcn  tiigar,  is  raw  sugar  that  has  been 
subjected  to  a  peculiar  oi>eration.  The  sugar  is  removed  from  the 
coolers  into  conical  earthen  moulds  called  forma,  each  of  which  has  a 
small  hole  at  the  apex.  These  holes  being  stopped  up,  the  formes  are 
placed,  apex  downwards,  in  other  earthen  vessels.  The  syrup,  after 
being  stirred  round,  is  left  for  fifteen  or  twenty  hours  to  crystallise. 
The  plugs  are  then  withdrawn,  to  let  out  the  imcrystallised  syrup; 
and,  the  base  of  the  crystallised  loaf  being  removed,  tte  forme  is  filled 
up  with  pulverised  white  sugar.  This  ia  weU  pressed  down,  and  then 
a  quanU(^  of  clay  mixed  with  water  ia  placed  upon  the  sugar,  the 
formea  braig  put  into  fresh  empty  pots.  The  moisture  from  the  cUy, 
filtering  through  the  sugar,  carries  with  it  a  portion  of  the  colouring- 
i^ter,  which  is  more  soluble  than  the  crystals  themselves.  When 
the  loaves  are  sufficiently  purified  to  be  removed  from  the  formes, 
wey  are  dried  gradually  in  a  stove,  and  crushed  into  a.  coarse  powder 
for  exportation.  Claying  is  Uttle  practised  in  BritUh  plantations,  from 
•oopuuon  that  the  mcreaae  of  labour  and  diminution  of  quantity  of 
'J^"**  oeoaaioned  by  it  are  not  compensated  by  the  improved  quaUty 
of  the  sugar.   It  was  however  veiy  generally  practised  by  the  Rench  in 


St.  Domingo.  Hague's  process  consists  in  submitting  the  raw  sugar, 
after  being  cured  in  the  usual  way,  to  the  action  of  a  vacuum  filter. 
The  apparatus  consists  of  a  shallow  vessel,  beneath  which  is  a  cavity 
connected  with  an  air-pump.  The  bottom  -of  the  vessel  is  perforated 
with  a  number  of  small  holes ;  and  when  a  quantity  of  miiseovado 
sugar,  mixed  with  a  little  water  into  a  pasty  mass,  is  laid  in  it,  upon  a 
piece  of  haircloth,  the  air  is  vrithdrawn  from  the  cavity  beneath  the 
sugar.  The  pressure  of  the  superincumbent  atmosphere  upon  the 
surface  of  the  sugar  then  drives  the  moisture,  and  with  it  much  of  the 
colouring-matter,  through  the  holes  in  the  bottom  of  the  vesseL  When 
the  sugar  is  sufficiently  whitened,  the  air-pump  is  stopped,  the  sugar 
and  molasses  are  removed,  and  a  fresh  charge  of  muscovado  ia  a^^lied. 
Another  means  of  avoiding  the  loss  consequent  on  the  drainage  from 
raw  sugar  during  ite  voyage  to  this  countiy,  is  the  importation  of 
sugar  for  the  use  of  the  refiner,  in  the  form  of  concentrated  cane-juice, 
containing  nearly  half  its  weight  of  granular  sugar  along  with  more  or 
less  molasses,  according  to  the  care  taken  in  the  boiling  operations. 

Before  proceeding  to  the  subject  of  sugar  refining,  it  may  be  well  to 
make  a  few  observations  on  suggested  improvements  in  the  West 
Indian  treatment  of  raw  sugar.  Chemists,  and  the  better  claaa  of 
sugar-growen,  have  long  known  that  a  large  amount  of  sugar  ia  wasted 
by  an  imperfect  management  of  the  operations  at  the  plantations.  It 
is  believed  that  26  per  cent,  of  the  juice  lodges  in  the  ceUs  of  the 
megasa  or  trash,  and  is  lost ;  it  ought  to  be  extracted,  but  ia  not 
Ev^  if  not,  the  trash  might  form  a  better  fuel  for  the  boiling-hoases 
(where  it  is  now  used)  if  fint  dried  by  the  surplus  heat  of  the 
chimneys,  &c.  Dr.  Scofiem,  in  1847,  ascertained  that,  in  various  waya, 
no  less  tluui  two-thirds  of  the  sugar  is  in  some  instances  lost.  In  1S49 
he  introduced  certain  improvements,  intended,  by  the  use  of  new 
defecating  ogente,  to  increase  the  quantity  of  juice  obtained  from  the 
cAne,  and  of  sugar  obtained  from  the  juice.  Some  of  the  agents  used 
by  him  are  poisonous  however  in  their  natural  state,  though  innocuous 
in  the  process ;  and  this  seems  to  have  retarded  the  acceptance  of  his 
method.  Some  inventora  say  that  the  weight  of  juice  extracted  is 
only  60  per  cent,  of  the  weight  of  the  original  cane,  whereas  it  ought 
to  be  90  per  cent. ;  and  they  have  devised  a  mode  of  treating  the 
megass  with  hydraulic  pressure,  aftei>  the  tnill  has  done  its  work ;  by 
this  means  the  megass  becomes  a  flattened  mass  of  trash,  te  hard  and 
nearly  as  dry  as  a  deal  board.  It  is  also  believed  that,  by  a  better  con- 
struction and  management  of  apparatus  more  sugar  and  leaa  molasses 
[Molasses]  might  be  obtained  from  a  given  weight  of  juice. 

Sugar-trash  has  been  tried  in  England  as  a  material  from  which  to 
make  paper,  but  without  much  success. 

Sugar-r^finiHg. — ^Raw  or  muscovado  sugar,  as  brought  from  the 
colonies,  forms  the  common  mout  or  brovin  sugar  of  the  shops.  The 
saccharine  puticles  are  always  mixed  with  other  inattdt,  which  imparts 
to  the  sugar  a  dark  colour,  a  moist  clammy  feeling,  and  an  empyreu- 
matic  odour.  The  object  of  the  sugar-refiner  is  to  remove  these 
impurities,  so  as  to  obtain  the  sugar  in  the  hard  white  aemi-transparent 
ktate  known  as  loaf-tugar. 

The  art  of  refining  sugar,  as  well  as  that  of  extracting  it  from  the 
cane,  is  supposed  to  have  been  brought  to  Europe  from  the  East, 
probably  from  China ;  but  at  what  time  is  uncertain.  The  Venetians 
are  believed  to  have  been  the  earliest  sugar-refinen  in  Europe ;  and  it 
is  known  that  they  practised  the  art  before  the  discovery  of  America. 
The  Venetians  originally  operated  upon  the  eoane  black  sugar  brought 
from  Egypt,  and  followed  the  Chinese  practice  of  converting  it  into 
sugar-candy  before  they  made  loaf-sugar.  Stow  ('  Survey  of  London ') 
states  that  sugar-refining  was  commenced  in  England  about  1^44. 
There  were  then  two  sugar-houses  in  London,  but  they  yielded  little 
profit,  because  there  were  many  sugar-bakers  in  Antwerp  who  could 
supply  refined  sugar  to  England  better  and  cheaper  than  it  oould  be 
made  at  home.  Subsequently,  the  commerce  between  England  and 
Antwerp  being  stopped,  these  two  sugar-houses  supplied  all  England 
for  twenty  yean,  and  became  so  profitable,  that  many  other  peraons 
embarked  in  the  business. 

Few  manufacturing  operations  have  undergone  more  important 
changes  than  that  of  sugar-refining.  As  generally  practised  until 
within  a  recent  period,  the  process  commenced  by  mixing  the  raw  sugar 
in  a  lai^e  open  copper  with  lime-water,  and  adding  to  the  mixture  when 
warm  a  quantity  of  bullock's  blood.  The  heatoocamoned  the  serum  of 
the  blood  to  coagulate,  and  in  so  doing  to  collect  most  of  the  impuri- 
ties floating  in  the  liquor,  and  to  raise  them  with  it  to  the  surface  of 
the  syrup  in  the  form  of  a  thick  scum,  which  was  carefully  removed. 
This  clsnfying  process  was  sometimes  repeated  with  a  fredi  quantity 
of  blood,  or,  as  it  is  technically  called,  jptce.  When  the  liquor  was 
thus  rendered  tolerably  dear,  and  was  partially  evaporated  by  boiling, 
it  was  further  cleansed  by  passing  it  through  a  filter  of  thick  woollen 
cloth,  which  detained  any  particles  of  scum  that  might  have  been 
left  after  skimming  the  liquor.  It  was  afterwards  concentrated  by 
boiling  in  a  smaller  open  copper  till  sufficiently  thick  for  graining ; 
after  which  it  was  formed  into  loaves  in  the  manner  hereafter 
described.  For  loaves  of  the  finest  quality  a  second  refining  followed 
this.  In  the  preceding  section  allusion  hal  been  made  to  the  methods 
of  separating  molasses  from  raw  sugar  by  the  vacuum-filter  and  the 
hydraulic-press,  both  of  which  have  been  applied  to  the  preparation  of 
sugar  for  refining;  by  the  Utter  process  sugar  is  now  citable  of 
yielding  loaves  equal  to  double-refined  by  one  prooen. 
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Uany  improTements  have  been  effected  upon  the  old  methoda  of 
clarifying  and  concentrating  the  syrup.  The  raw  sugar  is  transferred 
from  the  casks  into  large  circular  Uovhup  ciitenu,  in  which  it  is  mixed 
with  lime-water.  The  mass  is  heated  by  eteam,  forced  by  its  own 
pressure  through  small  apertures  in  copper  pipes,  which  are  laid  along 
the  bottom  and  sides  of  the  vessel ;  and  the  perfect  solution  of  the 
eugar  is  aided  by  stirring  with  long  poles.  The  liquor  i^  allowed  to 
flow  from  the  blow-up  cistern  to  a  range  of  filtering-vessels  in  a  room 
beneath.  The  filters  are  tall  vessels  six  or  eight  feet  high,  of  cast-iron 
or  wood,  having  cisterns  at  top  and  bottom ;  and  a  number  of  cloth  or 
canvas  tubes,  closed  at  their  lower  ends,  but  communicating  at  their 
upper  ends,  by  which  they  are  suspended,  with  the  upper  cistern. 
'Within  each  of  these  tubes  is  a  bag  of  thick  close  cotton-cloth,  which, 
being  much  lai;ger  in  diameter  than  the  tube  in  which  it  is  enclosed, 
is  necessarily  folded  together.  By  this  device  a  very  extensive  filtering 
surface  is  obtained  in  a  small  compass ;  and,  as  the  liquor  from  the 
upper  cistern  cannot  escape  from  the  bags  except  by  percolating 
through  the  meahes  of  the  cloth,  it  becomes,  as  it  drops  into  the 
lower  cistern,  very  clear  and  transparent ;  most  of  the  solid  impuri- 
ties remaining  in  the  bags.  On  leaving  the  filter,  the  syrup,  though 
dear  and  transparent,  is  of  a  reddish  colour ;  and  the  removal  of  this 
tinge  is  eflected  by  filtering  the  syrup  through  a  mass  of  powdered 
charooaL  The  application  of  the  bleaching  power  of  charcoal  to  the 
purification  of  sugar  is  one  of  the  great  improvements  efiected  by 
modem  science.  Powdered  nniinttl  charcwll  is  placed  in  a  large  square 
vessel,  which  has  a  perforated  false  bottom,  to  the  thickness  of  nearly 
three  feet.  The  syrup  is  conducted  by  pipes  from  the  bag-filter  to  the 
surface  of  the  charcoal,  through  which  it  percolates  slowly  ;  it  then 
drops  through  the  holes  into  the  cavity  beneath,  where  it  is  found 
almost  colom-Iess.  In  some  cases,  before  the  sugar  is  placed  in  the 
blow-up  cistern,  it  is  partially  purified  by  mixing  it  into  a  pap  with 
hot  water  or  steam,  and  exposing  it  to  drain  in  huge  sugar-moulds, 
similar  to  those  used  in  the  preparation  of  clayed  sugar.  In  this  case 
the  purification  may  be  rendered  more  complete  by  the  filtration  of 
moisture  from  a  magma  of  sugar  (a  mass  of  wet  sugar  in  a  state 
resembling  mortar),  applied  in  the  same  way  as  that  of  clay  in  the 
claying  process.  Sometimes  also  a  little  blood  is  mixed  with  the 
sugar  in  the  blow-up  cistern ;  or,  instead  of  it,  a  mixture  of  gelatinous 
alumina  and  gypeum,  called  fimnrji.  Other  refiners  use  both  the  blood 
and  finings. 

In  the  concentration  of  the  clarified  tyrup,  which  forms  the  next 
process,  improvements  of  t6e  greatest  importance  have  been  efifected. 
In  the  old  plan  of  concentrating  the  syrup  in  open  pans,  they  were 
heated  by  fires  to  a  temperature  of  from  230°  to  250°  Fahr.  Many 
plans  were  contrived  for  rendering  the  application  of  heat  more 
regular  and  controllable.  It  is  well  known  that  fluids  will  boil  at  a 
much  lower  temperature  in  a  partial  vacuum  than  when  exposed  to 
the  ordinary  pressure  of  the  atmosphere ;  and  by  the  happy  applica- 
tion of  this  principle,  Hr.  Howard  removed  the  chief  difficulties 
attending  the  evaporation  of  saccharine  syrup.  The  accompanying  cut, 
which  represents  one  of  the  vaewim-pam  constructed  on  Howard's 


TOindple,  may  assist  in  the  explanation  of  this  admirable  contrivance- 
The  apparatus  consists  of  a  copper  vessel,  a,  b,  the  several  parts  of 
which  are  united  by  flanges,  with  packing  between  the  joints  to  render 
them  perfectly  air-tight.  The  middle  portion,  a,  is  cylindrical,  from 
six  to  seven  feet  in  diameter;  and  the  upper  part,  b,  is  convex  6r 
dome-shaped.  The  bottom  is  also  convex,  but  in  a  lees  degree.  The 
bottom  is  double,  the  cavity  between  the  inner  and  outer  casings 
forming  a  receptacle  for  st^m.  The  best  kinds  of  pans  have  also  a 
spiral  coil  of  copper  pipe  a  little  above  the  inner  bottom,  by  which 
steam  may  be  made  to  circulate  through  the  body  of  syrup  in  the 
pan,  and  thereby  assist  evaporation.  The  bottom  cavity  is  supplied 
with  steam  generated  at  a  low  pressure ;  but  the  spiral  pipe  contains 


steam  of  high  pressure,  and  consequently  of  great  heat.  There  is  a 
short  broad  pipe  called  the  neck,  rising  from  the  dome,  from  which 
a  communication  is  formed  with  an  air-pump,  by  which  the  pan  may  be 
partially  exhausted  of  air.  A  communication  is  also  formed  between 
the  interior  of  the  pan  and  a  vessel  containing  clarified  syrup.  A 
quantity  of  liquid  sugar  is  admitted.  The  air-pump  continues  at 
work  during  the  boiling  of  the  syrup,  motion  being  communicated  to 
it  from  a  steam-engine ;  and  by  this  means  the  sugar  is  enabled  to 
boil  at  a  temperature  of  only  130°  to  160°,  or  100°  lower  than  that 
required  in  open  vessels.  To  ascertain  when  the  syrup  is  sufficiently 
evaporated,  the  pan  is  suppUed  with  a  very  ingenious  appendage  called 
the  proof-iticlc,  the  handle  of  which  is  shown  as  held  by  an  attendant. 
It  consists  of  a  tube  extending  into  the  pan,  and  terminating  in  a 
peculiar  kind  of  valve,  so  formed  that,  by  turning  a  rod  inserted  in 
the  ^ube,  a  sample  of  sugar  may  be  drawn  out  without  admitting  air 
into  the  vessel  The  sample  ttxaa  obtained  is  tried  by  the  touch,  as 
described  in  explaining  the  process  of  evaporation  in  the  West  Indies ; 
and  when  it  appears  to  be  in  a  satisfactory  state,  the  sugar  is  allowed 
to  flow,  through  an  opening  in  the  bottom  of  the  pan,  into  a  granu- 
lating-vessel in  a  room  below. 

The  practice  of  boiling  the  syrup  at  so  low  a  temperature  has  occa- 
sioned a  curious  difference  in  the  next  process,  which  is  that  of  granu- 
lating the  concentrated  liquor.  In  the  West  Indies,  the  vessels  used 
for  this  purpose  are  called  cooUrt,  because  the  syrup  is  brought  down 
to  a  lower  temperature  than  in  the  boiling-coppers.  The  corresponding 
vessels  used  in  refining  su^  upon  the  old  plan  were  similar  to  these, 
and  were  called  by  the  same  name ;  but  when  the  method  of  boiling 
at  a  low  temperature  is  adopted,  the  granulators  become  heattn  instead 
of  coolen ;  the  sugar,  when  placed  in  them,  being  raised  to  a  tem- 
perature of  180°  or  190°.  This  is  done  by  the  admission  of  steam 
mto  a  cavity  surrounding  the  granulating-vessel,  a  shallow  open 
copper  or  pan,  in  which  the  thick  pulpy  mass  is  stirred  quickly  to 
promote  the  granulation. 

From  the  granulators  the  sugar  is  transferred,  by  means  of  copper 
basins  or  pans,  into  moulds  of  a  conical  form,  usu^y  of  iron.  These 
moulds  have  orifices  at  their  points,  which  are  stopped  up  before  they 
are  filled  With  sugar.  They  are  arranged  with  their  open  bases  upper- 
most ;  and  inunediately  afbar  the  sugar  is  poured  in  it  is  stirred  round, 
to  diffuse  the  crystals  equally  through  the  semifluid  mass.  They  are 
then  left  for  several  hours,  that  the  sugar  may  become  solid :  after 
which  they  are  removed  to  another  room;  and,  their  points  being 
unstopped,  they  are  set  in  earthen  jars,  that  the  uncrystallised  fluid 
may  dniiu  from  them ;  or  the  same  purpote  is  effected  by  placing  them 
in  racks,  with  gutters  to  receive  the  syrup.  This  syrup  is  re-boiled 
with  raw  sugar,  so  as  to  yield  an  inferior  quality  of  sugar ;  and  when 
all  the  crystallisable  matter  has  been  extracted  from  it,  the  remainder 
is  sold  as  trtaek.  It  was  formerly  usual  to  "  clay  "  the  loaves  in  order 
more  thoroughly  to  remove  the  molasses ;  but  this  process  is  aban- 
doned by  most  refiners  for  the  superior  method  introduced  by  Mr. 
Howard  of  cleansing  the  loaf  by  causing  a  saturated  solution  of  sugar 
in  water  to  percolate  through  ib,  Whenthe  loaf  of  sugar  is  thoroughly 
purified  by  uie  repetition  of  this  process,  and  is  sufficiently  dry,  it  is 
turned  out  of  the  mould ;  the  base  being  scrt^ied  to  on  even  surface, 
and  the  apex  applied  to  a  kind  of  lathe,  in  which  any  part  that  may  be 
slightly  dlscoloiu«d  is  cut  off,  leaving  the  end  clean  and  smooth.  The 
loaves  are  finally  dried  in  an  oven  heated  by  steam-pipes  to  a  tem- 
perature of  130°  or  140°,  and  then  wrapped  up  in  paper  for  sala 

It  is  needless  to  follow  the  prooeases  by  which  the  syrups  and  other 
refuse  of  the  beet  sugar  are  converted  into  sugars  of  inferior  quality, 
which  are  either  sold  as  cheap  loaf-sugar,  or  formed  into  large  coarse 
loaves  called  boMardi,  which  are  crushed  into  powder  for  sale.  It  has 
been  asserted  that  about  two-thirds  of  the  molsases  found  in  the  moulds 
under  the  old  qrstem  were  formed  -by  the  intense  heat  employed  in 
concentrating  we  syrup;  a  loss  which  is  now,  in  a  great  measure, 
obviated.  The  effect  of  these  improvements  in  diminishing  the  price 
and  consequently  increasing  the  consumption  of  refined  sugar,  is  also 
very  important ;  the  cost  of  refined  sugar  being  now  only  about  20  per 
cent,  greater  than  that  of  raw  sugar,  although  formerly  the  differenoe 
of  price  was  as  much  as  40  per  cent. 

In  the  preparation  of  refined  sugar,  as  in  that  of  raw,  many  improve- 
ments have  recently  been  introduced ;  but  none  'equal  in  importance 
to  Howard's  capital  invention  of  tiie  vacuum  pan.  The  chief  of  them  is 
the  draining  of  the  sugar-loaves  by  centrifugal  motion,  on  the  system 
now  so  largely  adopted  in  many  branches  of  manufacture.  [DaviKa 
Haouikes.]  Several  sugar  moulds,  with  crystaUised  wet  sugar  in 
them,  are  arranged  in  a  horizontal  chxile,  each  with  its  open  apex  out- 
wards ;  the  frame  containing  them  is  made  to  rotate  800  times  in  a 
minute,  and  the  centrifugal  force  thus  generated  drives  all  the  moisture 
out  of  the  sugar  and  out  of  the  mould.  Or  the  wet  mass  may  be  put 
at  once  into  a  centrifugal  machine,  and  whirled  round  until  it  becomes 
a  nearly  dry  white  .powder.  In  either  case  there  is  a  great  saving  of 
time  over  ^e  old  method.  Van  Qoethem,  a  Belgian  sugar  refiner,  has 
been  the  chief  agent  in  bringing  about  this  improvement. 

Sugar-Candy. — This  is  the  only  kind  of  refined  sugar  made  in  China 
and  India;  and  is  made  of  the  finest  quidity  by  the  Chinese,  who 
export  it  in  considerable  quantities.  Two  sorts  are  met  with  at  Canton, 
called,  respectively,  Chinchew  and  Canton;  the  former  being  the 
produce  of  the  province  of  Fokien,  and  the  Utter  of  that  of  Canton. 
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Of  thaw,  the  iormer  is  by  far  tbe  best  Ckinsser  BDgar-eandjr  is  eon-i 
Biimed,  to  the  almost  total  exclusion  of  other  sugar,  by  ths  EuropeoBS 
at  the  settlements  in  the  East.  Tile  process  of  maiung  it  is  briefly 
described  under  Candt. 

Jieel-root  Sugar. — The  process  of  manufaetoring  sngsr  from  beet  is 
described  under  Beet.  The  manufacture  was  commenced  in  Europe 
chiefly  through  the  high  price  of  colonial  sugar,  owing  partly  to  war 
and  psrUy  to  taxaiion.  The  early  attempts  were  disastrous :  but 
within  the  last  tew  yean  the  manufacture  has  greatly  sztoided. 
Stolid,  of  Berlin,  estimated  the  quantity  of  beet  sugar  exported  from 
the  countries  wher^  it  was  made,  at  about  S,SOO,000  cwt.  annually  ; 
bat  this  affords  no  mdex  to  the  quantity  made  and  etnttmed  in  those 
countries.  It  is  known  that  20,000,000  csntners  of  beet-root  haye  been 
used  for  tbe  manufacture  in  Germany  alone  in  one  year.  In  Fiance, 
also,  the  number  of  beet-sugar  manufactories  is  very  large.  :The 
reli^Te  advantages  and  disadTantages  of  best-sugar  have  long  been, 
and  still  are,  a  mattra  of  eontroversy.  StoiM  cbims  for  beet-sugar 
made  in  Europe,  over  cane-sugar  made  in  slave  countries,  the  following 
advantages :  superior  intellig^Nioe  and  skill  of  tbe  opnallves ;  snpe- 
riority  and  easy  repair  of  machinery ;  ready  intereourse  of  tiie  manu- 
facturers with  chemists  and  meehaokal  inTeotors ;  the  presence  of 
the  owners  instead  of  entrusting  the  maaagemoit  to  agents ;  a  ready 
supply  of  labour  and  skill  c^  various  kinds ;  and  a  dimate  lees  likely 
than  tkat  of  tropical  countries  to  produce  fermentation  in  the  saccha- 
rine juiee.  Very  favoorable  balance  sheets  have  freqaeatly  been  put 
foHh  by  beet-sugar  makers;  but  these,  like  many  other  kinds  of 
balance  sheet,  require  to  be  received  with  caution. 

We  may  here  add  a  few  words  eosoeraing  sugar  from  the  maph  and 
tke  SoTjj^um  KUtharatum. 

Maple-si^ar  >  made  in  Canada  and  the  United  States.  The  sap  ia 
obtained  by  boring  holes  ia  the  trvak  of  the  maple-tree,  in  a  direction 
inclining  upwards,  with  sa  aagur  about  three-qnairtera  of  an  inch  in 
diameter ;  the  depth  of  the  holes  being  such  that  they  may  penetrate 
abont  half  sn  inch  into  the  alburnum,  or  white  bark,  as  the  sap  is 
found  to  flow  more  freely  at  that  depth  than  at  any  other.  Tubes  of 
elder  or  sumach  are  inserted  in  the  holes,  so  as  to  project  a  few  inches 
from  tbetmnk;  their  outer  ends  being  out  so  as  to  form  small  troughs, 
along  which  title  sap  trickles  into  receptacles  placed  beneath  them. 
The  season  for  ooUecting  the  sap  extends  from  the  beginning  of 
Felnruary  to  tiie  middle  of  April.  Though  collected  in  frosty  weather, 
the  tesdency  et  the  juice  to  fermentation  renders  it  desirable  to 
boil  down  the  sap  within  two  or  three  days  at  furthest  from  the  time 
of  its  extraction.  This  is  done  ia  very  rude  Apparatus,  which  is  carried 
to  the  encampment  formed  by  the  sugar-makers.  The  syrup  is  thus 
brought  to  about  one-third  of  its  original  bulk,  the  scum  which  rises 
being  removed.  White  of  egg  is  sometimes  used  as  a  clarifier ;  and 
eecaaionally  a  little  butter  or  tat  is  thrown  in  dinring  the  last  boiling. 
The  molaoKsare  separated,  though  mostly  in  a  very  imperfect  manner, 
by  filtration.  The  concreted  sugar  is  sud  to  be  equal  in  taste  to  cane- 
sugar,  and  to  sweeten  as  welL  It  is  seldom  refined,  but  is  ot^Me  of 
b^lg  made  equal  to  loat-aagar  from  the  cane. 

Theaorgktnnsaecharattaa,  or  Sugar  Qrass,ha8  lately  become  an  object 
of  attentioa.  Seeds  were  brought  from  China,  and  distributed  in  Fraaee, 
Be^um,  Oermany,  Engknd,  and  the  United  States.  Some  were  sown 
in  a  market-garden  at  Streatham,  in  October,  1858 ;  the  plants  grew  to 
a  height  of  10  feet ;  and  ths  juice  was  said  to  eontain  IS  per  cent,  of 
saoohariae  matter.  Dr.  Scofiem  even  asserted  that  every  acre  of 
inferior  sandy  Imid  in  En^and  might  be  made  to  yield  44  tons  of  sugar 
from  this  soiuce;  that  in  bad  years  the  phmt  might  be  diced  in 
Kovember,  dried,  and  used  for  fodder,  instead  of  tunips ;  and  that  it 
ia  superior  to  the  white  beet  and  the  sugsr-maple  as  a  source  for  sngw. 
This  high  encomium,  however,  has  not  been  variSed.  The  phmt, 
nevertheleaa,  ia  more  easily  cultivatsd  than  tbe  sngar-oane,  and  over  a 
wider  variety  of  soil ;  and  as  the  juice  ia  contsjand  in  stems  eapabte  of 
being  sliced,  there  is  no  occasion  for  a  sngar-milL  On  the  other 
haztd,  Dr.  Hayes,  of  the  United  States,  from  experimenta  made  in 
1867,  found  that  the  [gyrup  would  not  crystallise  properly  :  whence  he 
inferred  that  the  plant  secretes,  not  true  sugar.butasemi-flui^^lucoss. 
At  any  rate,  the  plant  is  worthy  of  further  attention  in  Europe,  It  ia 
said  that  the  first  seeds  were  brought  from  Shanghai  to  Paris  in  1861, 
that  all  died  but  one,  and  that  all  the  plants  oi  the  Sorghum  >ow  being 
grown  for  this  experiment  is  Europe  and  America  are  the  produce  of 
this  rae  seed. 

Sugar-Trade. — It  is  not  known  how  much  sugar  is  mads  In  the 
world.  StolU,  in  1863,  put  down  the  quantities  of  caoe-sugar  exfwttd 
from  the  several  ooimtries  as  follows  ^— 


■Mt  and  Wert  Indies  (Brittsh) 
French  edonlea     , 
Dntcb  aeloiiic*  .        .        , 
^xralsh  colonics    ... 
Danish  ooloalM .        .        , 
Brutl    .         .        .        (        , 
United  States     .        .        , 


,  7,030,000  owls. 

I,29«,000  „ 

,  I,SO»,000  „ 

,  SitSOiOtO  „ 

110,000  n 

4,000,000  „ 

3,730,000  « 


93,150,000    „ 


To  which  he  added  about  an  equal  quantity  consumed  in  those  same 
eountries.  He  also  put  down  in  his  tabulation,  8,800,000  ewt.  of  beet- 
— n»,  2,000,000  of  pahn-eugBT,  and  400,000  of  maple-sugar.     H  these 


estimates  are  approximately  correct,  tiie  total  sng»  product  wonld  be 
over  60,000,000  cwts.  Mr.  M'CuUoch  has  expressed  an  opinion  that,  in 
1858,  the  produce  of  cane-sugar  all  over  the  world  was  1,250,000  tons, 
equal  to  26,000,000  cwts. — on  estimate  so  much  lower  tlian  that  of 
Stolid  for  1853,  as  to  show  that  the  authorities  rely  on  very  different 
data.  Mr.  M'Culloeh  eredits  Cuba  with  one-third  of  all  the  cane-sugar 
grown  in  the  world. 

In  1661  a  duty  amounting  to  Is.  6(2.  per  cwt.  was  imposed  on  the 
importation  of  British  plantation  sugar  in  England ;  and  in  1669  the 
duty  was  doubled.  This  gradually  rose  to  80s.  early  in  the  present 
century,  from  which  it  fell  to  24a.  in  1838.  From  1798  to  1803,  the 
duty  on  East  ludia  sugar  was  37  and  88  per  cent,  ad  valorem,  and 
aftOTwards  was  lit.  and  8s.  the  cwt.  higher  than  the  duty  on  West 
India ;  but  by  an  act  paesed  in  1836,  the  duties  were  assimilated  by 
the  reduction  of  East  India  sugar  from  82j.  to  24s.  the  cwt.  The  duty 
on  foreign  sugar  varied  from  6Q».  to  68(.  until  about  1844. 

Fluctuations  in  price,  and  the  domestic  cireumstaaces  of  the  country, 
occasion  great  diversities  in  the  consumption  of  difbrent  years.  Thus, 
with  the  low  price  of  1881,  the  consmnption  was  greater  than  in  1839, 
notwithstonduig  the  population  of  Great  Britain  had  increased  nearly 
3,000,000.  The  annual  consumption  averages  above  20  lbs.  per  head 
for  England  and  Scotland,  and  would  probably  be  60  lbs.  if  a  great 
reduction  were  to  take  place  in  the  price.  In  fYonce  the  annual  con- 
sumption averages  5  lbs.  per  head;  in  the  states  of  the  German  League, 
above  4  lbs. ;  and  in  the  whble  of  Continental  Europe,  abont  2^  lbs. 

The  quantity  of  sugar  produced  in  the  West  Indies  hss  fluctuated 
greatly  since  the  emancipation  of  the  slaves,  The  equalisation  of  the 
duty  (HI  East  India  sugar  in  1836  gave  a  stimulus  to  the  cultivation  of 
the  sogar-eone  in  the  East  In(]ies,  and  the  import  of  1840  exoeeded  all 
expectation,  being  1,066,032  cwts.,  or  above  53,000  tons.  The  scarcity 
of  1840  was  so  great  that  2816  cwts.  of  foreign  sugar  were  entered  for 
home  consumption,  paying  a  duty  of  08(.,  or  89(.  the  cwt.  'more  than 
sugar  from  British  possessions.  The  sugar  of  Brazil,  Cuba,  and  other 
foreign  eountries  is  chiefly  exported  to  the  Ccntinent,  where  the  price 
is  on  an  average  from  10*.  to  20s.  the  cwt.  lower  than  in  this  countiy. 

In  1844  a  great  change  was  effected  in  the  sugar  duties,  whereby 
foreign  sugar  might,  under  certain  eiroumstanoes,  be  imported  at  a 
duty  of  84*.  instead  of  68>.,  and  in  some  favoured  instances  (to 
Miconioge  free  instead  of  slave  labour)  as  low  as  23i.  6d,  Sugar  from 
foreign  slave  states  was  still  to  piiy  68s.  Sugar  from  British  possessions 
was  to  pay  14«.  to  81«.,  according  to  (juality.  By  acts  passed  in  184G 
and  1848,  the  duties  on  British  and  foreign  sugar  were  gradually  to 
approach  equality,  the  equalisation  to  bs  completed  in  1854,  at  which 
cUite  all  sugars  would  pay  from  10>.  to  18>.  4ci.  per  cwt.,  according  to 
quality.  Between  1854  and  -1868  the  duties  were  slightly  raised,  to 
meet  a  war  expenditure ;  during  tins  interval,  the  lowest  duty  on  the 
lowest  kind  was  lit.;  and  the  highest  duty  on  the  highest  kind,  1 7t.  6d. 
By  the  tariff  of  1860,  the  duty  was  still  again  slightly  raised,  ranging 
from  12(.  8(2.,  for  common  moist,  to  18>.  id.,  for  best  refined;  cane- 
juice  paid  a  duty  of  lOs.  4<<:  These  duties  are  the  same,  whatever 
country  the  sugar  may  be  brought  from. 

Without  takuig  note  of  the  quantity  re-exported,  the  following  gives 
the  quantity  of  sugar  imported  for  home  consumption,  and  the  duty 
raised  from  it,  in  six  different  years,  sitaated  respectively  five  years 
apart: — 

Entered  for  Ksaw 
Coaiamttioa.         'Amosat  of  Daty. 
18SS     ....    M00,00*«««»  <4,4M,0a0 

'    1BS8         .        .        .    .    S,»««,»M   M  4,700,000 

H4S     ....     4,000,000    „  »,IO»,0«0 

1843  ,        «        .     .     6,100,000    „  4,«««,000 

lU*     ....     7,300,000    „  4,100,000 

IftM  .         .         .     .     8,300,000    „  »,80*>000 

The  above  qnanllUes  are  gfven  in  reimd  manbera;  but  to  illustrate 
the  present  state  of  the  trade,  the  figures  for  1860  Wiii  here  be  given 
in  more  detaS  :— 

Imported.         SesM  flMsnmption. 

Vmefiae^  1st  ()««B9       «      Mi^MswIt^  «,  Ms  cwts. 

„         3nd  qusllry  r    .  8,743,j80    ^  >,4«4,M9    „ 

„         3rd(|naH9        r  «^7^M    »  »,|g4,0«3     „ 


Total  «»refla««     # 
S«flM«  sad  eiady  t««w 
Cane  jnlce 
Molauet       . 

.  S,8»f  ,M«    » 
fSv***    m 

11,036 
359,963 

9,777,678    »  9,333,640    „ 

It  win  thus  be  seen  that  the  home  consumption  of  sugar  vary  nearly 
equals  the  imports,  leaving  only  a  small  quantity  for  ra-exportation. 
The  computed  real  value  of  the  iiliole  (minus  the  duty)  was  about 
18,0OO,000t 

SUGAR,  PROPERTIES  OF.  Sugar  is  a  proximate  principle, 
chiefly  of  Tq>etables,  but  also  sparingly  of  animals  of  the  class  Mam- 
malia. It  presents  considerable  varieties,  according  to  the  source 
whence  it  is  obtained,  and  ie  distinguished  into  those  which  are  capa- 
ble of  undergoing  the  vinous  fermentation,  and  into  those  which  are 
not ;  also  into  those  which  can  assume  a  definite  crystalline  form,  and 
those  whidl  cannot ;  but  sometimes  these  two  kinds  eo-exiBt  in  the 


Digitized  by 


Google 


SUQAB,  PEOPEKTIES  OF. 


SUOAB,  IVOPERTIES  OF. 


■ame  sort,  as  in  the  sugar  from  the.  sugar  cane,  which  jields  both  the 
finest  ciystals  and  likewise  molasses  (h-  treacle.  It  almost  invariably 
exists  in  a  dilute  and  liquid  state  Iq  planfai,  but  it  oacsstonally  ezhibite 
4  crystalline  form  in  the  flower  of  certain  plants,  such  as  the  Mododa^- 
dron  pontictm,  iha  StnliUia  Seginte,  and  JSitconU  ptMcUUa.  Sugar  is 
the  ^«at  principle  by  which  rapidly-growiiw  sueeulent  parts  of  plants 
and  seeds,  when  they  genmsate,  are  nourisned.  Heace  it  is  produced 
in  large  quantities  in  such  seeds  as  contain  atardt,  wiien  excited  to 
germinate,  as  may  be  ofaaervad  in  the  process  of  maltiiig,  which  up  to 
s  certain  stage  is  exactly  that  of  the  germinatatm  of  the  Med.  Under 
these  mTOumstances,  seeds  ii4uch  are  inaipid  from  the  Uaod  oatuie  of 
the  starch  trtiiah  th^  contain  become  sweet.  By  this  means  many 
seeds  which  are  regarded  as  little  suited  for  ihe  nouiishmeat  of  man 
may  be  made  to  contribute  to  his  support,  by  merely  «teeping  them  in 
water  till  they  sprout.  A  similar  transformation  of  starch  into  sugar 
takes  place  in  the  ripening  of  many  fruits.  Thus  the  fruit  of  the 
banana,  or  plaintain,  whitdi,  when  gathered  green,  abounds  in  starch, 
if  allowed  to  ripen  on  the  stalk  is  destitute  of  starch,  and  yidds  mudi 
gummy  and  saccharine  matters.  The  same  happras  when  the  palms 
are  about  to  flower,  as  all  the  starch  in  their  lofty  stems  is  rapidly 
transformed  into  sugar;  and  hence  the  sago-palm  (Sagia  Samphii, 
&c.)  and  the  Matariiia /lexuoia  (sago-pahn  of  we  Orinoco)  are  out  down 
just  when  the  flower-buds  begin  tu  appear,  to  obtain  the  ssg«>Uiey 
contain.  In  other  palms  the  flowei^buds  are  allowed  to  protrude,  and 
a  wound  being  made  in  the  spatha,  a  large  quantity  of  a  sweet  fluid 
distils,  which  may  either  be  concentrated  by  boilmg,  when  sugar  is 
deposited,  or  the  liquid  may  be  fermented,  and  so  yield  the  toddy 
called  jxUan  wiiK.  If  these,  or  the  sugar-cane,  maize,  or  our  common 
esculent  roots,  parsnep,  skirret,  carrot,  or  beet,  are  allowed  to  flower, 
all  the  gummy  and  saccharine  matters  dis^pesr  from  the  roots  or 
stem.  The  transformation  of  starch  into  gum  imd  sugar  is  effected  by 
a  {Hinoiide  called  diiutau  [Fkbuknt],  which  is  ao  powerful,  Uiat  "  one 
put  of  it  is  sufficient  to  render  soluble  the  interior  portion  of  two 
thousand  parts  of  starch,  and  omvert  it  into  sugar."  Wherever  buds 
are  lodged,  there  the  elements  of  dinntase  are  placed,  to  come  into  play, 
when  t^ey  begin  to  sprout,  aad  supply  them  with  food  in  a  state  of 
solution,  as  is  the  case  with  the  buds  or  eyes  of  potatoes. 

Many  seeds,  b^ore  they  are  ripe,  ocmtain  a  saccharine  substaaee, 
whidi  is  changed  into  starch  when  fully  ripe,  but  which  again  beoomss 
sugar  in  germinating,  such  as  the  garden  pea.  Many  stems  of  grasses 
are  sweet  at  an  early  stage  of  thor  growth,  but  become  insipid  at  a 
later  period.  This  influences  greatly  the  nutritive  powers  of  these 
grasses,  according  to  the  stage  of  growth  when  they  are  cut  down  and 
made  into  hay.  (8es  ^ipendix  to  Davy's  '  Agricultural  Chemistry.') 
Those  K^di  have  been  allowed  to  become  too  ripe  are  often  [restored 
to  a  proper  state  by  the  fermentatioo  (htatutg)  which  occurs  after  the 
hay  IB  stacked;  but  this  is  sometimes  so  Ti<dent  as  to  consume  the 

nts  staNh  Isdgsd  in  the  stem  of  certain  tteas  in  Mitumn  is  ccd- 
Terted,  by  the  ascending  sap  in  spring,  into  sugar,  with  great  rapidity. 
This  is  the  case  with  the  Acer  $aeeharinui»,  or  sugar-mi^pla,  and  many 
othw  species  of  that  genus  which  sxe  tapped  in  February. 

The  same  is  the  case  with  the  asoeoding  sap  of  the  birch-tree,  but 
this  does  not  contsin  sufficient  sugar  to  permit  the  conoenintion  of  it; 
there  is  enough  however  to  undergo  the  vinous  fermentation,  and 
thereby  furnish  the  agreealide  beverage  called  bireh  vine. 

Next  to  the  sugars  from  the  cane  and  beetroot,  amraig  those  which 
ire  crystallisable  and  capable  of  fermentation,  the  most  important  is 
the  gramilar  sugar  obtained  from  a  great  variety  of  sources.  It  exists 
hi  considerable  quantity  in  the  juice  of  grapes,  and  hence  the  name 
gn^  mgar,  which  should  be  limited  to  this  particular  variety,  is 
sometimes  extended  to  the  whole  class  of  krummel  sugars.  It  forms 
a  constituent  of  a  great  many  fruits,  not  merely  flediy,  such  as  peai^, 
cherries,  peaches,  melons,  dates,  figa,  grapes,  on  which  last  two  it 
forms  a  white  incrustation  when  these  are  dried,  but  in  ohesnuts, 
when  produced  in  warm  regions.  It  exists  in  the  nectaries  of  many 
flowers,  and  is  odlected  by  the  bees ;  hence  honey  is  only  one  of  the 
kinds  of  this  sugar.  Though  harmless  in  profa«bly  sU  instancas  to 
the  bees,  from  whatever  plimt  collected,  it  not  uniraquently  has  a 
poisonous  influence  over  human  beings,  vriien  it  ha*  been  collected 
from  poisonous  plants,  such  as  Bhododendrons  and  thor  allied  genera. 

Otuular  sugar  i*  readily  formed  by  the'  action  of  dilute  sulphuric 
acid  on  stsrch,  or  sugar  of  milk,  or  the  bailard  sugar  which  remains 
after  the  finest  refined  sugar  has  been  procurad  from  the  cane  or  beet- 
root sugar.  Lignin,  or  anything  iv>nt^iT»ing  or  formed  from  it,  such  as 
aaw-dust,  linen-rags,  or  fuper,  may  be  likewise  transformed  into 
gnmular  sugar.  It  is  likewise  the  kmd  of  sugar  formed  during  the 
germinatirai  of  seeds.  Lsstly,  it  is  that  kind  of  sugar  which  is  formed 
b^  a  perverted  action  of  the  digestive  and  «««i™iUtit<g  organs  in  the 
disease  termed  diabtta  mMUvM.  rDiABBns.]  All  these  varieties  taste 
less  sweet  thsn  the  eane-sugar,  and  also  diffinr  among  themselves ;  thus 
gr^ie  fnd  honey  sugar  are  sweeter  than  that  from  starch,  while  starch 
sugar  IS  sweater  than  that  obtained  from  juniper  berries.  All  of  them 
contain  less  carbon  and  mors  water  than  the  cane  sugar,  and  may 
be  regarded  as  hydrates  of  sugar. 

Sugar,  which,  though  with  difficulty  ciystallised,  is  lefeired  to  tSis 
section,  exists  in  many  fungi  or  mushrooms,  especially  of  the  genus 
Agaricus,    WhileitoMitaribiliteC'to  thsir  nokitive  properties,  it  moat 


likely  proves  one  source  of  tiie  poisonous  qualities  they  sometimBS 
possess,  as  it  is  oocaaionally  transformed  into  oxalic  acid.  Mnmiti  of 
eiystals  have  been  observed  on  the  cap  of  a  mushroom,  some  of  whicli 
were  sugar,  while  others  were  oxsiic  aeid.  Free  oxalio  acid  is  found  in 
the  Polj/pomt  tulpKuraa,  Bull,  whixb  ie  most  likely  fannsd  at  the 
eiqioise  of  the  sugar. 

The  only  uacrysUJlisable  sugar  vUch  is  aajpaUs  of  £armentation  ia 
the  syrup  which  remains  alter  the  refining  of  the  cane  and  other  sugwa. 
It  receives  the  name  of  mnhnsas,  and  is  used  in  medicine  under  the 
name  of  Saochari  faax,  which  ia  preferaUe  to  that  of  CAeriaca,  aa 
this  might  lead  to  confusion  with  a  prasanous  compound  which  beani 
a  similar  name.  Molasses  are  largely  employed  for  the  distillation 
of  rum. 

The  kinds  of  sugar  imsusoeptible  of  fermentation  are,  the  sugar 
of  milk  and  mannite;  yet  sugar  of  milk,  whsa  by  the  action  of 
dilute  sulphuric  acid  it  ia  converted  into  granular  sugar,  is  aa 
susceptiUe  of  fermentation  as  any  of  the  above-described.  In  other 
re^Mcta  it  conducts  itself  like  common  sugar,  except  that  with  niljric 
acid,  besides  oxalio  acid,  it  forms  sadactio  acid.  It  is  procured  firom 
whey,  either  umply  by  evaporating  to  dryness  {lacchanun  laetii  itupii- 
latum),  or  by  crystalhsing  it.  It  is  frequently  separated  from  the 
curd  by  the  addition  of  a  great  many  eubstanoes,  which  can  coagulate 
thia,  such  as  alum,  vinegar,  tamarinds,  sad  mustard,  and  in  oertain 
diaeaaea  these  medicated  wheys  are  much  recommended. 

Sugar  of  milk  has  little  sweetness,  but  a  hot  solution  of  it 
tastes  much  sweeter  than  the  dry  sugar.  Sugar  of  milk  is  much 
used  by  the  followen  of  homoaopothy  as  the  matwial  of  Uteir  dynam- 
ised globulaB. 

Manna  sugar  constitutes  the  greater  portion  of  the  manna  which 
flcAra  from  tiie  Onuu  europaea  and  other  aahes  in  tiie  south  of  Europe, 
the  balk  of  the  oUvetree,  many  species  of  piaet,  the  root  and  leaves 
of  celery,  the  bulb  of  the  common  onion,  and  in  the  riuzoma  of  the 
Ti-iUcum  repent,  or  couoh-grass.  The  sweet  juices  <^  many  plants, 
such  as  beet,  carrots,  to.,  when  long  exposed  to  the  air,  genwate 
manna  sugar  by  a  partial  fermentation.  To  prevent  this  is  one  of  the 
^eat  objects  in  the  maaofactun  fof  beet-root  sugar;  hence  the  neces- 
sity for  speedily  oonosntrsting  aad  puri^png  this  juiceL  To  thia  variety 
of  sugu-  probably  belongs  Cynooon,  which  exista  in  the  root  of 
Digitaria  (Oynodon)  Daemon.  And  ijso  tivs  principle  called  eaiuUim, 
obtained  from  candla  alba. 

The  princqile  called  g^ycyrriiiain,  obt^oed  from  the  liquorioef  lants, 
and  the  analogous  principle  from  the  leaves  of  the  abrus  prscatorius, 
and  the  root  of  the  common  polypody  fern,  probably  belong  here,  as 
well  as  aarcocollin,  which  exists  both  in  Pauea  mucronata,  P.  Bono- 
eoUa,  and  in  the  polypody.  Fioromel,  or  the  sweet  principle  which 
exists  in  the  bile  of  t»..tnm>l.  tai  birds,  ii  probably  a  variety  of  sugar, 
thou^  unsuaowtible  of  fsrmentstinn,  and  oa^it  to  be  considered  in 
conjunetion  wita  it,  from  the  share  it  may  have  in  augmenting  the 
sugar  in  diabetea.    (See  Experiments  of  Claude  Bernard.) 

In  treating  of  Uie  dietetical  properties  of  sugar,  it  is  necesssrj  to  view 
it  in  a  variety  of  conditions.  In  temperate  dimates  sugar  ia  regarded 
as  a  luzurjr,  one  indeed  which  is  nearly  indispensable ;  but  in  tropioil 
countries  it  is  a  universal  article  of  auhsistanoe,  partly  aa  nasi  sugar, 
and  psrUy,  and  more  geneiaUy,as  it  oocurs  in  the  cane,  whish  ia  either 
simply  chewed  or  sucked,  or  softened  by  previous  boiling.  In  tins 
state  it  is  eminently  nutritious.  It  has  beian  called  "the  most  perfect 
alimentary  substance  in  nature,"  and  the  results,  in  the  ^>pearaace  of 
the  negroes,  during  the  cams  harvest,  notwithstanding  this  increased 
severe  toils  of  that  season,  seem  to  conflrm  the  statement,  They 
almost  invariably  become  plump  and  sleek,  and  scarcely  take  any  other 
food  while  tiie  harvest  lasts  {  even  the  sickly  revive,  sod  often  recover 
their  health.  The  crude  plsot,  or  the  newly  expressed  juioe,  contains 
water,  sugar,  gum,  green  fecula,  extiaotiva,  gluten,  acetic  and  maUe 
acids,  acetates  of  lime  and  potash,  supermalatB  and  sulphate  of  lime, 
and  lignin.  It  is  the  object  of  the  various  procesaes  to  which  the 
juice  is  subjected,  both  in  the  oauntries  wliere  it  is  produoed  end 
where  it  is  refined,  to  sepsrate  the  sugar  from  the  other  ingredients, 
some  of  which  dispose  it  to  ferment  and  spoil,  and  others  are  obstadas 
to  its  crystallising.  (See  a  valuable  paper  by  Kesna.  Guynne  and 
Toung,  in '  Britidi  Annals  of  Medicine,'  roL  L,  p.  778 ;  and  ii.,  p.  42, 
where  they  enumerate  tannie  acid  and  oxide  of  iron  among  the  ingre- 
dienta  of  raw  sugar).  By  the  removal  of  auch  of  these  principles  aa 
contain  aaote,  especiallv  the  ^uten  and  green  fecula,  the  nutritive 
power  of  sugar  is  sensibly  diminished. 

However  harmlesa  the  use  of  saccharine  vsgetaUes  may  be  to  per- 
sons in  health,  there  cannot  be  a  doubt  but  tliat  in  some  instances 
they  are  extremely  hurtf uL  "  The  dsrsngement  or  partial  auspension 
of  the  converting  the  saccharine  prinoipls  in  man  into  tiie  albuminous 
or  oleaginous,  not  only  constitutes  a  fcrmidaUe  apeciea  of  dyspepsia, 
but  the  unassimilated  eancharinn  matter  ia  jsMiing  through  the 
kidneys  gives  occsaian  to  tlis  diewisn  termed  tuoieCa."  Tlie  Uood 
of  a  perfectiy  healthy  individual  ooptaina  no  appreoiabls  quantity  of 
sugar ;  but  in  diabetes,  sugsr  haa  been  repeatedly  ascertained  to  exist 
in  the  sanguiferous  system, — a  fact  unequivocally  demonstiating  that 
the  awBJmilating  organs  had  failed  to  oonvert  the  saocfaarine  aliment 
into  the  constituent  principles  of  the  blood.  Oxalic  add  is  ndther 
found  in  the  blood  nor  in  the  urine  in  a  state  of  health;  but  in  certain 
forms  of  disease  probaUy  exists  in  both  fluids.    IsMtio  tioUl,  when  in 
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exc888,  which  forms  one  of  the  most  troublesome  kinds  of  acidity  in 
the  stomach,  and  the  frequent  concomitant  of  bilious  attacks,  is  Ukc- 
wise  the  result  of  such  mal-assimilation  generally  of  the  saccharine 
matter,  though  occasionally  of  albuminous  matters.  The  prohibition 
of  articles  of  a  decidedly  saccharine  nature  from  the  diet  of  diabetic 
patients  becomes  absolutely  necessary.  If  ot  only  sugar  in  its  crystallisa- 
ble  states  must  be  prohibited,  but  Uiuse  fruits  which  contain  itk  A 
single  peach  or  pear  has  occasionally  brought  bock  the  disease  in  all  its 
severity.  Even  those  starchy  or  farinaceous  matters  which  we  have 
seen  to  be  convertible  into  sugar  must  be  avoided,  especially  potatoes, 
the  starch  of  which  is,  of  all  others,  the  most  ea^y  transmuted  into 
sugar  which  is  of  the  same  nature  as  the  diabetic  sugar. 

The  abuse  of  sugar  ia  to  be  avoided  by  persons  disposed  to  the 
oxalic  acid  diathesis ;  and  persons  of  a  bilious  habit  should  use  it  with 
great  moderation,  as  also  those  with  tendency  to  rheumatism. 
(See  Prout.) 

Sugar,  though  prone  to  fermentation  when  in  a  dilute  state, 
possesses  when  concentrated  great  antiseptic  properties,  and  is  exten- 
sively employed  to  preserve  both  animal  and  vegetable  substances 
from  decomposition.  Sometimes  the  sugar  existing  naturally  in  many 
fruits  is  sufficient  to  ensure  their  preservation,  as  in  figs,  raisins,  and 
other  dried  fruits ;  especially  if  the  season  has  been  bright  and  warm, 
when  more  sugar  is  elaborated.  In  other  cases  sugar  is  added,  as  in 
many  preserves  and  jellies.  Sugar  added  to  meat,  fish,  &c.,  rendera 
less  salt  necessary  for  keeping  them,  and  preserves  more  of  the  natural 
taste  and  flavour.  Many  medicinal  substances,  as  well  as  flavours  and 
colouring  principles,  are  preserved  by  means  of  sugar.  [Stbcps.] 
Bugnr,  from  the  readiness  with  which  it  reduces  to  a  metiUlic  state 
those  bases  which  have  a  weak  attraction  for  oxygen,  has  been  proposed 
as  an  antidote  in  casea  of  poisoning  with  copper,  corrosive  sublimate, 
&c.  It  is  to  be  doubted  whether  syrup  is  adequate  to  effect  the  reduc- 
tion at  the  temperature  of  the  stomach.  On  the  other  hand,  sugar 
yields  oxygen  to  those  substances  which  attract  it  strongly,  such  as 
phosphorus;  hence  nothing  so  quickly  and  certainly  revives  a  fire 
nearly  extinct  as  throwing  a  little  brown  sugar  on  the  embers.  Sugar 
burnt  at  a  low  temperature  constitutes  caranul;  one  part  of  wis 
dissolved  in  four  parts  of  water  constitutes  the  liquor  (improperly 
called  tinetura)  sacchari  tosti,  which  is  employed  lis  a  coloiuing- 
matter  for  many  liquids,  especially  for  the  dark-coloured  sherries  and 
other  wines. 

Beflned  sugar  is  much  employed  for  the  administration  of  volatile 
oils,  constituting  oleo-soccharums.  Finely  powdered  white  sugar 
sprinkled  upon  ulcera  with  unhealthy  granulations  acts  as  an 
eecharotic. 

The  term  sugar  has  been  applied  to  some,  substances  on  account  of 
their  sweet  taste,  which  are  widely  different  from  real  sugar,  and 
possess  even  poisonous  properties,  such  as  acetate  of  lead,  or  sugar  of 
lead.  Oxalic  acid,  another  very  poisonous  substance,  is  often  called, 
from  being  prepared  from  sugar,  acid  of  sugar,  and  therefore  thought 
t<o  be  harmless.  Fatal  aocidentB  frequently  result  from  this  mistake. 
[OxALio  Acid.] 

SUICIDE  is  the  term  usually  applied  both  to  the  act  of  self- 
desti^iction  and  to  him  who  commits  it.  As  a  subject  of  medical 
investigation,  the  most  important  distinctions  among  cases  of  suicide 
are  founded  on  the  circumstances  which  lead  to  its  commission ;  and 
of  these  there  are  two  chief  classes  :  in  one,  a  man  is  led  to  disregard 
his  life  for  the  sake  of  something  for  which  his  death  is  necessary ;  in 
the  other,  he  is  depressed  by  an  evil  more  intolerable  than  the  act  of 
d^g.  But  whichever  of  these  be  the  motive,  it  may  act  in .  two 
different  ways,  and  the  suicide  may  be,  as  M.  Esquirol  has  said,  either 
acute  and  involuntary,  or  chronic  and  prepense.  Or,  again,  suicides  of 
all  kinds  may  be  divided  (and  this  is  probably,  the  moat  practical 
method)  according  to  the  condition  of  the  mind  which  has  preceded 
the  act,  and  which  in  each  case  constitutes  the  disposition  to  self- 
destruction. 

In  many  oases  this  disposition  is  only  a  part  of  the  general  perversion 
of  the  judgment  in  complete  insanity  :  it  thus  exists  in  certain  maniacs 
in  combination  with  many  other  signs  of  a  diseased  mind.  Some  are 
merely  melancholy ;  some  are  carried  on  by  illusions  which  lead  them, 
OS  if  unintentioiuklly,  to  suicide;  some  have  sensations  which  they 
imagine  may  be  cured  by  such  violence  as  proves  fatal ;  some  ore 
driven  to  the  act  by  commands  which  they  imagine  they  have  received ; 
somd  destroy  thenuelves  at  the  commencement  of  insanity,  when  they 
are  conscious  of  the  malady  which  threatens  them ;  othera,  in  their 
convalescence,  in  horror  at  we  excesses  which  they  have  committed,  or 
at  the  mere  thought  of  having  been  deranged. 

_  There  axe  also  cases  of  monomania  in  which  almost  the  only  indica- 
tion of  insanity  is  the  desire  for  self-destruction,  excited  by  an  illusion 
respecting  some  melancholy  event,  or  by  some  fancied  command. 
A  peculiar  and  very  terrible  variety  of  this  monomania,  is  that  in 
which  the  desire  for  destruction  leads  the  patient  to  take  the  lives  of 
others,  against  whom  he  bean  no  ill-will,  before  he  attempts  his  own. 
Many  instances  of  this  homicidal  monomania,  as  it  is  colled,  are 
recorded. 

There  are  conditions  of  the  mind  which  are  not  called  insanity  (in 
the  ordinary  acceptation  of  the  term),  but  which  do  not  less  strongly 
predispose  to  suicide.  Such  is  especially  that  named  atntd,  or  tadium 
tita  for  which,  though  it  is  thought  by  foraignera  to  be  so  common  in 


England  that  Sauvages  has  called  it  "  melancholia  Anglica,"  wo  have  in 
our  language  no  term  except  the  very  inexpressive  one,  spleen.  Many 
circumstances  give  rise  to  this  state  of  mind ;  most  commonly  it  is  the 
consequence  of  a  want  of  occupation,  or  of  a  sudden  transition  from  a 
state  of  active  exertion  in  business  or  in  pleasure,  to  one  of  voluntary 
or  compelled  repose ;  or  it  results  from  the  difficulty  which  those  who 
have  long  lived  in  the  excitement  of 'frivolous  pursuits  find  in  main- 
taining it  by  new  objects  of  desire. 

The  state  of  the  hypochondriac,  though  of  somewhat  the  same  kind, 
is  less  dangerous.  He  is  persuaded  indeed  that  bis  sufferings  are  irre- 
mediable, and  that  death  would  be  a  great  relief  to  him ;  he  even  often 
talks  of  committing  suicide ;  but  he  is  as  irresolute  in  the  use  of  the 
means  of  death  as  he  is  anxious  in  the  use  of  those  for  prolonging  life ; 
and  if  he  do  at  lost,  after  repeated  postponements,  attempt  to  destroy 
himself,  the  attempt  is  generally,  through  want  of  determination, 
abortive,  and  he  again  sinks  into  the  same  despondency  and  inactivity. 

In  all  these  cases  the  suicide  is  of  the  chronic  or  prepense  kind ;  and 
in  all,  the  condition  of  mind  which  precedes  it  is  connected  with  a 
perversion  of  the  judgment  so  obvious,  that  no  reasonable  person  could 
hesitate  to  regard  it  as  insanity.  Whatever  ingenuity  of  plan  may 
have  been  shown  in  the  preparation  for  the  act,  very  few  persons  would 
deny  that,  under  similar  external  circumstances,  it  would  not  have 
been^mmitted  by  a  sane  man ;  and  this  is  true  of  the  great  majority 
of  prepense  suicides  in  the  present  day. 

In  the  acute  or  involuntary  suicides,  the  predisposing  condition  of 
the  mind  is  the  result  of  circumstances  which  act  rapidly,  and  pervert 
a  judgment  which,  before  their  occurrence,  might  be  deemed  sound. 
Suicides  of  this  kind  are  probably  less  frequent  than  those  of  the  pre- 
ceding ;  but  they  are  usually  more  shocking,  and  attract  more  atten- 
tion; they  are  especially  common  in  large  towns,  or  wherever  men  pursue 
great  objects  at  great  hazards.  For  instance,  a  loss  of  money  or  of 
honour,  the  failure  of  an  ambitious  enterprise,  jealousy,  and  many 
afflicting  events,  are  enough  at  once-  to  deprive  a  man  of  tender  sensi- 
bility of  the  power  of  just  reflection,  and  to  make  him  think  that  death 
is  not  so  bad  as  the  miseiy  which  he  must  undergo.  On  the  spur  of 
the  moment  of  anguish  he  destroys  himself.  Similw  circumstances 
impel  a  man  of  colder  temperament,  or  of  a  braver  disposition,  more 
slowly  to  the  same  end.  The  one  may  for  a  time  endure  passively 
his  disgrace ;  the  other  may  have  courage  at  first  to  bear  up  against 
it ;  but  at  length  the  judgment  is  in  both  alike  perverted,  and  the 
same  state  of  mind  is  produced  which  uiges  others  to  immediate  self- 
destruction. 

Lastiy,  there  are  examples  in  which  suicide  is  committed  with  perfect 
coolness,  being  adopted,  after  due  deliberation,  as  the  most  judicious 
course  which,  in  the  circumstances  of  the  cose,  and  as  far  as  the  know- 
ledge of  the  individual  enabled  him  to  judge,  could  be  followed.  Such 
are  many  of  the  cases  in  which  men,  findmg  themselves  afflicted  with 
incurable  and  painful  diseases,  have  ^ortened  that  which  they  believed 
would  be  a  miserable  life ;  and  of  the  same  class  are  the  suicides  com- 
mitted in  accordance  with  national  custom,  or  superstition,  or  from 
patriotic  motives.  The  cases  of  this  class  are  not  proper  subjects  for 
medical  consideration,  for  in  these  there  is  no  disorder  of  the  mind. 
The  act  is  committed  cither  without  deliberation,  in  obedience  to 
custom  or  authority ;  or,  when  deliberation  is  used,  the  conclusion  is 
only  the  necessary  result  of  tjie  error  in  the  premises. 

Such  are  the  states  of  mind  which  most  commonly  predispose  to 
suicide,  and  the  circumstances  which  produce  them.  The  character  of 
the  act  itself  usually  corresponds  closely  with  that  of  the  mind  by 
which  it  is  urged.  By  those  who  commit  it  after  deliberation,  the 
means  employed  ore  almost  always  successful ;  so  they  are  when  men 
who  have  endured  affliction  for  some  time,  at  last  sink  under  it.  But 
when  suicide  is  attempted  under  the  sudden  impulse  of  the  fear  of 
djognce,  the  endeavour  is  often  abortive ;  the  means  chosen  are  insuffi- 
cient, or  they  are  awkwardly  employed ;  and  it  desoves  notice,  that 
the  attempt  generally  seems  to  be  the  acme  of  the  frenzy ;  for  if  it  be 
unsuccessful,  it  is  very  rarely  repeated,  and  often  he  who  has  made  it, 
in  the  next  minute  seeks  assistance,  and  bitterly  repents  his  folly. 

It  is  a  generally  received  opinion  that  cold  foggy  climates  favour  the 
development  of  the  suicidal  disposition  ;  but  in  Holland,  the  climate  of 
which  is  very  similar  to  that  of  Great  Britain,  the  proportion  of  suicides 
ia  lower  than  in  any  other  countries  with  milder  climates ;  aud  that 
many  circumstances  are  capable  of  counterbalancing  whatever  influence 
climate  may  have,  is  proved  by  the  number  of  suicides  in  the  same 
country  having  varied  considerably  in  different  periods.  It  has  also 
been  shown  that  the  number  of  suicides,  in  proportion  to  the  popula- 
tion, is  greater  in  France  than  in  England.  In  the  year  1858,  in 
England  and  Wales  the  totiJ  number  of  suicides  was  1267,  of  whom 
921  were  males,  and  336  females,  or  1-6  in  20,000  of  the'whole  popula- 
tion, or  1  in  450  of  the  deaths. 

In  accordance  with  the  same  general  opinion,  it  ia  commonly  said 
that  suicides  are  more  frequent  in  the  latter  part  of  (he  autumn  than 
in  any  other  season ;  but  statistical  inquiries  would  seem  to  indicate 
that  the  kind  uf  weather  which  is  most  favourable  to  the  suicidal  dis- 
position is  rather  that  of  long-continued  heat  and  drought.  The 
tendency  to  suicide  varies  greatly  among  persons  of  different  stations 
and  occupations.  In  a  letter  from  Hr.  f^rr  to  the  registrar-general, 
this  tendency  was  shown  to  be  "  least  among  persons  who  carry  on 
occupations  out  of  doora,  and  greatest  among  artisans  who  are  weakly 
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from  birth,  «n  confined  in-doon,  b»Te  their  rest  disturbed,  or  hare 
little  muacular  exercise." 

From  what  has  been  said  of  the  variety  of  causes  which  may  engen- 
der or  encouraf^  the  disposition  to  suicide,  it  must  be  manifest  that 
no  general  account  can  be  given  of  the  morbid  conditions  of  the  body, 
or  of  the  brain,  which  accompany  tlie  mental  disturbance^  Many  facts 
relating  to  tliis  part  of  the  subject  have  been  related ;  but  as  yet  they 
are  unconnected  by  any  generalisation.  We  may  therefore  proceed  at 
once  from  the  causes  to  the  treatment  of  the  suicidal  disposition. 

Here  also  what  has  been  said  of  the  one  may  serve  for  a  guide  to  the 
knowledge  of  the  other.  With  respect  to  the  treatment  of  those 
among  the  insane  who  exhibit  a  tendency  to  self-destruction,  there  can 
be  no  other  deviation  from  the  ordinary  treatment  of  insanity  tlion 
tiiat  which  consists  in  the  careful  removid  from  them  of  all  means  by 
which  their  intentions  may  be  accomplished.  Both  for  these  and  for 
those  who  show  no  other  sign  of  insanity  than  their  desire  for  death, 
the  most  successful  remedy  is  the  giving  full  occupation  for  the  time ; 
tills  is  indeed  essential  to  t^e  safety  of  aJl  who  show  any  disposition  to 
suicide.  The  occupation  moreover  should  be  one  wliich  will  carry  the 
mind  as  far  as  possible  from  the  subjects  on  which  it  is  morbidly  sensi- 
tive, or  on  which  it  lias  been  aocustomed  to  dwell  too  intently.  Above 
all,  a  person  suspected  of  an  intention  to  commit  suicide,  should  be 
kept  carefully  &am  the  contemplation  of  histories  of  self-destruction. 
Numerous  instances  have  proved  that  the  tendency  to  imitate  the  acts 
of  others  opeiates  as  forcibly  in  producing  suicides  as  in  encouraging 
the  most  trivial  fashion.  For  all  cases  of  imitative  suicide  there 
is  a  plain  preventive  means  which  should  never  be  neglected,  namely, 
the  fear  of  being  disgraced  after  death;  and  ttiat  this  operates 
forcibly  in  deterring  men  from  suicide,  is  a  sufficient  proof  of  the 
impnidonce  of  the  opinion  which  regards  suicide  as  affording  by  itself 
sufficient  evidence  of  the  insanity  and  irrasponsibihty  of  those  who 
commit  it. 

SUICIDE,  in  Law,  is  death  caused  by  the  act  of  the  party  dying. 

A  rescript  of  Hadrian  expressly  directed  tliat  those  soldiers  who, 
either  from  impatience  of  pain,  from  disgust  of  life,  from  disease, 
from  madness,  from  dread  of  infamy  or  disgrace,  had  wounded  them- 
selves or  otherwise  attempted  to  put  a  period  to  their  existence,  should 
only  be  punished  with  ignominia  ('  Dig.,'  49,  tit.  16,  s.  6, '  De  Bo 
Militari ') ;  but  the  attempt  of  a  soldier  at  self-destruction  on  other 
grounds  was  a  capital  offence  ;  and  those  who,  being  under  prosecution 
for  heinous  cTcucus,  or  being  token  in  the  commission  of  a  great 
crime,  put  an  cud  to  their  existence  from  fear  of  punishment,  for- 
feited all  their  property  to  the  Fisousi  ('Dig.,'  48,  tit.  21,  s.  8.) 
Suicide  was  not  uncommon  among  the  Romans  in  the  later  republican 
period  ;  and  it  became  very  common  under  the  emperors,  as  we  see 
from  the  examples  in  Tacitus,  and  in  the  younger  Plmy,  who  mentions 
tiie  case  of  CurcUius  Rufus  ('  Ep.,'  i.  12),  Silius  Itolicus  (iii.  7),  Arria 
(iii.  16),  and  the  woman  (vi.  2lVwho  succeeded  in  persuading  her 
husband,  who  was  labouring  under  an  incurable  disease,  to  throw  him- 
self, tied  to  her,  into  a  lake.  rSiLios  Italious,  in  Bioa.  Div.] 
Kxcept  in  the  cases  mentioned  in  the  two  titles  of  the '  Digest '  above 
citid,  suicide  was  not  forbidden  by  the  Roman  law;  nor  was  it  dis- 
countenanced by  public  opinion. 

Suicide,  by  the  law  of  En^aad,  is  a  crime  attended  by  some  of  the 
consequences  attached  to  felony.  It  is  called,  in  law,  though  incor- 
rectly, fcUmia  deit.  A  felon  de  $1  then  is  a  person  who  being  of  years 
of  discretion  and  in  his  senses,  destroys  Ills  own  life,  either  intending 
to  do  so,  or  intending  to  do  some  other  act  of  a  character  both 
unlawful  and  malicious ;  the  legal  effect  of  which  is  a  forfeiture  to  the 
crown  of  idl  the  personal  property  which  the  party  had  at  the  time  he 
committed  the  act  by  which  the  death  was  caoiMd,  including  debts 
due  to  him.  Though  the  crime  is  called  felony,  it  was  never  attended 
with  forfeiture  of  &«ehold,  and  never  worked  any  corruption  of  blood. 
But  formerly  the  crown  was  entitled  to  the  year,  day,  and  waste  of  the 
freehold  lands  of  a  self-felon ;  as  we  iind  that  in  1289  the  widow  of 
Aubrey  or  Albert  (Alberici)  de  Wytelesbury  gave  3002.  to  the  king 
(Edw.  I.)  to  have  all  the  goods  and  chattels  of  her  husband,  "  a  felon 
by  drowning  liiniself,"  saving  to  the  king  the  year,  day,  and  waste  of 
Aubrey's  lands  and  tenements.     (2  Madox, '  Exoh.,'  317.) 

The  fact  th.at  a  self-felony  has  been  committed  is  asccnrtained  by  an 
inquest  or  inquisition  taken  before  the  coroner  or  other  officer  lisving 
authority  to  liold  inquests,  upon  view  of  the  dead  body,  and  examina- 
tion of  witnesses  in  the  presence  of  a  jury,  summoned,  as  in  other 
cases,    to   inquire  into  ute  cause  of  a  sadden  or  violent   death. 

[COBOirER.] 

Where  a  self-felony  is  found  by  the  inquisition,  the  juiy  ought  also 
to  inquire  and  find  whether  the  party  had  any,  and,  if  any,  what  goods 
and  ciiattels  at  the  time  when  the  felony  was  committed,  But  an 
omission  in  this  respect  may  be  supplied  by  an  inquisition  taken  by 
tile  sheriff  imder  a  writ  De  melius  inquirendo,  or  "  further  inquiry. 
The  property  in  \h.e  self-felon's  goods,  upon  being  found  in  either  of 
these  modes,  is  vested  in  the  crown  with  relation  to  the  time  of  the 
felony,  so  as  to  make  any  intermediate  dealing  with  the  property  void 
as  against  the  crown. 

The  crown  takes  the  property  of  the  felon  subject  to  no  liability  in 
respect  of  his  debts  or  engagements.  But  upon  a  memorial  presented 
to  the  treasury  by  a  creditor,  a  warrant  is  generally  obtained,  authoris- 
ing the  grant  of  letters  of  administration  to  sooh  creditor,  who,  upon 
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such  grant  being  made,  acquires  the  ordiiuuy  rights,  and  becomsa  sub- 
ject to  the  ordinary  liabilities  of  a  personal  representative. 

It  was  formerly  usual  for  the  crown  to  make  grants  to  its  servants 
and  favourites  of  the  property  arising  from  these  and  other  forfeitures. 
These  grants  were  either  of  particular  forfeitures,  or  of  forfeitures 
accruing  within  a  particular  district.  Qrants  of  the  latter  description 
were  usually  made  in  fee  simple,  and  many  such  grants  are  still  in 
force  in  various  parts  of  England. 

The  finding  of  the  jury  is  not  conclusive  either  as  to  ths  foot  of 
self-felony  or  as  to  the  property  of  the  deceased;  and  all  persons 
interested  in  controverting  any  part  of  the  finding  may  plead  to  the 
inquisition,  and  contest  its  insufficiency  by  a  demurrer,  or  deny  its 
truth  by  a  traverse.  The  issues,  of  law  or  of  fact,  raised  upon  such 
pleadings,  are  disposed  of  as  io  other  cases.  Formerly  coroners 
returned  their  inquests  into  the  court  of  King's  Bench,  in  order  that 
process  might  issue  against  those  who  made  seizures,  set  up  claims,  or 
withheld  property  or  debts  in  derogation  of  the  rights  of  the  crown. 
But  since  the  4  &  6  WiU.  and  Hary,  c.  22,  that  practice  has  been  dis- 
continued ;  and  the  course  now  is,  for  any  party  who  considers  him- 
self aggrieved  by  the  finding  of  the  coroner's  jury,  to  remove  the 
ini^uisition  by  Certiorari  into  the  court  of  Queen's  Bench,  when  if  in 
consequence  of  some  legal  defect  the  inquisition  cannot  be  supported, 
the  court  will  quash  it  without  putting  the  party  to  the  expense  of  a 
demurrer.  If  however  the  inquisition  be  good  in  substance,  the 
coroner  may  be  ordered  to  amend  defects  in  form. 

Neither  self-felony  nor  any  other  crime  can  be  committed  by  a  child 
who  lias  not  attained  years  of  discretion ;  nor  can  it  be  committed  by 
a  person  who,  by  disease  or  otherwise,  lias  lost,  or  boa  been  prevented 
from  acquiring,  the  faculty  of  discerning  right  bom  wrong.  A  ten- 
dency to  self-destruction  is  common  in  several  species  of  insanity,  and 
the  connection  between  the  morbid  affection  and  the  act  of  violence 
which  occasions  death  may  often  be  very  distinctly  traced.  It  not 
unfrequently  happens  however  that  cases  arise  in  which  it  is  nearly 
impossible  to  determine  whether  the  act  is  to  be  ascribed  to  a  diseased 
state  of  the  mental  fiuultiea,  or  to  passions  which  are  not  under  the 
ordinary  restraint. 

At  common  law,  which  in  this  respect  follows  the  canon  law,  a  per- 
son found  by  inquest  to  be  felo  de  se  is  considered  as  having  died  in 
luortal  sin;  and  his  remains  were  formerly  interred  in  the  public 
highway  without  the  rights  of  Christian  burial,  and  a  stake  was  driven 
through  tile  body :  but  by  the  4  Geo.  IV.,  c.  52,  the  coroner  or  other 
officer  by  whom  the  inquest  is  held  is  required  to  give  directions  for 
the  private  interment  of  the  remains  of  any  person  against  whom  a 
finding  of  felo  de  ae  shall  be  hod,  without  any  stake  being  driven 
through  the  body,  in  the  churchytunl  or  other  burial-ground  of  the 
parish  in  which  the  remains  of  such  person  might  by  the  laws  or 
customs  of  England  be  interred,  if  the  verdict  of  felo  de  se  had  not 
been  found;  such  interment  to  be  made  within  twenty-four  hours 
from  the  finding  of  the  inquisition,  and  to  take  place  within  the  hours 
of  nine  and  twelve  at  night,  without  performance  of  any  of  the  rites  of 
Christian  burial. 

The  Code  Pdnal  of  France  oonttuns  no  l^^lation  on  the  subject  of 
suicide.  Of  the  modem  codes  of  Germany,  some  adopt  the  silence  of 
the  French  code,  and  others  vary  in  their  particular  provisions.  In  the 
Bavarian  and  Saxon  codes  suicide  is  not  mentioned.  The  Prussian  code 
forbids  all  mutilation  of  the  dead  body  of  a  self-murderer  under 
ordinary  circumstances ;  but  declares  that  it  shall  be  buried  without 
any  marks  of  respeot  otherwise  suitable  to  the  rank  of  the  deceased ; 
and  it  directs  that  if  any  sentence  has  been  pronounced,  it  shall,  as  far 
as  it  is  feasible,  be  executed,  due  regard  being  had  to  decency  and  pro- 
priety, on  the  dead  body.  Besides  which,  tiie  body  of  a  criminal  who 
commits  self-murder  to  escape  the  execution  of  a  sentence  pronounced 
against  him  is  to  be  buried  at  night  by  the  common  executioner,  at 
the  usual  phice  of  execution  for  criminals.  The  Austrian  code  simply 
provides  that  the  body  of  a  self-murderer  shall  be  buried  by  the 
offioera  of  justice,  but  not  in  a  churchyard  or  other  place  of  common 
interment. 

SUIT  is  a  legal  term  used  in  different  senses.  The  word  Kcta,  which 
is  the  Latin  form,  is  from  "  sequor,"  to  follow;  and  hence  the  general 
meaning  of  the  word  may  be  deduced. 

1.  A  suit  is  a  proceeding  by  which  any  legal  or  equitable  ti^t  is 
enforced  in  a  court  of  justice.  Where  the  remedy  is  sought  in  a  court 
of  law,  the  term  is  synonymous  with  action ;  when  the  proceeding  is 
in  equity,  the  term  suit  is  alone  used.  It  is  also  applied  to  proceedings 
in  the  ecclesiastical  and  admiralty  courts. 

2.  Suit  of  court,  in  the  sense  of  an  obligation  to  follow,  that  is,  to 
sttcoid,  and  to  assist  in  constituting  a  court,  is  either  real  or  peraonaL 

Suit^rtal,  or  rather  suit  regal,  is  the  obligation  under  which  all  the 
residents  within  a  leet  or  town  are  bound  to  attend  the  king's  criminal 
court  for  the  district,  whether  held  before  the  king's  officer  and  colled 
the  sheriff's  toum,  or  held  before  the  grantees  of  leets  or  the  officeia  of 
such  grantees,  snd  called  courts  leet    [Lskt.] 

Suit-persoiul  is  an  obligation  to  attend  the  civil  courts  of  the  lord 
under  whom  the  suitor  holds  lands  or  tenements;  as  in  manors 
[Makobs]  where  there  are  copyhold,  that  is,  customary  estates,  the 
custom  imposes  upon  the  copyholder  an  obligation  to  attend  the  lord's 
customary  court  In  the  case  of  freeholdem  attending  as  suitors  the 
ooun^  court  or  tlie  oourt-baron  (as  in  the  case  of  the  ancient  tenants 
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per  K-u-oniam  attending  parliament),  the  suitors  are  the  judges  of  the 
court,  and  the  sheriff  in  the  county  court,  the  lord  or  steward  in  the 
court-baron,  only  presiding  o&icerd  with  no  judicial  authority.  But  in 
the  criminal  jurisdiction  of  the  tourn  and  leet,  the  sheriif  and  the 
grantee  of  the  leet,  or  his  steward,  are  the  judges ;  and  the  suiton  act 
only  a  subordinate  part 

3.  Besides  suit  of  court,  secta  ad  curiam,  there  are  other  species  of 
personal  suit,  which,  like  suit  of  court,  are  divisible  into  suit-serrice 
and  suit-custom.  Of  these  the  most  usual  is  suit  of  mill,  secta  ad 
molendinum,  which  is  where,  by  tenure  or  by  custom,  the  freehold  or 
customary  tenant  is  bound  to  grind  bis  com  at  the  lord's  mill. 
SUIT  AND  SERVICE.     [SoiT.] 

SULFH,  or  8ULPH0.  A  prefix  used  in  cjhemistry  in  naming  a 
large  number  of  substances  containing  the  element  sulphur.  Most  of 
these  bodies  will  be  found  described  under  their  respective  names ; 
but  others  will  be  found  under  the  name  to  which  the  prefix  is  added, 
thus  sulpholeic  acid  is  described  under  Oleic  Acid. 

SULPHA CETIC  ACID  (C,H.S,0,o).  An  organic  acid  formed  by 
the  action  of  anhydrous  sulphuric  acid  upon  monohydrated  acetic  acid. 
It  crystallises  in  very  deliquewent  needles.     It  is  bibaaic. 

SULPHAMETHYLANE.    [Hethyi;,  tulphamaU  of.] 

SULPHAMYLIC  ACID.    [Amtl.] 

SULPHANILIC  ACID  (C,^,NS,OJ.  An  unimportant  derivative 
of  aniline. 

bULPHANISOLIC  ACID.  A  synonyme  of  methylsulphophenio 
acid.    [Methyl  ;  Phbntlio  Oroxtf.] 

SULPHANISOLIDE.    [Phenylio  Group.] 

SULPHATAMMON.    [Sulphur.] 

SULPHATES.    [Sulphur,  SiUphurie  Acid.] 

SULPHETHAMIC  ACID  (C„H„NS,0„).  An  ammoniacal  deri- 
vative of  sulphate  of  ethyl.  In  its  most  concentrated  form  it  is  a 
liquid.    EbuUition  decomposes  it. 

SULPHETHYLIC  ACID.    [Ethyl.] 

SULPHETHYLOLIC  ACID.  Synonymous  with  ethylsulphurous 
acid.     [Ethyl.] 

SULPHIDES.     guLPHUR.] 

SULPHINDiaOTIC  ACID.    [iNDioa] 

SULPHINDYLIC  ACID.    [Ibdiqo.] 

SULPHION.    [Sulphur.] 

SULPHISATANOUS  ACID  (Cj.H.iNO.,  S,0.).  A  crystalline  acid 
of  no  importance  derived  from  indigo. 

8ULPHISATHYD.    [Iotioo.] 

SULPHITES.    [Sulphur,  Sulpharoiu  Acid.] 

SULPHOAMIDONIC  ACID.    [Sugar.] 

SUPHOBENZIDIC  ACID.    [Phenyl-sulphurous  Acid.] 

SULPHOBENZIDE.    [Phenylio  Group.] 

SULPHOBENZOENIC  ACID.    [Toluenio  Group.] 

SULPHOBENZOL  (C,.H,S,).  A  white  crystalline  organic  sub- 
(tence  isomeric  with  hydride  of  sulphobenzoyL  It  is  obtained  by 
acting  upon  hydride  of  dilorobenzoyl  with  sulph-hydrate  of  potash. 

SULPHOCARBONIC  ACID.    [Sulphur.] 

SULPHOCARBONIC  ETHER.    [Ethyu] 

8ULPH0CARB0METHYLIC  ACID.  A  synonyme  of  methyldi- 
■ulphocarbonic  acid.     [Methyl.] 

SULPHOCETIC  ACID.    [Cetyl,  Cetyl-sulphurie  Acid.] 

SULPHOCHOLEIC  ACID.    [Choleic  Aon).] 

SULPHOCYANHYDRIC  ETHER.    PEthyl.] 

SULPHOCYANOGEN.    [Cyxnooen,  Oyanogen  and  Svlphw.] 

8ULPH0F0RM.    [Methyl.] 

SULPHOFLAVIC  ACID.    [Iudioo.] 

SULPHOFULVIC  ACID.    [Ihdigo.] 

SULPHOFURETHANB.    [Cabbahio  Aom.] 

8ULPH0GLUCIC  ACID.    [Sugar.] 

SULPHOGLUTINIC  ACID.    [Naphthalio  Group.] 

SULPHOHAMATHIONIC  ACID.  An  acid  of  problematical 
existence,  said  to  be  derived  from  Purree,  or  Indian  Yellow. 

SULPHOLIGNIC  ACID.    [Sugar.] 

SULPHOMESITYLIC  ACID  (C„H,.3.0  ).  A  crystallino  acid  pro- 
duced by  dissolving  mesitylene  in  fuming  sulphuric  acid. 

SULPHOMETHYLIC  ACID.  A  synonyme  of  methyl-sulphuric 
acid.    [Methyl.] 

SULPHOMETHYLSULPHURIC  ACID.  A  synonyme  of  methyl- 
sulphurous  acid.    [Methyl.] 

SULPHOMOLYBDIO  ACID.    [Molybdenum,  luZphida  of.] 

8ULPH0M0RPHIDE.    [Opium,  Alkaloidb  op.] 

8ULPH0NAPHTHALIDAMIC  ACID.    [Naphthalio  Group.] 

SULPHONAPHTHALIDE  (C^H.io,  ?).  A  derivative  of  naphtha- 
Iin  is  said  to  possess  this  formula,  but  it  is  probably  a  mixture  of 
naphthalin  and  stdphonaphthalin. 

SULPHONAPHTHALIN.     [Naphthalio  Group.]   - 

SULPHONARCOTIDE.    [Opium,  Alkaloids  of.1 

8ULPH0PHENIC  ACID.    [Phenylio  Group.] 

8ULPH0PHENICIC  ACID.    [Indigo.] 

SULPHOPHENYLAMIDE.    [Phenylio  Group.] 

8ULPH0PHENYLIC  ACID.    [Pheny^sulphurio  Aom.] 

BOTiPHOPIKIC  ACID.    [Opium,  Alkaloids  op.l 

BULPHOPUEPUBICACID.    [Indigo.] 

SULPHOBUFIC  ACID.    [Indigo;  SAilicYnc  Group.] 


SULPH0-SALT3,  or  SULPHUR-SALTS.    [Salts.] 

SULPHOSINAPIC  ACID  (C,H,NS,).  AUyi^phocariamtc  Acid. 
An  organic  acid  produced  by  the  action  of  an  alcoholic  sulution  of 
potash  upon  sulphocyanide  of  allyL  The  potash  salt  of  the  acid  ia 
thus  obtained ;  the  acid  itself  has  not  been  isolated. 

SULPH03INAPISINB.    [Sinapine.] 

SULPHOTOLUENIC  ACID.    [Toluenio  Group.] 

SULPHOVINIC  ACID.    ElkyUulpkurie  Acid  [Ethyl.] 

SULPHOVIRIDIC  ACID.    [Indigo.] 

SULPHOURETHANE.    [Carbahio  Acid.] 

SULPHUR  (S),  commonly  called  hnvMone,  is  a  solid  elementary 
non-metallic  body,  which  has  been  known  from  the  most  remote 
antiquity.  The  former  term  is  derived  from  sal  salt,  and  irZp  fire ;  the 
lalter  brenneaone  or  humtUmt,  both  in  allusion  to  its  well-known  pro- 
perty of  ready  inflammability.  It  is  met  with  in  the  pure  state  and  in 
various  forms  of  combination  :  thus  it  is  found  combined  with 
numerous  metals  and  in  immense  quantity  with  iron,  forming  the 
sulphide  and  bigulphide ;  with  copper,  lead,  antimony,  Ac.,  constituting 
the  principal  ores  of  these  metals :  it  is  ^so  found  largely  combined 
with  oxygen,  forming  sulphuric  acid,  which  is  generally  united  with  an 
earthy  base,  as  with  lime,  constituting  sulphate  of  lime,  or  gypsum; 
and  with  baryta,  strontia,  and  magnesia,  giving  rise  to  the  sulphates  of 
those  bases.  It  occurs  also,  but  in  smaller  quantity, — and  principally 
in  mineral  waters,  such  as  those  of  Harrowgate, — combined  with 
hydrogen,  the  compound  being  sulphuretted  hydrogen  gas,  or  hydro- 
sulphuric  acid.  Sulphur  is  a  constituent  of  some  animal  substances,  as 
albumen,  urine,  &a  It  is  found  also  in  certain  plants  :  in  the  natiiral 
order  LUiacea,  as  in  garlic ;  Orueifer(e,M  in  mustard ;  and  VmbMftxig, 
as  in  Atafatida. 

The  chief  source  of  this  element  ia  v/aUxot  niZp.lttr,  the  most  remaik- 
able  deposits  of  which  occur  in  Sicily,  whence  an  immense  quantity  is 
imported  into  this  country.  It  occurs  also  in  the  figures  of  lava  near 
the  craters  of  volcanoes,  in  Italy,  Guadaloupe,  Nevis,  Iceland,  and  the 
volcanoes  of  the  Cordilleras.     [SuLPHUB,  in  Nat.  Hwt.  Div.] 

Sulphur  is  separated  from  the  grosser  impurities  by  crude  processes 
of  fusion  and  distillation,  performed  soon  after  it  is  coUectcxl.  That 
sent  to  Great  Britain  is,  however,  finally  purified  in  this  country,  and 
has  different  forms  given  to  it  according  to  circumstances.  What  is 
called  refined  tvlphur  is  that  purified  by  distUlation  in  a  large  cast-iron 
still,  and  condensed  in  a  receiver  kept  cooL  When  the  vaporised 
sulphur  is  condensed  in  a  large  chamber,  it  has  the  form  of  powder, 
and  is  called  rublimed  nilpkur  or  flmcen  of  sulpha- ;  but  as  the  walls  of 
the  chamber  get  hot,  the  sulphur  melts,  collects  on  the  floor,  and  is 
run  off  into  wooden  moulds,  the  product  being  roll  or  stick  sulphur. 
The  residue  in  the  retort  still  contains  sulphur,  and,  under  the  name 
of  sulphur  vivum  or  black  sulphwr,  is  occasionally  used  as  a  cattle 
medicine  and  for  dressing  mouldy  hops. 

Precipitated  sulpliur  or  milk  of  sulphur,  is  a  finely  divided  form  of 
the  element  thrown  down  on  adding  a  strong  solution  of  polysulphide 
of  calcium,  sodium,  or  potassium  to  dilute  hydrochloric  acid ;  sulphuric 
acid  is  sometimes  used  instead  of  hydrochloric,  sulphate  of  lime  being 
thereby  precipitated  along  with  the  sulphur,  and  the  weight  of  the 
latter  thus  fraudulently  increased.  This  adulteration  may  readily  be 
detected  on  heating  a  Uttle  of  the  suspected  specimen,  when  the 
sulphur  being  volatile  will  be  expelled,  and  the  sulphate  of  lime  left 
behind.  The  microscope  idso  will  at  once  detect  the  falsification,  for 
Uie  sulphur  has  a  fine  granular  appearance,  while  the  gypsum  is  in 
well  defined  crystals. 

Sulphur  is  sometimes  prepared  from  iron  pyrites  (FeS,),  by  distil- 
lation. One  third  of  the  sulphur  present  in  the  ore  is  volatilised  and 
condensed  in  the  usual  way,  while  magnetic  pyrites  (Fe,S J  remains  in 
the  retort.  Sulphide  of  copper  is  also  a  source  of  sulphur,  the  latter 
being  a  sort  of  bye-product,  although  an  important  one,  in  the  pre- 
liminary roasting  operations  connected  with  copper  smelting. 

Sulphur  has  already  been  referred  to  [Allotrofy]  as  existing  in 
three  allotropic  states.  The  first  form  (Sa)  is  that  of  an  octohedral 
crystal  with  a  rhombic  base,  and  is  the  condition  in  which  it  occurs  in 
nature.  It  is  artificially  obtained  in  the  same  form,  but  more  trans- 
parent on  allowing  its  solution  in  chloride  of  sulphur  or  bisulphide  of 
carbon  to  evaporate  spontaneously ;  its  specific  gravity  is  2'OS,  and  it 
fuses  at  239°  Fahr.  The  second  form  (S/s)  occuts_  in  transparent 
aciculor  crystals  of  dark  yellow  colour.  To  obtain  it,  a  quantity  of 
sulphur  is  melted  and  slowly  cooled;  when  the  outer  portions  have 
solidified,  holes  are  made  in  the  crust,  and  the  still  liquid  sulphur  in 
the  interior  is  poured  out ;  on  breaking  open  the  shell  its  inner  surface 
will  be  found  to  contain  the  needles  in  question.  They  are  not  per- 
manent, but  soou  change  into  the  light  yellow  semi-opaque  sulphur  (a) ; 
the  acicular  form  is,  however,  still  retained,  although  each  needle  is  a 
congeries  of  minute  rhombic  octohedra,  Muoh  heat  is  evolved  during 
the  transformation.  The  third  state  (S;.)  is  very  peculiar,  and  is 
brought  about  as  follows  : — The  fusing-point  of  sulphur  is  239°,  and 
between  this  and  280°  it  possesses  the  highest  degree  of  fluidity :  at 
320°  it  begins  to  thicken,  and  at  482°  is  so  tenacious,  that  it  will  scarcely 
flow  from  an  inverted  vessel;  from  this  to  600°,  which  is  its  boiling- 
point,  it  again  becomes  liquid,  but  not  so  perfectly  so  as  at  280°.  _  If 
now  it  be  poured  into  water  it  becomes  a  brown  pasty  mass,  which 
readily  receives  and  retains  any  form  given  to  it,  and  hence  is  employed 
in  taking  casts.    Magniu  has  shown  that  this  deepening  in  colour  is 
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due  to  a  fourth  modification  of  sulplinr,  which  is  block ;  it  is  formed 
on  many  times  repeating  the  process  of  heating  a  quantity  of  sulphur 
to  600°  Fahr.,  and  buddonly  cooling  in  cold  water. 

Sulphur  is  insoluble  in  water,  but  dissolves  in  alcohol,  if  both  sub- 
stances are  exposed  to  each  other  in  the  state  of  va^wur :  on  the 
oddition  of  water,  the  siJphur  is  precipitated.  It  is  dissolved  by  boil- 
ing oil  of  turpentine ;  the  solution  has  a  reddish-brown  colour,  and, 
on  cooling,  minute  crystals  of  sulphur  are  deposited.  It  is  readily 
taken  up  by  chloride  of  sulphur,  and  is  soluble  in  about  three  times  its 
weight  of  bisulphide  of  carbon ;  the  elastic  variety  is,  however,  not  so 
soluble.  Sulphur  is  also  soluble  to  a  small  extent  in  ether  and  in 
chloroform. 

SuliJiur  is  a  bad  conductor  of  heat ;  it  is  Tery  Tolatile,  and  when  it 
is  rubbed  in  the  dark  on  a  brick,  or  any  other  substance  by  which  it  is 
heated,  though  not  sufficiently  to  inflame  it,  an  extremely  weak  blue 
flame  arises,  exhaling  a  peculiar  odour;  this  flame  is  not,  however, 
occasioned  by  combustion,  it  merely  accompanies  the  evaporation  of 
the  sulphur,  for  a  cold  body  held  over  it  is  covered  with  flowers  of 
sulphur.  When  sulphur  is  heated,  it  begins  to  vaporise  before  it 
fuses ;  at  600°  Fahr.  it  Is  rapidly  volatilised,  and  in  close  vessels  is 
condensed  without  change.  The  specific  gravity  of  the  vapour  of 
sulphur  is  6-617  at  900°  Fahr.,  but  at  1900°  Fahr.  it  is  22.  Its  com- 
bining volume  below  1600°  Fahr.  is  J,  but  at  1900°  Fahr.  it  is  1.  It 
imites  directly  with  some  metals  to  form  tulphickt. 

When  heated  in  the  air  sulphur  quickly  takes  fire  and  bums  with  a 
pole  blue  flame,  generating  much  heat. 

The  equivalent  of  sulphur  is  16. 

Cttmpoimds  of  Sulphur  and  Oxygen  are  seven  in  number,  namely : — 


Snlphnraos  add     . 
Sulphvrio  acid    .        , 
Hyposulphoroiu  acid 
n^posulphniio  acUl    . 
Trithtonle  acid 
Tetraibianio  add       . 
FcDtatUonSo  acid   . 


.  80, 
.  SO, 
.8,0, 
.  8.0, 
,  8,0, 
,8.0. 
,8,0, 


8idphar 
percent, 
SO-00 
40-00 
66-66 
44-4{ 
S4-6S 
61-SS 
66-66 


OzTgen 
percent. 
iO-00 
60-00 
S3-S4 
6S-SS 
4S-4S 
S8-47 
86-S4 


Sulphuroui  arid  (SO,)  Sulphunnu  anhydride. — This  gas  escapes,  in 
the  gaseous  state,  from  iissures  in  the  ground  in  the  neighbourhood  of 
volcanoes.  It  is  artificially  obtained  in  the  pure  state  on  heating 
about  two  parts  of  mercury  with  three  of  strong  sulphuiio  acid : — 


UK    +     4(H0,  BO,) 
Uercury. 


ngO„  2S0,     +     4H0     -I-     2SO, 

Water.     Sulpharons 
ncid. 


Copper  clippings  may  be  economically  substituted  for  mercury,  but 
as  met  with  in  commerce  they  generally  contain  matters  that  affect 
the  purity  of  the  gas.  On  the  l^ge  scale,  solution  of  sulphurous  acid 
is  preferable  to  the  gas  itself,  and  is  manu&ctured  directly  from 
sulphur.  The  latter  is  burnt  in  a  furnace,  and  the  sulphurous  acid 
produced  cooled  by  passing  through  earthenware  tubes  surrounded  by 
cold  water.  It  is  then  made  to  ascend  through  a  toll  and  wide  wooden 
column  packed  with  pumice-stone  that  has  been  digested  in  hydro- 
chloric acid  and  well  washed.  In  ascending  the  sulphurous  acid  meets 
with  a  stream  of  water,  the  flow  of  which  is  so  regulated  that  a 
saturated  solution  sliall  flow  off  at  the  bottom  of  the  column.  It  is 
stored  for  use  in  a  closed  reservoir. 

Sulphurous  acid  gas  is  colourless,  and  permanently  elastic ;  that  is, 
not  condensed  into  a  fluid  or  solid  by  exposure  to  common  degrees  of 
cold  under  the  ordinary  pressure.  It  condenses  to  the  liquid  state, 
however,  on  being  passed  through  a  tube  surrounded  by  a  freezing 
mixture  of  ice  and  salt.  In  this  condition  it  may  be  preserved  in  her- 
metically sealed  tubes,  on  the  interior  of  which,  at  60°  Fahr.,  it  exerts 
a  pressure  of  two  and  a  half  atmospheres.  At  — 106°  Fahr.  it  freezes 
to  a  colourless,  transparent,  crystalline  solid. 

Sulphurous  acid  gas  has  a  pungent  and  sufiucating  odour,  being  that 
experienced  whenever  sulphur  is  burned ;  its  taste  is  disagreeable  and 
acid ;  it  extinguishes  burning  bodies,  is  not  inflammable,  and  is  fatal 
to  animals.  Water  at  60°  Fahr.  dissolves  from  Si  to  37  times  its 
volume  of  this  gas ;  by  heating  the  solution  it  is  evolved  unaltered. 
The  solution  possesses  the  smell  of  the  gas  iteelf ;  and,  like  it,  has  the 
property  of  bleaching  some  vegetable  and  animal  substances :  henoe 
the  employment  of  the  vapour  of  bvu-ning  sulphur  in  whitening  hops, 
silk,  wool,  and  straw. 

One  hundred  cubic  inches  of  sulphurous  acid  gas  weigh  68-8  grains ; 
its  density  therefore  is  about  2-22.  Being  so  much  heavier  than  air 
it  may  be  collected  in  vessels  by  displacement.  [Gases,  Collection  op.] 

The  aqueous  solution  of  sulphurous  acid,  when  exposed  to  oxygen, 
slowly  combines  with  it,  and  the  result  is  sulphuric  acid ;  but 
unless  moisture  be  present,  no  combination  takes  place  between  these 
two  gases. 

Sulphurous  acid  combines  with  various  bases  to  form  salts,  which 
are  called  lulphUes.  When,  for  example,  this  gas  is  passed  into  on 
aqueous  solution  of  ammonia,  they  readily  oombine,  and  the  resulting 
salt  is  sulphite  of  ammonia,  which  may  be  obtained  in  prismatic 
Ci^st^    It  is  very  soluble  in  water,  and  produces  much  cold  during 


solution ;  by  exposiu-e  to  the  air  it  attracts  oxygen,  and  becomes 
sulphate  of  ammonia.  Whon,  however,  dry  sulphurous  acid  gas  and 
dry  ammoniacal  gas  are  brought  into  contact,  deep  yellow-coloured 
crystals  are  formed,  which  have  been  termed  mlphitammon,  or  im- 
properly tulfamide;  they  contain  the  elements  of  sulphurous  acid  and 
ammonia  combined,  but  in  a  different  mode  to  that  which  forms 
anhydrous  sulphite  of  ammonia.  By  exposure  to  the  air  sul&mido 
becomes  white,  deliquesces,  and  gradually  bectnnea  si^phato  and  hypo- 
sulphate  of  ammonia. 

The  alkalies  potash  and  soda,  the  alkaline  earths,  and  several  metallic 
oxides,  may  be  combined  with  sulphurous  acid,  and  they  form  tulpMtet ; 
but  these  compounds  ai«  not  of  much  importance,  except  perhaps  Uiat 
of  soda.  [Sodium,  ttdphite  o/.]  In  contact  with  air  Uiey  are  slowly 
converted  into  sulphates. 

Sulphurie  Arid  (HO.SO^.—'naB  acid  has  been  long  known,  and  ii 
very  extensively  employed,  100,000  tons  being  annually  consumed  in 
Great  Britain  alone.  When  combined  with  water,  in  which  state  it  is 
best  known,  it  was  oripnally,  and  still  is  frequently,  called  oil  of 
vitriol :  first,  because  it  is  an  oily  looking  liquid ;  and  secondly,  on 
occoimt  of  ite  being  obtained  from  green  viti-iol,  or  copperas,  now 
called  sulphate  of  iron. 

The  process  just  alluded  to  was  first  followed  at  Nordhansen  in 
Germany,  and  the  peculiar  compound  of  sulphuric  acid  and  water  pro- 
duced by  it  is  still  called  Kordhausen  oil  of  vitriol,  to  distinguish  it 
from  common  oil  of  vitriol,  a  different  compound  as  regards  the  water 
which  they  contain,  and  obtained  by  a  different  process.  We  shall 
first  describe  the  original  process  and  product. 

Iron  pyrites  is  a  well  known  and  very  abundant  natural  substance  : 
it  is  correctly  termed  bindpkide  of  iron,  and  consists  of  two  equivalents 
of  sulphur  and  one  equivalent  of  iron.  When  certain  varieties  of  this 
compound  are  exposed  to  air  and  moisture,  both  the  sulphur  and  iron 
are  oxidised  at  the  expense  of  the  oxygen  of  the  air;  and  though 
sulphur  by  itself  is  incapable  of  undergoing  this  change,  yet,  when 
combined  with  iron,  it  acquires  from  the  air  sufficient  oxygen  to 
become  sulphuric  acid,  and  the  iron  attracts  enough  to  become 
protoxide ;  and  these  combimng  together,  and  with  water,  constitute 
the  well-known  crystalline  body,  hydrated  sulphate  of  protoxide  of 
iron,  usually  called,  for  brevity's  sake,  merely  sulphato  of  iron,  and 
originally  green  vitriol.  This  consists  of  one  equivalent  of  sulphuric 
acid,  one  of  protoxide  of  iron,  and  seven  equiviJenta  of  water.  Sul- 
phuric acid  consiste  of  three  equivalents  of  oxygen  and  one  equivalent 
of  sulphur.  In  order  to  procure  the  acid  from  it,  the  salt  is  mode- 
rateljr  heated,  so  as  to  expel  the  greater  port  of  the  water :  in  this 
state  it  is  put  into  earthen  retorts,  and  subjected  to  a  very  high  tempe- 
rature, during  which  there  comes  over  and  condenses  in  the  receiver  a 
dark-coloured  dense  fluid,  which  is  the  Nordhausen  oil  of  vitriol ;  the 
cause  of  the  colour  has  not  been  ascertained,  but  it  appears  to  be  an 
accidental  and  not  a  necessary  accompaniment.  This  liquid  emits  a 
white  vapour  when  exposed  to  the  air,  and  hence  it  is  called  fuming 
milphurie  arid.  It  is  composed  of  two  equivalents  of  sulphuric  acid 
and  one  equivalent  of  water  (HO,  2S0,). 

Now  it  happens  that  anhydrous  sulphuric  acid  is  moi-e  volatile  than 
that  combined  with  water,  so  that  when  the  above  acid  is  heated  in  a 
retort,  there  first  comes  over  and  condenses  in  the  receiver  anhydrous 
sulphuric  acid,  and  there  remains  in  the  retort  hydrated  sulphuric 
acid. 

We  shall  first  and  briefly  state  the  properties  of  the  anhydrous  acid. 
It  is  a  colourless  crystalline  solid,  is  tough  and  elastic,  liquefies  at  66°, 
and  boils  at  a  temperature  between  104''  and  122°,  forming  a  trans- 
parent vapour,  provided  no  water  is  present ;  it  imites  with  moisture 
when  exposed  to  the  air,  and  forms  with  it  dense  white  fumes.  It  is 
sometimes  prepared  as  a  matter  of  curiosity,  but  is  hardly  applied  to 
any  use.  Though  called  an  acid,  it  in  reality  posscssea  no  acid  pro- 
perties, and  may  be  moulded  in  the  fingers,  like  wax,  without  injuring 
the  akin.  When  thrown  into  water  it  hisses  as  red-hot  iron  would  do, 
and  then  has  the  usual  powerful  properties  of  common  hydrated 
sulphuric  acid. 

The  hydrated  sulphuric  acid,  commonly  called  oil  of  vitriol,  or  simply 
sulphuric  acid,  is  the  compound  which  is  so  largely  employed  in  nume- 
rous c&emical  operations  and  manufactures.  It  is,  however,  and  has 
indeed  for  many  years  been,  prepared  in  a  much  preferable  mode  to 
that  described  by  the  decomposition  of  sulphate  of  iron.  The  process 
consiste  in  oxidising  sulphurous  acid  through  the  agency  of  nitrous 
acid. 

First,  nitrate  of  potash  or  soda  is  decomposed  by  the  addition  of 
sulphuric  acid,  in  the  same  mode  as  that  employed  fur  preparing  nitrio 
acid. 

Sulphur  is  then  burned  in  a  furnace  so  contrived  that  the  current 
of  air  which  supporte  the  combustion  conducte  the  gaseous  producto, 
including  the  nitric  acid  fumes  and  excess  of  air,  into  large  leaden 
chambers,  the  bottoms  of  which  are  covered  to  the  depth  of  a  few 
inches  with  water.  The  nitric  acid  of  the  nitre,  composed  of  oxygen 
and  nitrogen,  is  here  decomposed,  yields  oxygen  to  a  portion  of  the 
sulphurous  acid  formed  by  combustion,  and  converte  it  into  sulphuric 
acid.  The  nitric  acid,  on  losing  oxygen,  is  converted  into  nitrio  oxide, 
which,  by  mixing  with  the  air  at  the  moment  of  ite  separation,  com> 
bines  vrith  ite  oxygen,  and  gives  rise  to  red  nitrous  acid  v^wur.  Tile 
gaseous  substances  present  in  tiie   leaden   chambers  are  theroforv 
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Bulpharous  and  nitrous  acids,  atmosplieric  air,  and  wateiy  vapour. 
Kow,  when  dry  sulphurous  acid  gas  and  dry  nitrous  acid  gas  are  mixed 
together,  no  action  occuis  between  them ;  but  when  a  little  moisture 
is  added,  a  white  crystalline  compound  of  sulphuric  acid,  hyx>onitrouB 
acid,  and  water  is  formed ;  and  when  this  foils  into  the  water  of  the 
chamber,  or  comes  into  contact  with  steam,  which  is  for  this  purpose 
blown  into  the  chamber,  it  is  instantly  decomposed,  the  sulphuric  acid 
is  dissolved,  and  nitrous  acid  and  nitric  oxide  gases  escape  with  effer- 
▼eecence.  The  nitrous  acid  thus  set  free,  as  well  as  that  reproduced 
by  the  nitric  oxide  uniting  with  the  oxygen  of  the  atmosphere,  is  again 
intermixed  with  sulphurous  acid  and  moisture,  and  thus  gives  rise  to 
a  second  portion  of  the  crystalline  body,  which  undergoes  the  same 
change  as  the  first ;  and  this  operation  is  repeated  until  the  water  at 
the  bottom  of  the  lead-chambers  is  suffidentiy  acid  to  be  removed  for 
ulterior  operations.  The  amount  of  nitric  acid  required  in  this  ope- 
ration is  of  course  exceedingly  small,  inasmuch  as  the  nitric  oxide 
contained  iu  it  is  not  consumed,  but  acts  only  as  a  carrier  of  oxygen 
from  the  air  to  the  sulphurous  acid.  Some  nitric  oxide  is,  however, 
conveyed  out  of  the  chambers  by  the  escaping  nitrogen  of  the  air,  and 
is  in  most  works  lost.  A  few  manufacturers  cause  the  escaping  gases 
to  pass  over  strong  sulphuric  acid  that  is  trickling  through  a  coke 
column,  by  which  the  nitric  oxide  is  dissolved  and  subsequently 
recovered  from  the  liquid  by  exposure  to  a  stream  of  sulphurous  acid 
in  a  second  similar  coke  column. 

It  thus  appears  that  sulphur  during  combustion  can  combine  only 
with  sufficient  oxygen  to  become  sulphurous  acid ;  but  what  is  curious 
is,  that  sulphurous  acid  becomes  sulphuric  acid  by  t-ftlring  oxygen 
from  nitrous  acid,  the  nitric  oxide  of  which  appears  nevertheless  to 
have  a  stronger  affinity  for  oxygen,  since  it  can  take  that  dement 
rapidly  from  the  air,  which  sulphurous  acid  cannot.  The  first  attempt 
at  explaining  the  mode  in  which  nitric  acid  acts  in  this  operation  was 
made  by  MM.  Clement  and  Desormes :  it  was  subsequently  further 
explained  by  Davy  and  other  chemists. 

Of  late  years  also  sulphuric  add  has  been  made  from  iron  pyrites,  the 
sulphurous  acid  being  formed  by  combustion,  and  converted  into 
sulphiuio  by  the  agency  of  nitrous  acid,  in  the  manner  already 
described. 

When  the  sulphuric  add  in  the  chambers  has  acquired  a  density  of 
about  1*6,  it  is  drawn  off  and  further  concentrated  in  open  leaden 
vessels  by  heat ;  after  this  it  is  again  removed  either  to  gloss  or  platina 
retorts,  and  heated  till  it  has  acquired  a  density  of  about  1*846.  This 
is  then  the  sulphuric  acid,  or  oil  of  vitriol,  of  commerce,  composed  of 
one  equivalent  of  sulphuric  acid  and  one  equivalent  of  water  (HO, 

s°i-.     .    .      . 

This  acid  is  a  limpid,  inodorous,  colourless  fluid,  of  an  oily  oon- 
astence.  It  boila  at  about  620°,  and  distils  over  unchanged;  the 
boiling-point  diminishes  with  dilution :  thus,  when  of  spedfic  gravity 
178  it  boils  at  485%  and  when  1-65  only  at  350°,  the  concentrated  add 
freezes  at  —15°,  but  when  it  contains  two  equivalents  of  water  instead 
of  only  one,  and  has  a  specific  gravity  of  1-78,  it  freezes  at  —40°. 

Sulphuric  acid  is  intensely  caustic  and  acrid,  and  readily  decomposes 
animal  and  vegetable  fibre ;  even  when  diluted  to  a  very  great  extent 
it  has  an  extremely  sour  taste,  and  turns  vegetable  blues  strongly  red  : 
on  the  other  hand,  when  concentrated,  it  turns  turmeric-paper  of  a 
brownish  colour,  as  the  alkalies  do ;  but  the  effect  is  not  permanent,  for 
it  is  removed  by  water.  Its  affinity  for  water  is  very  great,  attracting 
it  so  readily  from  the  air  that  in  moist  weather  three  parts  increase  to 
four  in  24  hours,  and  by  longer  exposure  the  quantity  is  increased. 
When  suddenly  mixed  with  water,  much  heat  is  evolved,  and,  on 
cooling,  condensation  is  found  to  have  taken  place,  the  two  fluids  occu- 
pying less  space  than  before  mixture.  When  sulphuric  acid  is  mixed 
m  certain  proportions  with  snow,  heat  is  given  out,  or  cold  generated, 
according  to  the  quantities  employed :  thus  four  parts  of  add  and  one 
of  snow  evolve  heat,  but  four  of  snow  and  one  of  acid  occasion  cold. 

Sulphuric  acid  is  employed  for  a  vast  number  of  purposes :  thus,  on 
account  of  its  great  chemical  power,  it  is  used  for  the  purpose  of  sepa- 
rating other  adds  from  bases,  as  in  preparing  nitric,  hydrochloric, 
acetic,  phosphoric,  and  carbonic  adds,  &o.  It  is  also  used  in  preparing 
sulphates,  a  class  of  salts  we  shall  presently  again  refer  to.  Perhaps 
the  greatest  consumption  of  sulphuric  acid  is  in  the  decomposition  of 
salt  at  alkali  works  where  carbonate  of  soda  is  manufactured. 

The  strength  of  sulphuric  add  is  readily  ascertained  by  taking  its 
specific  gravity  and  referring  to  such  a  table  as  the  following,  con- 
structed by  Ure : — 
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The  salts  which  sulphuric  acid  forms  with  various  bases  are  termed 
tulpkata,  letqta-mlphata,  or  bi-tulphata,  &b.,  according  to  circum- 
stances. They  are  a  very  important  class  of  saline  bodies,  and  those  of 
most  use  will  be  found  described  under  their  respective  bases.  With 
sulphuric  anhydride,  dry  ammoniacal  gas  forms  large  transparent 
crystals,  containing  NH,,SO,,  and  termed  ndphatammon;  by  long 
boiling  with  water,  it  is  converted  into  sulphate  of  ammonia 
(NH.O,SO,). 

AccOTding  to  the  binary  theory  of  the  constitution  of  salts,  sulphates 
are  not  combinations  of  the  basic  oxide  and  sulphuric  acid,  but  of  a 
hypothetical  body,  nUphion  (SO,),  with  the  metal,  or  radical,  of  the 
base :  thus,  sulphate  of  soda  (NaO,  SO,)  is  sulpkionide  of  todium 
(Na,  SO,),  and  sulphuric  acid  (H,  80,)  mlpkioiiide  of  hydr<r}e». 
There  are,  however,  several  objections  to  this  view  of  the  constitution 
of  sulphates. 

Sulphuric  acid  in  its  concentrated  state,  and  at  common  tempe- 
ratures, acts  only  slightly,  if  at  all,  on  the  metals ;  but  when  they  are 
beated  together,  the  acid  is  generally  decomposed,  sulphurous  acid  and 
a  sulphate  of  metallic  oxide  being  produced :  thus,  when  copper  is 
heated  in  concentrated  sulphuric  add,  the  acid  yields  one  of  its  three 
equivalents  of  oxygen  to  the  copper,  which  becomes  protoxide ;  while 
the  sulphur  combined  with  two  equivalents  of  oxygen  is  given  off  in 
the  state  of  sulphurous  add ;  and  this,  as  already  indicated,  is  one  of 
the  best  methods  of  procuring  sulphurous  acid.  When,  on  the  other 
hand,  sulphuric  add  is  diluted,  it  has  no  action,  even  when  heated,  on 
copper ;  but  on  zinc,  iron,  and  such  other  metals  as  readily  decompose 
water,  it  acts  with  great  readiness  :  the  metal,  being  oxidised  by  the 
oxygen  of  the  decomposed  water,  is  dissolved  by  the  add,  while  the 
hydrogen  of  the  water  is  given  out  in  the  gaseous  state;  by  this 
operation,  then,  we  procure  a  metallic  sulphate  and  hydrogen  gas. 

Sulphuric  acid  and  all  sulphates  are  decomposed  by  the  salts  of 
baryta  and  of  lead,  minute  quantities  either  of  the  add  or  soluble  salts 
being  rendered  evident  by  the  formation  of  a  dense  white  precipitate 
either  of  sulphate  of  baryta  or  lead ;  116'5  parts  of  the  former  or  115-6 
parte  of  the  latter  sulphate,  when  dry,  indicate  40  parts  of  anhydrous 
sulphuric  acid. 

Conmiercial  sulphuric  acid  generally  contains  sulphate  of  lead  derived 
from  the  vessels  used  in  its  manufacture ;  it  is  ncariy  all  precipitated 
as  a  white  powder  on  diluting  the  acid  with  water.  It  frequently  also 
contains  traces  of  arsenic  derived  from  the  pyrites ;  in  this  case, 
sulphuretted  hydrogen  gives  a  yellow  predpitate  when  pawed  tUruugk 
the  diluted  add,  or  the  contamination  may  be  detected  by  Marsh's 
test.  Small  quantities  of  nitric  and  sulphurous  acids  are  also  sometimes 
present  in  common  sulphuric  acid.  If  required  to  be  purified  and 
concentrated,  it  is  boiled  and  distilled.  As  lead  would  melt  at  the 
heat  here  employed,  and  as  most  other  common  substanoes  would  be 
corroded,  platinum  is  often  employed  as  a  material  for  the  still,  at  a 
heavy  expense.  Glass  is  another  material  employed  for  sulphuric  ouid 
stills.  When  the  acid  has  been  condensed  to  a  spedfic  gravity  nearly 
double  that  of  water,  it  is  ready  for  sale. 

Bypoaulphunia  Acid  (HU,  8^0,).  Dilhionom  add.  In  1817  Dr. 
Thomson  infen-ed  the  existence  of  an  add  of  sulphur  in  the  salts  called 
tuiphwetud  tutphita :  this  add  and  its  compounds  have  been  particu- 
larly examined  by  Sir  John  Herschel. 

Uyposulphurous  add  has  not  been  obtained  in  a  separate  state,  but 
its  compositi(ai  has  been  determined  to  be  in  accordance  with  the 
above  formula. 

This  acid  is  procured  by  dissolving  zinc  or  iron  in  dose  vessels  iu  an 
aqueous  solution  of  sulphurous  acid  :  solution  is  effected  in  thit  acid 
without  the  evolution  of  any  gns,  which  hardly  happens  in  any  other 
case :  the  metals  thus  dissolved  form  crystalliaable  salts,  which,  when 
decomposed  by  otlier  acids,  yield  sulphurous  acid  and  sulphur,  pre- 
viously existing  in  the  proportions  above  stated,  and  constituting 
hyposulphurous  add  :  this  add  is  also  formed  when  sulphites  aro 
digested  in  close  vessels  with  sulphur,  in  which  case  tiie  sulphur  takes 
half  the  oxygen  of  the  sulphurous  add;  when  iron  is  dissolved  in 
sulphurous  add,  it  takes  half  the  oxygen  of  the  sulphurous  acid,  which, 
by  this  loss  becomes  hyposulphurotis  acid,  and,  combining  with  the 
oxide  of  iron  formed,  they  constitute  hyposulphite  of  iron. 

Most  of  the  salts  containing  hyposulphurous  acid,  or  the  hyposul- 
phites, are  unimportant;  the  add  undergoes  decomposition  when  they 
are  strongly  heated  or  acted  upon  by  an  add. 

ffgponUphite  of  soda  (NaO,  S,0,  +  6  Aq.),  in  solution,  is  largely  used 
in  photography  to  "  fix,"  or  render  perraonently  unalterable  the  photo- 
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graphic  picture.  Thia  it  does  by  disBoMng  the  aqueouidy  insoluble 
ulver  salts,  with  which  it  forms  double  compounds  having  an  intensely 
sweet  taste.  Hyposulphite  of  soda  is  made  by  dissolving  sulphur  in 
sulphite  of  soda,  JSaO,  SO, -i-  S  becoming  NaO,  S,0,. 

Jij/ponUpkurie  Acid  (ROSJO^).  DithiorUc  Acid.  This  acid  was  dis- 
covered in  1819  by  Qay-Lusaac  and  Welter.  It  is  prepared  by  sus- 
pending finely-powdered  binoxide  of  manganese  in  water,  and  passing 
sulphurous  acid  gas  into  the  mixture :  if  this  be  not  kept  cold,  sul- 
phuric acid  is  formed :  but  otherwise  the  oxide  of  manganese  is  dia- 
Bolved  and  hyposulphate  of  its  protoxide  formed  :  to  the  filtered  solu- 
tion sulphide  of  barium  is  to  be  added,  by  which  sulphide  of  manganese 
is  precipitated,  and  hyposulphate  oE  baiyta  remains  in  solution  :  when 
the  proper  quantity  of  sulphuric  acid  is  added  to  this,  sulphate  of 
baiyta  is  precipitated,  and  the  hyposulphuric  acid  is  liberated,  the 
filtered  solution  of  which  is  to  be  evaporated  in  vacuo  over  sulphuric 
acid  till  it  acquires  a  density  of  1*847  :  if  it  be  carried  further  than 
thia,  it  is  decomposed  into  sulphurous  acid,  which  escapes,  and  sul- 
phuric acid,  which  remains  dissolved. 

This  acid  has  not  been  obtained  free  from  water  :  the  aqueous 
solution  is  sour,  inodorous,  and  reddens  vegetable  blues :  if  heated  to 
'212°,  it  is  decomposed  into  sulphurous  and  sulphuric  acids;  and  when 
exposed  to  the  air,  it  slowly  absorbs  oxygen ;  and  becomes  sulphuric 
aci>I.  Unlike  sulphuric  acid,  it  forms  soluble  compounds  with  lime, 
baryta,  strontia,  and  oxide  of  lead ;  but,  like  diluted  siUphurio  acid,  it 
acts  upon  and  dissolves  zinc,  with  the  evolution  of  hydrogen  gas,  and  a 
solution  of  hyposulphate  of  zinc  is  formed ;  its  salts  are  decomposed  at 
a  high  temperature,  yielding  sulphurous  acid  and  sulphates  remaining. 

TrUJiioiiic  acid  (UO,  S,0,).  Sulphuittud  hypotulphvtrie  add.  As  a 
potash  salt  this  acid  is  formed  when  sulphur  is  digested  in  bisulphite 
of  potash  for  several  days,  or  until  all  yellow  colour  has  disappeared. 
The  resulting  solution  gives  a  black  precipitate  with  subnitrate,  and  a 
white  with  pemitrate  of  mercury.  From  the  trithionate  of  potash  the 
acid  may  be  liberated  by  tartaric  acid,  and  obtained  in  unstable  pris- 
matic crystals  by  evaporation.  By  heat  the  trithionates  split  up  into 
sulphur,  sulphurous  acid,  and  sulphate  of  the  base, 

TetraUiumic  acid  (HO,  S,0,).  BimdphurclUxL  hypoiidphveric  acid.  Two 
equivalents  of  hyposulphite  of  baryta  and  one  of  iodine  yield  iodide  of 
barium  and  tetiathionote  of  baryta.  The  latter  may  be  purified  by 
recrystallisation,  and  the  acid  liberated  by  the  cautious  addition  <u 
sulphuric  acid.     It  is  somewhat  unstable. 

Pmtathionic  acid  (HO,  S,0,).  Tritxdphurttted  hyponilpkuric  acid. 
When  sulphurous  and  hydrosulphuric  acids  come  into  contact,  the 
following  decompoettion  occurs : — 


5S0, 


-1-      5Ha      =      HO,  B,0, 


SalphDioiis       Hjrdrosal- 
acld.  phnrio  scid. 


Bolphnr. 


4no 
'Water. 


Pentathionic  acid  ia  very  unstable.  Its  baiyta  componnd  may  be 
obtained  in  silky  scales. 

Clilorosulpharic  acid  or  Monde  of  tulphuryl  (SO, CI).  A  colourless 
liquid  of  pungent  odour  and  powerful  eye  irritating  properties,  formed 
on  bringing  together  dry  sulphurous  acid  and  chlorine  gases  in  bright 
sunlight.  It  is  volatile  without  decomposition,  but  water  instantly 
breaks  it  up.     It  does  not  appear  to  combine  with  bases. 

Nilroaaiphuric  acid  (HO,  SO^NOJ.  If  nitric  oxide  (NOJ  be  passed 
through  a  cold  solution  of  sulphite  of  ammonia  containing  Urge  excess 
of  ammonia,  white  crystals  of  nitrosulphate  of  ammonia  (NU,0,SO,NO  J 
are  deposited.  Other  nitrosulphates  may  be  formed,  but  they  are  very 
unstable,  and  the  acid  canuot  be  liberated  from  them. 

Sulphazoliscd  acida,  discovered  by  Fremy,  form  with  potash,  but  not 
with  soda,  a  remarkable  series  of  salts.  They  ore  derived  from  basic 
nitrite  of  potash,  sulphurous  acid  and  water,  as  indicated  in  the  follow- 
ing equations : — 

Sulidwzlle  of  potash  .         .         .        .  >K0,  S,MI,Oi, 

from  3K0,  M0,-l-3S0,-f  3U0. 

Sulphajuto  of  potash SKO,  S^NHjO^, 

ttaa  3K0,  NO,  -)-480,  -t-  SUO. 
SnlphasotsU  of  poUsh      ,        .        .        .  IK0^8,KH,0,, 

from  SKO,  N0,  +  »80,-l-SII0. 
Bnlphanimonale  of  potuh     .         ...  4E0,  B,NH,0,( 
from  4KO,  SO, -V  tSO, -t-inO. 

Nitrogen  and  Sulphur.    [Nitbooem.] 

Hydrogen  and  Sidphur  combine  in  two  proportions,  forming  Jiydro- 
ndphnric  acid  (HS),  frequently  called  $idphuretUd  hydrogen,  and  par- 
sulphide  of  hydrogen  (HiS,  1). 

Hydroeulphwic  acid,  formerly  known  by  the  name  of  hepatic  gas, 
exists  in  sulphurous  waters,  such  as  those  of  Harrowgate.  It  may  be 
formed,  to  a  certain  extent,  by  beating  or  subliming  sulphur  in  hydro- 
gen gas.  It  is  luually  produced  by  ^e  action  of  hydrochloric  acid  on 
sulphide  of  antimony,  or  by  acting  upon  protosulphide  of  iron  with 
dilute  sulphuric  acid  :  in  the  former  case  the  hydrogen  of  the  hydro- 
chloric acid  unites  with  the  sulphur  of  the  sulphide,  chloride  of  anti- 
mony being  also  formed ;  while  in  the  latter,  the  decomposed  water 
yields  hydrogen  to  the  sulphur  and  oxygen  to  the  iron,  which  latter, 
being  then  dissolved  by  the  add,  constitutes  sulphate  of  iron.  As 
it  ia  difficult  to  combine  the  whole  of  any  given  quauUty  of  iron 


with  sulphur,  the  uncombined  portion  yields  a  little  free  hydrogen 
with  the  hydrosulphuric  acid ;  but  this,  in  most  cases,  is  of  no  con- 
sequence. Although  hydrosijphuric  acid  is  soluble  in  one-fourth  its 
bulk  of  water,  yet  the  gas  may  for  most  purposes  be  received  by  dis- 
placement in  vessels  filled  with  that  liquid. 

Hydrosulphuric  acid  is  colourless,  and  gaseous  at  conunon  tempera- 
tures and  pressures :  it  has  a  peculiarly  nauseous  and  fetid  odour, 
resembling  that  of  putrid  eggs ;  its  taste  is  also  extremely  disagreeable. 
Its  specific  gravity  ia  about  1'182.  100  cubic  inches  weigh  about  3S 
groins.  It  is  composed  of  one  equivalent  of  hydrogen  and  one  equiva- 
lent of  sulphur,  as  indicated  in  the  above  formula.  It  reddeus  moist 
litmus-paper,  but  not  strongly,  and  ia  soluble  in  about  one  tliird  of  its 
bulk  of  water.  At  a  temperature  of  S0°,  and  under  a  pressure  of  about 
17  atmospheres,  it  is  rendered  a  limpid  liquid,  of  specific  gravity  about 
0*9  :  this  does  not  congeal  till  cooled  down  to  122'  Fa^.  It  is  ex- 
tremely poisonous  to  animals :  air  containing  l-1600th  of  its  bulk 
immediately  killed  a  bird,  and  1-lOOOth  a  middle-sized  dog.  When 
mixed  and  detonated  with  oxygen  gas,  the  results  are  water  and  sul- 
phurous acid. 

The  aqueous  solution  of  hydrosulphurio  acid  is  employed  as  a  test 
of  metals,  and,  more  especially,  for  the  discovery  of  minute  portions  of 
lead,  with  which  it  gives  a  dark-coloured  precipitate  of  sulphide  of 
lead  :  with  the  salts  of  antimony  it  gives  an  orange  precipitate,  and 
with  arsenious  acid  a  yellow  one. 

Hydrosulphurio  acid  fo^ms  salts  which  aie  termed  hydrotulphato, 
and  these  are  probably  formed  when  it  is  combined  with  ammonia, 
potash,  soda,  and  the  alkaline  earths ;  but  by  metallic  oxides,  properly 
so  called,  it  is  decomposed,  the  results  not  beinjg  hydrosulpliates  of 
metallic  oxides,  but  water  and  a  metallic  sulphide :  thia  ia  the  case 
with  oxide  of  Irad,  silver,  ko. 

Pendphide  of  Hydrogen  (HS,  f).  This  compound  cannot  be  formed 
by  direct  combination.  To  prepare  it,  equal  weights  of  sulphur  and 
recently  slaked  lime  may  be  boiled  in  three  times  their  weight  of 
water  for  half  an  hour.  The  result  is  a  deep  reddish-yellow  coloured 
solution  of  peisulphide  of  calcium,  which,  when  clear  and  cold,  is  to 
be  added  to  an  excess  of  bydrochlorio  acid  diluted  with  about  twice 
its  weight  of  water  :  by  their  mutual  action  sulphur  is  precipitated, 
accompanied  by  a  yellow  oil-like  fluid,  which  is  the  persulphide  of 
hydrogen.  It  is  a  viscid  liquid,  of  a  yellow  colour,  and  of  specific 
gravity  about  1'77 ;  its  smell  is  similar  to,  but  not  so  powerful  as  that 
of  hydrosulphuric  acid;  its  elements  are  held  tcgewer  by  a  feeble 
affinity,  so  l^at  even  in  the  cold  it  is  gradually  converted  into  hydro- 
sulphuric acid  and  sulphur,  and  this  change  is  immediately  produced 
at  212", 

Chlorine  cmd  Sulphur  appear  to  form  two  compounds,  the  chloride 
and  di-chloride,  Aocording  to  Dumas,  when  sulphur  is  acted  upon  by 
excess  of  chlorine,  a  neutnu  chloride  is  obtained,  which  consists  of  one 
equivalent  of  chlorine  and  one  equivalent  of  sulphur  (SCI). 

It  usually  contains  some  di-chloride,  from  wluch  it  is  to  be  purified 
by  repeated  distillation  at  about  140°  Fahr. 

It  may  be  formed  either  by  heating  sulphur  in  excess  of  dry  chlorine 
gas,  or,  at  common  temperatures,  by  passing  excess  of  chlorine  through 
a  tube  containing  powdered  sulphur. 

Chloride  of  sulphur  is  liquid,  has  a  reddish-brown  tint,  and  a  density 
of  162 ;  that  of  its  vapour  being  about  8°7,     Its  boiling-point  is  147°. 

Di-chloride  of  Sulphur  (S,C1). — This  substance  was  first  obtained  by 
i>r.  Thomson.  When  chlorine  gas  is  passed  over  powdered  sulphur, 
gently  heated,  it  gradually  disappears,  and  the  di-chloride  is  formed  by 
direct  combination :  the  liquor  obtained  is  to  be  distilled,  and  then 
possesses  the  following  prop^iies : — It  is  liquid,  and  is  red  by  reflected, 
and  yellowish-green  by  transmitted  light :  it  emits  acrid  fumes  when 
exposed  to  the  air ;  its  density  is  1'628,  that  of  its  vapour  being  4*7  ; 
it  is  volatile  below  200°,  and  boils  at  280°.  Dry  litmus-paper  is  not 
altered  by  it.  It  is  energetically  decomposed  by  and  decomposes 
water,  the  results  being  hydrochloric  and  hyposulphurous  acids.  It 
does  not  combine  with  alkalies, 

Sidphur  and  £romine.  [Bbohikk.] 

Carbon  and  Sulphur. — These  form  by  direct  action  bisulphide  of 
carbon  (CS,)  or  iiUphocarbonic  acid. 

It  may  be  obtained  either  by  passing  the  vapour  of  sulphur  over 
charcoal  heated  to  redness  in  a  porcelain  tube,  or  distilling  a  mixture 
of  bi-6ulphide  of  iron  and  one-sixth  of  its  weight  of  charcooL  It  may 
be  condensed  by  being  passed  into  cold  water,  and  to  free  it  from 
uncombined  sulphur  and  moisture  it  should  be  rectified  from  chloride 
of  calcium  at  a  low  temperature. 

It  is  a  colourless  transparent  liquid,  of  density  1*272,  that  of  its 
vapour  being  2'447  ;  it  has  an  acrid  pungent  taste,  and  a  very  fetid 
odour ;  its  refractive  power  is  very  high ;  it  is  insoluble  in  water,  but 
combines  with  alcohol  and  ether,  from  which  water  precipitates  it;  it 
is  extremely  volatile,  boils  at  118*5°,  and  is  not  rendered  solid  at 
the  lowest  obtainable  temperature:  owing  to  its  great  volatiUty,  it 
produces  sufficient  cold  under  the  exhausted  i-eceiver  of  the  air-pump 
to  freeze  mercury  :  it  is  extremely  inflammable,  the  resvdta  of  its  com- 
bustion being  carbonic  and  sulphurous  acid  gases,  attended  with  a 
brilliant  greemsh-white  flame.  It  combines  with  metallic  sulphides  to 
form  a  class  of  sulphur  salts  termed  tulpKo-carionatee  i  for  example, 
sulpho-carbonate  of  potassium  (KS,CS,). 

It  is  a  remarkable  eircumstance  that  so  Tulutile  » liq,uid  should  ht 
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produced  by  the  oombination  of  two  solid  bodies.  It  was  discovered 
by  Lampadius  in  1796. 

Plu>»phoru$  and  Sulplmr.  [Phospuorus.] 

Iodine  and  Sulphur.  [Iodine.] 

Sdenium  and  Sulphur.  [Selenium.] 

Soron  and  Sulphur.  [Boron.] 

Std/ihur  Salts. — These  are  certaiii  double  sulphides,  so  deaigaated  by 
Berzelius  :  the  electro-negative  sulphides  constituting  lulphur  acidt  ; 
and  the  electro-positive  sulphides,  tulphur  bata.  Among  the  sulphur 
acids  arc  the  sulphides  of  arsenic,  antimony,  tellurium,  tin,  4c. ;  and 
in  this  class  are  also  included  sulphuretted  hydrogen,  bisulphide  of 
carbon,  and  selenium  and  sulphocyanogen  :  the  sulphur  bases  include 
the  protoBulphides  of  the  metals  of  the  alkalies  and  alkaline  earths. 

Compounds  formed  by  the  union  of  sulphur  acids  with  sulphur  bases 
are  the  svlphur  lalU. 

The  close  chemical  analogy  between  sulphur  and  oxygen  is  further 
seen  on  considering  the  constitution  and  properties  of  Ae  following 
compounds  of  the  two  elements. 

KO,  AsO,   .        .  KS,  Art, 

KO,  AsO,       .    .  KS,  AsS, 

FeO     .        ,        ,  FeS 

Fe,0,    .        .    .  Fe,8, 

F,0,  (magneUc) .  Fe,S,  (magnetic} 

SULPHUR  (in  medicine)  is  an  elementaiy  principle  which  occurs  in 
great  abundance  in  the  mineral,  sparingly  in  tiie  regetable,  and  still 
more  sparingly  in  the  animal  kingdom.  In  the  vicinity  of  volcanoes 
sulphurous  fumes  issne  copiously  from  the  ground,  and  many  mineral 
waters  owe  their  peculiar  odours  and  much  of  their  virtues  to 
sulphurous  impregnations.  Plants  which  contain  it  have  often  an 
oflensive  smell,  to  which  most  probably  it  contributes,  constituting  the 
allyl  oils,  such  as  asafcetida,  garlic,  and  mustard,  in  which  last  it 
occurs  as  a  constituent  of  myronic  acid,  a  portion  of  which  probably 
attaches  to  the  volatile  oil  of  mustard,  tiie  odour  of  which  is  stronger 
and  more  oSensiTe  than  that  of  garlic  and  asafcetida  combined.  In 
animals  it  occurs  in  conjunction  with  albumen,  and  hence  white  of  egg 
blackens  silver  egg-spoons. 

For  medical  purposes,  it  should  be  as  pure  as  possible,  but  in  the 
two  forms  in  which  it  occurs  it  is  seldom  perf ecUy  free  from  admixture. 
Sublimed  sulphur  (Bowers  of  sulphur)  generally  contains  some 
sulphurous  acid,  which  renders  it  slightly  pungent ;  and  precipitated 
sulphur,  or  milk  of  sulphur,  mosUy  contains  sulphate  of  lime.  Of  the 
two  forms,  precipitated  sulphur,  owing  to  the  extremely  fine  state  of 
subdivision  in  which  it  exists,  is  in  equal  quantities  more  powerful 
than  the  sublimed  when  freed  from  the  Isi^  portion  of  sulphate  of 
lime. 

SiUphur  is  insoluble  in  water,  very  sparingly  in  alcohol,  but  soluble 
in  oils,  both  fixed,  such  as  linseed,  and  volatile,  such  as  turpentine ; 
with  the  former  of  which  it  forms  the  baltamum  tulpharii  timplex, 
with  the  latter  the  baUamum  tulphwii  terebinthinatum. 

Though  devoid  of  any  marked  sensible  qu^ties,  sulphur  acts  as  a 
stimulant  to  the  living  tissues.  Applied  to  the  sound  skin,  it  seems  to 
have  no  effect  upon  it,  but  placed  in  contact  with  an  ulcerated  surface, 
it  irritates  and  excites  an  inflammatory  action.  Large  doses,  such  as  a 
pound,  given  to  horses,  prove  fatal  by  producing  violent  inflammation, 
recognisable  during  life  by  the  symptoms,  and  after  death  by  the 
morbid  appearances.  These  may  not  have  been  due  entirely  to  the 
sulphur,  but  to  the  tersulphide  of  arsenic  (orpiment)  with  which 
sulphur  is  often  contaminated.  Hence  the  increased  redness  and 
sensibility  of  parts  affected  with  cutaneous  eruptions  when  sulphur  is 
applied  to  them.  It  is  clear  therefore  that  it  is  by  exciting  to  new 
action  the  unhealthy  structures  that  it  effects  a  cure  of  these  diseases, 
and  not  by  causing  a  repulsion  or  transfer  of  it  to  some  other  quarter, 
though  this  not  unfrequently  follovrs  the  too  rapid  healing  of  such 
complaints,  if  they  have  been  spread  over  a  Urge  surface.  Taken 
internally,  sulphur  gives  rise  to  two  distinct  orden  of  effect :  the  one. 
Its  action  on  the  intestinal  canal ;  the  other,  upon  the  system  generally. 
Spoall  doses,  if  they  do  not  increase  the  digestive  power,  at  least  do  not 
disturb  it;  but  larger  cause  a  disagreeable  sensation  in  tiie  epigastric 
r^on,  followed  by  alvine  dejections,  which  are  generally  gentie,  and 
without  colic  or  griping.  When  it  causes  alvine  evacuations,  it  does 
not  produce  marked  general  effects ;  but  when  given  in  small  doses, 
with  a  sufficient  interval  between  each  to  favour  its  absorption,  its 
general  action  is  commonly  very  apparent.  The  pulse  becomes  more 
frequent,  the  animal  heat  and  perspuation  are  increased,  and  the 
presence  of  sulphur  may  be  recognised  in  all  the  excretions  of  the  body, 
or  a  transudation  of  it  in  the  form  of  hydrosulphuric  acid  (sulphu- 
retted hydrogen).  In  this  way  silver  worn  in  the  pocket  of  a  person 
nsmg  sulphur  becomes  blackened. 

The  long^ontinued  use  of  it  gives  rise  to  still  more  obvious 
stimulant  effects.  General  excitement  of  the  system  takes  place, 
increased  arterial  action  leads  to  hsemorrhages,  &c.,  accompanied  by 
restiessness,  sleeplessness,  and  thirst.  The  appearance  of  these 
symptoms  should  point  out  the  propriety  of  suspending  its  further  use 
till  they  can  be  removed  by  antiphlogistic  means. 

Sulphur  should  not  be  used  for  very  plethoric  individuals,  or  those 
inclined  to  high  vascular  action,  tiU  those  states  have  been  lessened  by 
diet  and  other  means. 


Internally  sulphur  has  been  given  in  chronic  catarrhs  and  humid 
coughs,  as  well  as  in  some  of  the  forms  of  asthma.  From  the  power 
which  sulphur  undoubtedly  possesses  over  mucous  membranes, 
especially  the  bronchial,  it  is  often  sen-iccable ;  but  in  the  asthmatic 
affections  complicated  with  organic  disease  of  the  heart  or  great  vo^scls, 
nothing  can  be  more  hurtful. 

In  chronic  rheumatism  sulphur,  from  its  diaphoretic  properties,  is 
of  much  utility  either  alone  or  with  antimonials.  In  those  forms  of 
dysentery  which  may  be  regarded  as  rheumatism  of  the  intestines, 
sulphur  is  perhaps  the  best  aperient  in  combination  with 
ipecacuanha.  It  is  also  beneficial  in  those  forms  of  paralysis  which 
have  resulted  from  rheumatism.  It  is  stated  to  effect  a  cure  of  inter- 
mittents,  and  considering  its  power  of  rousing  the  vascular  system,  and 
its  subsequent  diaphoretic  action,  it  may  be  used  in  those  cases  where 
arsenic  falls  and  quinine  is  too  expeunve. 

Sulphur  is  given  as  a  laxative  in  hasmorrhoids,  stricture  of  the 
rectum,  and  habitual  constipation.  For  these  cases  it  ia  usually  com- 
bined with  bi-tartrate  of  potash,  or  magnesia,  or  electuary  of  senna. 
A  small  quantity  of  the  compound  cinnamon-powder,  or  aromatic  con- 
fection, is  a  valuable  addition,  as  it  lessens  any  tendency  to  griping, 
and  also  restrains  the  disposition  to  the  disengagement  of  sulphuretted 
hydrogen  gas,  which  is  often  a  distressing  consequence  of  the  use  of 
sulphur.  The  dose  varies  muck  in  different  individuals,  but  in  all 
cases  it  ishould  be  ample,  as  an  inefficient  quantity  is  most  prone  to 
generate  flatus.  Persons  of  a  sedentary  liabit,  afflicted  with  con- 
stipation, find  tills  combination  of  unspeakable  service,  as,  unlike  many 
others,  it  is  not  followed  by  greater  constipation  than  before,  but  keeps 
the  bowels  moderately  open  for  a  considerable  time.  It  is  one  of  the 
most  appropriate  medicines  for  children  or  pregnant  females. 

Sulphur  is  generally  given  internally  at  the  same  time  that  it  is 
used  externally  for  the  cure  of  cutaneous  diseases.  For  one  of  these 
(letMa)  it  is  regarded  as  almost  n  specific  Sulphur  ointment  is  the 
form  generally  employed  for  this  disease.  It  should  never  be  applied 
to  more  than  a  fourth  port  of  the  body  at  one  time.  The  compound 
sulphur  ointment  is  more  powerful,  but  requires  still  more  caution  in 
its  employment  from  the  veretrine  it  containa  In  workhouse  practice, 
the  preferable  mode  of  employing  sulphur  is  by  nniring  it  with  soft- 
soap,  which  not  only  does  not  stam  and  grease  ue  clothes,  but  assists 
in  cleansing  them  as  well  as  the  patients  when  vrashed.  Besides,  the 
potash  of  the  soap  aids  the  cure.  Many  cutaneous  diseases  are  more 
readily  cured  by  a  combination  of  sulphur  with  potash  than  by  either 
siflgly.  This  combination,  called  Potauii  tulphuretum,  or  liver  of 
sulphur,  may  be  applied  in  various  ways,  particularly  in  baths,  forming 
artificial  Horrowgate-water.  The  nattual  waters  of  Harrowgato, 
Mofiat,  and  other  sulphurous  springs,  owe  their  peculiarities  to  it. 

Sulphur  in  combination  with  iodine,  forming  iodide  of  sulphur, 
when  made  into  an  ointment  with  a  lai^  quantity  of  lard  or  cerate,  is 
a  valuable  agent  in  some  cutaneous  diseases.  Sulphur  sprinkled  over 
the  leaves  of  the  vine  is  almost  a  certain  preventive  of  the  oidium 
Tuckeri  or  vine  scourge.  It  is  useful  aUo  for  hops.  See '  Gardeners' 
CHironicle,'  March  SO,  1861,  p.  293,  nor  is  it  powerless  sgainst  the 
potato  disease.    See  '  Gardeners'  Chronicle,'  March  16, 1861,  p.  241. 

Sulphur  in  a  state  of  combustion  evolves  sulphurous  acid  gas. 
This  is  sometimes  employed  as  a  fumigation  in  some  obstinate  cuta- 
neous affections,  espedal^  ptoriaiit  inveterata,  which  often  continues 
about  the  joiuts,  especially  the  elbow,  when  it  has  been  cured  in  every 
other  port,  The  employment  of  this  requires  caution,  and  on  no 
account  must  the  face  be  exposed  to  it,  as  it  is  irrespirablei 

SULPHUR  TRADE.  Sulphur  exists  in  Sicily,  Iceland,  Teneriffe, 
St.  Vincent's,  and  some  other  places ;  but  the  expense  of  obtaining  it 
from  most  of  those  countries  is  so  great,  that  Sicily  is  almost  the  only 
source  of  supply.  From  that  country  England  and  France  take  more 
than  90  per  cent,  of  the  whole  quantity  exported.  The  average  con- 
sumption of  England  in  the  five  years,  from  1820  to  1824,  was  7030 
tons.  In  182a  the  duty  vras  reduced  from  151.  to  10s.  a  ton,  and  in  the 
following  ten  years  the  annual  consumption  averaged  15,140  tons ;  in 
1837  it  amounted  to  37,486  tons.  The  Sicilian  sulphur-mines  are  the 
property  of  individuals,  and  several  English  firms  settled  in  Sicily  are 
engaged  in  the  trade.  In  1836  M.  Taix,  a  Frenchman,  laid  before  the 
Sicilian  government  a  project  for  establishing  a  company  which  was  to 
have  the  exclusive  right  during  ten  years  of  purchasing  Sicilian  sulphur 
at  fixed  prices,  on  condition  of  spending  10,0002.  a  year  in  constructing 
roads,  and  exporting  one-third  of  the  quantity  produced  in  Sicilian 
vessels.  The  British  merchants  becoming  alarmed,  the  Sidliao  govern- 
ment, in  reply  to  the  British  ambassador,  stated  that  no  such  project 
would  be  adopted.  It  would  have  been  in  direct  contravention  to  certain 
commereial  treaties  between  the  two  govemmsnts.  The  Sicilian  govern- 
ment did,  however,  enter  into  a  contract  with  M.  Taix ;  and  on  the  4th 
of  July,  1838,  notice  was  given  at  Palermo  that  the  monopoly  would 
come  into  operation  on  the  1st  of  August  ensuing.  The  negotiations 
respecting  this  monopoly  were  conducted  with  great  secresy,  and  it 
came  into  operation  so  suddenly  that  twenty-four  vessels  lost  their 
cargoes.  The  British  leasees  of  mines,  and  all  others,  were  compelled 
to  produce  only  a  fixed  quantity  of  sulphur;  prices  rose  from  6^  10s. 
or  7^  to  ISl.  and  14^  per  ton,  and  contracts  could  not  be  completed. 
At  length  the  British  government  took  very  decided  steps  to  put  an 
end  to  a  monopoly  established  in  the  face  of  commercial  treaties  :  the 
coasts  of  Sicily  and  Naples  were  blockaded  by  our  ships  of  war  j  auci 
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the  Sicilian  government,  no  longer  daring  to  uj^old  the  monopoly, 
accepted  the  mediation  of  the  king  of  the  French  in  adjusting  the 
dispute  with  the  British  government.  The  monopoly  was  abolished  in 
Jufy,  1840,  and  a  mixed  English  and  Sicilian  comnusston  was  appointed 
in  November  to  investigate  the  claims  of  British  subjects  whose  inte- 
rests had  been  injured  by  it.  The  claims  amounted  to  66,610^,  of 
which  21,.307i.  was  awarded ;  and  as  it  was  stipulated  that  the  awards 
should  bear  interest  at  the  rate  of  6  per  cent,  so  long  as  they  remained 
unsettled,  the  Sicilian  government  agreed,  in  January,  1842,  to  pay 
them  without  any  delay.  The  sulphur  trade  was  thereupon  placed  on 
the  same  footing  as  before  the  date  of  the  contract  with  M,  Taix. 

A  correspondent  of  the  Timet  newspaper,  while  noting  and  recording 
the  exploits  of  Oaribaldi  in  Sicily  in  1860,  turned  aside  to  visit  the 
principal  sulphur  district,  and  to  give  an  account  of  the  present  mode 
of  conducting  the  trade.  The  chief  mines  are  at  Yillarosa,  Santa 
Catalda,  and  Terra  di  Falco.  The  sulphur  lies  imbedded  in  tufa,  gyp- 
sum, or  limestone,  mostly  at  the  sides  of  mountains.  Sometimes  the 
vein  is  bo  thick  as  to  require  pillars  of  sulphur  to  be  left  to  support 
the  roof  of  the  mina  The  smelting,  or  preparation  for  market,  used 
to  be  conducted  in  the  open  air ;  but  as  this  injured  the  quality,  and 
moreover  tainted  the  air  of  the  neighbourhood,  another  plan  is  now 
adopted.  A  round  space  is  cleared  on  the  side  of  a  mountain,  about 
sixty  feet  in  diameter,  with  a  high  wall  to  bound  it  on  the  outer  or 
lower  side.  An  orifice  in  this  side  is  formed,  temporarily  plastered 
over.  The  sidphur-stone  is  placed  in  regular  layers  on  the  open  space, 
heaped  up  conically  very  high,  and  is  well  covered  with  the  rubbish 
resulting  from  former  smeltings.  Fire  is  applied  through  a  small 
opening,  which  is  then  closed  up ;  and  the  atone  bums  for  about  three 
weeks,  as  much  excluded  from  the  air  as  possible.  When  the  whole  of 
the  sulphur  in  the  stone  has  become  liquefied,  tiie  hole  is  tapped,  and 
a  black  pitchy  liquid  runs  out  into  troughs;  this  liquid  cools  to  a 
yellow  solid,  clean  or  dirty  according  to  its  quality.  The  price  of  the 
sulphur  thus  obtained  is  greatly  increased  by  the  difficulty  of  transport. 
Ther«  is  no  road  from  the  mines  suitable  for  vehicles.  Mules  carry 
the  sulphur  to  the  nearest  town,  whence  it  is  conveyed  in  two-horse 

carts  to  Qirgenti.  

SULPHURATION,  or  SULPHURING,  is  the  process  of  bleachhig 
employed  to  give  whiteness  to  silk  and  woollens  by  exposing  them  to 
the  fumes  of  burning  sulphur.  For  this  process  a  detached  chamber, 
without  a  chimney,  is  made  use  of ;  but  so  constructed  that,  when 
required,  a  current  of  air  may  be  passed  through  it.  In  sulphuring 
■ilk,  about  100  pounds,  stretched  on  perches,  are  placed  at  a  height  of 
nearly  seven  feet ;  and  about  two  pounds  of  sulphur,  reduced  to  coarse 
powder,  are  put  into  an  iron  pot  containing  a  small  quantity  of  ashes ; 
the  sulphur  is  fired  in  several  places,  and  the  chamber  well  closed  to 
prevent  the  loss  of  sulphurous  fumes;  afterwards  the  windows  are 
opened  to  let  them  escape  and  to  dry  the  silk.  In  winter,  after  the 
smell  of  the  sulphurous  vapour  has  ceased,  the  windows  are  shut,  and 
charcoal  is  burnt  in  the  chamber,  in  order  that  the  silk  may  be  dried. 
By  this  operation  the  silk  becomes  perfectly  white,  and  is  rendered  fit 
for  subsequent  operations.  Woollen  cloths  are  treated  nearly  in  the 
same  maimer.  Straw  hats  and  bonnete  are  also  sulphured. 
SULPHURETTED  HYDBOQEN.  [Sulphub.] 
SULPHURIC  ACID.    [Sulphur.] 

SULPHURIC  ACID,  Medical  Ptt^iia  of.  This,  which  is 
i«garded  as  the  most  potent  of  the  mineral  acids,  is  never  taken 
intiamally  in  a  concentrated  state  except  by  accident,  or  with  the 
intention  to  commit  suicide  or  murder.  In  such  cases  it  acts  as  a 
violent  corrosive  poison,  causing  complete  disorganisation  of  the  tissues 
it  comes  in  contact  with,  its  course  being  obvious  from  the  black  and 
charred  state  of  iJie  parts.  This  effect  it  is  thought  to  produce  from 
its  strong  afiinity  to  water,  depriving  the  tissues  of  its  elements,  and 
leaving  the  carbon  free.  This  peculiarity  distinguishes  poisoning  by  it 
from  the  other  mineral  acids.  Notwithstanding  the  extensive  destruc- 
tion of  important  organs,  such  as  the  stomach,  immediate  death  rarely 
results  from  it,  but  the  patient  lingers  sometimes  for  days,  and  in 
some  cases  ultimately  recovers. 

Sulphuric  acid  is  sometimes  employed  in  an  undiluted  state  as  a 
caustic  application  to  the  bites  of  rabid  animals,  or  to  destroy  warts  or 
portions  of  the  eyelids  in  entropium  and  ectropium. 

In  a  considerably  diluted  state,  if  it  be  applied  to  the  skin,  it 
occasions  a  painful  impression,  followed  by  numbness  and  a  contraction 
of  the  parts,  and  even  whiteness,  owing  to  the  diminished  calibre  of  the 
capillaries.  But  shortly  the  afflux  of  blood  to  the  part  recurs,  imd 
soon  increases,  so  that  the  action  of  the  vascular  system  appears  to 
become  more  developed  than  before.  As  it  is  presumable  that  a 
nimilAr  series  of  actions  takes  place  when  received  in  a  diluted  form 
into  the  stomach,  by  bearing  these  phenomena  in  mind  it  is  possible  to 
explain  its  therapeutic  influence  m  many  of  the  cases  where  it  is 
used. 

Taken  internally  in  a  diluted  but  still  strong  etatc^  it  makes  a 
powerful  impression  on  the  stomach,  followed  by  an  instantaneous 
sympathetic  chill  of  the  whole  system :  hence  its  power  in  checking 
hemorrhage  long  before  its  particles  can  be  received  into  the  circula- 
tion and  constringe  the  veesels  by  immediate  contact  with  their  sides. 
From  the  same  cause  it  acts  as  a  useful  refrigerant  in  fevers  and  other 
inflammatory  diseases  when  the  animal  temperature  is  too  high.  In 
many  of  the  transient  diseases  of  the  skin  attended  with  much  heat 


and  itching,  a  solution  of  sulphate  -of  magnesia,  with  an  additioa  of 
dilute  sulphuric  acid,  quickly  relieves  them.  It  has  also  been  given  at 
a  late  stage  of  typhus  in  some  mild  diluent,  such  as  barley-water.  In 
combination  with  cinchona,  it  is  of  decided  utility  in  purpura  hcemor- 
rhagica.  Nothing  save  oxide  of  zinc  so  certunly  checks  the  colliquative 
sweats  which  attend  hectic  fever  as  the  compound  infusion  of  roses. 
In  chronic  diarrhoea  and  dysentery  it  is  also  sometimes  of  service. 
Hsemorrhoidal  fluxes  are  oftien  restrained  by  its  use.  In  some  forms 
of  dyspepsia  it  is  a  valuable  tonic,  and  may  be  longer  persevered  with 
than  any  other  mineral  acid  except  phosphoric.  In  calculous  diseases 
with  a  phosphatic  diathesis,  it  is  much  to  be  commended,  from  the 
length  of  time  it  can  be  used.  In  such  cases  it  is  best  given  in 
infusion  of  camomile  made  with  cold  water.  It  is  employed  largely 
diluted  as  a  gargle  in  the  sore-throat  of  scarlet  fever.  Many  coses  of 
cutaneous  diseases  have  been  cured  by  the  internal  tise  of  sulphurio 
acid.  The  aromatic  sulphuric  acid,  called  elixir  of  vitriol,  has  more 
tonic  properties  than  the  simple  acid.  A  few  drops  of  it,  ten  or 
twelve,  in  a  cup  of  cold  water,  relieve  very  certainly  the  squeamishness 
of  the  stomach  which  is  felt  in  the  morning  after  an  excess  of  wine. 
In  case  of  poisoning  by  sulphuric  acid,  lime-water,  calcined  magnesia, 
or  plaster  from  the  wall,  or  a  solution  of  soap,  should  instanUy  be 
given. 

The  wigufntitm  acidi  lulphurici  is  a  most  effectual  application  in 
obstinate  cases  of  itch.     It  chars  the  linen. 

SULPHURIC  ETHER.    [Ethyl.] 

SULPHUROUS  ACID.    [Sulphub.] 

SULTA'N,  an  Arabic  word  meaning  "  a  despotic  ruler,  or  a  man 
who  is  the  arbiter  of  the  life  and  property  of  a  set  of  men."  It  is  the 
usual  titie  of  royalty  among  the  Arabs  and  Turks.  From  sultdn  the 
Italians  have  made  their  sMano,  and  the  Spaniards  have  their  tuUdn. 
The  lawful  wife  of  a  sultdn,  who  has  children  by  him,  is  called  by  us 
a  sultana, 

SUM  (in  the  sense  of  integral).  Before  the  organisation  of  the 
formal  integral  calculus,  the  isolated  operations  of  integration  which 
were  attained  were  expressed  in  words  borrowed  apgirently  from  the 
notion  of  indivisibles.  [Cataliebi,  in  Bioa.  Div.]  Thus  we  titie  of 
one  of  Bailey's  papers  is  '  An  Easy  Demonstration  of  the  Analogy  of 
the  Logarithmic  Tangents  to  the  Meridian  Line  or  Sum  of  the  Secants.' 
Here  the  sum  of  the  secants  means  what  we  should  now  denote  by 

yseo  xjdx. 

SUM  AND  DIFFERENCE.  There  is  no  need  to  define  the 
arithmetical  meaning  of  these  terms  :  a  few  words  only  are  necessary 
to  put  them  in  their  proper  position  in  algebra.  When  quantities 
receive  their  proper  algebraical  signs,  and  those  signs  their  interpreta- 
tions [Aloebra  ;  Sign  ;  &c.],  they  are  said  to  be  added  to  a  quantity 
when  they  are  allowed  to  produce  their  effect,  and  subtracted  when 
they  are  allowed  to  produce  a  contrary  effect.  And  when  quantities 
are  put  together  so  that  each  produces  its  simple  effect,  they  are  said 
to  be  added  together ;  while  any  parcel  which  is  either  withdrawn,  or 
compensated  by  others  of  equal  and  opposite  effects,  is  said  to  be  sub- 
tracted. We  are  not  here  discussing  principles,  but  settling  terms ; 
and  it  is  enough  if  the  notions  appended  to  them  be  proper  foimda- 
tions  for  clear  and  good  deduction ;  and  an  additional  advantage  if 
common  ideas  and  received  phraseology  be  also  suited,  provided  that 
nothing  be  assvuned  from  such  ideas  and  phraseology  to  the  prejudice 
of  the  dependence  of  the  deduction  upon  the  prescribed  definitions. 

To  form  a  just  idea  of  the  property  of  any  person,  we  take  the  sums 
which  he  owes  away  from  his  assets ;  that  is,  we  take  away,  not  his 
debts,  but  sums  out  of  his  assets  equal  to  his  debts.  To  say  that  this 
is  taking  away  his  debts  would  not  be  correct ;  for  taking  away  his 
debts  would  be  merely  destroying  his  liabilities,  without  making  his 
assets  answerable :  a  person  who  himself  pays  another's  debts  takes 
them  away.  A  court  of  justice  which  decides  a  claim  against  the 
assets  of  any  one,  annexes  or  puts  on  a  liability ;  and  this  is  in  algebra 
adding :  if  the  decision  should  be  reversed  on  appeal,  this  liability  to 
pay  is  removed,  and  this  is  in  algebra  subtracting.  In  the  phmse  "  to 
gain  a  loss,"  the  word  "  gain  "  is  used  in  the  preceding  sense  of  simple 
adjunction  :  if  it  were  as  common  to  talk  of  losing  a  loss,  the  verb  to 
lose  would  be  used  in  the  sense  of  to  remove  or  to  get  rid  of :  the 
other  form  of  the  word  would  be  less  of  a  bull,  for  to  Ivoie  a  loss  would 
be  to  detach  it.  In  a  third  form,  the  idiom  is  still  plainer ;  to  relcaie 
[from]  a  loss  would  be  precisely  the  idea  of  algebra,  answering  to  sub- 
tracting a  loss. 

SUM,  SUMMATION.  In  the  artides  ImEQRATiON,  FmiTE,  and 
Pboqression,  some  ideas  and  rules  are  given  upon  the  subject  of  the 
summation  of  a  finite  number  of  terms  of  a  series ;  and  in  SERrES 
will  be  found  examples  of  the  inverse  process  of  development.  In  the 
present  article  we  are  to  give  some  accoimt  of  the  methods  of  actual 
summation  which  are  in  use  in  the  higher  branches  of  mathematics; 
referring  for  the  demonstrations  to  the  Differential  Calculus  in  the 
'  Library  of  Useful  Knowledge'  (cited  by  the  letters  D.  C).  We  shall 
dwell  upon  this  at  greater  length  than  would  appear  to  be  altogether 
in  keeping  with  the  extent  of  the  articles  above  cited;  the  reason  being 
that  many  persons  to  whom  the  following  rules  may  be  practically 
useful  never  hear  of  them  because  they  ore  locked  up  in  Treatises  on 
the  Differential  Calculus,  or  in  works  which  are  not  generally  read. 
The  merest  elements  of  differentiation  and  int^;ration  are  enough  to 
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enable  a  beginner  to  uw  results  the  proof  of  which  must  be  renrred 
for  a  more  advanced  stage  of  Lis  progress. 

1.  When  the  terms  of  a  suries  are  alternately  positire  and  nq;atiye, 
as  in  a^  —  o,  +  a,  -  &c.,  the  sum  of  the  series  otf  infinitvM  may  thus 
be  expressed  [Dii^fsbekce]  ^D.  C.,  pp.  656-660) : — 


4 


8 


16 


vhich  is  frequently  more  convergent  than  the  series  itself;  in  fact,  the 
less  convergent  the  series  is,  the  more  convergent  is  the  transformation. 
Dr  Button's  method  of  obtaining  the  transformed  series  is  as  follows : 
— Take  a  number  of  the  successive  sums  a„  a„  —  a,,  &c.,  and  let 

8o  =  0 ,  8,  =  do  ,  8,  =  <]^  —  o, ,  s,  —  o<,  —  o,  +  a, ,  *o. 

Take  the  half  sum  of  s^  and  s„  the  half  sum  of  8,  and  8,,  the  half  sum 
of  8,  and  8,,  &c.  Let  these  be  T„,  T, ,  T,,  &c.  Bepeat  the  process : 
take  the  mean  of  Tq  and  T,,  that  of  T,  and  T,,  &c.,  which  call  U., 
V, ,  &c.  Take  the  mean  of  v^  and  u^,  that  of  u,  and  u,,  &o.,  whidi 
call  V,,  v,,&c.  Then  the  set  8o,Ta,  Co,  Tf,&o.,  will  seTeraily  approach 
nearer  and  nearer  to  the  series  required ;  m  fact 


2~     4'^>>~2~     4      ■*■ 


-g-.&C 


It  would  however  be  somewhat  easier  to  proceed  as  follows : — ^having 
formed  diflerences  as  far  as  may  be  thought  necessary,  say  up  to 
A  Oo>  *''^*  ''^  A"Oo  from  A"~'aoi  half  the  result  from  A"~'ao> 
half  the  result  from  A^'^a^  and  so  on  until  a^  has  been  used  :  after 
which  halve  the  result  again.  In  either  case  we  need  not  begin  at  tho 
beginning  of  the  series :  if  it  be  more  convenient  to  begin  after  a,„  let 
A,„  =  Op  -  a,  +....-  a,  +  a,o,  and  calculate  this  separately:  then 
calculate  o„  —  a,,  +  . . . .  from  the  rule,  and  we  have  Am—  (»ii  — 
a„  -I- . . .)  for  the  series  required.  The  following  is  an  instance  from  Dr. 
Button  (' Tracts/ vol,  i.,  p.  191 ),  the  series  being  1  —  i+  J  — i  +  ••.. 

Sum*. 

1 

0*6 


683333 
783333 
616666 
759524 
634524 
745.;35 
615635 
736544 
653211 


The  seTeral  orders  of  means. 


688096 
607024 
6900S0 
695635 
C91090 
694878 


692560 
693552 
692858 
693862 
692984 


693056 
693205 
6'J3110 
693173 


693131 

693158 
693142 


69S144 
693150 


603147 


The  result  is  '693147,  which  is  correct  to  the  sixth  place,  and  is 
more  than  could  be  got  from  the  series  itself  by  actual  summation 
of  a  million  of  its  terms.  Dr.  Button  begins  in  forming  the  means 
with  1  —  4-i-...<-<-i:  we  shall  therefore  tty  the  other  method, 
beginning  with  f. 


Tcrnii.  Orders  of  differences. 

•142867  ,-^-       + 

•1250110  "°"  8968  ,-.      + 

•lllUl  f^,  2778  1""    482    {Ir. 

•100000  "*"  2020  IS?    258    "^ 

•090909  ?2"  1616  ^"^ 

•083333  '''''' 


1  -  4  +  ...  -  J  =  •6166666 
•0764796 


•6931461 


2)-179 

-  89-5 
432 

2)521-5 

260-8 
-1190 

2)-1450-8 

-725-4 
8908 


2)4963-4 

2346-7 
-17857 

2)-20203-7 

—  10101-9 
142857 

2)1529589 

76479-6 


This  last  process  will  be  found  on  trial  the  easier  of  the  two. 
2.  The  sum  of  the  series  a,  -  a,  +  a,  —  &o.  od  infinitwn  may  be 
thus  expressed  (D.  C,  p.  556) : — 


2   ~    4    ■*"    48   ~  480 


80640 


-40. 


where  a,,  a  function  of  x,  generates  the  several  tei-ms  by  making 
X  =  0, 1,  2,  ftc,  in  succeasicn,  and  a,,',  <j„"'  o,,'  ,  &c.,  mean  the  values  of 
the  odd  differential  co  efficients  of  a,  when  x  is  =  0.  This  trans- 
formation is  useful  when  the  values  just  mentioned  are  not  con- 
siderable.   Another  form,  which  is  sometimes  more  convenient,  is — 


2  ~   4    ■*■  2[4] 


8<C 

2  [6] 


2l8]  • 


&o. 


where  [m]  means  1.2.3 m.    In  the  instance  before  us,  and  that 

wo  may  begin  from  the  same  term  as  before,  let 


a,= 


71-a:' 
•o  =  —  7j  >  <»o"'  =  —   74  »  V 


1  1  *  * 


78' 


whence  the  series  required  from  and  after  \  i» 


3 


14  ■•■  4.72 


2.4.7*  ■*■  2.6.7' 


_]7_ 
2.8.7^ 


Call  these  terms  (1),  (2),  &c.,  and  begin  with  4  -h ...  —J,  or  -616006 . . . . : 
we  have  then — 

•6166666667 

(1)  -07U235714 

•6880952381 

(2)  -0051020408 

•6931972789 
(8)-^0000620618 

•693U52178 
(4)    -0000021250 

•6931473423 
(6)--0000001843 

•6931471580 
Tnis  Anawer    •6931471806 

The  result  of  this  comparatively  easy  process  is  as  correct  as  the 
summation  of  fifty  millions  of  terms  of  the  series. 

3.  The  sum  of  any  large  number  of  terms  of  a  series  may  be  found 
by  summing  the  whole  series  ad  infinitum,  then  doiug  the  same  with 
the  terms  following  the  hist  term  which  is  to  be  retained,  and  sub- 
tracting the  second  result  from  the  first. 

4.  The  sums  of  such  series  as  ai-e  included  under  I~"  -^  2~*  +  3~"-f 
&c,  such  aa 

11  .11 


1  + 


..1-H 


8 


27  -^  &«• 


continued  od  infinilum,  may  be  given  for  reference  in  the  fallowing 
table.  The  first  term  will  presently  be  explained.  More  will  be 
foimd  in  D.  C.,  p.  654. 


fi. 
1 

a 
s 

4 

6 

6 

7 

8 

0 

10 

11 

12 


Sum  of  Series. 
-6772156649015329  -I-  log  eo 
1-6449340668482264 
1-2020569031696948 
1-0823282837111883 
1-0869277561438700 
1-0173480619844491 
1-0083492773819227 
1-0040773561979448 
1-002008392S260822 
1-0009945761278180 
1-0004941886041194 
1-0002460865538080 


The  first  line  means  that  the  sum  of  the  series  is  infinite,  but  that 
tho  expression  for  a  large  number  of  terms  contains  the  logarithm  of 
that  number,  which  being  removed,  the  rest  of  the  expression 
approximates  as  the  number  of  terms  increases,  to  '677215  .... 

6.  The  series  1~"  —  2-»  -t-  ...  is  connected  with  1"  +  S*  -1- ...  by 
the  following  simple  law : — 


l-•_2-•-^8■ 


6.  The  sum  Oo  ■^  *i  -US  •!■ . 

formed : — 


i--...=  (i-^)a- 


+  2-"+8-«-f...) 


. .  ad  infinitttm  may  bo  thus  trana- 


/: 


ch,dx+  5  <%  — 


1  o^ 
6   2 


+  80  [4] 


42  [6]  ^  "* 
1    1 


where  the  notation  is  as  previously  explained,  and  :,  ^,  &c ,  are  the 
aeries  of  Nchbebs  or  Bebkouixi.    To  apply  this,  for  example,  to 
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1-'  +2-*  +8-»  +  . . . ,  it  will  be  convenient  to  begin  from  some  term 
ivhioh  will  make  the  series  more  convergent.  Iiot  a.  =  (10  +  x)~^ :  we 
have  then  for  10-'  + 11-'  +  ....  the  following : — 

111         11  1    Jl_       JLJL      * 

To  +.2  i^  ■*■  «  1^  ~  30  10»  +  42  IC  "**» 

which  may  be  easily  calculatecl,  aa^  ^«  ptelimiaary  series  1~*  -I- . .  • 
+  fr-*  may  then  be  added. 

7.  The  finite  series  <^o  +  a^+o,  + . . .  +a^i  {« terms)  is  thus  trans- 
formed (D.  C,  p.  286)  :— 

a.dx-  2(a.-«o)+  g  — j-* 


/■ 


2_a. 
30 


[0 


42 


"ra 


80 


[8] 


in  which  the  detached  coefficients  are  again  the  numbers  of  BemoolU. 
Or,  if  the  sum  of  the  series  ad  inJiTuhm  be  known,  8,  the  preceding 
may  be  expressed  as  follows : — 

S-J-  a.dx-  2  «'+  «  T  -  80  W*" 

Bat  when  the  complete  series  is  divei^gant,  the  aet  of  terms 
a„-\-a^+  . . .  +  at~.\  may  be  thus  expressed : — 

f   ■  1  1  o.'         1   a."'      . 

O+J^a.dx-  2  "•+  6  T  ~  80  W  ■*"**' 

where  o  must  be  determined  by  an  instance.  Thus  if  we  make 
a,  =  (1  +  a:)-'  we  have  for  1  +  2-»  +  . . .  +  *"'  the  following  series  :— 

1     1  1        1  _1 1_ 

o  +  log»(l  +  a!)-  2  1-;^  -  12  {l+xy  +  120  (!+«)« 

Add  {a:  +  l)-'  to  both  sides,  and  write  x~l  for  a;,wUch  givee  for 
l-» +...+«-«  = 

11  1  . 

o+iog«+ 55  -  j25  +  m:?-** 

To  determine  o,  choose  such  a  number  for  x  as  shall  maike  this  series 
convergent,  say  a=10.  Coloulate  l-»  +  .  . .  +  lO"',  term  by  term, 
which  is  easily  done,  and  equate  the  sum  to 

1     1       1 


-&0. 


0 +2-802586093  +  55  — 


20  ~  1200    1200000 


—  &0,, 


which  gives  0  = -6772166  .  .  . ,  the  number  mentioned  at  the  head  of 
the  table  for  series  of  inverse  powers  already  given.  With  the  value 
of  c  thus  determined,  and  a  sufficient  table  of  logarithms,  the  larger 
the  number  of  terms  in  l-»  +  . . .  +ar^,  the  more  easily  is  its  approxi- 
mate value  calculated. 

8.  The  series  log  1  +  log  2  +  . . .  +  log  «  is  of  sufficient  importance 
to  have  an  article  to  itself.  Make  a.  =  log  (1  +x),  and  proceed  as  in 
the  last  example,  which  will  give  for  log  (1 . 2 . 8  ...  a)  the  following 
series : — 

o+loga;.x-«+  5  logar+  jgj  -  §8o5+-" 

o  might  be  determined  as  before,  but  a  partiouhr  mode  of  investigaiaon 
shows  it  to  be  log  ( V2ir),  where  ir=8-14169  . . . ,  as  usual.    This  givea 

_4.  -L     _1_  4.a^ 
1.2.8...»=V2^a!'.    f"**!**-*"''^"*- 

a  result  of  the  greatest  use,  particularly  in  the  more  complicated 
applications  of  the  theory  of  probabilities. 

9.  The  series  0«  +  1"  +  2"  +  . . .  +3f,  in  which  a,  =  a",  »  being 
integer  and  positive,  is  by  the  case  of  §  7,  and  adding  a"  to  both  sides, 

a»*-i       If        1  wa— '        1   w(»-l)  (»t-2)a'-« 
"+   Ma  +  T   +  6  1 80  2:0  +  *°- 

but  this  vanishes  when  a=0,  whence  0  must  be  taken  accordingly  in 
every  instance.  To  take  an  example  which  shall  require  a  little 
extension  of  the  series  beyond  the  terms  used  above,  let  it  be  required 
to  find  0'+l'+  . .  .  +a'.  Looking  at  the  article  NOMBBBS  0»  Bbb- 
HO0LU,  we  find  a  supply  of  coefficients  in 

1    j      1      1      S      691 
6    80    42    80    66    2780' 
and  the  sam  required  is 

:fi       a?       17^        1   7.6.5a«        1    7.6.6.4.8:«^ 
<'+•S■•^«+52     "80    2.8.4 

1   7.6.5.4.8.2.1 


8 


a 


+  « 


2.8.4.6.6 


80  2.3.4.6.6.7.8' 


which  vanishes  when  a=0,  whence 

5.4.8.2.1 


1   7.6 
"+  80  2.8.4.6.8, 


7.8 


'0, 


*  The  Ntperlan  logarithm,  -which  i>  always  used  In  mathematical  invtatU 
(ationa,  unleia  the  contrary  be  expressed.    It  Is  S-SOSSSiOBS  x  somm.  log. 
▲BIS  AND  BCL  SIT,  TOI>  Tn. 


and  the  rest  may  he  reduced  to 

^       £       7^       ^       ^ 
8    +   2    ■*■  12   ~  24    ■*"  12' 
or  (&>?  +  12ai?  +  14a«  -  7a«  +  2a?)  ■^  24, 

SUMACH,  or  SWAMP  SUMACH  {Mut  Toxicodendron),  a  North 
American  sbjub,  possessing  peculiar  properties,  from  which  it  has 
been  named  also  the  Trailing  Poison  Oak.  The  leaves,  which  are 
trifoliate,  thin,  shining  when  fresh,  of  a  dark-green  colour,  are  the  only 
parts  officinal  in  this  country.  But  the  leaves,  branches,  and  flowers 
contain  a  milky  juice  which  blackens  on  exposure  to  the  air,  and  may 
be  used  as  an  indelible  ink  when  applied  to  cotton  or  linen.  Besides 
this  very  acrid  milk,  the  plant,  when  not  exposed  to  the  sun's  rays,  by 
growing  in  the  shade,  or  during  the  night,  exhales  a  hydrocarburetted 
gas,  wmch  acts  very  potently  on  persons. of  a  peculiar  susceptibiUfy, 
when  exposed  to  it.  In  two  or  three  days  after  touching  or  being 
very  near  the  plant,  the  skin  inflames  and  swells,  being  attended  with 
intense  burning  pain.  If  the  face  be  affected,  the  eye-lids  are  so  tume- 
fied as  to  close  up  the  eyes ;  and  the  whole  head  is  swelled  and  covered 
with  little  blisters  containing  serum.  Occasionally  the  whole  body  is 
enormously  swollen  and  covered  with  similar  vesicles.  When  the 
inflammation  and  swelling  have  subsided,  the  skin  desquamates,  and 
an  intolerable  itching  is  felt  for  several  days  aftenn^xrds.  These 
symptoms  closely  resemble  erysipelas,  and  are  moderated  by  treatment 
suited  to  that  complaint.  Professor  Barlow  states  that  the  best  appli- 
cation is  a  weak  aqueous  solution  of  bichloride  of  mercury.  All 
persons  however  should  avoid  touching  any  sumach  which  has  milky 
juice. 

The  leaves,  or  an  extract  of  tiie  inspisnted  juice  of  this  plant,  have 
been  recommended  in  several  diseases,  particularly  herpes,  paralysis, 
and  consvimption.  It  is  little  used  in  this  country,  but  it  appears 
entitled  to  some  confidence  in  local  paralysis,  such  as  that  of  the  jaw. 
It  must  be  given  with  caution,  as  large  doses  act  like  narcotico-acrid 
poisons. 

SUMBUL,  written  also  Sunbul,  is  a  generic  term  applied  to  many 
fragrant  roots,  one  or  more  of  which  have  been  already  noticed  under 
Sfikbnabd.  What  is  now  to  be  noticed  is  a  root  recently  introduced 
into  mediesl  practice,  of  which  there  are  two,  perhaps  three  varieties, 
the  source  of  none  of  which  is  accurately  known,  though  conjectured 
to  be  the  produce  of  some  umbelliferous  plant,  to  which  the  name  of 
Angdiea  motdutta  has  been  given.  One  is  designated  Russian  sumbul, 
another,  Indian  sumbul;  while  a  third  is  c^led  Cathayan  sumbul, 
which  perhaps  scarcely  differs  from  the  first  kind,  which  is  said  to 
reach  Moscow  through  Kiachta,  the  same  channel  as  the  Kusdan 
rhubarb.  The  Russian  is  the  most  powerful  in  odour,  which  is  more 
or  less  musky.  The  taate  is  bitter  and  slightly  acrid.  The  analysis 
shows  it  to  contain  a  volatile  oil,  two  balnunic  resins,  one  soluble  in 
ether,  the  other  in  alcohol,  with  wax,  starch,  &o.,  and  a  peculiar  acid 
termed  sumbulic.  It  yields  its  properties  to  alcohol  or  ether ;  it  is 
also  given  in  powder,  watery  infusion,  decoction,  or  extract.  The 
balsamic  resins  and  oil  impart  a  stimulating  power  to  it,  which  renders 
it  useful  as  an  antispasmodic,  and  it  is  especially  available  in  hysterical 
af^tions ;  and  like  other  medicines  of  the  same  class,  it  would  appear 
to  be  sedative,  as  it  calms  nervous  restlessness  and  proourss  sleep.  It 
has  also  been  recommended  in  dropsy  and  atrophy. 
SUMBULIC  ACID.  [Anoeuo  Acnx] 
SUMMARY  CONVICTION.  [Law,  Crihihal.] 
SUMMARY  JURISDICTION.  [Justiobs  of  thb  Fbaob.] 
SUMMER.    [WniTBB,*a] 

SUN  (Latin,  lol;  Qredc,  tAioi,  Helios).  In  the  present  article  we 
confine  ourselves  to  the  astronomical  characters  of  tiie  sun's  orbit,  and 
to  what  we  know  of  its  physical  constitution.  For  more  particulars  on 
the  measurement  of  time,  see  Tnu ;  on  chronology  as  dependent  on 
this  body,  and  on  the  more  common  characters  of  its  motion,  see  Yeab. 
See  also  Moon;  Sbasons;  AaiBOiroMT;  Zodiao  (on  mythology); 
ZoDiACAi.  Liqbt;  Twiliobt;  &o. 

It  is  needless  to  say  that  if  the  utility  of  the  subject  of  an  article 
were  to  determine  its  length,  the  one  we  are  now  commencing  ought 
in  justice  to  occupy  several  volumes  of  the  work :  were  we,  however, 
seriously  to  mete  out  the  importance  of  the  sun  in  columns  of  a 
Cyclopedia,  our  panegyric  would  not  be  more  quaint  than  that  of  Sir 
John  Hill,  who  says  that  this  luminary  is  "  enough  to  stomp  a  value  on 
ihe  science  to  which  the  study  of  it  belongs."  In  relation  to  astronomy 
tills  is  particularly  true ;  for  it  would  be  possible  to  preserve  life  on 
the  earth,  and  to  keep  order,  without  any  knowledge  of  the  moon, 
planets,  or  stars ;  but  to  do  this  without  ai^  aoquaintance  with  the 
sun's  motions  would  be  absolutely  impassible.  Hie  source  of  light  and 
heat,  and  through  them  of  the  alternations  of  the  vegetable  world,  is, 
in  the  highest  secondary  sense,  the  giver  and  sustainer  of  life ;  but  tiuB 
very  importance  ensures  names  to  so  many  results  of  solar  phenomena, 
that  the  present  article  is  atri{^>ed  of  details,  b;^  th«ir  entering  man. 
appropriately  into  others. 
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The  muttoBS  of  the  bud  arc  in  fact  thosd  ot  the  earth,  written  in  the 
heavens.  If  the  diurnal  motion  of  the  earth  were  stopped,  the  sun 
would  appear  to  moTe  slowly  among  the  stars,  from  west  to  east,  at 
the  rate  of  about  twice  its  own  diameter  in  twenty-four  hours  by  the 
clock.  This  [Motion]  is  the  consequence  of  the  orbital  motion  of  the 
earth,  which  is  communicated  in  appearance  to  the  sun.  If  the  earth's 
orbital  motion  were  Stopped,  the  diumal  motion  continuing  as  usual, 
the  son  would  appear  to  more  round  daily,  from  east  to  west,  as  at 
present ;  but  since  there  would  then  be  no  motion  of  that  body  among 
the  stars,  those  stkrs  which  are  at  any  one  time  hidden  by  the  daylight 
would  always  be  hidden,  and  the  face  of  the  heavens  at  any  given  hour 
of  night  would  be  the  same  &t  all  times  of  the  year.  The  effect  of  the 
orbital  moUon  of  the  earth  combined  with  tiie  diumal  motion  is  that 
the  solar  day,  or  the  interval  between  two  meridian  passages  of  the 
sun,  is  a  little  longer  than  the  sidereal  day  (about  four  minutes),  or 
than  the  actual  revolution  of  the  earth ;  so  that  all  the  stars  have  their 
turn,  and  everv  star  In  the  course  of  the  year  comes  on  the  meridian 
at  every  period  of  the  natural  or  solar  day.    [Stmodic  ;  Tue.] 

The  great  phenomena  of  day  and  night  are  attended  with  very 
diflfereiit  circumstances  in  difierent  parts  of  the  globe.  We  are  not 
speaking  now  of  the  high  polar  regions,  north  and  south,  In  which  the 
tun  never  sets  for  days  together,  but  of  those  parts  of  the  earth  in 
which  there  is  actual  appearance  and  disappearance  of  the  luminary,  or 
real  day  and  night.  Let  us  take  Ha  day  of  the  vernal  equinox  as  a 
specimen,  when  the  sun  is  in  the  equator  (wo  presume  in  our  reader  a 
Imowledge  of  the  terms  and  notions  in  Spbehs,  DocTRtr^E  op  the). 
It  We  take  one  fixed  line  to  represent  the  horizon  of  different  places,  us 
BAG,  the  sun  will  rise  to  a  place  on  the  equator  so  as  to  move  along 
tiie  circle  I)  A  Z,  and  to  oome  directly  up  from  the  horizon ;  while  at  a 
{dace  near  the  pole  it  will  move,  relatively  to  the  horizon  (still  B  ac), 
along  the  circle  >  a  o.    Kow  the  flnt  evidence  which  the  mm  pvea  of 


its  approaoh  Is  this  (the  dlagiami  though  of  vely  distorted  dimenaioni, 
bu^  be  of  use) :  before  it  has  risen  above  the  horizon  of  a  plaaa,  so  as 
to  be  visible,  it  can  throw  its  n^s  into  the  atmosphere  abow  the  plaoa. 


which  atmoqkhwe  ntaott  aomeithittg  both  of  light  and  heat  to  the 
place  itself.  This  period  is  «aUed  the  twUight,  m3  it  is  said  that  there 
is  more  or  less  of  twilight  as  long  as  Uie  sun  is  not  more  than  IS* 
below  the  horison ;  though  o«rt«unly  the  twilight  which  saves  candle- 
light does  not  last  so  long.  But  be  the  number  of  degrees  which  are 
aUowad  to  twilight  more  or  less,  it  is  obvious  that  at  the  equator, 
where  the  whole  of  the  sun's  way  is  made  directly  to  or  from  the 
horizon,  the  inteitaodiato  period  of  twilight  must  be  much  shorter 
than  at  a  fiam  near  the  pole,  where  the  motion  towards  the  horizon  is 
very  obhque,  instead  of  being  aU  ascent,  as  before  risii^,  or  descent,  as 
after  setting.  The  oonsequeaoe  is  weU  known  :  in  the  tropics  the 
ls*rning  is  short,  and  soon  after  the  light  begins  to  break  the  sun 
makes  its  appesrsooe,  and  it  is  broad  and  hot  day;  while  after  the 
srttiiig  the  light  u  aoon  dis^>pean,  and  It  is  daric  night.  With  us,  on 
the  oontniy,  and  atiU  more  in  higher  northern  latitudes,  there  is  a 
Utng  wanuK  of  the  i^proatA  of  the  luminary  before  tiie  sunrise,  and  a 
^g  remembrance  of  it  after  sunset.  In  all  climates  the  transition 
from  dajr  to  night  is  broken  by  the  two  circumstances  mentioned  in 
HAMH^  In  the  same  irtide  it  is  pointed  out  that  the  heat  iweired 
dnrmg  tiie  winter  and  summer  halvw  of  the  year  is  the  same  over  the 
whole  earth. 

ImmedUtoly  after  aunri**,  the  fonaof  the  luminary  appean  some- 
what rtliptM,  the  hcriKHital  dlacMAer  being  longer  than  the  vertical 
sue.  This  IS  the  efiect  of  R«»racwoi»,  which  varies  so  rapidly  near 
Ae  ttanaoa  that  the  upper  end  of  the  vertical  diameter  is  less  rfevated 
tbaa  the  toww  «nd  fay  a  sensiUe  quantity,  while  the  two  ends  of  the 
honcoDtal  diameter  are  eqaaiiy  elevated.  The  same  phenomenon 
joenw  with  the  moon,  whan  rising  at  the  full,  and  would  also  be  seen 
m  the  planM^  if  they  wars  hurg*  enough  in  appearance.  It  must  also 
be  noted  thai  both  mm  and  moon  appear  hrger  when  near  the  horizon: 
but  tbia,  as  to  the  sun,  is  delusion,  smoe  when  measurwl  with  histru- 
2!"7't.'^v*'^T**  <•»"»•*«  *•  th«  OMM  at  aU  parts  of  the  day.  It  is 
true  that  both  bodies,  when  m  the  zenith,  are  nearer  to  the  spectator 


than  when  in  the  horizon,  by  what  may  be  called  without  error  a  semi- 
diameter  of  the  earth ;  the  moon  is  near  enough  to  show  the  effect  of 
this  in  instrumental  measurements  of  its  diameter,  but  it  is  not  so 
with  the  sun. 

Before  looking  at  what  we  know  of  the  physical  appearances  of  the 
sun,  its  distance  from  the  earth  must  be  mentioned,  to  which  we  may- 
add  at  once  the  other  elements  of  its  orbit.  Its  equatorial  horizontal 
Faballax,  at  its  mean  distance,'is  8"'S776,  and  its  apparent  semi- 
diameter  16'  0"-9.  It  is  then  distant  from  the  earth  by  34,000 
semidiameters  of  the  earth,  or  about  95,000,000  miles.  Its  diameter 
is  1114  times  as  great  as  that  of  the  earth,  or  upwards  of  880,000 
miles;  and  its  bulk  is  1,300,000  times  as  great  as  that  of  the  earth. 
But  its  mass,  as  determined  from  its  action  on  the  planets,  is  only 
355,000  times  as  great  as  that  of  the  earth ;  whence  its  average  density 
is  only  one-quarter  of  that  of  the  earth.  But  this  last  result  takes  into 
the  body  of  the  Sun  all  that  is  seen  of  it :  if  the  surmise  preeentiy  to 
be  mentioned,  of  its  having  a  luminiferous  atmosphere  of  considerable 
extent,  be  well  founded,  the  real  body  of  the  sun  may  have  as  much 
density  as  the  earth,  or  more.  It  revolves  on  its  axis  in  254  °^  °"^ 
mean  solar  days ;  according  to  Delambre,  in  25'01154  days :  the  axis 
being  inclined  to  the  ecliptic  at  an  angle  of  824°. 

The  ecliptic  is  the  circle  in  which  the  sun  appears  to  move,  in 
common  hmguage;  In  strictness,  however,  the  earth  does  not  move 
round  the  sun  in  a  true  plane,  though  it  does  so  veiy  nearly.  The 
centre  of  gravity  of  the  earth  and  moon  (a  point  near  the  earth)  does 
much  more  nearly  descrilie  a  plane ;  that  is,  a  spectator  situated  at  that 
point  would  more  nearly  see  the  sun  move  in  a  great  circle  than  we 
do.  But  to  us,  the  sun  is  sometimes  on  one  side  and  sometimes  on  the 
other  of  this  mean  ecliptic,  and  therefore  generally  has  some  latitude, 
though  a  veiy  small  one :  Uie  column  entiUed  "  the  Sun's  latitude  "  in 
'  The  Nautical  Almanac '  is  a  puzzle  to  those  readers  whose  astronomy 
is  drawn  from  the  Usual  elementary  writings :  in  truth,  it  is  only  a 
fraction  of  a  second,  and  the  sun  crosses  tiw  mean  ecliptic  twice  in 
every  lunation.  The  obliquity  of  the  mean  ecliptic,  for  January  1, 
1860,  is  88°  37'  27''-38,  and  it  is  diminishing  yearly  by  0"-457 :  thus 
this  same  obUquity  for  January  1,  1812,  is  23°  27'  35''-60.  If  this 
diminution  could  go  sufficientiy  far,  it  would  in  time  bring  the  ecliptio 
and  equator  to  ooinddence,  or  equalise  days  and  nights  all  over  the 
world ;  and  if  it  could  be  held  to  have  oontinued  long  enough,  would 
entitie  us  to  presume  that  the  poles  were  once  in  the  plane  of  the 
ecliptic,  or  that  every  part  of  the  earth  went  through  all  gradations  in 
a  year  from  equal  days  and  nights  to  a  polar  day  and  a  polar  night. 
But  the  cause  of  this  diminution  of  the  ecliptic  is  known  from  the 
theory  of  gravitation;  and  it  is  also  known  that,  under  existing  causes, 
it  cannot  be  permanent,  but  must  diminish  in  quantity  and  finally 
turn  into  an  increase  before  its  effect  has  amounted  to  many  degrees. 
Persons  acquainted  with  the  phenomena  of  the  heavens,  but  not  with 
the  results  of  the  theory  of  gravitation,  remembering  the  fact  o( 
tropical  productions  being  found  buried  in  high  latitudes,  sometimes 
imagine  that  they  can  look  back  to  the  time  when  the  poles  were  so 
near  the  ecliptic,  that  these  same  high  latitudes  were  within  the 
tropics)  This,  however,  is  a  pure  fancy,  and  they  had  better  imagine 
another  cause ;  the  one  they  think  of  will  not  do. 
'  The  mean  langitud«  of  the  sun,  at  Qreenwich  mean  noon  on  the  1st 
of  January  of  the  year  1800  -1-  (,  may  be  determined  from 

280°  63'  82'-75  +  27"-6056iit+  •0001221805t2— 14'  47''088/, 

where  /  is  the  remainder  of  t  divided  by  4,  or  4  if  the  remainder  be  0 ; 
that  is,  the  number  of  years  after  the  Julian  leap-year,  or  after  the 
Qltgvrum  leap-year  for  all  years  after  1804.  The  mean  motion  in 
longitude  ia  a  mean  solar  day  is  69'  8''33. 

The  excentricity  of  the  sun's  orbit  is  '016783568  (according  to 
Laplace,  '01685818),  or  the  greatest  and  least  distances  of  the  sun  &om 
tile  earth  are  in  the  proportion  of  1'017  to  -983,  or  as  80  to  39,  or  more 
nearly  as  91  to  88.  The  greatest  equation  of  the  centre  [Time]  is 
1°  55'  27"'8.    The  excentricity  diminishes  by  -00004168  in  a  oentuiy. 

The  mean  longitude  of  the  perigee,  at  noon,  January  1, 1801,  was 
279'  80'  6"'0.  It  has  a  real  yearly  iacrease  of  11"'8,  which,  with  the 
precession  of  the  equinoxes,  makes  an  inorease  of  longitude  of  61  "'9. 

The  appearance  of  the  sun  is  simply  that  of  a  bul  of  intense  light, 
such  aa  the  human  eye  cannot  bear,  unless  a  hazy  atmosphere  or  a  dark 
gkas  be  used  as  a  screen.  This  light  is  so  strong,  that  the  brightest 
flames  which  human  art  can  produce,  when  held  before  the  sun, 
disf^pesr,  and  ignited  solids  become  dark  spots.  "  The  ball  of  ignited 
quicUime,"  says  Sir  J.  Herschel,  "  in  Lieut.  Drummond's  ozy-hycuvgen 
lamp,  gives  the  nearest  imitation  of  the  solar  splendour  which  has  yet 
been  produced.  The  appearance  of  this  against  the  sun  was  however, 
as  described,"  merely  a  darii  q>ot,  "  in  an  imperfect  trial  at  which  I 
was  present.  The  experiment  ought  to  be  repeated  under  favourable 
circumstances,"    A  very  small  portion  of  the  rays  collected  into  one 

rt  [BcitNiNQ-C!l,AS8£s]  is  sumoient  to  melt  metals.  On  examining 
faoe  of  the  sun  with  a  telescope  (ef  course  with  a  dark  glass  before 
the  eye),  two  circumstanees  are  observed.  The  disc  is  not  uniformly 
bright.  "  The  ground  is  finely  mottled,"  to  use  the  words  of  the 
observer  just  quoted,  "  with  an  appearance  of  minute  dark  dots,  or 
jxntt,  which,  when  attentively  watched,  are  found  to  be  in  a  constant 
state  of  change.  There  is  nothing  which  represents  so  faithfully  this 
appearance  as  the  slow  subsidence  of  some  flocculent  chemical  pre- 
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oipitetes  in  a  transpwant  fluid,  when  viewed  perpendicularly  from 
above  ;  ao  faithfully,  indeed,  that  it  is  hardly  possible  not  to  be 
impreuad  with  the  idea  of  a  luminous  medium  jntennised,  but  not 
confounded,  with  a  tmtsparent  and  imluminous  atmosphere,  either 
floating,  as  clouds  in  our  air,  or  pervading  it  in  vast  sheets  and  columns 
like  flame,  or  the  streamera  of  our  northern  lights."  The  mind  is  loet 
in  wonder  at  the  idea  of  such  a  body  of  lummous  material;  but  it  ia 
important  to  remember  that  living,  as  we  must,  under  an  atooepbere, 
we  cannot  positively  assert  anything  as  to  what  may  take  place  beyond 
it.  It  is  possible,  though  not  very  probable,  that  we  should  neither 
feel  sensibla  of  light  nor  heat,  if  we  could  meet  the  sun's  lays  before 
they  have  entered  the  air. 

The  other  circumstance  which  is  notioed  on  the  son's  diso  is  the 
existence  of  black  spots,  by  the  regular  motion  of  which  the  rotation 
of  tiie  body  on  its  axis  has  been  detomined,  These  spots  are  of 
Tarioua  irregular  shapes,  and  are  always  surrounded  by  a  border  or 
penumbra,  not  so  dork  as  the  spot.  They  are  of  various  sizes,  from 
the  least  visible  to  the  twentie^  part  of  the  sun  in  diameter.  In 
their  neighbourhood  are  frequently  observed  streaks  on  the  disc  more 
luminous  than  the  rest,  called /octt^ei,  in  which  streoks  spots  frequently 
begin  their  appearance.  The  spots  themselves  alter  in  si2e,  and 
gradually  vanish,  lasting  various  times,  from  a  few  days  to  six  or  seven 
weeks ;  the  borders  approaching  each  other  in  a  manner  whioh  oalcu- 
ktion  ^owB  must  answer  to  hundreds  of  niiles  a  day.  Various  theories 
have  been  invented  to  account  for  them,  but  none  which  has  any 
appearance  of  probability  except  that  of  W.  Herschel  ('  Phil.  Trans.,' 
1 8U1),  He  supposes  that  the  sun  has  an  atmosphere  of  greater  density 
and  depth  than  that  of  the  earth ;  and  that  above  this  atmosphere,  or 
else  mixed  with  the  higher  strata  of  it,  is  another  atmosphere  of  self- 
luminous  clouds,  of  very  variable  depth,  sometimes  showing  the  lower 
atmosphere  uncovered,  which  last  reflects  the  light  of  the  luminous 
atmosphere  above  it.  A  spot  on  the  sun  is  a  portion  of  the  body  of 
the  sun  itself,  laid  bare  by  some  commotion  which  removes  both  atmo- 
spheres, or  the  greater  portion  of  them :  the  penumbra  round  the  spot, 
its  never-failing  attendimt,  arises  from  tJbie  ndgM  of  the  lower  atmo- 
sphere, which  form  the  banks  of  the  opening.  The  faculie,  and  genenJ 
mottled  appearance  of  the  sun,  arise  from  the  luminous  atmosphers 
having  waves  or  ridges.  From  some  measures  of  the  light  of  different 
parts  of  the  sun,  Eersobel  thought  that  the  non-luminous  atmosphere 
reflects  a  little  lass  than  one-half  the  light  it  receives  from  the  luminous 
atmosphere,  and  the  solid  body  of  the  sun  less  than  one  tenth.  He  also 
supposed  that  the  presenoe  of  spots  and  other  disturbances  indicated  a 
lo^e  formation  of  heat  and  light  in  the  sun,  and  was  a  prognostic  of  hot 
weather  and  fine  seasons.  Tms  he  imsgined  he  had  verified  by  such 
comparisons  as  existed  of  the  state  of  the  sun  at  different  times  with  the 
prices  of  wheat  immediately  following :  he  found  that,  as  far  as  his  data 
went  (and  he  gives  a  proper  warning  as  to  their  insufficiency),  the  price  of 
wheat  always  rose  when  the  sun  was  without  spots,  and  feU  when  they 
began  to  re-appear.  We  have  not  heard  of  any  extensive  aUempt  to 
verify  or  refute  this  theory ;  but  so  &r  as  the  hypothesis  of  the  two 
atmospheres  is  concerned,  it  is  one  of  high  probability ;  we  could 
hardly  ask  for  a  likely  result  of  such  a  ooinbination  which  does  not 
actually  make  its  appearance.  If  it  be  correot,  the  sun  may  very 
possibly  be  a  globe  habitable  by  living  beings,  perpetually  illuminated 
by  its  upper  atmosphere,  the  lower  atmosphere  preventing  too  much 
of  either  light  or  heat  from  reaching  them. 

The  most  important  result  connected  with  modem  researches  on  the 
solar  spots  is  due  to  Schwabe,  a  Qerman  astronomer,  who,  by  per- 
sevcringly  observing  the  sun  on  every  day  that  he  was  visible  between 
the  years  1826  and  1856,  finally  discovered  that  the  number  visible  on 
the  disc  in  the  course  of  a  year  is  subject  to  a  periodic  variation, 
passing  through  the  cycle  of  its  values  in  successive  intervals  of  about 
eleven  years.  Shortly  afterwards  M.  Lament,  Director  of  the  obser- 
vatory at  Munich,  discovered  that  the  diurnal  variation  of  the  magnetic 
needle  is  subject  to  a  corresponding  period  of  equal  duration,  The 
researches  of  Schwabe  have  been  confirmed  by  Mr.  Carriogton  and 
other  recent  observers  of  the  solar  spots,  Professor  Wolf  of  Zurich, 
having  carefully  compared  all  the  recorded  observations  of  the  spots, 
has  also  discovered  imequivocal  evidence  of  the  existence  of  a  law  in 
the  frequency  of  their  appearance  on  the  solar  diso.  The  duration  of 
the  period,  as  might  be  expected  from  the  imperfect  nature  of  the 
observations,  is  found  by  Professor  Wolf  to  be  subject  to  considerable 
irregularitieB,  but  on  the  whole,  the  observations  plainly  indicate  a 
recurrence  in  successive  cycles  of  nearly  the  same  number  of  spoU 
visible  on  the  disc  in  the  course  of  a  year.  The  following  table,  con- 
Btnicted  by  Professor  Wolf  from  the  recorded  observations  of  the 
spots,  exhibits  the  relative  number  of  spots  visible  during  each  of  the 
biit  112  years: — 
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A  telescope  of  sis  inches  apsirtura  baa  ba«n  reoontly  fitted  ttp  by  tho 
Boyal  Sooiety,  at  the  Kew  Observatory,  under  tlw  iuparintaadaiiM  of 
Hr,  Oe  la  Bue,  for  the  purpose  of  taking  daily  pbetograpbie  delineatloDs 
of  the  sun's  sur&oe.  The  experiment  has  been  attended  with  eomplate 
success,  and  important  rasulU  nwy  be  txpeoted  itom  tha  eompariion 
of  a  series  of  such  racords- 

The  origin  of  the  heat  and  light  of  the  sun  is  ona  of  tha  most  obssnro 
points  of  astronomy.  Tba  most  recent  speoulatioiia  on  the  subjiKt 
are  due  to  Professor  William  Thomson  of  Olssgow,  who  supposes  a  sone 
of  meteors  to  oirculate  around  the  sun,  within  the  orbit  of  Meroury,  and 
to  be  falling  gradually  upon  bis  anrfaoe  in  oonsaqnsnoe  of  the  resistance 
offered  to  them  by  the  solar  atmospber*.  Aooording  to  this  theory, 
the  solar  light  and  heat  are  generated  by  tba  mechanic  impact  of  the 
meteors  on  the  sun's  surfooa.  The  existence  of  a  solar  atmosphere  may 
b«  considered  to  be  established  beyond  all  doubt  by  tba  oorona  seen 
during  total  eclipses  of  the  sun,  and  by  the  fsot,  that  the  red  pro- 
minences seen  on  such  oocqaions  have  been  observed  in  several  instances 
to  be  UoUUed  from  the  moon's  limb.  That  these  prominenoes  are 
solar  and  not  lunar  phenomena  has  been  satisfaetorily  proved  by  tha 
numerous  observations  of  the  total  eclipse  of  1800,  and  more  espaaially 
by  the  admirable  photogra|du  of  the  ^nomenon  taken  by  Mr.  Da  la 
Bue  with  tbe  Kew  pboto-beliograpb  at  Miranda  del  Ebro.  [Bolxb 
EcLirss,] 

SUN,  eCLIPSE9  OF.    [Souk  Ecuni.] 

SUIfDAY,  tba  fint  day  of  the  week.  [Wek.]  BesidaB  the  name 
of  "  Sunday  "  {dia  loju),  it  w*«  eolled  by  the  early  Christians  "  the 
Lord's  day"  (v  iitUfm  4  "vpituii,  diet  dominiau,  or  simply  mipiaitfi, 
dominiea)  from  it*  being  the  day  on  which  tha  rasurreotion  of  Christ 
took  place:  and  it  was  kept  sacnd  in  commemoration  of  that  event. 
[Si^BBATH.J  The  mods  of  keeping  it  appears  to  have  varied  with  the 
circumstances  of  the  Christians,  In  the  first  ages  it  is  very  improbable 
tbat  they  abstained  entirely  from  worldly  business,  as  the  time  of 
many  of  them  was  not  at  their  own  command,  Thsy  seem,  however, 
as  far  ss  it  was  prsoticable,  to  have  devoted  the  day  to  religious 
worship.  For  this  purpose  they  were  aaouatonud  to  assemble  before 
daybreak;  and  we  may  infer  from  passages  in  tha  Acts,  Epistles,  and 
in  PUny^s  oelebrated  '  Letter  to  Tnkjao,'  that  singing  hymns,  reading 
the  Scriptures,  i^yer,  presobing,  and  the  eelabration  of  the  Lord's 
supper,  formed  parts  of  tbage  servieea. 

We  have  a  few  notioea  of  the  mode  of  keeping  the  Sunday  during 


Digitized  by 


Google 


919 


SUNDAY. 


SUNDIAL. 


the  Brst  three  centuries.  As  early  as  the  end  of  the  second  century, 
abstinence  from  worldly  businees  seems  to  have  been  customary. 
(Tertullian, '  De  Orat.',  c.  28.)  It  was  accounted  a  day  of  rejoicing,  a 
feast  and  not  a  fust,  and  to  fast  upon  this  day  was  deemed  unlawful. 
Upon  it  the  Chiistians  prayed  standing,  instead  of  kneeling,  to  intimate 
the  elevation  of  their  hopes  through  their  Lord's  resurrection.  The 
public  worship  of  the  Christians  on  the  Sunday  in  the  first  two 
centuries  is  described  by  Justin  Martyr  ('Apolog.'),  whose  account  la 
rarticularly  interesting,  and  by  TertuUian  ('  Apolog.',  c.  89 ;  compare 
Euseb., '  Hist.  Eoc.'  iii.  3,  and  iv.  23). 

As  soon  as  the  Christian  religion  came  to  be  recognised  by  the  state, 
laws  were  enacted  for  the  observance  of  the  Sunday;  Consiantine 
(in  821)  ordered  the  suspension  of  all  proceedings  in  the  courts  of  law, 
except  the  manumission  of  slaves,  and  of  all  other  business  except 
agricultural  labour,  which  was  allowed  in  cases  of  necessity  ('Cod. 
Justin.',  iii.,  tit  12,  §  2,  3 ;  '  Cod.  Theodos.',  viii.,  tit.  8,  §  1,  3) ;  and,  as 
Eusebius  tells  us  (<Vit.  Const,'  iv.,  13,  19,  20),  he  forbade  all 
military  exercises  on  Stmday.  The  laws  of  Constantine  were  repeated 
by  subsequent  emperors,  with  additions,  of  which  one  of  the  most 
important  is  that  of  Thsodosiua  II.  (in  425),  by  which  the  games  and 
theatrical  exhibitions  were  forbidden  on  Sunday.  (<  Cod.  Theodos.' 
XV.,  tit  7,  §  1,  6.)  The  most  strict  of  these  laws  is  that  of  Leo  and 
Anthemius.  (460,  'Cod.  Justin.',  iii.,  tit  12,  §  8.)  It  should  be 
observed  that  the  provisions  of  most  «f  these  laws  extend  to  all  the 
principal  sacred  days  observed  by  the  Church. 

In  all  Christian  communities  the  Sunday  has  been  observed  with 
more  or  less  strictness,  the  degrees  of  which,  seem  to  depend  on  three 
different  views  which  are  held  respecting  its  character.  Some  regard 
all  the  provisions  of  the  fourth  commandment  as  extending  to  it, 
admitting  however  an  exception  in  the  case  of  "  works  of  necessity 
and  mercy;"  others  agree  with  theee  in  abstaining  from  worldly 
business  and  amusements,  because  they  think  that  only  thus  can  the 
mind  be  fitted  for  the  religious  services  which  are  observed  on  this 
day ;  while  others,  viewing  it  as  a  day  of  rejoicing,  a  Christian  festival, 
devote  a  part  of  the  day  to  religious  worship,  and  the  remainder  to 
recreation.  To  these  views  ought  to  be  added  a  fourth,  which,  though 
never  adopted,  we  believe,  by  any  church,  has  been  the  opinion  of 
many  eminent  theologians,  namely,  that  there  is  no  divine  authority 
ifor  making  a  distinction  between  Sunday  and  other  days.  The  whole 
/mbject  has  been  fully  examined  by  Dr.  Hessey  in  bis  'Bampton 
Lecture — Sunday,  its  Origin,  History,  and  Present  Obligations,'  1860. 

SUNDAY,  the  first  day  of  the  we^,  a  day  kept  holy  by  Christians. 
The  common  law  is  silent  as  to  the  observance  of  Sunday,  and  it  seems 
once  to  have  been  the  practice  not  only  to  exercise  worldly  callings  on 
that  day,  but  also  especially  to  devote  some  part  of  it  at  least  to  sports 
and  pastimes,  such  as  now  prevail  in  continental  countries,  both 
Protestant  and  Roman  CathoUc.  This  practice  continued  till  some 
time  after  the  Reformation.  Plays  are  said  to  have  been  performed  on 
Sundays  at  the  court  of  Elizabeth,  and  even  of  Charles  I.  The  first 
restriction  that  appears  among  the  printed  statutes  is  by  the  27  Hen. 
TI.,  c.  S,  which  enacts  that  all  fairs  and  markets  held  on  Sundays  shall 
cease  (the  four  Sundays  in  harvest  excepted),  on  pain  of  the  forfeiture 
of  the  goods  exposed  for  sale.  Immediately  after  the  Reformation  in 
England  the  legislature  regulated  the  observance  of  Sunday.  The  fint 
statute  relative  to  the  subject,  the  5  &  6  Ed.  VI.,  c.  8,  recites  that 
there  is  not  any  certain  time,  or  definite  number  of  days,  prescribed  in 
Scripture  to  be  kept  as  holy-days,  but  the  appointment  of  them  is  left 
to  the  Church,  to  be  assigned  in  every  country  by  the  discretion  of  the 
rulers  and  the  ministers  thereof.  The  statute  proceeds  to  enact  that 
certain  days  mentioned,  such  as  Christmas  Day,  Good  Friday,  Ac.,  and 
all  Sundays  in  the  year,  shall  be  kept  holy-days ;  but  it  provides  that 
in  harvest,  or  any  other  time  when  necessity  shall  require,  any  kind  of 
work  may  be  done  upon  those  days.  No  penalty  is  attached  to  the 
infringement  of  this  Act  It  is  said  to  have  been  drawn  up  under  the 
inspection  of  Cranmer.  By  the  1  Eliz.,  e.  2,  all  persons  having  no 
lawful  or  reasonable  excuse  to  be  absent,  are  to  resort  to  their  accus- 
tomed parish  church  or  chapel  on  Sundays,  or  to  forfeit  twelve  pence, 
which  was  recoverable  before  justices.  ITie  party  so  ofiending  is  also 
made  amenable  to  ecclesiastical  censure,  but  is  only  liable  to  one 
punishment,  be  it  ecclesiastical  or  civiL  Soon  after  this  time  the 
Puritans  and  other  strict  religionists  attained  political  influence. 
Entertaining  a  greater  predilection  for  the  history  and  economy  of  the 
Jews,  as  contained  in  the  Old  Testament,  than  had  hitherto  been 
exhibited  in  the  Christian  world,  they  began  to  style  Sunday,  a  term 
which  they  thought  profane,  as  derived  from  Saxon  idolatry,  the 
"Sabbath,"  or  "The  Lord's  Day,"  names  which  are  not  used  in  the 
etetutes  previous  to  that  period.  In  accordance  with  this  mode  of 
thmking,  they  seem  to  have  been  of  opinion  that  the  Christian  Sunday 
ought  tobe  observed  in  the  same  manner  as  the  Jewish  Sabbath.  It  was 
with  a  view  to  counteract  such  opinions,  that,  in  1618,  James  I.  wrote 
his  '  Book  of  Sports,'  in  which  he  declares  that  dancing,  archery,  leap- 
ing, vaulting,  May-games,  "Whitsun-ales,  and  morris-dances  were  lawful, 
and  that  no  such  honest  mirth  or  recreation  should  be  forbidden  to  his 
subjects  on  Sundays  after  evening  service.  The  '  Book  of  Sports'  was 
re-published  by  Charles  I.  in  1688.  (5  '  Harleian  Miscellany,'  75.)  The 
Puritans,  however,  becoming  the  stronger  party,  their  opinions  pre- 
vailed, and  there  followed  a  rapid  succession  of  enactments  in  further- 
ance of  them.    But  the  most  important  statute  on  tiie  subject  is 


29  Chaa.  II.,  c.  7,  which  enacts  (sect.  1)  that  no  tradesman,  artificer, 
workman,  labourer,  or  other  person  whatsoever,  shall  do  or  exeroise 
any  worldly  labour  or  business  or  work  of  their  ordinary  oallings  on 
the  Lord's  day  (works  of  necessity  and  charity  only  excepted) ;  and  it 
prohibits  the  sale  and  hawking  of  wares  and  goods.  Sect  2  prohibits 
drovers,  horse-coursers,  waggoners,  butchers,  higglers,  and  their  servants 
from  travelling,  and  the  use  of  boats,  wherries,  lighters,  or  barges, 
except  on  extraordinary  occasions.  By  sect  3  the  dressing  of  meat  in 
fiunilies,  the  dressing  and  selling  it  in  inns,  cook-shops,  or  victualling, 
houses,  and  crying  milk  before  nine  and  after  four,  are  excepted  from 
the  operation  of  the  Act  By  sect  6  persons  are  prohibited  from 
serving  or  executing  any  process,  warrant,  &c  (except  in  oases  of 
treason,  felony,  or  breach  of  the  peace),  on  the  Lord's  day  :  the  service, 
&c.,  is  made  void,  and  the  person  serving  it  is  made  liable  to  damages, 
as  if  he  had  acted  without  any  writ,  &c. 

By  the  10  ft  11  WilL  IIL,  c.  24,  mackerel  are  permitted  to  be  sold 
before  and  after  divine  service  on  Sundays,  and  forty  watermen  are 
allowed  to  ply  between  Vauxhall  and  Limehouae,  The  21  Geo.  III., 
c.  49,  enacts  that  no  house,  &c.,  shall  open  for  any  public  entertainment 
or  amusement,  or  forpublicly  debating  on  any  subject  on  Sundays. 

The  7  As  8  Oeo.  III.,  c.  75,  repeals  that  part  of  29  Chaa.  IL  which 
relates  to  travelling  by  water.  By  84  Geo.  IIL,  c.  <SI,  bakers  are 
enabled,  between  nine  and  one  o'clock  on  Sundays,  to  bake  for  persons 
things  which  are  brought  to  their  oven.  By  1  &  2  WilL  IV.,  c  22, 
drivers  of  hackney-carriages  may  ply,  and  are  compellable  to  drive  on 
Sundays.  The  8  WilL  IV.,  c,  19,  empowers  the  court  of  aldermen,  or 
two  justices,  to  regulate  the  route  of  stage-carriages,  cattle,  Ac,  on 
Simdays.  These  two  statutes  relate  to  London  only.  The  3  &  4 
WilL  IV,,  c.  81,  provides  that  the  election  of  corporate  officers, 
kc.,  required  to  be  held  on  any  particular  day,  shall  take  place  on 
Saturdays  or  Mondays,  when  the  day  specified  in  the  Act  happens  to  be 
a  Sunday. 

Under  these  enactments  the  courts  have  determined  that  a  contract 
or  sale  which,  though  made  on  Sunday,  is  not  in  the  exercise  of  the 
ordinary  calling  of  the  parties,  is  valid.  Thus  a  contract  of  hiring 
between  a  farmer  and  a  labourer,  and  a  bill  of  exchange  drawn  on  a 
Sunday,  have  been  held  to  be  good.  The  owner  of  a  stage-coach  is 
not  included  within  the  provisions  of  any  of  the  statutes  on  the  subject ; 
the  words  "  other  person  whatever,"  in  29  Chas.  IL,  being  restricted 
in  application  to  persons  of  the  same  classes  as  those  enumerated  by 
name.  An  action,  therefore,  may  be  maintained  against  him  for 
neglecting  to  take  a  passenger.  Only  one  offence  can  be  committed  by 
the  same  party  against  the  provisions  of  29  Chas.  II.,  c.  7,  by  exercising 
his  ordinary  calling  on  a  Sunday.  Several  statutes  regulate  the  hours 
within  which  public-houses  and  other  places  of  refr^ment  may  be 
kept  open  on  Sunday,  the  regulation  thus  made  being  enforceable  by 
penalties  summarily  recoverable  before  magistrates. 

SUNDAY  SCHOOLS.    [Schools.] 

SUNDIAL.  Up  to  a  comparatively  recent  period  the  science  of 
constructing  sundials,  under  the  name  of  Qnomonics,  was  an  import- 
ant port  of  a  mathematical  course.  As  long  as  watches  were  scarce, 
and  clocks  not  very  common,  the  dial,  which  is  now  only  a  toy,  was  in 
actual  use  as  a  timekeeper.  Of  the  mathematical  works  of  the  17th 
century  which  are  found  on  book-stalls,  none  are  so  common  as  those 
on  dialling.  All  that  is  now  necessary  is  to  give  some  idea  of  the 
priz:oiples  on  which  such  instruments  are  constructed,  as  an  illustration 
of  a  trading  fact  in  astronomy.  If  a  person  were  to  place  a  staff  in  the 
ground,  so  as  to  point  either  vertically  or  otherwise,  and  to  watch  its 
shadow  at  the  same  hour,  on  different  days  at  some  intervals  from  each 
other,  marking  its  direction  at  each  day's  observation,  he  would  in  all 
probability  find  that  the  direction  of  the  shadow,  the  hour  being 
always  the  same,  varied  from  day  to  day.  He  might,  however,  find 
that  the  shadow  was  always  in  one  direction  at  the  same  hour,  and  this 
might  happen  in  two  different  ways.  First,  he  might  by  accident  fix 
the  staff  In  a  direction  parallel  to  that  of  the  earth's  axis,  in  which  case 
the  direction  of  the  shadow  would  always  be  the  same  at  the  same 
hour,  at  all  times  of  the  year,  and  for  every  hour.  Secondly,  having 
fixed  the  staff  in  a  position  not  parallel  to  the  axis  of  the  earth, 
he  might  happen  to  choose  that  particular  hour,  or  interval  between 
two  hours,  at  which  the  shadow  of  a  staff  in  that  one  dirtclion  always 
points  one  way.  But  if,  as  is  most  likely,  he  were  to  fix  the  staff  in  a 
direction  which  is  not  that  of  the  earth's  axis ;  and  if,  as  is  again  most 
likely,  he  were  to  choose  any  time  of  observation  but  one,  the  shadow 
would  certainly  point  in  different  directions  at  different  periods. 

A  stmdlal  consists  of  two  parts  :  the  ityU,  which  is  the  staff  above 
mentioned,  usually  supplied  to  the  edge  of  a  plate  of  metal,  always 
made  parallel  to  the  earth's  axis,  and  therefore  pointing  towards  the 
north ;  and  the  dial,  which  is  another  plate  of  metal,  horizontal  or  not, 
on  which  are  marked  the  directions  of  the  shadow  for  the  several  hours', 
their  halves  and  quarters,  and  sometimes  smaller  subdivisions.  In  the 
accompanying  diagram,  the  style  is  seen  throwing  its  shadow  between 
the  directions  marked  ix  and  x,  oa  the  western  side,  and  indicating 
that  it  is  about  a  quarter  past  nine  in  the  morning.  But  there  is  one 
prominent  part  of  the  figure  which  is  never  seen  on  a  dial,  namely,  the 
hour  circles,  which  are  represented  as  all  passing  through  the  edge  of 
the  style.  As  the  diagram  stands,  a  skeleton  globe  of  hour  circles  only 
is  made  a  part  of  the  construction,  to  assist  in  the  explanation. 

Let  us  suppose  the  sun  to  move  with  an  equable  motion,  so  that  it 
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■hows  the  same  time  as  the  olock.  It  does  not  do  so  in  reality,  but 
the  oonsideiation  of  this  point  belongs  to  the  article  TufB.  A  large 
Sundial  is  frequently  furnished  with  a  table  of  the  correction  of  sun- 
time,  to  turn  it  into  clock-time,  engraved  on  its  face ;  but  this  is 
genenjly  soon  corroded.  Nor  is  knowledga  of  the  simplest  elements 
of  astronomy  so  widely  diAised  as  to  make  such  a  table  of  any  great 
use.  A  person  who  stations  himself  in  any  place  of  resort  which  has  a 
sundial,  will  soon  find  a  lounger  who  looks  in  amazement  at  tiie 


diiTerence,  perhaps  a  quarter  of  an  hour,  between  his  watch,  which  he 
knows  to  be  right,  and  the  shadow.  The  church-clock  and  the  sun,  in 
both  of  which  he  implicitly  believes,  are  at  variance,  and  he  is  haidly 
able  to  resist  the  melancholy  conclusion  that  his  watch  has  gained  or 
lost  a  quarter  of  an  hour  in  a  ten  minutes'  walk.  Neglecting  the  cause 
of  this,  which  is  an  irregularity  of  solar  time,  and  has  nothing  to  do 
with  any  particular  mode  of  reading  the  results,  let  us  suppose  that  it 
is  nine  o'clock  in  the  morning,  solar  time.  This  means  that  the  sun  is 
in  that  hour-circle  which  belongs  to  three  hours  before  noon,  or  is  3  x  16 
or  45  degrees  from  the  meridian  hour-circle  towards  the  east.  The 
meridian  hour  circle  is  that  which  cuts  the  plate  of  the  dial  in  the 
line  XQ  zn ;  and  the  hour-circle  in  question  (the  right-hand  one  of  the 
two  which  are  not  shaded)  cuts  the  dial-plate  in  EC  ix.  Now  when  the 
sun  is  in  the  continuation  of  any  plane,  the  shadow  of  that  plane  is 
only  that  of  the  edge  presented  to  the  sun.  The  upper  edge  of  the 
style  is  common  to  all  the  liour-drclea ;  and  its  shadow  is,  therefore, 
for  the  time,  part  of  that  of  the  hour-circle  in  which  the  sun  is.  Hencs 
at  nine  o'clock  before  noon  the  line  oix  will  be  the  shadow  of  the 
style,  o  beinK  at  the  intersection  of  the  edge  of  the  style  and  the  dial- 
plate  (marked  by  a  large  dot  in  the  figure).  In  the  diagram,  the  day 
has  moved  on  about  a  quarter  of  an  hour  after  the  time  just  described, 
and  the  shadow  has  advanced  accordingly.  There  is  in  it  a  trifling 
error  of  shading  (it  was  taken  from  De  Farcieuz's  'Trigonometry/  a 
work  which  is  very  rich  in  well-drawn  solid  figures),  which  will  serve 
to  illustrate  the  subject.  The  time  being  between  nine  and  ten 
o'clock,  the  sun  ought  to  be  looking  directiy  into  the  crevice  between 
the  hour-circles  ix  and  x,  in  which  crevice  there  ought  tiierefore  to  be 
no  shadow ;  but  the  crevice  which  is  entirely  devoid  of  shadow  is  that 
between  the  hour-circles  vin  and  ix,  so  that  the  sun  is  made  to  tell 
one  story  on  the  north  side,  and  another  on  the  south,  of  the  figure. 
The  reader  will  easily  set  this  right,  and  will  see  that  as  far  as  the 
whole  hours  are  concerned,  the  ctovioes  themselves  might  be  made  to 
answer  the  purpose  of  a  sundial. 

Though  the  preceding  figure  was  drawn  for  a  horizontal  dial,  yet 
aoy  other  plane  might  be  substituted.  The  objections  to  a  dial  are, 
that  the  shadow  of  the  style  is  not  sufBoiently  well  defined  to  give  very 
accurate  results,  even  for  ordinary  purposes :  that  refraction,  which 
always  makes  the  sun  appear  a  little  too  high,  throws  the  shadow  a 
trifle  towards  noon  at  all  times,  that  is,  makes  the  time  too  fast  in  the 
mormiig,  and  too  slow  in  the  evening ;  and  that  a  correction  is  always 
necessary  in  order  to  find  mean  or  civil  time.  Even  if  the  first  objec- 
tion could  be  got  over,  the  corrections  requisite  for  the  two  latter 
would  prevent  persons  in  general  from  making  use  of  the  instrument. 
If  the  edge  of  the  style  be  not  very  narrow,  it  is  necessary  to  have  the 
morning  and  evening  halves  of  the  dial  separated  by  the  breadth  of 
that  edge. 

Thoae  who  understand  spherical  trigonometry  will  easily  see  that 
the  general  problem  of  a  sundial  consists  in  that  of  finding  out  where 
the  hour-lines  cut  a  given  circle,  as  follows.  Let  B  q  o  be  the  circle 
in  which  the  plane  of  the  dial  produced  cuts  the  heavens,  and  let  the 
angle  oab,  which  it  makes  with  the  horizon  (A),  and  a  bm,  which  it 


makes  with  the  meridian  (m),  be  given.  From  P,  the  pole,  draw  Q  p 
perpendicular  to  the  plane  of  the  dial ;  and  the  line  joining  r  with  the 
centre  being  the  continuation  of  the  style,  that  joining  the  centre  with 


4)  is  the  continuation  of  what  is  called  the  niiitj/h.  Now  in  the  right- 
angled  triangle  ahb,  we  have 

cos  h 

sinm' 

whence  KB  is  found ;  to  whidh  add  the  latitude  of  the  place,  FN,  and 
PB  is  found.    The  equations 

tauPB.  cosnt  =  tanqB,     sinPB  .  dnm  =  unP4 

show  how  to  place  the  substyle  with  respect  to  b,  the  point  answering 
to  noon;  and  also  how  to  place  the  style  with  respect  to  the  subs^le. 
To  find  the  point  y  at  which  any  given  hour-line,  p  T,  cuts  the  circle 
0  B,  first  find  the  angle  Q  p  B  from 

cot  <)  PB  =  tan  m .  cos  p B ; 

and  T  P  B,  the  hour-angle  from  noon  of  the  sun  (v  being  a  point  in  the 
shadow).  The  difference  of  tiiese  angles,  <)  ft,  or  their  sum,  is  then 
known ;  and  q  t  la  found  from 

tan  QT  =  tan  qft  .  sin  pq 

It  win  be  better  for  the  beginner  to  verify  these  steps  on  a  oorrectiy- 
drswn  figure,  or  to  modify  them,  than  to  make  purely  algebraical 
alterations.  Also  it  is  to  be  remembered  that  the  position  of  the  dial 
mav  require  both  sides  of  it  to  be  graduated,  and  the  style  to  extend 
in  both  directions,  to  suit  all  times  of  the  year  and  all  hours  of  the 
day. 

SUNN  AH.  This  is  the  name  given  by  the  Mohammedans  to  the 
traditionary  portion  of  their  law ;  miich  vras  not,  like  the  Korin,  com- 
mitted to  writing  by  Mohammed,  but  preserved  from  his  lips  by  his 
immediate  disciples,  or  founded  on  the  authority  of  his  actions.  It 
holds  in  Mohammedan  theology  the  same  place  as  the  Mishna  in  the 
Jewish  doctrine,  and  the  names  agree  in  their  derivation.  The 
orthodox  Mahommedans  called  themselves  Sunnites,  in  distinction  to 
the  various  sects  which  are  comprehended  under  the  term  Shiites, 
whose  distinguishing  characteristic  is  that  they  recognise  as  lawful 
kalifa  Ali  and  his  descendants.  The  Turks  as  a  nation  are  Sunnites, 
and  the  Persians  Shiites.  Shiah,  from  which  this  latter  name  is 
derived,  signifies  a  party  or  troop. 

SUPKKCARGO.    [Shippimo,  Ships.] 

SUFlilRFICIES,  the  Latin  form  of  the  word  surface,  used  in  the 
sense  of  surface,  and  sometimes  of  area.  The  quantity  of  an  area  is 
called  iis  superficial  content,  as  distinguished  from  linear  content  or 
length,  and  solid  content  or  bulk. 

SUPEBPHOSPHATK  OF  LIME.      [Caloiuk,  Saperphoiphate  of. 

SDPEBSEDEAS,  in  Utw,  the  name  of  a  writ  used  for  the  purpose 
of  superseding  proceedings  in  an  action.  In  its  more  general  sense  it 
is  used  to  express  that  which  supersedes  legal  proceedings,  although 
no  writ  of  su^rsedeas  may  have  been  used  for  iLat  purpose.  Thus  if 
a  writ  of  certiorari  bo  delivered  to  an  inferior  court  for  the  purpose  of 
removing  a  record  to  a  superior  court,  the  writ  of  certiorari  is  said  to 
be  a  supersedeas  of  the  proceedings  before  the  inferior  court. 

SUPPLEMENT  (Trigonometry).  The  defect  of  an  angle  from  two 
right  angles.  Also  chords  or  arcs  of  a  circle  or  other  curve  which  have 
a  common  extremity,  and  together  subtend  an  angle  of  two  right  angles 
at  the  centre,  are  sometimes  called  supplemental  chords  or  arcs. 

SUPPLY.    [Pabliamint.] 

SUPPURATION.    [Absobss;  Ikplahmahom.] 

SUPRALAPSARLANS.  In  the  discussions  of  the  doctrmes  of 
predestination  and  election,  which  arose  out  of  the  teaching  of  the 
school  of  theologians  at  Geneva,  two  difi°erent  views  came  to  be  taken 
by  the  Calvinistic  party.  Some  held  that  all  the  occurrences  which 
take  place  on  the  earth  have  been  from  eternity  the  subject  of  a  special 
decree  of  Qod :  that  Qod  decreed  to  create  man  solely  for  his  own 
glory,  and  to  display  his  glory  in  the  eternal  happiness  of  some  and  the 
damnation  of  oUiers  :  tluit  this  decree  respected  not  merely  the  end, 
but  all  the  means,  direct  or  indirect,  by  which  that  end  was  to  be 
wrought  out;  and  that  sin,  the  fall  of  man,  and  the  introduction  of 
evil  into  the  world,  were  decreed  by  God  to  happen  as  necessary  means 
to  the  end  proposed,  and  God  therefore  so  constituted  man,  and 
placed  him  in  such  circumstances,  that  he  could  not  but  falL  The 
peraons  who  held  these  views  were  called  Supralaptariam  (lupra 
laptum),  because,  according  to  their  system,  the  decrees  of  God 
respecting  the  salvation  of  some  men  and  the  rejection  of  others  were 
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in  no  aense  oonBeqnent  or  dependent  upon  the  foreseen  fall  of  niMi, 
-which  itaeU  (on  the  contrsiy)  took  pl*c«  in  conBequence  of  •  divine 
decree. 

The  other  party  were  called  Infralapiariant.  They  considered  the 
decrees  of  God  for  fixing  the  eternal  state  of  man  as  equally  etemaj 
and  unchangeable,  but  they  maintained  that  God  did  not  create  man 
in  order  that  he  might  fall,  but  left  him  free  to  act  for  himself ;  and, 
though  foreseeing  that  he  would  fall,  did  not  interfere  to  prevent  him, 
but  decreed  that  the  consequences  of  this  foreseen  fall  should  result 
in  increased  glory  to  himself,  and  the  eternal  happiness  of  the  greater 
part  of  men. 

The  synod  of  Dort  adopted  the  views  of  the  Infralapsarians. 
Modem  Calvinists,  generally,  go  no  farther  than  Infralapsarianism, 
and  often  not  so  far. 

SUPREMACY  is  a  term  used  to  designate  supreme  ecclesiastical 
authority ;  and  is  either  papal  or  regal.  Papal  supremacy  is  the  autho- 
rity, legislative,  judicial,  and  executive,  exercised  until  nearly  the 
middle  of  the  16th  century  by  the  pope  over  the  churches  of  England, 
Scotland,  and  Ireland,  as  branches  and  integral  parts  of  the  Western 
or  Latin  church,  and  which  continues  to  be  exercised  de  facta  over 
that  portion  of  the  inhabitants  of  those  countries  who  are  in  com- 
munion  with  the  church  of  Rome.  The  extent  of  the  legislative 
authority  of  the  pope  was  never  exactly  defined.  Whilst  it  was 
regarded  as  nearly  absolute  at  Rome  and  at  Madrid,  it  was,  at  Venloe, 
and  still  more  at  Paris,  sought  to  be  reduced  within  very  narrow 
limits. 

The  papal  supremacy  was  abolished  by  the  legisUtures  of  the  three 
kingdoms  in  the  16th  century.  In  order  to  ensure  acquiescence  in 
that  abolition,  particularly  on  the  part  of  persons  holding  offices  in 
England  and  Ireland,  an  oath  has  been  required  to  be  taken,  which  is 
generally  called  the  oath  of  supremacy,  a  designation  calculated  to 
mislead,  it  being  in  fact  an  oatU  of  non-supremacy  rather  than  of 
supremacy ;  since,  though  in  its  second  branch  it  negatives  the  supre- 
macy of  the  pope,  it  is  silent  as  to  any  supremacy  in  the  crown.  This 
oath  was  therefore  taken  without  scruple  by  persons  who  were  not 
Roman  Gathohos,  whether  members  of  the  Anglican  church  or  not. 
Roman  CathoUcs  might  take  an  oath  in  which  tiie  civU  and  tempomJ 
authority  of  the  pope  were  abjured.  By  the  21  &  22  Vict.  o.  48  (18S8), 
the  oath  was  abolished,  and  another  substituted  which  only  pledges 
the  person  taking  it  to  temporal  allegiance  to  the  sovereign,  and  repu- 
diates the  jurisdiction  of  any  foreign  power,  spiritual  or  temporal,  of 
whatever  nature  it  may  be, 

Jkgal  supremacy  is  not  legislative,  but  judicial  and  executive  only. 
Henry  VIII.  was  first  acknowledged  as  supreme  head  of  the  ehuroh 
by  the  clergy  in  1528.  This  supremacy  was  confirmed  by  parliament 
in  1584,  when,  by  the  statute  of  26  Henrv  VIII.,  o.  i..  It  was  enacted 
that  "  the  king  our  sovereign  lord,  his  heirs  and  sucoessora,  kings  of 
this  realm,  shall  be  taken,  accepted,  and  reputed  the  only  supreme 
head  in  earth  of  the  Church  of  England,  and  shall  have  and  enjoy, 
annexed  to  the  imperial  crown  of  this  realm,  as  well  the  style  and  title 
thereof,  as  all  honours,  dignities,  pre-eminendea,  jurisdictions,  privi- 
leges, authorities,  immunities,  profits,  and  commodities  to  the  said 
dignity  of  supreme  head  of  the  same  church  belonging  and  appertain- 
ing ;  and  shall  have  power  from  time  to  time  to  visit,  repress,  redress, 
reform,  order,  correct,  restrain,  and  amend  all  such  errors,  heresies, 
abuses,  ofiisnces,  contempts,  and  enormities,  whatsoever  they  be,  which, 
by  any  manner  of  spiritual  authority  or  jurisdiction,  may  lawfully 
be  reformed,  repressed,  ordered,  redressed,  corrected,  restrained,  or 
amended,  most  to  the  pleasure  of  Almighty  God,  the  increase  of  virtue 
in  Christ's  religion,  and  for  tho  conservation  of  the  peace,  unity,  and 
tranquiUity  of  this  realm ;  any  usage,  custom,  foreign  laws,  foreign 
authority,  prescription,  or  any  other  thing  to  the  oontiary  notwith- 
standing." 

SURD.  This  word  has  been  used  to  signify  on  iRnATlONAL  arith- 
metical or  algebraical  quantity  since  the  time  of  the  introduction  of 
algebra  into  Europe  ;  though  why  any  term  formed  from  ntrdiu  was 
used  in  such  a  sense  is  not  known ;  perphaps  it  was  the  supposed 
translation  of  an  Arabic  term.  In  the  article  just  cited  we  have  said 
as  much  as  is  necessary  on  the  subject.  We  will  only  add  that  the 
second  volume  of  Cosoali's  '  History  of  Algebra '  oontalns  an  account  of 
the  tenth  book  of  Euclid,  with  reference  to  the  nse  made  of  it  by  the 
earlier  algebraists. 

SURDITES.    [Deafukm.] 

SURETY.  A  surety  is  one  who  undertakee  to  be  answerable  for 
another,  who  is  called  his  principal.  Such  undertaking  must  be  in 
writing,  and  it  may  be  either  by  bond  or  by  simple  writing.  A  con- 
tract is  not  binding  in  law,  unless  mode  upon  some  sufficient  oonsidera- 
tjon ;  but  in  the  case  of  a  bond  this  consideration  is  inferred  from  the 
circumstances  of  deUberation  incident  to  its  execution  as  a  deed. 
When  the  undertaking  is  not  by  bond,  it  is  necessary  that  the  oon- 
sideration  should  be  capable  of  proof,  and  that  the  instrument  shoold 
bo  signed  by  the  party  who  becomes  the  surety.  The  instrument 
however  moy  consist  of  several  writings,  if  they  are  so  connected  by 
reference  to  each  other  that  they  can  be  considered  as  incorporated. 
The  instrument  by  which  the  surety  becomes  bound,  when  it  hsa 
reference  to  dvil  matters,  is  generally  called  a  guarantee,  and  ordinarily 
consists  of  an  undertaking  to  become  answerable  for  the  payment  of 
goods  furnished  to  the  principal,  or  for  his  integrity,  skill,  attention. 


and  other  like  matters.  In  suoh  cases  the  oonsideration  would  pro- 
bably be  the  furnishing  of  the  goods  to  the  principal,  or  his  employ- 
ment  by  the  party  guaranteed.  In  the  oonstruction  of  guarantees  the 
same  rule  of  law  prevails  as  in  the  case  of  all  written  instruments, — ■ 
that  they  shall  be  understood  in  the  sense  most  unfavourable  to  the 
party  making  them  which  the  words  will  reasonably  bear.  The  appU- 
oation  of  the  rule  is  very  frequent  in  cases  of  guarantee  where  the 
question  arises  whether  or  not  the  guarantee  is  what  is  called  a  con- 
tinuing guarantee.  Thus  where  the  surety  undertakes  to  be  answer- 
able to  the  amount  of  1002.  for  goods  supplied  to  his  principal,  this 
may  mean  that  he  will  be  answerable  fur  the  firat  1002.  worth,  and 
cease  to  be  answerable  for  any  goods  supplied  afterwards ;  or,  that  he 
will  continue  to  be  answerable  to  the  amount  of  1002.  for  any  indefinite 
period  during  which  goods  may  be  supplied,  although  the  principal 
has  paid  for  the  first  1002.  worth.  The  latter  kind  of  guarantee  is 
called  a  continuing  guarantee.  Observations  of  a  similar  character 
m^  be  mode  as  to  the  application  of  payments  by  the  principal. 

The  ciroumstanoe*  connected  with  the  relative  position  of  the 
guaranteed  and  the  principal  ore  considered  as  embodied  in  the  con- 
tract between  tho  guaranteed  and  the  surety,  and  as  forming  part  of 
that  upon  which  the  undertaking  of  the  latter  is  founded.  If,  there- 
fore, uiese  are  substantially  varied,  so  as  to  increase  the  risk  of  the 
guaranteed,  or  to  destroy  or  suspend  his  remedy  against  the  principal, 
the  surety  is  thereby  discharged.  Thus,  if  the  guaranteed  has,  at  the 
time  the  guarantee  is  given,  a  Hen  upon  property  of  the  principal  in 
his  hands,  which  he  afterwords  porta  with ;  or  if  he  extends  the  time 
of  credit,  or  after  commencing  an  action  against,  the  principal  gives 
him  time,  the  surety  will  be  released.  But  the  variation  of  circum- 
stances must  be  substantial ;  a  change  which  does  not  operate  so  as 
to  increase  the  risk  or  lessen  the  remedy  will  not  have  such  an  effect. 
Neither  can  the  surety  discharge  himself  by  a  mere  request  or  caution 
to  the  guaranteed  to  abstain  from  trusting  the  principal,  or  to  watch 
his  acts,  &c.  Nevertheless  it  is  the  duty,  and  perhaps  an  implied 
undertaking,  on  the  port  of  the  guaranteed,  against  the  consequences  of 
the  neglect  of  which  a  court  of  equity  might  reUeve  the  surety,  to 
employ  a  reasonable  degree  of  prudence  and  attention  in  intrusting 
his  goods,  or  inspecting  and  checking  the  accounts  of  his  clerks  or 
servants.  The  surety  is  entitled  to  the  benefit  of  all  the  securities 
which  the  guaranteed  has  against  the  principal. 

With  respect  to  the  rights  of  the  surety  against  the  prindpal,  Mr. 
Justice  Buller  has  distinctly  laid  down  the  law,  "  wherever  a  person 
gives  a  security  by  way  of  indemnity  for  another,  and  pays  the  money, 
the  law  raises  an  assumpsit,"  that  is,  Implies  a  promise  on  the  part  of 
the  prindpal  to  repay  to  the  surety  all  the  money  that  he  has  expended 
on  his  behalf,  and  this  money  may  be  recovered  in  an  action  against 
the  principal  for  money  paid  to  his  use.  But  in  no  cose  is  the  surety 
entitled  to  more  them  an  indemnity  from  his  principal.  Thus,  if  the 
guaranteed  is  content  with  a  lees  sum  from  the  surety,  instead  of 
exacting  the  full  amount  for  which  he  is  liable,  the  prindpal  will  be 
bound  to  repay  to  the  surety  the  less  sum  only.  If  the  surety  has 
himself  taken  a  bond  or  other  security  from  the  principal,  he  relin- 
quishes his  right  to  bring  an  action  upon  the  promise  implied  in  law, 
and  must  have  recourse  to  an  action  upon  his  seourity. 

Where  more  persons  than  one  beoome  sureties  for  the  same  prindpal, 
they  are  called  co-sureties.  If  one  of  these  has  paid  the  whole  of  the 
debt  due  from  the  principal,  he  may  recover  in  an  action  of  assumpsit 
from  his  co-sureties  the  amounts  for  which  they  were  respectively 
liable.  A  oourt  of  equity  will  also  interfere  to  regulate  the  proportions 
partly  due  from  each.  And  in  case  any  of  them  are  unable  to  pay 
from  insolvency,  Ac,  It  will  compel  the  othera  to  contribute  propor- 
tionally the  amount  for  which  the  defaulters  were  liable.  The  law  is 
the  same  as  to  co-sureties,  whether  all  have  been  created  by  the  game 
instrument  in  writing,  or  each  one  by  a  distinct  instrument. 

SURETY  OP  THE  PEACE  is  the  acknowledging  of  a  recog- 
nisanoe  or  bond  to  the  crown,  token  by  a  competent  court  for  keeping 
the  peace.  Magistrates  have  the  power  to  take  such  recognisances, 
which  are  generally  done  by  the  party  acknowledging  (recogHuing,  and 
hence  the  term  recogniMnce)  that  ho  is  indebted  to  the  crown  to  a 
certain  amount,  the  condition  of  which  bond  is,  that  he  or  the  party 
for  whom  he  becomes  bound  shall  keep  the  peace  during  a  term  named 
in  the  condition.  Such  recognisance  may  be  obtained  by  any  party 
from  another  on  application  to  a  magistrate,  and  stating  on  oath  that 
he  has  just  oause  to  fe,ir  that  such  other  "  will  bum  his  house,  or  do 
him  a  corporal  hurt,  as  by  killing  or  beating  him,  or  that  he  will  pro- 
cure others  to  do  him  such  mischief."  Upon  such  application  being 
mode  to  the  magistrate,  it  is  his  duty  to  summon  the  party  before  him 
and  cause  him  to  enter,  either  alone  or  with  others,  into  suoh  reoog- 
nisances  as  he  thinks  the  case  demands.  The  fear  must  be  of  a  present 
or  future  danger :  no  recognisances  ore  demandoble  on  the  ground  of 
a  past  ofience.  Upon  the  neglect  or  refusal  of  the  party  so  summoned 
to  enter  into  the  recognisances  demanded,  he  may  be  committed  to 
prison  by  the  magistrate  for  a  specified  period,  unless  he  sooner  oom- 
plies.  If  the  recognisance  is  forfeited  by  a  breach  of  the  condition,  it 
may  be  removed  into  one  of  the  superior  courts  and  there  proceeded 
upon. 

Sureties  also  may  be  similarly  required  for  the  good  behaviour  of 
parties  who  have  been  guilty  of  conduct  tending  to  a  breach  of  the 
peace,  abiuing  those  in  the  administration  of  justice,  &c. 
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SURFACE,  SURFACES,  THEORY  OP.  For  the  mere  definition 
o{  surface,  tee  Solid,  tus.  We  are  here  to  speak  of  that  branch  of 
algebraic  geometry  which  connders  the  generation  and  properties  of 
curve  surfaces  following  an  assigned  law. 

If  three  planes,  each  at  right  angles  to  the  other  two,  he  taken  as 
the  planes  of  Co-OROntATES,  the  position  of  any  point  is  determined 
so  soon  as  its  co-ordinates,  or  distances  from  the  three  planes,  are  given 
in  sign  and  magnituda  If  the  co-ordinates  of  a  point  be  x,  y,  z,  and 
if  between  these  one  equation  exists,  ^  (x,  y,  z)=0,  any  point  may  be 
chosen  in  the  plane  of  x  and  y,  by  means  of  given  values  of  x  and  y, 
'and  the  corresponding  Talue  or  values  of  z  may  be  found  from  the 
equation.  The  locus  of  all  the  points  whose  position  can  be  ascertained 
by  determining  one  of  the  co-ordinates  from  this  equation,  the  other 
two  being  taken  at  pleasure,  ia  a  surface  of  whien  ^  (x,  jf,  z)>'0  is 
called  the  equation,  and  the  modes  of  proceeding  are  pointed  out 
in  all  works  on  algebraic  geometry.  The  applications  of  the  difi^ 
ential  calculus  depend  on  the  principles  explained  in  TAiraSMT :  the 
graphical  use  of  the  whole  method  depends  mostly  on  descriptive  geo- 
metry, whether  formally  known  under  that  name  or  not. 

Surfaces  are  distinguished  algebraically  by  the  nature  and  order 
of  their  equations.  Thus  we  have  surfaces  of  the  first  order,  in  which 
the  equation  is  of  the  first  degree  (this  class  contains  the  plane  only) ; 
surfaces  of  the  second  order,  wUch  will  be  dassified  m  the  next 
article ;  and  so  on. 

Surfaces  are  also  distinguished  by  their  mode  of  generation,  and 
some  of  the  principal  cases  are  as  follows : — 

1.  Cylmdrical  mrfaco  are  generated  by  a  straight  line  infinitely 
produced  in  both  directions,  which  moves  so  as  always  to  be  parallel  to 
a  given  line,  and  to  have  one  of  its  points  on  a  given  curve. 

2.  Conical  surfaces  are  generated  by  a  straight  line  infinitely  pro- 
duced in  both  directions,  which  always  passes  through  a  given  point 
or  vertex,  and  has  one  point  in  a  given  curve.  The  common 
CTUSSEtt  and  cosfl  would  be  described  in  this  science  as  a  right 
aretdar  cylinder  and  a  right  circular  cone.  The  cylindrical  surface* 
themselves  are  only  an  extreme  case  of  the  conical  ones,  being  vrhat 
the  latter  become  when  the  vertex  is  removed  to  an  infinite 
dlsbmce. 

2.  Surfaeet  of  revolution  are  generated  by  the  rotation  of  s  curve 
about  an  axis,  relatively  to  which  it  always  retuns  one  position.  The 
common  cone  and  cylinder,  the  sphere,  and  others  of  tibe  greatest 
practical  use,  are  contained  in  this  class. 

4.  Tubular  lurfaea  are'^erated  by  a  circle  of  ^ven  radius,  which 
moves  with  its  centre  on  a  given  ciure,  and  its  plane  at  right  angles  to 
the  tangent  of  that  curve.  When  the  given  curve  is  a  circle,  the 
tubular  surface  is  a  common  ring. 

6.  Ruled  mrfacea  (the  xurfacea  rigUea  of  the  French  writers)  are 
those  which  are  described  by  the  motion  of  a  straight  line,  which 
neither  remains  parallel  to  a  given  line  nor  always  passes  through  a 
g^ven  point.  This  includes,  among  many  others,  the  whole  class  of 
conoidttl  turfacet,  made  by  a  straight  line  which  movee  parallel  to  a 
given  plane,  and  always  passes  through  a  straight  line  perpendicular 
to  that  plane,  and  also  tlm)ugh  a  given  curve.  The  surface  of  a  spiral 
staircase,  as  it  would  be  if  there  were  no  steps  but  only  a  gradual 
ascent,  is  an  instance. 

6.  ihvelopable  lurfacel  are  those  which  can  be  unwrapped  on  a  plane 
without  any  doubling  of  parts  over  one  another,  or  separation  ;  that  is, 
without  being  rumpled  or  torn.  The  only  familiar  instances  are  the 
cylinder  and  cone. 

SURFACE  OP  ELECTRICTY.    [Polahizatioh  of  Light.] 

SURFACE  OP  THE  EARTH.  Geology,  by  teaching  us  to  loot 
upon  the  form  and  distribution  of  land  and  sea,  the  features  of  hills  and 
valleys,  and  the  various  deposits  of  peat,  silt,  gravel,  &c.,  as  effects  of 
physical  agencies,  some  of  which  are  no  longer  in  operation  upon  those 
areas  where  once  they  predominated,  confers  upon  the  sui-fiice  of  the 
earth  an  interest  much  greater  than  that  which  belongs  merely  to 
pictorial  combinations,  or  even  to  agricultural  utility  and  commercial 
adaptation.  Uniformity,  inequality,  height,  depth,  and  area,  every  the 
least  peculiarity  of  form,  whatever  is  remarkable  in  any  part  of  the 
surface  of  the  land  or  bed  of  the  sea — these  are  effects  of  causes 
which  require  to  be  traced  out  before  the  pi|>blem  of  the  physical 
history  of  the  globe  can  be  considered  as  resolved.  Geology  was  pro- 
nounced by  Sir  C.  Lyell,  early  in  lus  career  of  research,  to  be  the 
science  of  surfaces. 

Superficial  Depoeitt.  If  the  stratified  and  unstratified  rocks  which 
compose  the  skeleton  of  the  earth  were  laid  bare  to  our  view,  the 
aspect  of  the  globe  would  be  far  more  ragged  than  it  is  now.  The 
valleys  would  in  many  cases  lose  their  soft  and  easy  curvatures  and 
accordant  slopes,  in  angular  fractures  and  irregular  chasms;  the 
mountains  and  hills  would  lose  those  sloping  buttress  like  banks,  com- 
posed of  fallen  materials,  which  connect  the  broken  ridges  above  with 
the  level  expanse  below ;  a  sterner  aspect  would  belong  to  the  now 
sinuous  lines  of  sea-coast;  and  an  almost  general  barrenness  would 
overspread  the  inland  surfoce. 

The  soil,  gravel,  clay  peat,  and  other  substances,  which  by  iSbeSt 
accumulation  mask  the  features  of  the  interior  rocks,  constitute  a 
peculiar  class  of  phenomena  which  have  been  much,  and  yet  not  suffi- 
ciently, studied  by  geologists.  It  is  certain  that  without  a  more  exact 
appreciation  of  the  causes  which  have  peradtted  the  aggregation  of  the 


"superficial  deposits"  already  named,  our  analysis  of  the  processes 
whereby  the  earth  has  been  made  fit  for  the  residence  of  man,  and 
adapted  to  its  present  uses,  must  be  very  imperfect. 

Soil  is  often  supposed  to  be  merely  the  disintegrated  parts  of  the 
subjacent  rocks,  and  this  is  sometimes  really  the  case ;  trap  rocks,  for 
example,  of  which  the  felspar  and  the  hornblende  become  decomposed 
by  the  atmosphere,  yield  a  soil  often  remarkable  for  fertility,  and  uncon- 
taminated  with  foreign  ingredients.  But  the  soils  wUch  cover  clays 
and  limestones  and  sandstones  are  seldom  of  this  simple  origin.  The 
bases  of  these  soils  may  b«  generally  derived  from  the  subjacent  strata, 
but  tiiey  usually  contain  foreign  ingredients.  The  soil  on  the  chalk 
and  limestone  hills  of  England  is  often  sandy,  sandstones  are  covered 
by  loam,  and  clays  overspread  vrith  pebbles.  The  effect  of  this 
admixture  of  foreign  substances  with  uie  disintegrated  parts  of  the 
native  rook  is  usually  favourable  to  fertility. 

We  may  often  understand  the  cause  of  these  admixtures  by  consider, 
ingthe  effect  of  rains  and  currents  of  water  on  the  sloping  surface  of 
the  eartL  These  effects  arrive  at  a  maximum  in  particular  vales  and 
pUioB,  into  which  many  streams  enter  after  flowing  over  strata  of 
diffarent  kinds.  In  such  vales  the  soil  is  in  foot  a  mixture  of 
calcareous,  argillaceous,  and  arenaceous  parts,  and  its  indigenous  plants 
are  correspondingly  varied,  and  include  many  which  are  not  found 
growing  together  on  any  one  of  the  soils  which  are  here  mixed 
together.     [Son..] 

To  watery  agency,  acting  under  the  actual  circumstances  of  physical 
geography,  wo  may  also  ascribe  many  everf  extensive  accumulations  of 
gnvel  and  stuid  which  lie  along  the  sides  of  valleys  and  in  hollows  of 
hills,  or  on  the  slopes  of  mountains ;  and  it  requires  sometimes  only 
the  postulate,  that  in  particular  valleys  inundations  have  formerly 
reached  higher  levels  than  at  present,  to  apply  the  same  explanation 
to  tarraoes  of  gravel  and  sand  now  considerably  above  the  actual 
flood-mark,  but  sloping  parallel  to  the  general  inclination  of  the 
valley. 

The  beds  of  old  lakes,  often  consisting  of  layers  of  shelly  marl,  vrith 
bones  of  existing  or  extinct  quadrupeds,  the  surfaces  of  silt  wMch  lie 
along  ths  actual  and  ancient  oestuariee  of  rivers,  and  often  conceal 
buried  forests  and  subterranean  peat,  present  no  difficulty  as  to  tiieir 
origin.  For  the  processes  by  which  peat  grows  and  trees  ore  buried, 
and  marshy  land  is  saved  from  the  sen,  and  lakes  are  filled  up,  are  at 
this  day  in  action.  To  all  such  peat  or  turf  moors,  subterranean 
forests,  marsh  imd  fen  land,  drained  lake-beds,  and  sand  and  gravel, 
the  tiUe  of  aUnvial  depotUa  is  very  commonly  given.  Generally,  they 
require  no  supposition  al  extensive  changes  of  physical  geography 
produced  by  violent  disturbanoes  of  nature,  but  seem  to  be  dearly  and 
perfeoUy  explicable  by  causes  still  in  action,  though  perhaps  not  in  the 
same  situations  on  the  eartli's  surface.  But  there  are  other  gravels, 
sands,  and  clays,  to  which  this  explanation  cannot  be  applied  without 
calling  in  aid  great  changes  of  physical  geography,  or  physical  processes 
not  seen  in  daily  opemtion ;  such  as  extensive  displacement  and  change 
of  level  of  land  and  sea;  unusual  floods  of  water;  surprising  altera* 
tions  of  climate,  or  movement  of  glaciers  in  situations  where  now 
the  snow  and  ioe  of  the  coldest  winter  melt  with  the  first  breath  of 
spring.  These  phenomena  were  classed  under  the  tiUe  of  diluvial 
dtpotit;  at  a  time  when  tiieir  origin  was  very  generally  ascribed  to 
violent  floods  of  water,  and  the  title  was  retained  even  by  geologiste 
who  did  not  admit  this  hypothesis.  They  are  now  generally  included 
by  gedogiste  under  the  designations  of  boulder-clay,  boulder  formation, 
and  nortiiem  drift;  the  latter  term  having  been  applied  to  them, 
because,  in  Europe  and  in  North  America,  where  only  they  have  yet 
been  distinctly  recognised,  they  have  evidently  been  brought  fivm 
regions  to  the  north  of  those  in  which  they  are  now  found.  At  the 
same  time,  according  to  Bir^O.  Lyell,  "  tiie  bulk  of  the  mass  in  each 
locality  consists  of  tiis  ruins  of  subjacent  or  neighbouring  rocks ;  so 
that  it  is  red  in  a  region  of  red  sandstone,  white  in  a  chuk  countiy, 
and  gray  or  black  in  a  district  of  coal  or  ooal-shale."  They  belong 
both  to  the  newer  pleiocene  or  pleistocene  and  to  tiie  post-pleiocene 
aeries  of  present  geological  nomenclature. 

These  so-callea  diluvial  deposits  are  commonly  admitted  or  assumed 
to  be  of  older  date  than  those  odled  alluvial,'  and,  taken  in  a  collective 
sense,  they  are  so,  but  tiiis  is  the  least  important  dioumstance 
characteristic  of  tiieir  history.  The  conditions  of  thdr  accumulations 
are  remarkable. 

1.  It  is  often  seen  that  thick  deposita  of  clay,  sand,  and  pebbles,  or 
large  fragments  of  rock,  lie  on  the  very  summits  of  hills  (as  abun> 
dnntiy  on  tiie  hills  which  adjoin  tiie  valley  of  the  Thames). 

S.  Fragments  of  rocks  quite  unlike  tiiose  of  the  vicini^  lie  in 
valleys,  on  hills  (as  on  the  Salive  near  Geneva),  and  even  on  isumds  (as 
an8ta&). 

S.  These  fragments  ire  found  solitary,  or  buried  in  clay,  sand,  or 
gravel,  and  sometimes  in  enormous  abundance,  as  in  Huntingdonshire, 
near  Biming^ism,  in  HoMennsB,  and  other  parts ;  and  they  are  such 
tint  no  stones  of  Uk«  nature  occur  sayvHiere  in  the  natural  drainage  of 
tike  eountry  where  tiie  grayrf  is  *«eumulated,  nor  within  20,  60,  or 
eV«A  100  miles  of  the  spot. 

4.  The  fragments  (often  Oalled  boulders,  and  also  erratic  blocks) 
appear  thus  in  several  cases  to  have  been  transported  from  particular 
parts  of  tiis  eountiy,  over  elevated  ground,  across  the  natural  valleys 
and  laages  of  UUs,  but  yet  are,  in  some  cases,  distributed  in  a  manner 
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which  manifeats  a  decided  dependence  on  some  of  the  greater  features 
ol  physical  geography.  Thus  the  abundantly  spread  detritus  from 
the  Cumberland  mountains  crosses  ihe  island  to  Tynemoutb,  and 
reaches  the  coast  of  Toriuhiie,  but  does  not  crow  the  Pennine  chain 
of  mountains,  except  at  one  point  (Staimnoor),  titou^  it  spreads  along 
the  western  aide  of  it  as  far  south  as  Manchester  and  the  plains  of 
Cheshire  and  Staffordshire.  In  like  manner  the  detritus  bam  the 
Western  Alps  has  been  carried  on  to  the  Juis,  and  lies  in  a  sbange 
manner  in  all  parts  of  the  hollow  of  the  Lake  of  Qeneva,  and  on  the 
insulated  Sal^ve  Mountains ;  yet  it  has  been  observed  that  the  lines 
followed  by  the  boulders  are  those  of  the  great  Talleys,  so  that  each 
great  valley  has  been  the  direction  in  which  were  cuiisd  the  blocks 
from  the  head  of  that  valley. 

6.  It  u  observed  that  often  the  largest  blocks  contained  in  •  mass  of 
this  detritus  Ue  at  the  top,  resting  on  the  smaller  gnvel  and  sand ;  aikd 
that  below  the  whole  maas  the  hard  rocks  are  scratched  by  parallel 
distinct  small  grooves  or  stiise,  marks  of  the  dragging  movement  to 
which  the  stones  were  subject  in  their  passage. 

6.  Though  in  some  cases  successive  deposition  can  be  traced  in  the 
parts  of  such  a  mass,  it  is  veiy  often  seen  that  the  materials  are 
entirely  unarnmged,  mere  heaps  of  stones,  and  sand  or  mud ;  the 
stones  being  often  indiscriminately  stuck  in  day,  large  and  small,  heavy 
and  light,  absolutely  without  any  stratification,  such  as  long  suspension 
in  water  must  certainly  have  produced. 

7.  Finally,  amidst  such  confused  masses,  bones  of  land  quadrupeds, 
mostly  or  entirely  of  extinct  species,  snd  even  of  extinct  genera,  occur, 
and  locally  even  in  abundance.  These  are,  however,  more  common 
in  laminated  lacustrine  deposits  resting  upon  the  diluvial  masses,  or 
perhaps  covered  by  them. 

With  the  mammalian  remains  alluded  to  are  not  nnfrequently 
associated,  as  has  recently  (1861)  been  shown,  flint  implements  ot 
human  work ;  indicating,  if  not  proving,  the  contempoiaseity  of  some 
of  the  now  and  long  since  extinct  m«imin»1a  ^th  certain  races  of  man. 
(Prestwich,  in  '  FhiL  Trans./  1860.) 

It  was  thought  possible  to  explain  these  characteristic  phenomena 
by  many  local  inundations,  or  one  general  and  overwhelming  flood, 
capable  of  overcoming  many  of  the  lesser  inequalitiee  of  surface-level, 
but  modified  in  its  course  by  the  larger  ranges  of  mountaina  and 
valleys.  And  as  in  the  northern  zones  of  the  world  (which  have  been 
much  investigated  in  this  respect)  there  is  a  very  frequently  observed 
direction  of  ti^e  boulders  to  the  south  or  south-east,  it  has  been  pro- 
posed for  consideration  whether  some  great  change  of  the  level  of  land 
and  sea  in  the  circumpolar  regions  might  account  for  what  seems  a 
general  fact.  But  further,  as  the  most  abundant  deposits  of  this 
nature  have  been  drifted  from  particular  chains  of  mountains,  as  the 
Cimibrian  group  in  England,  the  primary  mountains  of  Norway,  the 
Alps,  &c.,  ill  wiuch  districts  have  undeif^one  elevation  cU  tome  time,  it  has 
been  thought  that  their  upward  movement  may  have  been  the  causa  of 
the  disfdacement  and  transport  of  the  blocks.  (Buckland, '  Beliquia 
Diluviane ; '  EUe  de  Beaumont, '  Sur  les  Revolutions  du  Globei') 

It  has,  however,  been  proposed  to  account  for  the  distribution  of 
the  boulders  by  a  more  gradual  action  of  the  waters  of  the  sea.  If 
the  region  of  Cumbrian  rtxsks,  for  example,  utd  a  very  large  portion 
of  the  north  of  England,  were  supposed  to  be  raised  from  the  sea,  by 
a  continual  or  intermitting  movement,  so  as  to  bring  sucoessively 
under  the  action  of  the  brrakers  the  whole  country  to  the  east  and 
south-east  of  the  area  now  occuined  by  the  Comborland  mountains, 
this  would  allow  of  a  continual  drifting  of  the  boulders  to  the  east  and 
south,  by  the  continual  tendency  of  the  tides  and  currents  of  the  sea. 
(Phillips,  in  '  Treatise  on  Qeology,  &e. ; '  Whswell  in  Muichison's 
'  Silurian  System.')  Floating  ice  has  been  represented  as  adequate  to 
cany  off  from  the  shore  where  it  was  formed  masses  of  mud  and 
fragments  of  rocks,  and,  by  melting  or  turning  over,  to  spread  them 
on  the  bed  of  the  sea.  This  sea-bed  raised  would  show  the  accumu- 
lations from  such  icebei;gs,  often  in  narrow  bands  or  insulated  patches, 
such  as  really  occur,  and  have  been  long  celebrated,  among  the  heaps 
of  Norwegian  detritus  which  lie  on  the  sandy  plains  of  North 
Qennany.  (Lyell,  '  Principles  of  Qeology,'  '  Manual  of  Elementary 
Qeology ;'  Murchison, '  Silurian  System.') 

Finally,  ice  in  another  form  has  been  i^pealed  te  for  the  explsnation 
of  these  phenomena.  The  formation  of  glaciers  in  mountain  valleys 
is  such  as  to  permit  of  their  forward  movement  down  a  slope,  and  their 
carrying  with  them  in  their  progress  fragments  of  rocks  and  heaps  of 
gravel  and  mud  which  by  any  cause  fm  upon  their  surface.  These 
heaps  of  "  moraine  "  accumulate  along  the  sides  and  at  the  lower  termi- 
nation of  the  glacier,  and  the  arrangement,  or  rather  confused 
aggregation,  of  the  materials  in  them  resembles  veiy  much  that  of  the 
masses  to  be  accounted  for.  The  surface  of  the  rocks  below  a  glacier 
is  scratohed,  as  we  have  before  stated  to  happen  in  places  where 
bouldera  are  noticed ;  and  as  in  tiie  Alps  it  ia  certain  that  gladera 
have  formerly  been  extended  much  further  from  the  mountain- 
summits  than  now  they  are  [Swow,  Pkbskkujl],  it  has  been  con- 
jectured that  ancientiy,  in  the  times  coincident  with  or  preceding 
the  boulder  or  drift  period,  they  were  very  much  more  extended,  so  as 
even  to  have  reached  from  the  Alps  to  the  Jura,  from  the  mountains 
of  Nonray  to  those  of  Bohemia,  and  from  Shap  Fells  in  Westmoreland 
to  the  mouth  of  the  Humber.  Upon  the  subsequent  contraction  of 
these  glaciers,  the  moraines  they  had  left  would  e^erienoa  soma  I 


changes  by  the  action  of  water  (melted  ice),  which  might  then  run  in 
lines  impossible  for  watery  currents  after  the  ice  was  fully  removed. 
(Agassiz,  'Etudes  sur  les  Glaciers.')  On  the  grooves  and  strise  on  the 
surfaces  of  rocks  Mr.  Jukes  remarks  ('Popular  Physical  Qeology,' 
p.  280),  in  considering  the  former  action  of  ice,  here  alluded  to,  "  In 
additimi  to  ice  however,  Mr.  Mallet  has  acutely  pointed  out  that  many 
of  these  appearances  may  be  due  to  what  he  somewhat  inappropriately 
terms  'mud  gfladers,'  by  which  he  means  the  sliding  forward  or 
slipping  of  great  masses  of  day,  mud,  or  sand,  chained  with  pebbles 
and  faoulden,  along  the  inland  surfaces  of  rock,  either  as  the  land  rose 
from  the  sea,  or  when  they  were  subsequentiy  loosened  by  the  action 
of  rain  and  other  water." 

The  examination  of  the  boulders  of  certain  parts  of  the  Himalayan 
ran^,  and  the  application  of  the  theory  of  glader  movement  to  explain 
their  distribution,  has  led  Dr.  Joseph  D.  Hooker  to  suggest  some 
modifications  of  that  theory  in  respect  of  those  localitiea.  The  banks 
of  the  Qreat  Rungeet  river,  near  its  junction  with  the  Knlhait,  consist 
of  mica-slato,  cumbered,  in  a  deep  goi^  through  which  the  river  flowB^ 
with  enormous  boulders  of  that  rock,  of  clay-slate,  and  of  granite,  some 
fully  10  feet  in  diameter.  But  the  latter  rock  is  not  common  at  eleva- 
tions bdow  10,000  feet,  whereas  the  absolute  elevation  of  the  river 
here  is  only  1840  feet;  it  is  not  easy  therefore  to  account  for  their 
present  position-  "  They  have  been  transported,"  Dr.  Hooker  infers, 
"  from  a  considenble  distance  in  the  interior  of  the  lofty  valley  to  the 
north,  and  have  descended  not  less  than  8000  feet,  and  travelled  fully 
fifteen  miles  in  a  straight  line,  or  perhaps  forty  along  the  river  bed. 
It  may  be  supposed  that  moraines  have  transported  them  to  8000  feet 
(the  lowest  limit  of  apparent  moraines),  and  tiie  power  of  river  water 
carried  them  further ;  if  so,  the  rivers  must  have  been  of  much  greater 
volume  formerly  tham  they  are  now."  Another  explanation  was  re- 
quired by  the  enormous  fractured  bouldera  of  gneiss  frequent  over  the 
whole  of  the  mountain  Mons  Lepcha,  in  the  Sikkim  Himalaya,  at 
devations  of  from  7000  to  11,000  feet.  Contrary  to  those  mentioned 
above,  they  were  of  the  same  material  as  the  rock  in  tUu,  moA  as  unac- 
countable in  their  origin,  by  received  theory,  as  the  loose  blocks  on  the 
Dorjiling  and  Sinchvu  spurs  to  the  souUi,  at  similar  altitudes,  often 
cresting  narrow  ridges.  Dr.  Hooker  measured  one  ang<ilar  detached 
block,  io  feet  high,  resting  on  a  steep  narrow  shoulder  of  the  spur,  in 
a  position  to  which  it  was  impossible  it  could  have  rolled;  "and  it  is 
equally  difficult  to  suppose,"  he  observes,  "  that  glacial  [glacier]  ice 
deposited  it  4000  feet  above  the  bottom  ot  the  gorge,  except  we  con- 
dude  the  valley  to  have  been  filled  with  ice  to  that  depth."  A  third 
modification  of  or  addition  to  the  glacier  theory  of  boulder  distribu- 
tion, is  pointed  to  by  the  locality  of  the  Jongri  spur  of  the  great 
mountain  Einchinjunga  [Oboloot],  over  which  are  scattered  blocks 
of  gneiss,  many  20  feet  in  diameter.  "  It  is  not  possible  to  account 
for  the  transport  and  deposit  of  these  bouldera  by  glaciera  of  the  ordi- 
nary form,  namdy,  by  a  stream  of  ice  following  tiie  course  of  a  valley; 
and  we  are  forced  to  speculate  upon  the  possibility  of  ice  having  capped 
the  whole  spur,  and  moved  downwards,  transporting  blocks  from  the 
prominences  on  various  parts  of  the  spur."  'Himalayan  Journals,' 
voL  i.,  pp.  242, 253, 288. 

The  entire  subject  of  the  transport  of  erratic  blodu,  and  of  the 
hypotheses  which  have  been  framed  to  account  for  it>  has  been  criti- 
cally examined  by  Mr.  W.  Hopkina,  in  a  paper  '  On  the  Elevation  and 
Denudation  of  the  District  of  the  Lakes  of  Cumberland  and  Westmore- 
land,' in  the  '  Quart.  Joum.  of  the  Geol.  Soc.,'  voL  iv. 

The  great  mass  of  diluvium  from  the  Cumbriaf  moimtains,  already 
alluded  to,  which  coven  the  surface  of  Lancashire,  rests  on  nothing 
more  recent  than  the  new  red  sandstone,  and  Mr.  Hopkins  conceives 
that  ite  transport  might  have  begun  with  the  elevatory  movements 
which  disturbed  that  formation,  when  the  surface  of  the'  present  moun- 
tainous district  began  to  rise  permanentiy  above  the  surface  of  the 
ocean,  and  the  vaifeys  began  to  be  formed.  The  spreading  out  of 
diluvial  matter — that  term  being  now  adopted  in  ite  broad  physical 
sense — may  be  regarded  as  the  necessary  consequence  of  wide  general 
currente,  and  that  this  has  been  the  agency  by  which  the  mass  of 
diluvium  in  question  has  been  transported  to  ite  present  locality  and 
position,  does  not  admit,  in  Mr.  Hopkins's  opinion,  of  the  snullest 
doubt  He  accounts  for  the  existence  of  currente  diverging  from  the 
centre  of  the  district  by  a  repetition  of  paroxysmal  elevations  of  from 
100  to  200  feet;  imd,  affirming  the  entire  adequacy  of  this  cause  to 
transport  all  the  erratic  blocks  derived  from  that  region,  condudes 
that  such  has  been  the  agency  by  which  that  transport  has  actually 
been  effected.  He  rejecte  the  iceberg  theory  in  ite  application  to  the 
case  investigated,  but  conceives  that  floating  ice  may  probably  have 
been  the  most  efficient  agent  in  transporting  the  larger  blocks  of  colder 
regions  from,  their  original  localities.  Mr.  Hopkins's  paper  may  be 
studied  with  great  advantage  with  reference  to  the  whole  subject  of 
the  distribution  of  bouldera  and  of  the  northern  drift. 

We  do  not  propose  to  investigate  any  of  the  hypotheses  above 
steted,  preceding  the  fecte  and  reasoning  we  have  derived  from  Dr. 
Hooker  and  Mr.  Hopkins.  Qeologisto  have  been  remarkable  tar 
eagerly  adopting  and  as  easily  abandoning  most  of  them ;  and  othera 
might  have  been  added  merely  as  beacons  to  be  avoided.  It  may  be 
proper  however  to  point  out  three  things  which  may  be  useful  to 
remember  in  further  prosecuting  this  subject,  and  which,  indeed,  have 
neither  been  forgotten  nor  neglected,  bj  Uie  geologiat  last  n*mecU 
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1.  It  must  be  determined  by  evidence  whether  the  aocumulation  to 
be  expUuned  happened  on  the  land  at  its  present  level,  or  on  the  bed 
of  the  aea. 

2.  It  must  be  determined  by  evidence  what  was  the  probable 
character  of  the  climate  in  the  countries  where  diluvial  accumulations 
excite  attention. 

3.  In  proposing  a  general  cause,  such  for  example  as  the  movement 
of  glaciers,  it  must  be  shown  to  be  adequate  to  satisfy  all  the  minuter 
details  of  the  phenomena,  and  not  inconsistent  with  genertd  limiting 
conditions  established  by  extensive  induction  from  facts  observed  in 
the  earth  itself,  or  admitted  as  parts  of  general  cosmical  theory. 
[RsrBiaEBAnoN  op  tbe  Globe  ;  and,  in  Nat.  Hist.  Dit.,  Qboloqt 
and  STIBI1LA.BINB  Forests.] 

The  determination  of  the  cause  of  the  diluvial  accumulations  is  of 
the  highest  importance  in  geological  theory.  It  is  impossible  to  doubt 
that  to  the  same  cause  must  be  ascribed  many  considerable  modifica- 
tions of  the  pre-exuttnt  rurface  of  the  land.  If,  abstracting  our 
attention  from  tiie  accumulated  deposits  which  conceal  the  stratified 
and  other  rocky  masses  in  the  crust  of  the  earth,  we  look  at  the  actual 
form  of  its  surface,  there  appears  little  that  is  even  difficult  of  explana- 
tiou  by  the  application  of  known  and  real  causes.  The  relative  areas 
of  sea  and  land ;  the  peculiarities  of  outline  of  continents  and  islands ; 
the  directions  of  mountain-ranges,  and  remarkable  vales  and  plains ; 
the  individual  features  of  hills  and  valleys ;  the  degree  in  which  the 
land  is  wasted  in  some  quartera  and  augmentiad  in  others ;  and  the  rate 
of  change  which  may  take  place  in  tiiese  respects; — idl  this  may  be 
satisfactorily  referred  to  subterranean  and  submarine  disturbances  of 
different  periods,  to  the  effects  of  the  sea  upon  the  land  when  the  land 
was  not  at  its  present  level  above  the  water,  and  to  the  operation  of 
the  atmosphere,  rains,  rivers,  and  inundations. 

From  this  large  field  of  research  we  shall  select  for  brief  illostration 
the  outlines  of  land  and  sea,  the  directions  of  high  and  low  ground, 
and  the  individual  features  of  hills  and  valleys.  The  few  examples 
needed  will  be  drawn  from  the  British  Isles,  but  the  explanations  are 
of  general  application.  To  render  the  article,  as  reproduced  in  this 
work,  more  accordant  with  the  actual  state  of  geology,  illustrations  of 
other  parts  of  the  subject  are  now  added,  some  from  loreign  countries, 
but  of  general  application  equally  with  the  former. 

Huch  of  the  uregularity  of  outline,  on  a  large  scale,  of  the  British 
Islands  depends  on  the  /omt  in  which  the  ancient  bed  of  the  sea  was 
elevated  into  dry  land.  Thus  the  line  of  the  Hebrides,  the  prominent 
parts  of  Caithness,  of  Aberdeenshire,  and  of  Argyleshire,  are  on  axes  of 
upward  movement  of  the  primary  strata ;  while  the  Oreat  Caledonian 
Valley,  from  Fort  William  to  Inverness^  and  the  great  basin  of  the 
Forth  and  Clyde,  are  in  axes  of  depression  of  the  strata.  This  latter 
hollow  is  margined  on  the  south  by  the  great  axis  of  elevation  of  the 
Galloway  and  Lammermuir  hills,  reappearing  beyond  the  Irish  Channel 
south  of  Belfast,  as  the  Argyleshire  chain  is  resumed  in  DonegaL  The 
Isle  of  Han,  the  promontory  of  LIsyn  in  Caernarvonshire,  the  east 
and  west  ridges  and  hollows  of  the  strata  which  reach  the  sea  in  South 
Wales  and  North  Devon,  give  to  Pembrokeshire,  Glamorganshire,  and 
North  Devon  remarkable  and  detailed  alternations  of  promontory  and 
bay.  The  Isle  of  Wight  is  formed  on  an  axis  of  elevation  from  the 
Needles  to  Culver  Cliff ;  while  north  of  it  are  the  axis  of  depression  of 
the  Solent,  the  axis  of  elevation  of  the  wealds  of  Sussex,  and  the  axis 
of  depression  of  the  estuary  of  the  Thames. 

Inland,  the  same  ridges  and  hollows,  and  others  of  as  great  import- 
ance, produce  continuous  chains  of  hills — the  North- Western  Highlands, 
the  Grampians,  the  Lammermuir  range  of  hills,  the  Wicklow  moun- 
tains, the  Snowdon  mountains,  the  Berwyu,  and  Malvern  hills,  and  mul- 
titudes of  other  narrow  tracts  of  elevated  land.  QtettfauUt,  elevating 
or  depressing  one  portion  of  a  natural  district,  leave  marks  of  inequality 
on  the  surface.  Thus  the  great  Pennine  faults,  ranging  from  New- 
castle to  Brampton,  and  thence  to  Kirby  Lonsdale  and  Settle,  occasion 
differences  of  level  in  the  ground  of  1000  and  2000  feet  for  a  length  of 
100  miles. 

In  oil  cases,  and  in  every  country,  it  appeara  that,  notwithstanding 
the  operation  of  later  agencies,  the  main  features  of  the  surface  of  the 
laud  are  due  to  the  positions  in  which  subterranean  movements  left 
the  displaced  masses  of  rocks.  But  the  operation  of  subsequent 
agencies  is  distinctly  traceable  in  modifications  of  these  features  on  the 
sea-coast,  and  in  the  interior  of  every  country. 

The  surface  of  the  land  has  been  vxuttd,  and  as  the  various  stony 
and  earthy  masses  which  come  to  the  surface  have  unequal  compact- 
ness, and  are  unequally  capable  of  resisting  the  chemical  and  mechanical 
agencies  which  originate  in  the  varying  heat  and  moisture  of  the  atmo- 
sphere, we  find  in  consequence  a  multitude  of  irregularities,  both  on  a 
large  and  small  scale,  directly  related  to  the  properties  of  the  rocks. 
On  the  sea-coiist  some  parts  are  known  to  be  wasted  (as  the  coasts  of 
Sheppey,  Dunwich,  and  Bridlington)  even  rapidly,  one  or  several  yards 
annually  on  the  average ;  others  seem  almost  unchanged  by  a  thousand 
years  of  storm  and  tempest,  as  the  "  Worm's  Head ; "  and  some 
considerable  tracts  of  new  land  have  been  added  to  the  shores  of 
Lincolnshire,  along  the  banks  of  the  Thames,  and  by  the  side  of  the 
Severn. 

The  line  of  coast  from  the  Tyne  to  the  Humber  is  instructive  in 
this  respect.  The  prominences  on  the  Dnrham  coast,  ending  with 
Hartlepool,  are  guarded  by  magnesian  limestone,  and  the  eetuary  of 
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the  Tees  is  excavated  in  red  marl  and  lias  clays.  The  peak  near  Robin 
Hood's  Bay,  Scarborough  Castle  Hill,  Filey  Brig,  and  Flamborough 
Head,  are  all  promontories  of  hard  rocks ;  but  Robin  Hood's  Bay, 
Scarborough  Bay,  Filey  Bay,  and  Bridlington  Bay,  are  all  excavated 
and  wasted  in  clays  of  the  liassic,  oolitic,  and  diluvial  periods.  The 
interior  of  the  country  shows  similar  effects  on  a  grander  soale..  The 
great  vales  and  plains  of  England,  in  ports  the  least  influenced  by 
subterranean  disturbances,  are  by  no  means  the  excavated  paths  of 
rivera,  nor  are  the  great  raagea  of  hills  the  separating  summits 
between  such  rivers.  The  plains  and  vales  are  lines  of  soft  and 
perishable  strata,  and  the  crests  which  divide  these  vales  are  ranges  ol 
harder  rocks.  A  transverse  section  of  the  English  strata  shows  always, 
both  on  a  large  and  small  scale,  this  important  fact  (see  fg.  1),  and 
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Fig.  1  abova  the  rcUtiYcl;  prominent  parta  In  11  line  of  aection  aoroea  the 
secondary  atrata.  1,  being  chalk ;  3,  lower  grsen-aand ;  S,  oorallina  oolite 
and  ealcureona  grit ;  4,  comhraah ;  9,  foreat  marble ;  6,  great  ooUte ; 
7,  inferior  oolite ;  8,  marlatone ;  9,  lias  limestone.  The  iaterrening 
hollowa  are  nniformly  argUlaeeoos. 

every  well-shaded  topographical  map,  coloured  geologically,  demon- 
stratiBa  the  extent  of  its  application  in  explaining  the  irregularity  of 
sattuoB.  The  chalk  hills,  ooUtio  hills,  &c.,  alternating  with  vales  of 
clay,  in  all  the  southern  and  eastern  parts  of  England,  give  to  those 
parts  characten  far  more  important  thian  the  undulations  connected 
with  river  channels. 

Similarly,  hiUs  and  valleys,  in  which  rooks  of  unequal  power  of 
resisting  watery  action  appear,  show  the  force  and  continuity  of  this 
action  by  tiie  prominence  of  the  hard  rooks  and  the  excavated  surfaces 
of  the  lofter  masses.    Thus,  in  jig.  2,  we  see  on  the  breast  and  edges 
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Fig.  i.  Aapeetof  a  monatain  conaistlng'of  earbonlferons  limestone,  ahale,  and 
aandatone  ;  tbe  limestone  banda  (marked  I)  project  remarkablj,  and,  vhcro 
they  cross  a  valley,  make  wattrfkUs. 

of  a  hin  composed  of  limestones,  sandstones,  and  shsles,  the  especial 
prominence  of  the  limestones ;  and  where  these  cross  a  valley,  each 
limestone  edge  is  the  place  of  a  waterfall.  By  studying  in  such  valleys 
the  manner  in  which  the  actual  stream  wastes  the  rodss,  we  can  easily 
assure  ourselves  of  the  truth  of  the  general  explanation  offered  above. 
In  fg.iwii  section  of  a  waterfall,  lowing  the  edge  of  limestone  (a) 


lig,  3.  The  side  view  of  a  waterfall,  where  the  atream  falls  free  of  the  rock, 
and  causca  excavation  in  the  sttbjsoent  shales. 

over  which  the  water  falls,  and  under  it  a  bed  of  sandstone  (b)  little 
wasted,  but  at  the  bottom  a  body  of  shale  which  has  perished  by  the 
dampness  and  spray,  and  is  excavated  in  a  remarkable  manner. 

Just  such  an  action  is  observable  on  similar  cliffs  by  the  sea,  and  in 
each  case  the  same  effect  follows  :  the  falling  of  tbe  hard  rook  at  top 
from  want  of  support  below.  Thus  the  situation  of  a  waterfall  is  dsdly 
displaced,  and  is  moving  up  the  stream,  as  the  Falls  of  Niagara  and 
Hardrow  Force  are  known  to  have  done.  (Lyell, '  Principles  of  Geology.') 
Into  all  these  effects  of  waste  on  the  earth's  surface  rain  entera  for 
something  important.  Few  surfaces  of  rock  are  altogether  exempt 
from  chemical  changes  dependent  on  atmospheric  variations ;  all  are 
more  or  less  liable  to  perish  with  rain,  frost,  and  watery  movements  ; 
and  thus  the  individual  features  of  hills  and  valleys,  the  ranges  of  high 
and  low  ground,  and  the  outlines  of  land  and  sea,  appear  to  be  effects 
impressed  by  subterranean  movements  and  fractures  of  the  earth's 
crust,  modified  by  the  action  of  the  sea  on  materials  of  unequal 
resisting  power,  while  they  were  below,  and  while  they  were  rising 
through  its  watera,  and  by  the  subsequent  mechanical  agencies  of 
rivers,  reins,  and  chemical  forces  excited  by  atmospheric  variations. 
[Geoloot,  in  Nat.  Hist.  Drv.] 

Mr.  G.  Poulett  Scrope,  M.P.,  F.R.S.,  the  author  of  some  precious 
contributions  to  igneous  geology,  of  the  moat  original  kind,  but  which, 
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SURFACES  07  THE  SECOND  DEGREE. 


after  the  lapse  of  more  than  the  third  part  of  a  centniy,  areonlj 
beginning  to'  be  duly  appreciated,  has  urged,  in  his  '  Geology  and 
Voicanos  of  Central  France,'  first  published  in  1828,  and  in  a  paper 
on  the  ezeavation  of  certain  valleys,  communicated  to  the  Oeological 
Society  a  few  years  after,  the  conclusive  nature  of  the  eridenoe  of  the 
immense  changes  in  the  surface  of  the  earth  which  have  been  effected 
by  the  action  of  "  meteoric  agents " — that  is,  of  the  atmosphere,  its 
depositions,  and  its  ever-varying  temperature, — together  with  that  of 
the  streams  they  produce,  upon  the  different  rocks  and  materials  con- 
stituting the  land,  and  which,  in  bis  judgment,  entirely  supersede  the 
necessity  for  referring  them  to  the  agency  of  mi^ly  overwhelming 
floods  and  currents,  however  occasioned.  Descnbing  the  volcanic 
formations  of  the  Velay,  and  in  particular  the  position  and  actual  state 
of  a  current  of  lava,  which  has  spread  itself  to  the  width  of  five,  seven, 
and  nine  miles,  covering  an  extensive  and  elevated  table-land  formerly 
called  the  Coiron,  which  consists  of  Jurassic  or  oolitic  strata,  be  shows 
that  there  cannot  be  the  least  doubt  but  that  the  whole  of  this  lofty 
tract  of  secordary  strata  has  been  solely  preserved  from  destruction  by 
its  volcanic  tapping.  The  remainder  of  the  oolitic  formation  around, 
forming  the  secondary  district  of  the  Bhflne  valley,  has  been  eaten 
into  in  all  directions  by  various  mountain  torrents,  and  gnawed  down 
by  meteoric  abrasion  to  a  far  lower  level.  The  immense  quantity  of 
matter  which  must  have  been  thus  abstracted  from  the  oolitic  mass 
since  the  epoch  at  which  this  lava  was  emitted  from  the  now  extinct 
Tolsano  of  the  Hont  Mesen — an  epoch  proved  to  be  but  raoent  by  the 
fkct  that,  lieneath  the  giBBlt  which  it  has  become,  a  vegetable  soil  is 
found,  containing  t&  re  trial  shells  of  a  speuies  still  existing  in  the 
same  country^"  canr  ^  |~  it  strike  us  with  ;^iitoniihment.  There  can 
be  no  doubt,"  Mr.  Bcrope  continues,  "  that  the  iiurfsce  on  which  the 
basalt  of  the  Coiron  rests  was  at  that  period  tht  lowest  of  the  neigh- 
bouring levels,  or  these  repeated  currents  of  liquid  [flowing]  matter 
oonld  not  have  flowed  in  its  direction ;  yet  at  present  this  same  surface 
vastly  overtops  every  other  height  of  the  same  formation,  and  ranges 
upwards  of  a  thousand  feet  above  the  average  level  of  the  valley-basins 
of  the  Arddohe  and  Kh6ne  on  either  side.  That  a  considerable  pro- 
portion of  these  was  excavated  by  '  rain  and  rivers,' — in  other  words, 
by  meteoric  agency  such  as  is  still  in  operation,  and  not  by  any  diluvial 
or  general  flooi,— is  susceptible  of  direct  proof.  To  attribute,  there- 
fore, the  remainder  to  any  other  cause  of  an  hypothetical  nature 
unsupported  by  evidence,  would  seem  to  be  contrary  to  tie  rules  of 
analogy.  But  the  conclusion  that  the  greater  portion  of  the  valley  of 
the  Khdne  has  been  so  recently  excavated,  and  by  such  agency  alone, 
involves  important  consequences,  since  the  same  agents  must  have 
been  at  work  everywhere  else,  and  produced  results  as  stupendous 
during  the  same  comparatively  recent  period."  ('  G.  &  V.  of  Central 
France,'  ch.  viii.)  In  the  second  edition  of  this  work,  published  in 
1858  (ch.  ix.,  pp.  207-208,  note),  the  author  expresses  his  opinion  that 
uoithor  Sir  C.  Lyell  (the  most  comprehensive  advocate  for  the 
eufljcienoy  of  exibting  oauses)  nor  the  bulk  of  geologists  are  "  even 
yet  suflioiently  impressed  with  the  immense  amount  of  excavation  or 
denudation  eueoted  on  supra-marine  land  by  the  erosive  force  of  the 
pUinal  and  fluvial  waters."  "That  story,"  he  adds,  "is  yet  to  be 
written." 

There  are,  however,  limitations  to  these  changes  in  the  present 
condition  of  the  earth's  surface,  some  of  which  are  ultimately  imposed 
upon  them  by  their  own  operation.  They  were  acutely  urged  by  the 
late  Rev.  Dr.  W.  D,  Conybeare,  a  conaunmiate  geologist  of  his  time,  in 
his  introduction  to  the  '  Outlines  of  the  Geology  of  England  and  Wales,' 
by  himself  and  the  late  Mr.  W.  Phillips,  and  in  some  papers  in  the 
'  Philosophical  Magazine '  consequent  upon  the  first  appearance  of  Sir 
C.  Lyell's  '  Principles  of  Geology.'  From  thirty  to  forty  years  have 
elapsed  since  the  publication  of  his  views,  which  have  been  almost 
forgotten,  on  which  account  we  cite,  from  the  publication  first  men- 
tioned, some  of  the  most  apposite  :— "  Over  a  great  part  of  the  earth's 
surface  the  influence  of  these  washing  causes  is  absolutely  null,  the 
mantle  of  greensward  that  invests  it  being  an  efiectual  protection. 
The  burrows  of  the  aboriginal  Britons,  after  a  lapse  of  certainly  little 
less,  and  in  many  instances  probably  more,  than  two  decades  of 
centuries,  retain  very  generally  all  the  pristine  sharpness  of  their  out- 
line ;  nor  is  the  slight  fosso  that  sometimes  surrounds  them  in  any 
degree  filled  up.  Causes,  then,  which  in  two  thousand  years  hhve  not 
afl°ected  in  any  perceptible  manner  these  small  tumuli,  so  often 
gc-.t»ered  in  very  exposed  situations  over  the  crests  of  our  hills,  can 
have  exerted  no  very  great  influence  on  the  mass  of  these  hills  them- 
selves in  any  assignable  portion  of  time  which  even  the  imagination  of 
a  theorist  can  allow  itself  to  conceive ;  and  where  circumstances  are 
favourable  to  a  greater  degree  of  waste,  sUU  there  is  often  a  tendency 
to  approach  a  maximum  at  which  farther  waste  will  be  checked  :  the 
abnipt  cliff  will  at  last  become  a  slope,  and  that  slope  become  defended 
by  Its  grassy  coal  of  proof.  It  should  appear  that  even  the  action  of 
the  sea,  certainly  the  most  powerful  and  important  of  all  those  we 
have  surveyed,  h.Ts  a  similar  tendency  to  impose  a  limit  to  its  o\\-n 
ravzges. '  Dr.  Conybeare  also  considers,  in  relation  to  the  permanence 
of  the  general  surface  of  the  globe,  the  possible  effect  on  the  level  of 
the  sea  of  the  quantity  of  materials  carried  into  it,  which  he  concludes 
to  be  absolutely  imperceptible— a  conclusion  amply  justified  by  the 
recent  investigaUon  of  Mr.  A.  Tylor.  aa  noticed  in  the  article  Sea, 
col.  41?. 


The  relation  of  these  and  other  llmitationa  to  the  oonsaqneneea  of 
the  modem  doctrine  referring  the  mighty  operations  whioh  hava 
formed  and  modified  our  continents  to  causes  now  in  action,  acting 
also  under  their  present  eonditions,  and  with  only  their  present  foroea, 
has  not  been  adequately  considered  by  subsequent  geologists.  Dr. 
Conybeare's  views  on  this  subject,  we  conceive,  in  common  with  those 
taken  by  him  on  other  important  points  in  the  philoeophy  of  geology, 
have  not  received  from  his  successors  the  oonsideration  uiey  deserve : 
a  eircumstance  ot  which  the  faot  of  his  own  withdrawal  from  the  pur- 
suits of  science  for  many  of  the  later  years  of  hia  life,  may  afiord 
some  explanation. 

The  subject  of  the  preceding  portion  of  this  article  is  one  of  phyiieal 
geography  and  geology.  But  we  may  regard  the  surface  of  the  globe 
in  a  wider  philosophi<»l  sense,  not  as  oonfined  to  that  of  the  land  and 
sea-bed,  but  as  the  limit  of  the  extension  of  the  matter  eonstitutini} 
oar  planet ;  and  therefore,  also,  of  a  certain  class  of  the  actions  whioh 
maintain  it,  though  not  of  all  the  forces  to  which  that  matter  ii 
subject,  some  of  them  extending  beyond  that  limit  In  this  isuie 
the  earth  has  two  surfaces,  that  of  the  land  and  water  taken  together, 
and  that  of  the  thin  spherical  shell  of  air  that  rests  upon  and 
encompasses  it.  The  latter  is  the  termination  in  space  of  our  planet ; 
the  former,  the  termination  of  the  solid  and  liquid  matter  of  which  the 
earth,  or  at  least  its  superficial  crust,  consists,  whatever  may  be  the 
physical  state  of  the  more  central  interior,  of  which  we  know  nothing. 
These  surfaces  are  the  final  results  of  the  equilibrium  which  the 
mutually  acting  and  reacting  forces  of  nature  maintain  in  the  globe. 

Thus  considered,  the  subject  has  an  interest  of  its  own,  independent 
of  the  geographical  and  geological  importance  of  the  surfeoe  of  the 
land  or  solid  matter.  Though  the  waters  form  only  a  residual  film,  as 
it  were,  of  certain  materials  of  the  crust  which  are  liquid  at  the  mean 
temperature  of  the  surface,  a  result  ot  the  final  equilibrium  of  the 
chemical  and  physical  actions  taking  plaoe  below  and  above,  yet  their 
portion  of  the  surface,  so  much  greater  than  that  of  the  exposed  solid 
matter,  or  land,  has  a  paramount  influence  on  the  constitution  of  the 
terminal  shell  of  matter—the  atmosphere — with  respect  to  its  aqueous 
constituent.  The  atmosphere,  in  hke  manner,  is  the  resultant  residua 
of  the  physical  and  chemical  actions  taking  place  upon  the  terraqueous 
surface,  or  below,  within  reach  of  the  atmosphere,  but  oonsiating  of 
materials  which  are  aSriform  at  the  mean  temperature  of  the  globe ; 
some,  indeed,  at  all  known  temperatures ;  others  within  a  certain  range 
of  them. 

The  definite  surface  of  the  terraqueous  globe,  there  is  reason  to 
conclude,  is  repented  in  that  of  the  atmosphere,  the  finite  extent  of 
which  we  conceive  to  be  demonstrated  by  that  of  the  column  of 
mercury  or  water,  or  other  gravitating  fluid  in  the  barometer.  It 
would  appear,  on  first  considering  the  subject,  that  the  only  changes 
this  surface  can  undergo  will  be  extensive  perpetual  undulations  of 
the  nature  of  tides,  and  disturbances  occasioned  by  the  entrance  and 
transit,  and  perhaps  by  the  ignition,  of  the  bodies  which  become 
meteors.  It  may,  however,  be  true,  Agreeably  to  the  views  of  Poisson, 
in  particular  respects  anticipated  by  Graham  and  by  Luke  Howard, 
and  with  which  aJso  harmonise  certain  inferences  regarding  the  struc- 
ture of  the  higher  regions  of  the  atmosphere  originally  drawn  by 
Mr.  Brayley,  and  virtuaUy  adopted  by  the  kte  Professor  Daniell — that 
the  atmosphere  has  a  terminal  film  of  solid  matter — frozen  air — 
forming  upon  a  subterminal  one  of  liquid  matter — liquefied  air — itself 
passing  below  into  a  stratum  of  air- vapour,  and  that  into  a  still  inferior 
one  of  dense  air  retaining  its  gaseous  condition  ;  the  rarest  stratum 
of  the  air  being  thus  beneath  the  summit  of  the  atmospheric  column, 
and  not  constituting  the  upper  surface,  as  long  tacitly  assumed,  and  as 
indeed  would  follow  from  the  law  of  elasticity  of  the  air  considered 
by  itself.  In  this  case,  in  addition  to  the  movements  alluded  to,  the 
surface  of  the  atmosphere  must  bo  in  a  state  of  perpetual  equilibrated 
motion  and  change,  the  ultimate  physical  resultant  of  the  continual 
subversion  and  restoration  of  equilibrium,  or  at  least,  of  the  existing 
tendencies  to  those  conditions,  arising  from  the  antagonism  of  heat 
and  gravitation. 

The  complex  superficial  crust  of  our  planet,  of  which  the  surfaces  of 
the  atmospheio  and  of  the  terraqueous  globe  are  the  superior  limits,  ia 
the  final  result  of  the  action  of  the  sun  upon  those  surfaces,  reacted 
to  by  the  interior  forces  of  the  earth,  which  the  sun,  as  it  were, 
governs,  both  by  its  direct  action,  gravitative,  caloriflo,  light-giving,  imd 
magnetic ;  and  also  indirectly,  through  that  of  the  waters  and  the  air 
Upon  tfie  land,  the  solid,  liquid,  and  aiiriform  elements  of  the  crust 
being  thus  all  subject  to  its  action ;  while  a  certain  amount  of  action  is 
also  exerted  upon  them  by  the  radiation  of  the  stars,  the  suns  of  other 
systems.  On  the  surface  of  the  earth,  therefore,  in  its  most  oompre- 
hensive  sense,  are  inscribed  the  indelible  and  enduring  records  of  all 
the  activities,  terrestrial,  solar,  and  celestial,  which  have  produced,  and 
are  perpetually  reproducing  it ;  and  on  that  of  the  terraqueous  globe, 
thus  maintained  in  equilibrium,  organic  nature  and  man  exist,  the 
well-being  of  the  latter  being  the  end,  or  final  cause,  of  the  whole. 

SURFACES  OF  THE  SECOND  DEGREE.  This  name  is  given 
to  all  those  surfaces  of  which  the  equation  is  of  the  second  degree,  or 
can  be  made  a  case  of 

aa' ■^  ij*  +  «•  +  2a'yj  +  26'ar  +  2«'ay 
+  ioTx  +  Wy  +  ic'z  ■h/=  0, 
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to  which  form  any  equation  of  the  second  degree  'between  three 
Yariablas  may  be  reduced.  These  surfaoes  hold  the  same  place  among 
surfaces  which  is  held  by  ourree  of  the  second  degree,  or  conio  sectiona, 
among  curves ;  and  eraiy  aaotion  made  by  a  plane  with  any  snrfaee  of 
the  second  degree  must  be  a  eurre  of  the  second  degree.  The  following 
article  is  intended  entirely  for  reference,  as  tiie  books  which  treat  on 
the  subject  hardly  ever  give  the  complete  testa  for  the  sepantien  of 
the  different  cases  from  each  other. 

1.  The  preceding  equation  may  be  wholly  Impoasible,  or  incOpaUa  of 
being  satisfied  by  any  values  of  x,  y,  and  &  This  happens  when  the  left* 
band  side  can  be  resolved  into  the  som  of  any  number  of  squares  whioh 
cannot  vanish  simultaneously. 

2.  It  may  represent  only  one  single  point.  In  this  ease  the  left-lMuid 
side  oan  be  resolved  into  the  sum  of  three  squares,  whioh  vanish 
simultaneously  for  one  set  of  values  of  x,  y,  and  f. 

8.  The  equation  may  belong  to  a  single  straight  line.  In  this  eaas 
the  left-hand  side  can  be  resolved  into  the  sum  of  two  squares. 

4.  The  two  lost  cases  have  a  partioular  case  which  is  algebraieally 
very  distinguishable  from  the  rest,  though  it  can  only  be  geometrically 
represented  by  saying  that  the  point  or  line  ia  at  an  infinite  distance 
from  the  origin. 

5.  The  equation  may  belong  to  a  single  plane.  In  this  eaaeth* 
left-hand  side  is  a  perfect  square. 

0.  Or  to  a  pair  of  planes,  either  parallel  or  intersecting.  The  left- 
hand  side  oan  then  be  resolved  into  two  different  fitotors  of  the  first 
d^ree. 

In  the  preceding  eases  there  ia  no  otiier  surface  than  can  be  repre* 
kented  by  one  or  several  equations  of  the  first  degree.  We  now  come 
to  the  eases  in  which  new  surfaces,  not  plane,  are  generated.  But  we 
may  first  observe  that  the  left-hand  side  of  the  equation  haa  a  property 
much  resembling  a  celebrated  one  of  integer  numbers.  If  it  b«  the 
sum  of  any  number  of  squares  exceeding  four,  it  may  be  nduoad  to 
the  sum  of  four  squares  at  most. 

7.  The  equation  may  belong  to  a  cone,  having  for  its  base  any  one 
of  the  conic  sections.  But  in  every  case  the  same  oone  may  be 
described  by  a  circle  only :  that  is,  every  cone  of  the  second  order  is  a 
circular  cone,  right  or  oblique.  In  tiiis  case,  the  first  side  of  the 
equation  takes  the  form  I*  +  (j'— e',  or  p'-q'— »',  p,  q,  and  R  being 
expressions  of  the  first  degree,  of  the  form  Ax-1-B^-f-os-l-B. 

8.  The  equation  may  belong  to  a  cylinder  having  for  its  base  any 
conic  section.  But  the  elliptic,  parabolic,  and  hyperbolic  cylinder*  ore 
perfectly  distinct.  In  this  case  the  first  side  of  the  equation  can  be 
reduced  to  the  form  p' -(- mq' -)- nq,  p  and  q  being  expressions  of  the 
first  degree,  and  m  and  n  constants. 

9.  The  equation  may  belong  to  an  ellipsoid,  a  tingle  kyperboMd,  a 
double  hyperboloid,  an  tUiptic  paraboloid,  or  an  hypirbolit  paraboloid. 
These  five  are  the  distinct  surfaces  of  the  second  degree,  answering  to 
the  three  distinct  curves  of  the  second  degree — namely,  the  ellipsoid 
to  the  ellipse,  the  two  hyperboloids  to  the  hyperbola,  and  the  two 
paraboloids  to  the  parabola.  They  will  presently  be  furtiier  desoribed ; 
in  the  mean  time  the  forms  to  which  the  left-hand  side  of  the  equation 
may  be  reduced  in  these  several  cases  are — 

Ellipsoid  I'  +  di'+a.'-  m\ 
Single  Hyperboloid  p"  -f  q'—  b'  -  m?. 
Double  Hyperboloid  p^— q'— n'— m*. 
Elliptic  Paraboloid  p'-i-q'-f  ma. 
Hyperbolic  Paraboloid  p"— q'-hwB. 

Hie  conditions  under  which  [the  several  cASM  are  produced  tie 
exhibited  in  the  following  table.    Let 

v,"=o-Hi-l-e 

\.=bt+ea+ah~af*—i^—e'' 
y,=abe+ia'l>'e'-aa'*-bb"~ec^ 
▼,-(ftc-o«i)  <»"»+(<»-4'2)  i"»-H(aJ-(«)«« 
■^2(6V-aa')  iV-f2(c'(»'-66')  (/W'  +  2(a'b'-e<f)t(V 

When  V, = 0,  y^  is  a  perfect  square :  if  T«  also = 0,  the  tkree  espreMdoBs 
W^-ie'aV  +  ab"'    aiT'—Zb'tra'+ca"*    (*"»-2a'&V'-f6c"» 


parentheses  means  that  it  ia  a  neoessaiy  consequence  of  what  precedes 
or  is  not  independent. 


ac— c'-' 


eo-6'- 


be—a" 


are  all  equal.  Let  either  of  them,  with  its  sign  changed,  and  increased 
by  /,  be  called  w'.    Again,  when  any  three  of  the  six  quantities 

Jc-o",      ea—b";     oi-c** 
bV-aa',   e'a'-jy,   a'V-af 

vanish,  the  other  three  also  vanbh.  Let  these  vanish,  and  also  let  a") 
4",  c"  be  in  the  proportion  of  a,  c',  V,  or  of  c',  b,  a',  or  of  b', »',  «.  When 
this  happens,  the  three  following 

o"i      6"«      e^ 
T'   T'  T 

■re  equal :  let  eitliaf,  with  its  sign  changed,  and  increased  by  /,  be 
oalled  w".  The  table  is  then  as  follows,  in  which  p  means  either  of 
the  signs  -t-  or  -,  and  i»  means  Um  otlMr;  and  a  suppoaitioB  fui  in 


w 

V,    1   w 

V,     -w 

V. 

Surface. 

p 

1 

p    1 

n     1 

+ 
+ 

p 

n 

Impowible. 
Ellipsoid. 

p 

p 
p 
p 

P 
P 
n 
n 

+ 
+ 

ft 
P 

Single  Hyperboloid. 

do.            do. 
Double  Hyperboloid. 

do.            do. 

00 
00 

(0) 
(0) 

+ 

Elliptic  Paraboloid. 
Hyperbolic  Paraboloid. 

0 
0 
0 

P 
P 
P 

+ 
+ 

P 
n 

Point. 

Cone 

do. 

0 
0 

(0). 

P 
P 

+ 
+ 

(0) 

p     1  ImpoMlble. 

H       Elliptic  Cylinder. 

Hyperbolic  Cylinder. 

Parabolic  Cylinder. 

0 
0 

+ 

Straight  Lines. 
Intersecting  Flonei. 

1 

1      0 
0 

(0) 

p 
p 

0 

«0 

P 
n 

Impossible. 
Pumllcl  Planet. 

Single  Plane. 

For  example,  it  is  the  oondition  of  an  ellipsoid  that  w  and  v,  should 
be  finite  with  different  s!gn8,_tbat  v,  should  be  positive,  and  v,  of  the 
same  sign  .is  T, :  it  is  the  condition  of  intersecting  planes  that  w  should 
have  the  form  0-i-O,  or  that  v«  and  T,  should  both  vanish  :  that  w* 
should  also  vanish ;  and  that  v,  should  be  negative.  It  is  the  condition 
of  a  single  hyperboloid,  if  T,  be  positive,  that  w  and  v,  should  both 
differ  in  sigtt  from  v, )  but  if  T,  be  negative,  it  is  enough  th.it  *  and 
V,  should  have  the  same  sign.  All  that  precedes  is  equally  true 
whether  the  co-ordinates  be  oblique  or  rectangular ;  but  the  following 
is  only  true  for  rectangular  co-ordinates  :  if  the  surbce  be  a  surface  of 
revolution,  it  ia  necessary  that 

iV-ao'        c'«'-i5'        a'b'-c<f 


The  forms  of  the  ellipsoid  and  of  the  two  hyperboloids  may  best  be 
conceived  by  means  of  the  particular  coses  in  which  they  arc  surfaces 
of  revolution.  Let  an  ellipse  revolve  about  one  of  its  axes,  and  let  all 
the  circular  sectiona  be  flattened  into  ellipses :  the  result  will  be  an 
ellipsoid,  derived  from  its  particular  caaa,  the  spheroid.  Let  on  hyper- 
bola revolve  about  its  minor  axis ;  the  two  branches  will  generate  only 
one  branch  of  a  surface:  let  the  circular  sections  be  flattened  into 
ellipses,  and  the  result  is  the  single  hyperboloid.  Let  the  hyperbola 
revolve  about  its  major  axis':  the  two  branches  will  generate  two 
branches  o£  a  surface ;  and  if  the  circular  sections  t>e  flattened  into 
ellipses,  the  result  is  the  double  hyperboloid.  For  the  elliptic  para- 
boloid, let  a  parabola  revolve  about  its  principal  axis,  and  let  the 
circular  sections  become  ellipses.  The  hyperbolic  paraboloid  has  no 
SurJWie  of  revolution  among  its  cases,  but  ita  form  may  be  conceived 
as  follows : — Let  two  parabolas  have  a  common  vertex,  and  let  their 
planes  be  at  right  angles  to  one  another,  being  turned  contrary  ways. 
Let  the  one  parabola  then  move  over  the  other,  always  continuing 
parallel  to  its  first  position,  and  having  its  vertex  constantly  on  the 
other  :  ita  arc  will  then  trace  out  an  hyperbolic  paraboloid. 

The  ellipsoid  and  the  two  hyperboloids  have  centres,  but  neither  of 
the  paraboloids  haa  one.  The  surfaces  Which  have  centres  possess  an 
infinite  number  of  triple  systems  of  diameters  having  properties  corre- 
sponding to  those  of  the  conjugate  diameters  of  an  ellipse  and  hyper- 
bola. These  we  shall  not  describe,  but  shall  proceed  to  point  out  how 
to  determine  the  position  of  the  centre  and  princiiml  diameters  or  axes 
(that  is,  the  system  of  conjugate  diameters,  each  of  which  ia  at  right 
angles  to  the  other  two)  in  either  of  the  surfaces  having  a  centre. 
Resuming  the  original  equation,  and  the  co-ordinates  being  supposed 
rectangular,  the  co-ordinates  of  the  centre,  z,  T,  and  z,  are  thus  deter- 
mined. They  are  fractions  whose  denominator  ia  —  v„.and  whose 
numerators  are 

(ic-o'2)o'  +  (a'b'-e(/)b'  +  (cV-l6')c' 
(do— f)*'  +  (6'c'— oo')c"  +  {a'b'  +  cc'}a' 
(ai-e")«"  -I-  {c'a!-bb')a'  +  (4V-66')4'  ( 

and  if  the  onepn  be  removed  to  the  centre,  the  axes  retaining  their 
original  directions,  the  equation  of  the  surface  becomes 

aa9  +  by'  +  e:f  +  2a'yi  +  2b'i£  +  2(fxy  +  vr-0, 

where  w  ia  the  expression  already  signified  by  that  letter,  and  will  be 
found  to  be  ntoo  xo'  +  lb'  +  ac"  +f. 

Let  the  three  principal  axes  now  make  angles  with  the  axes  of  x,  y, 
and  t,  •■  foUowB  i— The  fint^  aogiee  whose  cosines  are  a,$,y;  the 
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necond,  angles  whose  cosines  axe  ti ,  ff ,  •/ ;  the  third,  angles  whose 
cosines  are  a",  $',  y".    The  equation 

%fl—vy  +  v»»— V, — 0 

has  always  three  real  roots ;  let  them  be  a,  ▲',  ▲'.  Then  the  directions 
o{  the  principal  azee  are  to  be  determined  from 

«'=  6c-<»''-(6+c)a+a« 

{A.-i.')  U-A") 
g!^  ea-b''-(c+a)A.+A* 

U-A',  (A-A") 

o_  ab—<f'—{a+b)A.  +  i.^ 

(A- a')  (a- a") 

To  find  a!',  kc,  interchange  A  and  a'  in  the  above ;  and  to  find  a'*, 
&a,  interchange  a  and  a'.  The  principal  axes  being  thus  determined, 
the  equation  to  the  surface,  referred  to  the  principal  axes,  is 

Aa'  +  A'y'  +  AV+w-O, 

a  form  which  is  folly  considered  in  all  elementary  works  on  the  sub- 
ject, and  from  which  the  principsl  properties  are  derived.  ('  Algebraic 
Geometry,'  in  the  Library  of  Useful  Knowledge.) 

For  the  proofs  of  the  preceding  assertions,  and  their  extension  to 
oblique  co-ordinates,  see  a  paper  '  On  the  General  Equation  of  Surfaces 
of  the  Second  Degree,'  in  Uie '  Cambridge  Philosophical  Transactions,' 
vol.  v.,  part  1.  Under  the  fonu  of  considering  the  surface  of  the 
second  degree,  we  have  in  fact  been  treating  the  general  properties  of 
the  equation  of  the  second  degree,  with  three  variables,  and  have 
solved  various  other  problems  of  geometry  and  mechanics.  The 
principles  applied  in  tiiis  solution  have  been  generalised  in  a  paper 
on  '  Linear  Transformations,'  by  Mr.  Boole.  ('  Cambr.  Math.  Joum.,' 
vol.  iii.,  p.  1.) 

SURGEONS,  COLLEGE  OF.  The  present  CoUege  of  Surgeons  of 
England  had  its  origin  in  the  Company  of  Barber-Surgeons,  which 
was  incorporated  by  royal  charter  in  the  first  year  of  Edward  IV.  By 
this  charter  of  1  Edward  IV.,  the  barbers  practising  surgery  in 
London,  who  had  before  associated  themselves  in  a  company,  were 
legally  incorporated  as  the  Company  of  the  Barbers  in  London.  Their 
authority  extended  to  the  right  of  examining  all  instruments  and 
remedies  employed,  and  of  bringing  actions  against  whoever  practised 
illfgally  and  ignorantly ;  and  none  were  allowed  to  practise  who  had 
not  been  previously  admitted  and  judged  competent  by  the  masters  of 
the  company. 

This  charter  was  several  times  confirmed  by  succeeding  kings,  but  in 
spite  of  it  many  persons  practised  surgery  independently  61  the  com- 
pany, and  at  length  associated  themselves  as  members  of  a  separate 
body,  and  called  themselves  the  surgeons  of  London.  In  the  3rd  year 
of  Henry  VIII.  it  was  enacted  "  Uiot  no  person  within  the  city  of 
London,  or  within  seven  miles  of  the  same,  should  take  upon  him  to 
exercise  or  occupy  as  a  physician  or  surgeon,  except  he  be  first 
examined,  approved,  and  admitted  by  Uie  bishop  of  London  or  by  the 
dean  of  St.  Paul's  fur  the  time  being,  calling  to  him  four  doctors  of 
physic,  and  for  surgery  other  expert  persons  in  that  faculty."  All  who 
under  this  act  obtained  licence  to  practise  were  of  course  equally 
qnaUfied,  whether  members  of  the  company  of  barbers  or  not ;  and 
jit  the  82nd  year  of  Henry  VIII.  the  members  of  the  latter  company, 
and  those  who  had  incorporated  themselves  as  the  company  of 
surgeons,  were  united  in  one  company, "  by  the  name  of  masters  or 
^governors  of  the  mysteiy  and  commonalty  of  barbers  and  suigeona  of 
.London." 

In  the  18th  year  of  George  II,  an  act  was  passed  by  which  the  union 
of  the  barbers  and  surgeons  was  dissolved,  and  the  surgeons  were  con- 
stituted a  separate  company ;  and  in  the  40th  year  of  George  III.  a 
charter  was  granted  by  which  it  was  confirmed  in  all  the  privileges 
which  had  been  conferred  upon  it  by  the  act  of  George  II.  By  this 
charter  the  title  of  the  company  was  altered  from  that  of  the  masters, 
Igovemors,  and  commonalty  of  uie  Art  and  Science  of  Surgeons  to  that 
of  the  Royal  College  of  Surgeons  in  London.  Under  this  charter  it 
,was  governed  by  a  council  or  court  of  assistants,  consisting  of  twenty- 
one  members,  of  whom  ten  composed  the  court  of  examiners.  Of 
these  ten  one  was  annually  elected  president,  or  principal  master,  and 
two  were  annually  chosen  vice-presidente  or  governors.  By  the  bye- 
laws  which  the  council  were  empowered  by  the  charter  to  make,  the 
members  of  the  council  were  to  be  chosen  for  life  from  those  members 
of  the  CoUege  whose  practice  was  confined  to  surgery,  and  were  to  be 
elected  by  ballot^  at  a  meeting  of  the  council.  The  examiners  were 
i;enerally  chosen  in  order  of  seniority  from  the  members  of  the  council : 
the  presidents  and  vice-presidents  were  chosen  in  rotation  from  the 
court  of  examiners,  the  president  for  the  current  year  having  been  the 
senior  vice-president  during  the  past  year. 

A  new  charter  was  granted  to  the  College  of  Surgeons  m  the  7th 
year  of  Victoria,  by  which  it  is  declared,  that  the  name  of  the  college 
shall  henceforth  be  The  Royal  College  of  Surgeons  of  England ;  and 
that  a  portion  of  the  members  of  the  said  college  shall  be  fellows 
thereof,  by  the  name  of  The  Fellows  of  the  Royal  College  of  Surgeons 
of  England.    The  charter  declares  that  tho  present  president  and  two 


vice-presidents  and  all  other  the  present  members  of  the  council  of  the 
said  college,  and  also  such  other  persons,  not  being  less  than  250  nor 
more  than  300,  and  being  members  of  the  said  college,  as  the  council 
of  the  college,  at  any  time  before  the  expiration  of  three  calendar 
months  from  the  date  of  the  charter,  shall  elect  and  declare  to  be 
fellows  in  manner  by  the  charter  directed ;  together  with  any  such 
other  persons  as  the  council  of  the  said  college,  aiter  the  expiration  of 
the  saLd  three  calendar  months  and  within  one  year  from  the  date  of 
the  charter,  shall  appoint  in  manner  by  the  charter  authorised,  shall  be 
fellows  of  the  said  college.  But  no  person,  except  as  hereinbefore 
named,  is  to  become  a  fellow,  unless  he  shall  have  attained  the  age  of 
twenty-five  years,  and  complied  with  such  rules  as  the  council  of  the 
college  shall  think  fit,  and  by  a  bye-law  or  bye-laws  direct;  nor  unless 
he  shall  have  passed  a  special  examination  by  the  examiners  of  the  said 
college.  Every  person  admitted  as  a  fellow,  as  lost  mentioned,  is  to 
become  a  member  of  the  College  by  such  admission,  if  he  is  not  already 
a  member.  Henceforth,  no  member  of  the  College,  who  is  not  a 
fellow,  is  to  be  eligible  as  a  member  of  tho  council  There  are  also 
(10)  some  other  restrictions  as  to  eligibility.  The  present  members  of 
the  council  are  to  continue  life  members  as  heretofore;  and  tho 
number  of  members  of  council  is  to  be  increased  from  twenty-one  to 
twenty-four,  and  all  future  members  are  to  be  elective,  and  to  be 
elected  periodically,  in  the  manner  prescribed  by  the  charter  (I'i) 
when  the  number  of  elective  members  of  the  council  shall  be  com- 
pleted and  made  up  to  twenty-four.  Three  members  shall  go  out 
annually,  but  they  may  be  re-elected  immediately.  The  members  of 
council  are  to  \)e  elected  by  the  fellows,  including  the  members  of  the 
council  as  such,  in  the  manner  prescribed  by  the  charter  (15) ;  and  the 
election  is  to  be  by  ballot  (17).  There  are  various  special  provisions  as 
to  the  eligibility  of  fellows,  for  which  we  refer  to  the  charter.  There 
are  to  be  ten  examiners  of  surgeons  for  the  college,  and  the  present 
examiners  ore  to  continue  for  Ufe ;  and  all  future  examiners  are  to  be 
elected  by  the  council,  either  from  the  members  of  the  council,  or 
from  the  other  fellows  of  the  college,  or  from  both  of  them ;  and  all 
future  examiners  of  the  college  diall  hold  their  office  during  the 
pleasure  of  the  council.  The  charter  contains  other  regulations,  and 
confirms  the  powers  of  the  college  and  the  council,  except  so  far  as 
they  are  altered  by  the  charter ;  and  it  declares  that  no  bye-law  or 
ordinance  hereafter  to  be  made  by  the  council  shall  be  of  any  -force 
until  the  crown  shall  have  signified  its  approval  thereof  to  the  college 
under  the  hand  of  one  of  the  principal  secretaries  of  state,  or  other- 
wise as  in  the  charter  stated  (22).  "  The  Bye-Laws  and  Ordinances  of 
the  Royal  College  of  Surgeons  of  England"  contain  the  regulations  as 
to  the  candidates  for  the  fellowship  (sect.  1),  for  the  examination  of 
candidates  for  the  fellowship  (2),  admission  of  fellows  (8),  election  of 
members  of  council  (5).  By  section  1,  it  is  required  that  every 
candidate  for  the  fuUowstiip,  among  other  certificates,  shall  produce  a 
certificate,  satisfactory  to  the  court  of  examiners,  that  he  has  attained 
a  competent  knowledge  of  the  Greek,  Latin,  and  French  lang\iages,and 
of  the  elements  of  mathematics.  The  subjects  of  examination  for  the 
fellowship  are  Anatomy  and  Physiology  on  the  first  day,  and  Pathology 
and  Therapeutics  and  Surgery  on  the  second  day.  The  examination  is 
to  be  by  written  answers  to  written  or  printed  questions ;  but  any 
candidate  may  be  interrogated  by  the  examiners,  on  any  matter  con- 
nected with  the  questions  or  answers.  In  the  anatomical  examination 
the  candidate  must  also  perform  dissections  and  operations  on  the 
dead  body  in  the  presence  of  the  examiners. 

By  a  recent  bye-law  members  are  eligible  to  the  fellowship  by 
election.  Any  member  of  the  College,  of  fifteen  years'  standing,  who  was 
a  member  on  the  11th  of  September,  1843,  desirous  of  admission  tothe 
fellowship  otherwise  than  by  examination,  must  sign  a  declaration  of 
not  selling  or  supplying  drugs  or  medicines,  which  must  be  accom- 
panied by  a  certificate  recommending  him  to  the  fellowship,  signed  by 
six  fellows  of  the  college.  The  signing  of  the' certificate  is  subject  to 
some  alterations  for  surgeons  in  the  army  and  navy,  and  in  the  British 
colonies. 

Persons  are  admitted  to  examination  for  the  membership  of  the 
College  on  producing  certificates  of  being  twenty-one  years  of  ugc ;  of 
having  been  engaged  four  years  in  the  acquirement  of  profef<sion.'kl 
knowledge,  and  of  having  attendedlectures  on  anatomy,surgery,  and  ntlier 
branches  of  professional  knowledge  for  four  years ;  of  having  di^isected 
and  attended  hospital  practice  during  three  winter  and  two  summer 
sessions. 

The  examination  for  the  diploma  of  member  is  divided  into  two 
parts,  the  first  relating  to  anatomy  and  physiology,  the  second  relating 
to  pathology,  surgery,  and  surgical  anatomy.  The  latter  examination 
is  partly  written  and  partly  oral  The  examination  on  anatomy  is  on 
the  recently  dissected  subject.  Students  who  have  compli:t«l  their 
second  session  of  anatomical  studies  are  eligible  for  undergoing  the 
first  part  of  tliis  examination. 

The  College  also  gives  an  especial  certificate  of  quaUfication  for  the 
practice  of  midwifery.  Members  or  fellows  of  the  College  pr«vious  to 
the  1st  of  January  1853,  are  eligible  to  this  examination  at  once. 
Members  or  fellows  admitted  since  1853  have  to  produce  a  certificate  of 
having  attended  at  least  twenty  labours.  Members  of  other  Colleges  of 
Surgeons,  or  graduates  of  universities,  are  also  admitted  to  examination 
for  this  certificate.  Persons  not  having  any  diploma,  but  producing 
evidence  of  having  completed  their  professional  education,  and  <^ 
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having  Attended  one  coune  of  lectures  on  midwifery,  and  of  having 
personally  attended  thirty  labours,  are  also  admitted  to  examination  for 
this  certificate. 

By  the  new  medical  act  (21  &  22  Vict.  c.  90,  s.  48),  it  was  enacted 
that  it  ehall  be  lawful  for  her  Majesty  to  grant  to  the  Boyal  College 
of  Surgeons  power  to  institute  and  hold  examinations  for  the  pur- 
pose of  testing  the  fitness  of  persons  to  practise  as  dentists,  who  may 
be  desirous  of  being  so  examined,  and  to  giant  certificates  of  such 
fitness.  The  college  has  since  granted  a  large  number  of  certificates  to 
persons  practising  as  dentists  alone. 

The  Licentiates  of  the  Royal  College  of  Surgeons  in  Ireland,  of  the 
Boyal  College  of  Surgeons  of  Edmburgh,  and  of  the  Faculty  of 
Physicians  and  Surgeons  of  Qlasgow  are  admissible  to  the  membership 
of  the  College  under  the  bye-laws  relating  to  ad  eundeH  admissions. 

The  museum  of  the  College  consists  of  the  collection  made  by  John 
Hunter,  which  was  given  in  trust  by  government,  who  purchased  it 
for  15,000^.,  and  of  numerous  additions  mads  to  it  by  donations  of 
members  and  others,  and  by  purchase.  The  parts  of  it  which  illustrate 
physiology,  palaeontology,  and  morbid  anatomy  ore  probably  the  most 
Tuuable  collections  of  the  kind  in  Europe.  [Uunteb,  John,  in  Bioa. 
Div.] 

LectiiieB  on  anatomy,  for  which  5101,  were  left  to  tiie  company  of 
barber  surgeons  by  Edward  Arris,  and  16L  per  annum  by  John  Qale, 
are  delivered  annually  by  one  of  the  members  of  the  council  or  some 
other  member  selected  by  them.  Twenty -four  museum  lectures  are 
also,  in  compliance  with  the  deed  of  trust,  annually  delivered  by  the 
Hunterian  professor,  the  subjects  of  which  must  be  illustrated  by 
preparations  from  the  Hunterian  collection,  and  from  the  other  con- 
tents of  the  museum.  An  oration  in  commemoiatiun  of  John  Hunter, 
or  of  others  who  have  been  distinguished  in  medical  science,  is 
delivered  annually  on  the  14th  of  February,  the  anniversary  of 
Hunter's  birth. 

The  College  gives  also  three  prizes  for  the  best  essays  on  anatomical 
and  surgical  subjects ;  one,"  the  Collegiate  Triennial  Anatomical  Prize 
of  fifty  guineas;"  the  other  two,  "Jacksonian  Prizes"  of  twenty 
guineas  each,  are  given  every  year. 

The  library  is  very  extensive,  and  is  open  to  all  students,  members 
and  fellows,  from  10  till  4  o'clock. 

Abstracts  of  the  several  acts  and  charters  relating  to  the  College  of 
Surgeons  may  be  found  in  Willcock,  '  On  Uie  Laws  relating  to  the 
Medical  Profession,'  London,  1830,  8vo,  and  in  Paris  and  Fonblanque's 
'  Medical  Jurisprudence,'  vol.  iii.  The  bye-lawa,  the  list  of  members, 
the  catalogues  of  the  museum  and  library,  &a,  are  published  by  the 
College. 

SURINAMINK  An  alkaloid  of  unknown  composition  found  in 
the  bark  of  a  plant  of  the  genus  Guffnea  growing  in  Surinam  and 
Janmica. 

SURNAME.    [Kame.] 

SURPLICE,  the  white  dress  worn  by  the  clergy  in  their  acts  of 
ministration,  from  the  Latin  tuperpelliceum.  It  dilTers  from  the  Mt 
in  having  wider  sleeves.  It  appears  to  have  been  introduced  in  order 
to  make  a  distinction  between  the  dresses  which  the  superior  and 
the  inferior  orders  of  the  clergy  wore  at  the  Liturgy ;  and  from  about 
the  12th  century  the  name  of  surplice  was  introduced.  During  the 
middle  ages,  bishops  veiy  frequently  wore  the  surplice  with  a  cope, 
and  above  the  rochette.  (Bona,  Serum  Lilurg.,  Ub.  i,  cap.  24,  a.  20 ; 
Palmer's  Orig.  Liturfficm,  voL  ii.) 

SURRENDER.  "  Surmm  reddUio  properly  is  a  yielding  up  of  an 
estate  for  life  or  years  to  him  that  hath  an  immediate  estate  in  rever^ 
sion  or  remainder,  wherein  the  estate  for  life  or  years  may  drown  by 
mutual  agreement  between  them."  A  surrender  and  a  release  both 
have  the  effect  of  uniting  the  particular  estate  with  that  in  reversion 
or  remainder ;  but  they  differ  in  this,  that  whereas  a  release  generally 
operates  by  the  greater  estate  descending  on  the  less,  a  surrender  is 
the  falling  of  the  less  estate  into  the  greater. 

Coke  mentions  three  kinds  of  surrenders :  1.  A  surrender  at  com- 
mon law,  which  is  the  surrender  properly  so  called ;  2.  A  surrender 
by  custom  of  copyhold  lands  or  customary  estates ;  and,  8.  A  sur- 
render improperly  taken,  as  of  a  deed,  a  patent,  of  a  rent  newly  created 
and  of  a  fee-aimple  to  the  king. 

1.  The  surrender  at  common  law  is  of  two  sorts :  1.  A  surrender  in 
deed  or  by  words  in  writing,  expressing  the  intention  of  the  owner  of 
the  particular  estate  to  yield  it  up  to  him  in  reversion  or  remainder ; 
and,  2.  A  surrender  in  law,  which  is  wrought  by  operation  of  low,  and 
not  actual ;  as  if  a  lessee  for  life  or  years  takes  a  new  lease  of  the  same 
land  during  the  continuance  of  his  term,  this  will  be  a  surrender  in 
law  of  the  prior  lease. 

The  surrender  of  terms  of  years  will  sometimes  be  presumed  from 
length  of  time  alone ;  and  many  cases  have  arisen  upon  the  question, 
after  what  periods  mortgage  terms  have  been  satisfied,  and  terms 
which  have  been  assigned  to  trustees  to  attend  the  inheritance  and 
have  not  been  subsequently  dealt  with,  will  be  presumed  to  have  been 
surrendered. 

2,  As  to  surrender  of  copyholds,  see  Copthold. 

S.  A  siurender  may  be  made  of  letters-patent  and  offices  to  the 
crown,  to  the  intent  that  a  fresh  grant  be  may  made  of  the  same  right; 
and  a  grant  of  the  second  patent  for  years  to  the  same  person,  for  the 
same  thing,  causes  a  surrender  in  la-.v  of  the  Grat. 


SURROOATE,  is,  according  to  Cowell's '  Interpreter,' "  one  that  is 
substituted  or  appointed  in  the  room  of  another,  most  commonly  of  a 
bishop  or  a  bishop's  chancellor." 

The  qualifications  required  in  a  person  appointed  as  surrogates  are 
defined  and  enforced  by  the  canons  of  1603.  Ha  must  be  a  grave 
minister  and  a  graduate  or  a  licensed  preacher  and  beneficed,  or  a 
bachelor  of  law  or  a  master  of  arts,  well  qualified  from  his  religion  and 
learning; 

Surrogatea  being  delegated  officers,  their  jurisdiction  of  course 
depends  upon  that  of  the  person  for  whom  they  act.  The  principal 
duty  however  of  ecclesiastical  surrogates  may  be  stated  to  consist  of 
taking  affidavits  in  the  ecclesiastical  courts  and  granting  marriage 
licences.  The  proper  performance  of  these  duties  is  guarded  by 
particular  enactments.  By  the  26  Gteo.  IL  o.  83,  §  7,  every  surrogate 
deputed  by  any  ecclesiastical  judge  who  has  power  to  grant  licences  of 
marriage  is  required,  before  granting  any  such  licence,  to  take  an  oath 
before  such  judge  and  to  give  a  bond  of  1001.  to  the  bishop  of  the 
diocese  for  the  faithful  execution  of  his  office. 

Surrogates  are  also  persons  appointed  to  execute  the  offices  of  judges 
in  the  courts  of  Vice-Admiralty  in  the  colonies,  in  the  place  of  the 
regular  judges  of  those  courts.  The  acts  of  such  surrogates  have,  by 
the  66  Geo.  III.,  c  82,  the  same  effect  and  character  as  the  acts  of  the 
regular  judges. 

SURVEYINQ  is  the  art  of  determining  the  form  and  dimensions 
of  tracts  of  grouud,  the  plans  of  towns  and  single  houses,  the  couraes 
of  roads  and  rivers,  with  the  boundaries  of  estates,  fields,  &c.  A 
survey  is  accompanied  by  a  representation  on  paper  of  all  the  above- 
mentioned  objects,  and  frequently  by  a  delineation  of  the  slopes  of  the 
hills,  as  the  whole  would  appear  if  projected  on  a  horizontal  plane. 
When  canals  or  railways  are  to  be  executed,  a  survey  of  the  ground  is 
combined  with  the  operation;  of  levelling,  in  order  to  obtain,  besides 
a  horizontal  plan,  the  forms  of  vertical  sections  of  the  ground  along 
the  proposed  lines,  and  thus  to  ascertain  the  quantities  of  earth  to  be 
removed. 

In  maritime  surveying,  the  forms  of  coasts  and  harbours,  the 
entrances  of  rivers,  with  the  positions  of  islands,  rocks,  and  shoals,  ore 
to  be  determined ;  also  the  soundings  or  depths  of  water  in  as  many 
different  places  as  possible. 

Military  surveying  consists  chiefiy  in  representing  on  paper  the 
features  of  a  oountiy,  such  as  the  roads,  rivers,  hills,  and  marshes,  in 
order  to  ascertain  the  positions  which  may  be  occupied  as  fields  of 
battle  or  as  quarters ;  and  the  facilities  which  the  country  may  afford 
for  the  march  of  troops  or  the  passage  of  artillery  stores. 

For  trigonometrical  surveying,  see  Trigonometby. 

Since  the  me.isurcment  of  the  distance  between  two  objects  by 
means  of  a  rod  or  chain  is  very  laborious  and  inaccurate  when  that  dis- 
tance is  considerable,  particularly  if  the  ground  should  have  many 
inequalities  of  level,  and  be  much  intentected  by  walls,  hedges,  and 
streams  of  water,  it  will  seldom  be  possible  to  execute  even  an  ordinary 
surrey  by  such  means  alone,  and  instruments  for  taking  angles 
must  ybe  employed,  together  with  the  chain,  in  every  operation  of 
importance. 

If  within  the  tract  to  be  surveyed  there  should  be  a  road  about 
half  a  mile  in  extent,  and  nearly  straight  andjevel,  so  that  a  line  may 
be  accurately  meastired  upon  it  by  the  chain,  and  that  from  its  extre- 
mities several  remarkable  objects,  as  churches  or  mills,  may  be  seen, 
it  will  be  convenient  to  use  such  measured  line  as  a  baJse,  and  with  a 
theodolite  to  observe  the  angles  contained  between  the  base  and  the 
lines  joining  the  extremities  to  the  different  objects.  The  three  angles 
of  esch  triangle  formed  by  such  lines  should  if  possible  be  observed, 
in  order  that  by  the  agreement  of  their  sum  with  180''  the  accuracy  of 
the  angular  measurements  may  be  tested ;  and  then  the  lengths  of 
the  sides  of  the  triangles  may  be  determined  by  the  rules  of  plane 
trigonometry. 

Let  A  B  represent  a  base  so  measured  in  a  road ;  and  let  o,  D,  E,  F 
be  four  remarkable  objects  within  or  near  the  boundaries  of  the  tract 
to  be  surveyed ;  the  distances  a  o,  a  n,  &c.,  B  D,  B  a,  ^,  will  be  those 
which  should  be  determined  by  computation.  These  lines  may  then 
serve  as  bases,  and  if  from  their  extremities  be  taken  the  angles  con- 
tained between  them  and  lines  supposed  to  connect  them  with  any 
other  objects,  as  houses  or  remarkable  trees,  the  positions  and  distances 
of  these  objects  may  be  determined  by  computation  as  before.  Thus 
B  0  or  B  D  will  serve  as  s  base  by  which  the  pomtion  of  a  may  be 
computed. 

It  will  obviously  be  advantageous  if  the  lines  supposed  to  connect  the 
objects  lie  nearly  parallel  to  the  directions  of  roads,  lanes,  streams,  or 
hedges,  on  account  of  the  facility  which  will  thereby  be  afforded  for 
laying  down  such  roads,  tc.,  on  the  plan.  In  order  that  it  may  be 
possible  to  place  the  theodolite  at  the  angular  points  of  the  triangles, 
those  points  shovdd  not  be  precisely  in  the  churches,  mills,  or  other 
objects  whose  positions  are  to  be  determined,  but  should  be  indicated 
by  poles  set  up  near  those  objects,  on  spots  of  ground  in  such  situv 
tions  that  each  may  be  visible  from  the  two  others  which  with  it  con- 
stitute the  intended  triangle.  The  place  of  the  building  may  be 
ascertained  by  its  bearing  and  distance  from  the  pole  in  its  vicinity. 
After  as  many  stations  as  may  be  thought  fit  have  been  determined  in 
the  manner  just  described,  and  the  lengths  of  the  lines  (that  is,  the 
sides  of  the  triangles)  oonneoting  them  have  been  oomputed,  Um 
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8urT0y  may  be  eompletsd  by  Mtiul  admMnirM&enU  wKh  the  duta,  in 
each  triangle  sepanitely, 

Poles  having  been  set  up  at  the  angular  points  ot  every  triangle,  the 
■OTTi^or  and  his  asrirtant  set  out  irota  any  me  of  these  points,  as 


B,  aiMl  proMeding  aoroae  the  ground,  measure  the  whole  length  of  any 
one  line,  aa  b  o,  leaving  pickets  in  the  ground  in  the  direction  of  the 
line  at  or  near  every  place  where  it  crosses  a  hedge,  as  at  a,  a  tbroLto, 
•a  at  i,  •  road,  or  any  other  object  nhich  is  to  be  introduced  in  the 


plan.  Should  it  happen  that  the  line  B  c,  or  any  part  of  it,  coincide 
with  the  direction  of  a  rood,  oCfeets,  aa  they  are  called,  are  measured 
perpendicular!;  to  the  line,  on  one  or  both  sides  of  it,  in  order  to 
express  the  distance  from  the  line  to  the  sides  of  the  road,  or  to  the 
hedges  nr  wallB  along  those  sides  ;  these  ofi&ets  (which  are  shown  at  e, 
d,  and  e)  should  be  measured  at  the  end  of  every  chain's  length,  and 

Eartioularly  at  every  point  in  the  station  line  opposite  to  which  there 
I  a  remareable  object,  as  a  house,  a  gate,  or  merely  a  bend  in  the 
direction  of  the  road.  Thus,  when  the  worli  is  laid  down  on  paper,  the 
precise  form  and  breadth  of  the  road  will  be  expressed. 

In  like  manner  the  other  side,  A  a,  of  the  triangle,  is  to  be  measured 
with  the  chain  ;  pickets  are  to  be  left  in  the  ground  at  or  near  every 
place  where  a  stream,  as  at  A,  a  road,  or  a  hedge  crosses  the  side  of  the 
triangle  ;  and  ofTsets,  as  at  it,  I,  m,  are  to  be  measured  from  the  station 
line  to  and  across  such  bounduies  as  may  be  nearly  parallel  to  any 
part  of  its  direction.  The  like  process  is  to  be  followed  on  each  side 
of  every  triangle ;  the  measured  lengths  of  the  sides  of  each  triangle 
should  then  be  compared  with  the  computed  lengths;  and  if  the 
difPerence  be  not  considerable,  the  work  may  be  considered  as  having 
been  performed  with  Sufficient  accuracy;  otherwise  the  operations 
must  be  repeated,  in  order  that  tiie  source  of  the  error  may  be 
detected. 

To  carry  on  the  work  in  the  interior  of  any  angle,  as  A  B  F,  the 
surveyor,  where  it  is  possible,  measures  widi  the  chain  the  direct  dis- 
tance from  the  pickets  in  one  side  of  the  triangle  to  the  pickets  in 
another  side,  as  uv,  pq  ;  and  since  these  pickets  are  supposed  to  have 
been  placed  near  the  intersections  of  boundary-lines  (roods,  streams, 
or  hedges)  with  the  sides  of  the  triangle,  the  lines  last  measured  will, 
at  least  in  part  of  their  length,  coincide  with  or  be  parallel  to  some  of 
the  boundaries  in  the  interior  of  the  triangle;  and  tbo  ptodse  figures 
of  such  boundaries  will  be  determined  as  before  by  oAets  from  the 
measured  line  to  all  the  principal  bends.  The  length  of  each  of  these 
secondary  station  lines  maybe  obtained  by  trigonometry,  since  the  line 
is  the  base  of  a  secondary  triangle  of  which  the  two  sides  are  known, 
being  measured  parts  of  two  sides  of  the  principal  triangle,  and  the 
angle  included  between  those  sides  has  been  found  by  the  theodolite; 
therefore  the  measured  length  of  thi.t  line,  on  being  compared  with 
the  computed  length,  will  afford  an  additional  test  of  the  accuracy  of 
the  work. 

_  In  measuring  these  secondary  lines  within  each  principal  triangle, 
pickets  must,  as  before,  be  left  'in  the  ground  in  the  direction  of  the 
line,  at  or  near  places,  as  at  r,  where  hedges,  walls,  &o.,  cross  the  line ; 
and  from  one  of  these  pickets,  r,  to  another,  as  (,  Unes  are  afterwards 
to  be  measured  (these  being  as  much  as  possible  in  or  near  the  direc- 
tion of  other  boundaries),  till  at  length  the  Whole  interior  of  each 
principal  triangle  will  have  been  divided  into  several  secondary 
triangles,  all  the  sides  of  which  have  been  measured.  These  sides, 
by  means  of  the  offsets  which  have  been  meaauied  from  them,  detet- 
nine  the  figures  of  all  the  natuial  and  artifioial  houndariaa  within  the 
tract  of  ground. 

The  situations  of  the  buildings  are  also  determined  by  ofbeCt  from 
the  station  lines  nearest  to  them :  the  givand  (daas  of  the  more  cota- 
tiderable  edifices,  m  churches  and  maoaions>  are  asMurtd,  aad  the 


directions  of  their  fronts  with  respect  to  the  meridiim  are  ascertained 
by  a  compass  or  otherwise. 

When  rivers  or  roads  have  many  abrupt  and  deep  bends,  the  deter- 
mination of  their  forms  by  means  of  o^ts  from  the  station-lines  may 
become  impracticable ;  and  then  a  separate  survey  gt  such  details  must 
be  made  by  means  of  the  compass,  the  circumferentor,  or  the  theodolite. 
[Theodolite.]  The  same  meons  must  be  employed  for  the  survey  of 
a  Bea-cofl£t,  when  the  operation  is  to  be  performed  on  land ;  and  it  may 
often  be  advantageous  to  determine  in  like  manner  the  forms  of  the 
hedges,  walla,  &c.,  in  the  interior  of  the  tract  which  ia  to  be  surveyed. 
Ground  covered  with  wood  must  be  surveyed  by  going  quite  round  it ; 
poles  being  set  up  at  remarkable  bends  on  the  contour,  the  distances 
between  them  are  measured  with  the  chain,  and  the  bearings  of  the 
several  lines  from  the  meridian  are  observed  with  the  theodolite. 

In  order  to  explain  the  process  of  surveying  with  the  theodolite  by 
the  method  which  is  commonly  called  that  of  the  "  back-angle,"  and 
wliich  is  now  almost  constantly  adopted,  let  it  be  required  to  determine 
the  outline  n  K  c  L  B  A,  which  may  represent  the  contour  of  a  wood  or 
of  which  part  may  coincide  with  the  course  of  a  road  or  river.  The 
instrument  may  be  set  up  at  H,  which  may  be  supposed  to  be  the  first 
station ;  and  let  the  line  n<  at  each  of  the  stations  B,  K,  c,  &c.,  repre- 
sent the  position  of  the  needle  or  of  the  magnetic  meridian  nt  the 
station  :  also  let  the  instrument  be  adjusted  so  that  the  zero  point  of 
the  horizontal  limb  may  be  under  the  point  n  (the  north  point  of 
the  needle),  or  the  sero  of  the  degrees  in  the  compass-box  may  be 
in  coincidence  with  n;  and  let  K  be  the  second  station.  Turn  the 
upper  horizontal  plate  with  the  telescope  till  the  object-glass  of  the 
latter  is  directed  to  k,  and  make  the  intersection  of  the  wires  appear 
to  coincide  with  the  object  at  that  station ;  then  the  index  of  the 
vernier  will  be  at  some  graduation  on  the  lower  horizontal  plate,  aa 
at  X,  and  the  angle  n  h  K  is  that  which  is  observed ;  suppose  it  to  be 
51°,  reckoning  from  the  north  towards  the  east,  which  angle  is  usually 
represented  by  N.  54"  E.  [N.B.  Previously  to  directing  the  object- 
glass  to  K,  it  might  have  been  directed  to  any  other  visible  objects, 
as  F  or  D,  whose  positions  it  might  be  required  to  determine  by  means 
of  their  bearings  from  the  meridian  line.] 

Ijet  the  the^ohte  be  now  removed  to  K,  a  staff  being  planted  in 
the  ground  at  a  :  turn  the  whole  instrument  roimd  on  its  vertical 
axis  (the  index  of  the  vernier  remaining  at  the  graduation  K  64°  E.) 
till  the  object-glass  of  the  telescope  is  directed  to  b,  and  the  inter- 
section of  tite  wires  appears  to  coincide  with  the  staff  there.  Then,  if 
tiie  former  angle  were  correctly  taken,  and  no  movement  of  the  hori- 
zontal plates  on  one  imother  have  taken  place,  the  south  point  ^of  the 
needle  will  lie  over  the  sero  of  the  graduations  on  the  lower  plate,  or 
will  ooinoide  with  the  sero  of  the  degree*  ia  the  oompaas-boz; 
and  this  oinsumstance  will  be  a  proof  of  the  accuracy  of  the  work, 
all  the  meridian  line*  •»>,  i»«,  bsiag  supposed  to  be  partial  to  one 
aoother. 

Now  turn  the  upper  horizontal  plate  with  the  telesoopa,  till  the 
object-glass  of  the  latter  is  directed  to  c,  and  the  intersection  of  the 
wires  appears  to  coincide  with  the  object  there :  the  telescope  in 
moving  from  the  position  K  B  to  the  position  K  o  having  paMed  ovar 
and  beyond  »',  Mid  tb«  index  of  the  vernier  being  suppowd  to  be  at  jr, 
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the  number  of  the  graduatioii,  these  being  read  from  ( in  the  dirsotion 
ny,  wiU  be  greater  than  180:  let  it  be  256  (or  180° +  78°);  in  that 
ease  the  observed  angle  is  K.  78°  B.,  and  it  expresses  the  bearing  of 
the  line  Kc  from  the  meridian  nK«,  or  from  the  meridian  »B(.  If 
the  telescope  in  moving  from  E  H  shonld  be  directed  to  an  objeot  at  E, 
then,  the  index  of  the  vernier  bei^g  supposed  to  be  at  s,  the  number 
of  the  graduation  will  bo  lees  than  180"* :  let  it  be  110  (or  180°_70°); 
in  that  case  the  observed  angle  is  N.  70*  W.,  and  it  expresses  the  beu^ 
ing  of  the  line  s  B  from  the  meridian  »  x  (  or  n  R  s. 

Let  the  theodolite  be  removed  to  o,  a  staff  being  left  at  E,  and  turn 
the  whole  instniment,  the  index  of  the  vernier  remaining  at  N.  76°  E., 
till  the  object-glass  of  the  telescope  is  directed  to  K,  and  the  inter- 
section of  the  wires  appears  to  coincide  with  the  staff  there ;  then  the 
point  n  of  the  needle  should  lie  over  the  xero  of  the  graduations.  Now 
turn  the  upper  horizontal  plate  till  the  object-glass  of  the  telesoope  is 
directed  to  I,,  and  the  intersection  of  the  wires  appears  to  ooinoide  with 
the  object  there ;  then  the  telescope,  in  turning  from  the  pocdtion  o  K 
to  c  L,  passing  over  and  beyond  >,  the  number  of  the  graduation  coin- 
cident with  the  Index  of  the  vernier  will  (reckoning  from  zero  at  n)  be 
less  than  180 ;  let  it  be  133* :  in  that  ease  the  observed  angle  is 
N.  133*  B.,  or  S.  47*  B.,  and  it  expresses  the  bearing  of  the  line  a  I. 
from  the  meridian  not  or  nni.  tf  the  telescope  should  not  pass 
beyond  »,  and  should  be  in  the  position  o  p,  for  example,  the  number 
of  the  graduation,  reckoned  from  n,  will  be  greater  than  180 ;  let  it  be 
206,  or  180* +  26°:  In  that  case  the  observed  angle  is  S.  86°  W.,  or 
N.  206*  E.,  or  N.  154*  W.,  and  it  expresses  the  bearing  of  the  line  o  p 
fh>m  not  or  nHt.  In  this  manner  the  process  of  the  survey  is  con- 
tinued to  the  end  of  the  road,  or  till,  having  paased  completely  round 
the  wood,  the  instrument  returns  to  H,  from  whence  it  set  out. 

As,  from  local  attractions  or  other  causes,  the  polarity  of  the  needle 
may  not  be  constant,  it  is  scarcely  to  be  expected  tiiat  the  needle 
should,  when  the  telescope  is  directed  back  to  a  preceding  station, 
be  exactly  coincident  with  the  north  and  south  line  in  the  oompass- 
boz ;  yet  a  near  approach  to  such  coincidence  will  serve  to  deteot  the 
existence  of  considerable  errors  in  the  observed  angles;  and  a  com- 
plete verification  of  the  whole  series  of  operations  will  be  obtained, 
should  the  observed  bearing  of  H  from  the  meridian  line  «A<  at  the 
last  station  A,  that  is,  the  angle  nAH,  be  found  to  agree  with  the 
observed  bearing  of  A  from  the  meridian  line  nH<  at  the  first  station 
H,  When  this  agreement  takes  place  the  work  is  said  to  oloee 
accurately. 

The  survey  of  a  road  or  an  enclosure,  by  following  the  eonrse  of  the 
former,  or  wie  contour  of  the  latter,  may  be  performed  by  simply 
observing  with  a  surveying-compass  or  a  cireumferentor  the  bearings 
of  the  several  station-lines  from-  the  magnetic  meridian,  and  measuring 
their  lengths ;  and  one  of  these  instruments  is  generally  employed 
when  great  accuracy  is  not  required. 

The  plane  table,  which  is  also  occaeionally  employed  for  surveying 
ground,  ie  a  square  board  fitted  upon  a  tnpod-stand  and  furnished 
with  compass,  and  with  an  alidade,  or  ruler  carrying  "  sights  "  at  the 
extremities.  Drawing-paper  is  made  fast  to  the  b^d  or  table,  and  the 
instrument  being  set  up  at  any  part  of  the  ground  which  may  be 
thought  convenient,  a  point  is  marked  on  the  paper  to  represent  the 
place.  The  alidade  is  next  turned  about  that  point,  so  that  the  line  of 
the  sights  may  be  directed  to  any  remarkable  objects  whose  situations 
are  to  be  determined,  and  lines  are  drawn  by  the  edge  of  the  ruler 
in  ita  several  positions;  then  the  distance  from  the  instrument  to 
some  one  of  those  objects  being  measured,  and  laid  down  on  its  line  of 
direction  by  a  convenient  scale,  the  place  of  that  object  on  the  paper 
is  obtained.  The  table  is  then  removed  to  that  object,  and  iixed  by 
the  needle  in  the  compass-box,  so  that  its  edges  may  be  parallel  to 
their  former  positions  :  that  is,  till  the  alidaide  placed  on  the  line 
joining  the  places  of  the  two  objects  of  the  paper  is  iu  a  direction 
tending  to  we  former  place  of  the  instrument.  In  this  position,  the 
alidade  being  turned  about  the  point  which  represents  the  actual  place 
of  the  instrument  on  the  ground,  lines  are  drawn  as  before  along  the 
edge  of  the  ruler,  towards  lie  several  objects  which  had  been  observed 
at  the  preceding  station;  the  intersections  of  these  lines  with  the 
others  will  determine  the  places  of  the  objects  on  the  paper. 

The  length  of  every  line  which  is  to  be  measured  must  be  obtained 
in  a  direction  parallel  to  the  horizon  between  its  extremities:  and 
the  determination  of  this  length  is  generally  a  work  of  considerable 
difficulty  on  account  of  the  inequalities  of  the  ground. 

Where  great  precision  is  required,  it  would  be  proper  that  the 
direction  of  the  line  to  be  measured  should  be  indicated  bv  pickets 
previously  planted  at  intervals  along  it  j  a  cord  may  be  stretched  tight 
between  the  two  first  pickets,  and  Uie  measurement  may  be  performed 
by  means  of  a  graduated  deal-rod  15  or  20  feet  in  length,  which  should 
be  applied  successively  to  the  cord,  the  place  of  each  extremity  of 
the  rod  bein^  marked  by  a  pin  pressed  into  the  cord.  But  when 
the  ground  u  nearly  level,  a  measuring-chain  is  laid  upon  the 
ground  itself  in  the  direction  of  the  line  to  be  measured,  the  leading 
nian  pressing  into  the  ground,  at  the  end  of  each  chain's  length,  an 
iron-pis,  wmch  being  taken  up  by  the  person  who  follows,  the  number 
of  pins  so  taker  up  serves  to  show  the  number  of  chains  in  the 
length  of  the  line  medcured.  In  ascending  or  descending  any  gentle 
devation  of  the  ground,  the  chain  should  be  held  up  at  the  lower  end 
till  it  is  in  a  horizon  till  position,  as  nearly  as  the  chain-holder  osn 


estimate  it;  and  a  plummet  being  suspended  from  that  extramity,  so 
as  to  touoh  the  ground  vertically  under  it,  the  meaaurement  tbiu 
obtained  is  in  general  suffioiant^  near  the  required  horisoutal  length 
of  the  line.  When  the  slope  of  the  ground  is  too  great  to  admit  of 
this  simple  method  being  put  in  praotice,  the  chain  must  be  stretohed 
on  the  ground,  and  then  the  angle  at  which  it  is  inclined  to  the 
horizon  being  found  by  some  instrument  (a  small  spirit-level  furnished 
with  a  graduated  are),  the  horizontal  value  of  the  chain's  length  must 
be  computed.  And  iif,  at  the  same  time,  the  vertical  height  of  one 
end  of  tilt  chain  above  the  other  be  also  computed,  there  will  be 
affiirded  mffldent  data  for  determining  on  paper  the  form  of  a  vertical 
seotion  of  the  groimd  in  the  direction  of  tiie  measured  line. 

Where  the  rise  or  fall  of  the  ground  is  considerable,  the  operation 
wijl  be  most  conveniently  and  accurately  performed  by  the  use  of  a 
theodolite ;  for  this  purpose  pickets  should  bo  set  up  in  the  ground,  ia 
the  direction  of  the  line  to  be  measured,  at  every  place  where  a  changa 
oocuni  in  the  inclination  of  the  ground  to  the  horizon,  and  marks  made 
on  them  at  heights  above  the  ground  equal  to  that  of  the  telescope 
belonging  to  the  theodolite ;  then,  while  the  chainmen  are  employed 
in  measuring  the  length  of  the  line  on  the  ground,  the  surveyor  iakai 
the  angular  elevations  or  depressions  of  the  marks  on  the  pickets,  wiUi 
respect  to  the  hoiiaon.  From  the  data  thus  obtained  the  horizontal 
distances  between  points  of  ground,  and  the  positiona  of  the  point* 
above  or  below  any  assumed  horizontal  plane,  can  be  computed.  In 
order  to  save  the  trouble  of  making  trigonometrical  computations,  the 
vertical  arch  of  the  theodolite  usually  carries  two  series  of  graduations, 
from  which,  by  iuspection,  when  the  telescope  is  directed  to  an  object, 
the  portion  of  the  measured  line  which  should  be  subtracted  from  it 
in  order  to  reduce  it  to  the  corresponding  horizontal  length  may  be 
found ;  and  also  the  portion  of  that  horizontal  length  to  which  the 
vertical  height  or  depression  is  equal. 

This  meuod  may  be  conveniently  put  in  practice  when  it  is  required 
to  exhibit  sections  of  the  ground,  for  the  purpose  of  guiding  the  civil 
engineer  in  the  choice  of  a  line  for  a  road  or  canal ;  the  great  accuracy 
with  which  the  section  might  be  determined  by  a  spirit-level  not  being 
requisite.  It  is  now  the  practice  to  represent  on  a  plan  of  the  ground 
a  vertical  section  in  the  direction  of  a  proposed  line  of  road,  for  the 
purpose  of  showing  the  depths  to  which  the  excavations  are  to  be 
carried,  and  the  heights  to  which  the  embankments  are  to  be  raised  ; 
a  strong  line,  as  a,  b',  d',  representing  tjie  surface  of  the  proposed 
road :  on  one  side  of  this  line,  as  at  S',  <{",  are  shown  the  profiles  of 
the  requisite  excavation ;  and  on  the  other  side,  as  at  i^,  are  shown  the 
profiles  of  the  embankments :  both  the  heights  and  depths  being  deter- 
mined with  relation  to  the  surface  of  the  road.  This  method  was  first 
prnp.)aed  by  Mr.  MacneiL 

The  principal  and  secondary  station-lines  constitute  a  triangulation 
on  the  plan  of  the  ground ;  and  whetT^e  lengths  of  these  lines  have 
been  ascertained  by  admeasurement,  the  superficies  of  the  whole  track 
may  be  found  by  the  rules  of  mensuration.  The  area  of  each  trianglo 
should  be  calculated  separately  from  the  measured  lengths  of  the  lines, 
and  the  several  results  added  together,  if  all  the  triangles  lie  within 
the  given  boundaries  of  the  tract ;  should  any  of  them  lie  on  the 
exterior  of  the  boimdary,  the  areas  must  of  course  be  subtracted. 
But  as  the  boundaries  of  the  several  fields,  &c.,  seldom  coincide  exactly 
with  the  station-lines,  ofiketa  must  have  been  measurod  from  every 
such  line  to  each  remarkable  bend  in  the  nearest  boundary;  and 
between  the  station-line,  the  boundary,  and  every  two  ofibets  from  the 
former,  there  exists  a  small  trapezoid,  whose  area  must  be  computed 
separately,  and  either  subtracted  from  or  added  to  tJie  areas  of  the 
triangles  formed  by  the  measured  station-lines,  according  as  it  lies 
within  or  on  the  exterior  of  these  triangles.  ' 

The  accurate  method  just  described  is  not  always  put  in  practice  by 
surveyors.  When  the  boundaries  of  a  field  or  tract  of  ground  have 
numerous  small  bends,  a  straight  line  is  sometimes  drawn  through 
portions  of  the  boundary  in  such  a  manner  that  the  small  areas  on 
the  exterior  of  the  line  shall  be  equal  to  those  which  fall  in  the  interior, 
this  equality  being  estimated  by  the  eye :  ^e  complex  figure  of  the  ' 
contour  line  is  thus  reduced  to  one  n^pre  simple ;  and  the  area  of  the 
field  or  tract  is  then  computed.  For  this  purpose  either  the  plan  is 
divided  into  two  or  more  triangles,  or  by  a  geometrical  oonstruction 
the  whole  irregular  figure  is  reduced  to  one  triangle  uf  equal  magnitude, 
and  in  either  case  the  lengths  of  the  sides  are  measured  by  the  scale 
of  the  plan. 

When  a  road,  river,  or  any  boundary-line  is  surveyed  with  the 
theodolite  and  chain,  the  successive  operations  are  registered  in  a  book 
according  to  a  particular  form,  by  which  a  person  without  any  know- 
ledge of  the  ground  may  be  enabled  witit  fitdlity  to  lay  the  work 
down  on  paper.  This  is  called  the  '  Field-Book,'  and  the  manner  of 
entering  in  it  the  series  of  operations  will  be  best  explained  by  means 
of  an  example.  Let  a,  q,  B,  D,  be  the  principal  bends  in  tiie  direction 
of  a  road,  and  the  stations  at  which,  in  succession,  the  theodolite  is 
placed  for  the  purpose  of  observing  the  bearings  of  the  several  lines 
o  q,  q  B,  and  b  d,  from  the  magnetic  meridian  passing  through  the ' 
first  station  a. 

At  o  let  the  bearing  of  the  object,  or  mark  set  up  at  Q,  be  observed ; 
let  the  line  o  Q  be  measured  with  the  chain,  and  let  o£bet»  be  measured 
perpendicularly  to  that  line  np  to  any  remarkable  points  near  it.  At 
q  let  the  beanng  of  %  staff  at  n  be  observed ;  also  let  the  length  of 
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Q  R,  and  of  several  offsets  from  it  at  remarkable  points  towards  the 
light  and  left  hand  along  that  part  of  the  road,  be  measured.  Again 
at  B  let  the  bearing  of  l^e  staff  at  s  be  observed ;  let  also  the  length 
of  B  D,  and  of  various  offsets  along  that  line,  be  measured ;  and 
let  it  be  supposed  that  the  like  process  is  continued  Ml  &r  as  may  be 
required. 

Each  page  of  the  field-book  is  then  divided,  as  below,  into  three 
columns  by  two  parallel  lines  drawn  down  the  page :  and  beginning  at 
the  bottom  of  the  column,  the  several  bearings  of  objects,  the  lengths 
of  the  station-lines,  and  the  several  ofbets  from  those  lines  are  inserted, 
in  order,  ascending  towards  the  top  of  the  page,  the  offsets  being  placed 
on  the  right  or  left  hand  of  the  middle  column,  conformably  to  their 
positions  with  respect  to  the  station-line  to  which  they  belong.  And 
it  is  on  this  aooount  that  the  several  entries  are  made  in  succession 
from  the  bottom  upwards.  The  distances  in  the  middle  column 
between  the  stations  o  and  Q  are  reckoned  from  a ;  those  between  Q 
and  B  are  reckoned  from  4,  and  so  on,  each  number  in  that  column 
expressing  the  distance  up  to  the  place  in  the  station-line  where  the 
o^t  whose  length  ia  given  inunediately  on  the  right  or  left  hand  of 
the  number  was  taken.  When  it  is  required  to  determine  by  observed 
bearings  the  poeition  of  any  object,  as  z,  at  a  distance  from  the  road, 
those  bearings  are  also  inserted  in  the  field-book  at  the  stations,  os  Q 
and  B,  where  they  were  observed,  and  immediately  under  the  bearing 
of  the  next  forward  station.  The  mark  Q  is  ustudly  put  to  signify 
the  word  "station." 
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The  term  "  plottmg  "  ia  applied  to  the  process  of  laying  down  on 
paper  the  plan  of  the  ground  which  has  been  surveyed.  If  the  survey 
has  been  performed  by  the  chain  only,  the  several  station-lines  consti- 
tute the  sides  of  triangles  extending  over  the  whole  of  the  ground;  the 
lengths  of  those  sides  are  determined  by  admeasurement,  and  in  places 
where  they  do  not  coincide  with  the  roads,  hedges,  &c.,  offsets  are 
measured  from  the  sides  to  the  principal  bends  in  those  boundaries. 
In  order  to  "  plot"  the  survey  in  this  case,  a  proper  scale  of  gradua- 
tions, usually  representing  "  chains "  and  "links,"  is  chosen,  and  the 
length  of  one  of  the  station-Unes  taken  from  the  scale  being  laid  down 
on  the  paper  as  a  base,  from  the  two  extremities  of  it  as  centres,  with 
distances  (taken  from  the  scale)  equal  to  the  measured  lengths  of  the 
two  sides,  which  with  the  base  form  the  first  triangle,  arcs  are  de- 
scribed to  intersect  one  another ;  this  intersection  being  joined  to  the 
extremities  of  the  base  by  lines,  the  first  triangle  is  constructed.  Each 
side  of  this  triangle  is  then  used  as  a  base  on  which  another  triangle  is 
constructed  with  lines  token  from  the  scale  equal  to  the  measured 
lengths  of  the  sides,  and  so  on.  After  the  triangulation  is  thus  formed, 
the  offsets  are  laid  down  from  them.  This  part  of  the  process  is  accom- 
plished by  setting  out  with  compasses  upon  each  station-line,  from  one 
of  its  extremities,  the  several  distances  (taken  from  the  scale)  of  the 
pomts  at  which  the  offsets  were  measured,  drawing  lines  perpendicu- 
larly to  the  station-line  at  these  points,  and  on  them  placing,  from  the 
scale,  the  measured  lengths  of  the  offsets  :  lines  joining  the  extremities 
of  these  offset  lines,  either  drawn  by  hand  or  wiUi  a  ruler,  will  repre- 
sent the  lines  of  roads,  the  boundaries  of  fields,  and  the  like.  In  order 
to  facilitate  the  operation  of  laying  down  the  offsets  from  the  station- 
lines,  the  surveyor  is  usually  provided  with  ivory  scales  graduated  to 
represent  chains  and  links  on  the  edges ;  by  laying  on  edge  of  such 
scale  nling  the  station-line,  with  the  zero  of  the  graduations  at  one  end, 
the  several  distances  of  the  offset-lines  from  that  extremity  can  be 
marked  on  the  line  in  succession ;  the  scale  may  then  be  applied  to 
each  offset-line,  and  the  measured  extent  marked  by  means  of  the 
graduations. 


But  plotting  scales  are  frequently  made  with  graduations  along  tho 
edges,  and  witii  a  short  scale,  also  graduated  on  an  edge,  which  is  dia- 
p<»ed  at  right  angles  to  the  length  of  the  principal  scale,  and  is  capable 
of  being  moved  to  an^  part  of  that  scale  by  having  one  of  its  extremi- 
ties cut  so  as  to  slide  m  a  groove  formed  in  the  direction  of  the  length 
of  the  scale.  The  perpendicular  scale  is  moved  along  the  principal 
scale  to  the  graduation  which  denotes  the  place  of  the  offset,  and  the 
length  of  the  latter  is  then  marked  by  the  graduations  on  the  perpen- 
dicular scale.  Since  the  oCbets  frequently  occur  on  both  sides  of  the 
station-line,  the  zero  of  the  graduations  on  the  perpendicular  scale  may 
be  at  some  distance  from  the  edge  of  the  principal  scale,  which  is  then 
placed,  not  in  coincidence  with  the  station-line,  but  parallel  to  it  at 
such  a  distance  that  the  zero  may  always  be  in  that  line.  By  this 
contrivance,  which  was  first  proposed  by  Major  Robe,  the  offsets  from 
the  line  may  be  marked,  whether  they  be  above  or  below  it,  without 
displacing  the  principal  scale.  To  find  a  convenient  scale  for  plotting  a 
survey,  the  length  and  breadth  of  the  whole  may  be  computed  approxi- 
matively  in  order  to  ascertain  the  number  of  chuna  in  such  length  or 
breadth,  and  then  the  dimensions  of  the  paper  in  inches  being  known, 
the  number  of  chains  in  each  inch  may  be  formed  by  proportion. 
Flans  of  estates  are  usually  made  from  srales  of  2,  3,  or  4  chains  in  an 
inch,  and  the  linear  dimensions,  on  a  plan  made  from  a  scale  of  8  chains 
in  an  inch,  are  equal  to  ,^  of  tiie  actual  dimensions  on  the  ground. 

In  important  surveys,  where  the  process  consists  in  measiuing  a 
base-line,  and  observing  with  a  theodolite  the  three  angles  of  every 
triangle,  the  base  is  laid  down  on  the  paper  from  some  scale  as  before ; 
and  at  each  of  its  extremities  all  the  angles  contained  between  the 
base-line  and  visual  rays  from  different  objects  to  that  extremity  are 
set  out  by  means  of  a  protractor.  The  intersections  of  the  several 
lines  from  the  opposite  extremities  of  the  base  determine  the  pomUons 
of  the  objects,  and  form  with  the  base  the  first  triangles.  The  sides  of 
these  trisuigles  become  then  the  bases  of  other  triangles,  and  the  angles 
observed  at  the  extremities  of  their  sides  must  be  set  out  by  the  pro- 
tractor. If  any  of  these  lines  should  have  been  measured  by  the  chain 
on  the  ground,  the  construction  of  the  triangles  by  means  of  the 
angles  may  be  verified  by  measuring  the  lengths  of  such  lines  on  the 
scale  by  which  the  base-line  was  laid  down.  Ofbets  may  also  be  laid 
down  as  already  described. 

But  the  practice  in  ordinary  surreys  is  to  observe  by  the  "  back 
angle,"  as  before  described,  the  bearings  which  the  different  station- 
Unes  make  with  the  meridian-line  passing  through  one  of  the  stations, 
and  to  measure  with  the  chain  the  length  of  each  station-line.  These 
bearings  and  lengths,  together  with  the  offsets,  are  registered  in  the 
field-book,  and  they  are  generally  transferred  to  the  paper  in  the  fol- 
lowing manner : — 

A  Ime,  as  N  B,  is  drawn  in  any  convenient  part  of  the  paper,  gene- 
rally in  a  direction  parallel  to  the  right  and  left  sides,  to  represent  the 
magnetic  meridian;  and  any  point  z  is  chosen  in  it,  at  which  the 
centre  of  the  protractor  is  placed.  Then  the  bearings,  or  angles  mode 
with  the  magnetic  meridian  by  the  different  station-lines,  H  E,  K  o,  o  i,, 
&c.,  ore  set  out  by  the  graduations  of  the  protractor  about  the  point  so 
chosen,  and  lines,  as  z  1,  z  2,  z  8,  ftc,  are  drawn  from  this  point  through 
the  mark  made  on  the  paper  on  setting  out  each  angle.  These  Hues 
are  so  numbered  in  order  to  indicate  the  particular  station  at  which 
each  angle  was  observed.  Then  if  the  assumed  point  z  on  ihe  meridian- 
line  should  be  the  place  of  the  first  station,  the  first  line  so  drawn  is  in 
the  direction  of  the  first  station-line ;  but  if  the  assumed  point  is  not 
the  first  station,  the  place  of  this  first  station  must  be  chosen  on  the 
paper,  as  at  H ;  and  a  line  drawn  through  it,  parallel  to  z  1,  will  be  the 
direction  of  the  first  station-line.  Its  extremity  K,  found  by  setting 
out  its  length  from  the  plotting  scale,  will  be  the  place  of  the  second 
station.  Through  K  a  line  ia  to  be  drawn  parallel  to  z  2,  and  this  will 
be  the  direction  of  the  second  station-line,  whose  length  K  o  must  then 
be  set  out  as  before.  This  process  is  to  be  continued  till  all  the 
station-lines  have  been  laid  down;  when,  if  the  survey  should  have 
been  carried  round  the  boundaries  of  a  tract  of  ground,  the  second 
extremity  of  the  last  station-line  will,  provided  the  operations  have 
been  accurately  performed,  coincide  with  H,  the  place  of  the  first 
station.  Ftoni  these  lines  the  offsets  must  be  set  out  as  before 
described. 

In  order  to  set  out  the  allotments  of  land  in  countries  which,  like 
some  parts  of  North  America,  are  covered  with  wood,  the  surveyor 
determines  on  the  ground  the  position  of  a  boundaiy-line  comprehend- 
ing an  area  of  a  square  form,  each  side  of  which  is  six  or  eight  miles  in 
length.  One  of  these  spaces,  which  constitutes  a  township,  is  usually 
divided  into  squares  of  one  mile  on  each  side ;  and  again,  these  are 
divided  into  squares  of  half  or  a  quarter  of  a  mile  on  each  side. 

The  boundary-line  of  the  township  is  detenmned  by  measuring  with 
a  chain  a  base-Une  six  or  eight  miles  in  length,  generally  along  one  side 
of  a  square  already  marked  out  for  some  previous  township ;  and  at 
each  extremity  of  this  line  carrying  out  one  of  equal  Ien^;Ui  perpen- 
dicularly to  the  base.  A  line  joining  the  farthest  extrenuties  of  the 
last  lines  completes  tho  square.  In  order  to  mark  out  the  two  sides 
which  are  perpendicular  to  the  measured  base,  a  circumfei-entor,  or  a 
large  surveying-compass,  furnished  with  plain  "  sights,"  and  mounted 
on  a  stand,  is  used.  The  bearing  of  the  intended  line  from  the  mag- 
netic meridian  being  ascertained  from  the  position  of  tho  basa,  and  the 
instrument  being  set  up  at  one  extremity  of  that  line,  the  line  of  ths 
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lights  is  turned  bo  as  to  make  Trith  the  needle  of  the  compass  an  angle 
eqvial  to  that  bearing ;  then  the  surveyor,  looVing  in  the  direction  of 
the  sights,  ofaaerves  some  remarkable  tree,  and  causes  the  distance  from 
his  station  to  that  tree  to  be  measured,  small  trees,  if  such  there  be 
between  himself  and  the  object,  being  cut  down.  Kotches  are  cut  in 
the  tree  in  order  that  it  may  be  distinguished  from  the  others,  and  the 
instrument  is  removed  to  the  opposite  side  of  the  tree.  The  line  of 
the  sights  is  then  turned  so  as  to  make  the  giren  angle  with  the 
needle,  and  the  diabinoe  of  the  station  to  the  next  remarkable  tree  in 
the  line  is  measured  as  before.  This  process  is  continued  to  the  extre- 
mity of  the  line  which  is  to  be  set  out,  and  strong  stakes  are  planted 
at  the  end  of  each  mile,  haU  mile,  and  quarter  mile  on  the  line.  From 
these  stakes  the  lines  of  division  and  subdivision  are  earned  out  in  a 
ffjmilur  manner, 

When  the  allotments  are  contiguous  to  a  road,  or  the  bank  of  a  river, 
a  narrow  front  is  measured  along  the  road  or  liver,  and  the  boundaij- 
lines  are  carried  out,  perpendicularly  to  the  front,  as  far  as  may  be 
requisite  in  order  to  comprehend  between  them  the  intended  area. 

SURVIVORSHIP.  A  question  of  life  contingencies  is  said  to  be 
one  of  survivorship  when  a  benefit  depends  upon  the  order  of  the 
deaths  of  individuals  in  such  manner  that  it  shall  be  necessaiy  to 
(nlculate  the  chance  of  one  individual  dying  before  another  in  every 
year  of  life.  This  distinctive  name  depends  therefore  entirely  upon  the 
mathematical  character  of  the  problem,  and  of  two  questions,  which 
both  seem  to  depend  on  survivorship  in  the  common  sense  of  the 
word,  one  may  really  do  so,  in  the  teumical  sense,  and  not  the  other. 
Thus  the  question  of  finding  the  premitmi  of  an  assuiance  on  the 
death  of  A,  provided  B  die  fint,  is  one  of  survivorship  :  but  that  of 
finding  the  value  of  an  annui^  on  the  life  of  a,  to  b^gin  at  the  death 
of  B,  is  not. 

The  ehanct  0/  airvivorikip  is  that  of  one  individual,  now  of  a  given 
a^,  surviving  another,  also  now  of  a  given  age.  The  following  table 
exhibits  the  chance  of  the  older  life  surviving  the  younger,  according 
to  the  Carlisle  Table.  Thus  the  chance  that  6S  shall  survive  26  is 
'110 ;  consequently  the  chance  of  25  surviving  65  is  1 —'110  or  '890 ; 
and  it  is  89(1  to  110,  or  about  8  to  1,  that  of  two  persons  aged  65  and 
25,  the  elder  shall  die  fitst. 
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SURVIVORSHIP.    [Joiira  Tekaboy.] 

SUSPENSION  is  •  tram  used  in  law  when  a  leig^nory,  rent  or  other 
profit  out  of  land,  by  reason  of  the  unity  of  possession  of  the  seignory, 
rent,  &c.,  and  of  the  land  out  of  which  they  issue,  are  not  m  euc  for  a 
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time,  but  may  be  revived  or  awaked.  It  diOers  from  extinguishment, 
which  is  when  the  rent,  &c.,  is  gone  for  ever  by  reason  of  the  estate  in 
the  land  being  coextensive  with  that  in  the  rent,  &c  (Co.  Litt., 
813,  a.) 

SUSPENSION  BRIDGE.    [Bkidqe,  col.  854,  Ac.] 

SUSPENSION,  CENTRE  OK.    [Centre,  coL  734.1 

SUSPENSION,  ECCLESIASTICAL,  is  a  mode  of  censure  or 
secondaiy  punishment  inflicted  by  the  church  on  persons  guilty  of 
those  minor  offences  which  do  not  deserve  the  severer  penalties  of 
deprivation  or  excommunication.  "  In  the  laws  of  the  church,"  says 
Bishop  Qibson, "  we  read  of  two  sorts  of  suspension — one  relating 
solely  to  the  cleigy,  the  other  extending  also  to  the  laity." 

"  That  which  relates  solely  to  the  clergy  is  suspension  ah  officio  et 
hentfido  (that  is,  the  duties  and  income  of  his  office)  jointly,  or  oi 
officio  or  leneficio  singly,  and  may  be  called  a  temporary  degradation  or 
deprivation,  or  both."  "  The  other,  which  relates  to  the  laity  also,  is 
suspension,  ah  ingreua  ecdetia  (that  is,  from  entering  the  church),  or 
from  the  hearing  of  divine  service  and  receiving  the  holy  sacrament, 
which  may  therefore  be  called  a  temporary  excommunieation."  He  also 
observes  that  the  two  sorts  of  suspension  agree  in  this,  that  both  are 
inflicted  for  crimes  of  an  inferior  nature ;  that  both,  in  practice  at  least, 
are  temporary;  and  lastly,  both,  if  unduly  performed,  are  attended 
with  further  penalties.    (See  Gibs., '  Cod.,'  tit.  xlvi.,  cap.  8.) 

In  the  Roman  Catholic  Church  various  kinds  of  suspension  were 
inflicted  for  a  great  variety  of  offences.  A  few  may  be  mentioned  to 
illustrate  the  nature  of  this  punishment.  A  bishop  might  be  suspen- 
ded from  wearing  the  sacred  vestments  of  his  order,  or  from  exercising 
his  power  of  collating,  instituting,  or  presenting  to  livings,  or  from  the 
exercise  of  his  jurisdiction,  or  from  his  office  and  benefice,  or  even 
from  entering  the  church.  These  various  species  of  punishment  were 
inflicted  for  such  ofiences  as  delaying  to  consecrate  a  church  after 
proper  api^cation,  not  punishing  concubinary  priests,  or  corrupt  and 
irregular  practices  in  instituting  persons  to  ecclesiastical  preferments. 
The  inferior  orders  of  the  clergy  and  other  religious  persons  might  be 
suspended  from  their  office  or  benefice,  or  from  performing  service,  or 
from  receiving  the  sacrament,  or  from  entering  the  church.  The 
offences  so  punished  were  delay  or  irregularity  in  the  performance  of 
their  duties,  not  wearing  a  proper  dress,  violating  the  rules  of  their 
order  with  respect 'to  eating  and  drinking,  neglecting  to  receive  the 
sacrament  at  Easter,  or  extortion. 

Suspension  was  either  imposed  by  sentence  after  trial,  in  which  case 
it  must  have  been  preceded  by  admonition,  or  was  ipso  facto  upon  the 
perpetration  of  certain  crimes.     (Gibs., '  Cod.,'  ubi  tupra.) 

Suspension  has  been  retained  as  a  mode  of  punishment  in  the 
Engli^  church.  By  the  33rd  canon  of  1603,  a  bishop  ordaining  a 
penon  who  has  not  a  pro^r  title,  and  refusing  to  maintain  him  till  he 
prefer  him  to  some  ecclesiastical  living,  is  to  be  suspended  from  giving 
orders  during  one  year :  by  the  35th  canon,  a  bishop  admitting  to 
sacred  orders  any  one  not  properly  qualified  is  to  be  suspended  from 
making  either  deacons  or  priests  during  two  years ;  and  by  the  36th 
canon,  a  bishop  ordaining  any  one  who  has  not  subscribed  in  the 
manner  required  by  that  canon  is  to  be  suspended  from  giving  orders 
during  twelve  months. 

It  18  also  declared  by  the  68th  canon  that  a  minister  refusing  to 
christen  or  to  bury  shall,  except  under  circumstances  particularly 
specified  by  the  canon,  be  suspended  by  the  bishop  of  his  diocese  from 
his  ministry  by  the  space  of  three  months. 

The  above  are  tiie  principal  cases  in  which  suspension  still  exists  as 
a  form  of  punishment  in  the  chureh  of  England.  With  respect  to  tho 
laity,  this  censure  is  now  entirely  disused. 

SUTTEE  {Satt,  from  the  Sanskrit  lal,  good)  properly  means  a  chaste 
and  virtuous  wife,  and  in  ordinary  use  is  applied  to  one  who  burns 
herself  on  her  husband's  funeral  pile.  The  torn  has  been  employed 
by  Europeans  to  denote  the  act  of  self-immolation  as  practised  by 
Hindu  widows.  When  this  practice  was  first  introduced  cannot  be 
determined  with  any  degree  of  certainty  :  it  is  described  by  the  Greek 
writers  of  the  age  of  Alexander,  and  by  Mohammedan  and  Christian 
travellers  of  the  16th  and  17th  centuries.  Diodorus  (xix.  33)  gives  an 
instance  of  a  suttee  which  occurred  in  the  army  of  Eumenes  upwards 
of  800  years  before  the  Christian  era ;  and  he  aseribes  tiie  zeal  for  this 
kind  of  self-sacrifice,  in  most  instances,  to  the  in&my  which  attached 
to  those  widows  who  refused  to  conform  to  the  custom.  This  is  also 
the  view  taken  by  our  missionaries ;  but  as  Elphinstone  ('History  of 
India,'  i.)  justiy  observes,  if  the  motive  were  one  of  so  general  an 
influence,  the  practice  would  scarcely  be  so  rare.  It  is  not  improbable 
that  the  doctrine  of  transmigration  generally  held  throughout  India  may 
have  had  some  influence  in  the  establishment  of  the  custom  of  the  suttee. 
A  widow,  by  burning  herself  with  the  corpse  of  her  husband,  was  to 
be  immediately  released  from  further  migration,  and  enter  at  once  on 
the  enjoyments  of  Heaven,  to  which  by  this  act  she  woidd  aiao  eutitie 
the  deceased.  Again,  perhaps  the  hope  of  meeting  the  departed  in  the 
Swaiga  (Sahagamana)  would  be  sufficient  to  induce  a  faithful  wife  to 
sacrifice  herself.  But,  however  ancient,  there  are  in  fact  no  autheotio 
ancient  writings  of  India,  whether  legal  or  religious,  which  moke  any 
mention  of  it.  It  is  certain  that  Hanu,  in  his  directions  to  Hindu 
widows  (book  v.),  does  not  even  allude  to  it.  It  cannot  be  denied, 
however,  that  some  good  Indian  autiunities  recommend  the  practice, 
but  by  no  nwaoa  ooouQMid  it.    Aaoording  to  •  nunmai;  of  tha  )an 
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and  custom  of  Hindu  caiteB,  compiled  b;  Arthur  Steele,  lod  printed  at 
Bombay  by  order  of  the  governor  in  1827,  the  most  virtuous  mode  of 
becoming  a  Buttoe  is  to  die  of  affliction  and  grief  on  the  husband's 
death.  The  usual  practice,  indeed,  is  self-immolation  on  the  husband's 
funeral  pile ;  but  the  many  case*  imder  which  a  widow  is  excused 
becoming  a  suttee,  strongly  support  the  supposition  that  none  of  the 
Hindu  law-books  imperatively  command  it.  The  succees  which  has 
attended  the  attempta  of  the  British  government  to  abolish  the  suttee, 
is  a  sufficient  proof  that  the  natives  themselves  were  not  so  averse  to 
its  suppraaaion  as  had  been  expected.  In  1826  the  government 
declared  the  burning  of  a  widow  without  the  body  of  we  deceased 
(amunarana),  and  under  various  other  specified  dreumstances,  illegal; 
MmI  aU  persons,  whether  relations  or  others,  aiding  or  abetting  in  such 
•n  act,  either  before  or  after  the  death  of  the  husband,  were  to  be 
oonmiitted  for  trial  at  the  oiroait  oooits,  and  were  made  liable  to  the 
punishments  for  murder  and  homioide.  It  was,  however,  not  until 
1829  that  a  regulation  was  passed,  on  the  14th  December,  by  the 
goremor-gencral,  Lord  W.  Bentinck,  in  ooonoil,  declaring  the  practice 
of  suttee,  or  of  burning  or  burying  aJive  the  widows  of  Hindus,  with 
or  wiliiout  the  body  m  the  deceased  (anumarana  or  saAamarana),  to 
be  illegal  and  punishable  by  the  criminal  courts.  The  praoUoe  is  still 
retained  in  some  of  the  independent  governments  of  India,  but  is  maoh 
less  prevalent  since  its  abolition  in  the  Engflish  territories. 

The  mode  of  burning  was  the  same  throughout  India,  varying  only, 
according  to  the  rank  of  the  deceased  or  the  province  where  it  was  per- 
formed. The  accounts  of  all  Eastern  tnvellera  abound  with  irurtances 
dt  suttees  :  it  will  be  sufficient  here  to  give  a  short  sketch  of  the  cere- 
mony. The  husband  is  directed  by  the  physician,  when  there  are  no 
hopes  of  bis  reoovery,  to  be  carried  to  the  river  side,  and  the  wife  then 
breaks  a  small  branch  from  the  mango-tree,  take*  it  with  her,  and 
{proceeds  to  the  body,  where  she  sits  down.  The  barber  paints  the 
^des  of  her  feet  red,  alter  which  she  bathes,  and  puts  on  new  dothes. 
Puring  these  preparatioDS  the  drum  beats  a  certain  sound,  by  which  it 
is  known  that  a  widow  is  about  to  be  burnt  with  the  corpse  of  her 
husband.  On  hearing  this,  all  the  village  assembles.  The  son,  or,  if 
there  be  no  son,  a  relation,  or  the  head  man  of  the  village,  provides 
the  articles  necessary  for  the  ceremony,  A  hole  is  dug  in  the  ground, 
^und  which  stakes  are  driven  into  the  earth,  and  tUck  green  stakes 
Jbiid  aaroas  to  form  a  kind  of  bed,  upon  which  are  laid  abundance  of 
dry  faggots,  hemp,  clarified  butter,  and  other  oombustibles.  The 
widow  now  presents  her  ornaments  to  her  friends,  ties  some  red  cotton 
on  both  wrists,  puts  two  new  combs  in  her  hair,  paints  her  forehead, 
and  puts  some  parched  rice  and  cowries  into  the  end  of  the  doth  which 
ahe  wears.  While  this  is  going  forward,  the  dead  body  is  anointed 
'with  clarified  butter  and  bathed,  prayers  are  rweated  over  it,  and  it  is 
dreaud  in  new  dothes.  Ropes  and  another  pMoe  of  doth  are  spread 
upon  the  pile.  The  widow  walks  seven  time*  round  the  funeral  pile, 
strewing  parched  rice  and  cowries,  and  then  she  asoends  the  pile,  or 
rather  throws  herself  upon  it. 

(Ward's  Hindoo*,  ii.  00 ;  Elphinstcae,  Hiitory  of  India ;  Portia- 
■MRtary  Pa$<n  <m  8utU»j  Sir  John  Malcolm's  Memoir  of  Oaitral 
India.) 

SUTUBE,  in  Surgery,  ia  the  method  of  sewing  together  the  edges 
of  woonda;  and  the  term  la  alro  applied  to  the  threads  with  which  Uie 
operation  ia  efi'ected. 

The  only  wounds  in  which  the  application  of  sutures  can  be  bene- 
ficial are  those  of  which  the  edges,  if  hdd  together,  are  likely  to  unite. 
They  are  therefore  improper  in  all  contused  wounds,  in  the  majority 
oi  lacerations,  and  in  those  wounds  which  extend  so  deep  that,  though 
the  superficial  parts  might  be  brought  together,  the  deep  ones  woiUd 
lemain  open.  But  in  deanly-cut  wounds,  whose  edges  can  be  placed 
•nd  kept  in  eontaot  without  any  painful  stretching  of  the  parts  adjacent 
to  them,  sutmres  are,  if  applied  with  proper  eautions^  by  far  the  moat 
convenient  and  secure  method  of  obtaining  a  speedy  reunion. 

The  rieceaaary  cautions  are,  that  they  should  not  be  allowed  to 
remain  in  the  wotmd  till  they  excite  acute  inflairmiation,  and  that  if 
from  any  cause  the  wound  become  inflamed,  they  ahould  be  at  once 
removed.  In  general,  thirty-six  hours  are  suffident  for  a  wound 
through  the  skin  and  the  superfidal  parts  to  unite  so  far  that  it  does 
not  need  sutures  to  keep  its  edges  in  contact.  Aiter  this  time,  there- 
fore, the  sutures  should  be  removed ;  and  in  oases  of  deeper  wounds, 
and  of  amputations,  it  will  not  be  necessary  to  retain  them  more  than 
twenty-four  hours  longer. 

The  several  kinds  of  suture  employed  in  tutgtrj  ara  named  the 
interrupted,  the  uninterrupted,  and  the  twiri«d.  In  the  first,  the 
edges  of  the  wonnd,  having  been  duly  deaned,  are  brought  together 
by  several  singls  stitohes  placed  an  inch  or  more  part.  A  threaded 
curved  needle  is  passed  through  the  skin  from  one  side  of  the  wound 
to  the  other,  so  as  to  include  about  one-third  of  an  inch  of  healthy 
akin  on  each  aide  of  it,  and  then,  the  needle  bang  cut  ofi",  the  two  ends 
of  the  thread  are  tied  pretty  firmly  in  a  double  knot  over  the  line  of 
the  wound.  This  is  repeated  as  many  times  as  the  length  of  the 
wound  reqnirea,  and  the  spaces  between  the  suoceasive  sutures,  where 
the  eoges  of  the  wound  usuallv  gape  a  little,  may  be  held  together  by 
■twking-plaater.  The  latter  alone  will  laffloa  when  the  sntures  are 
removed. 

,.^  ^«  n^temipted  or  glover's  suture,  a  dngle  thread  is  carried 
Mtenwtdy  from  one  aide  to  the  other  along  the  whole  length  of  the 


wound,  the  needle  being  in  each  stitch  paaaed  from  the  border  of  the 
wound  towards  the  adjacent  healthy  skin.  There  are  only  two  kind* 
of  cases  in  which  this  mode  of  suture  can  be  usefully  employed, 
namely — first,  in  certain  wounds  of  the  stomach  and  intestines,  when 
those  organs  are  to  be  returned  into  the  abdomen,  and  it  is  of  the 
highest  importance  that  every  part  of  the  opening  into  them  ahould  be 
dosed,  so  that  their  contents  may  not  escape;  and  secondly,  in  ordinary 
cuts  of  the  palm  of  ^e  hand  or  the  fingers,  where,  the  outide  being 
i^ck,  the  uninterrupted  suture  may  be  inode  without  pain. 

The  twisted  suture  is  employed  for  wounds  in  those  parts  of  the 
skm  which  are  very  loose,  and  in  which  it  is  desirable  to  obtain  a  very 
exact  union  by  the  first  intention,  such  aa  the  lips,  the  eye-lids,  the 
cheeks,  too.  Instead  of  threads,  one  or  more  pins  are  passed  aaroas  the 
wound  and  through  the  adjacent  skin ;  and  the  edges  of  the  former 
being  brought  tc^thor,  are  retained  in  their  places  by  odls  of  silk 
wound  like  the  figure  8  upon  the  projecting  ends  of  the  pins.  This  is 
the  mode  of  suture  commmily  emplo^  •fter  the  operation  for  hara-lip. 
THabb-Lif.] 

With  all  kinds  of  sutures  it  il  of  the  highest  importance  that  the 
dressings  over  them  should  be  very  light  and  oool.  It  is  probably 
owing  to  the  neglect  of  this  caution,  and  of  that  already  given  respect- 
ing the  time  during  which  they  should  be  retained,  that  some  aurgeona 
have  been  led  to  regard  sutures  as  more  mischievous  than  beneficial, 
ascribing  to  them  the  injuries  produced  by  the  injudidous  management 
of  other  parts  of  the  treatment. 

SWAN.  In  England  the  swan  is  said  to  be  a  bird  royal,  in  which 
when  at  large  in  a  public  river  or  creek,  no  subject  can  have  property, 
except  by  g^rant  from  the  crown.  In  creating  this  privilege  the  crown 
grants  aswan-mark  (cygnincta),  for  a  game  of  swans,  called  in  law  Latin 
deductus  (a  pastime,  un  dMuit)  cygnorum,  sometimes  volatus  cygnorum. 
(7  Coke's  '  Bep.,'  17.)  In  the  reign  of  Elizabeth,  upwards  of  900 
corporations  and  individuals  had  their  distinct  swan-marks,  soma  of 
which  may  be  seen  in  Tarrell's  '  British  Birds,'  vol.  iii.,  121,  Ac. 

Sometimes,  though  rarely,  the  crown,  instead  of  granting  a  swan- 
mark,  confers  the  still  greater  privilege  of  enjoying  the  prerogative 
right  (within  a  certain  district)  of  seizing  wlute  swans  not  marked. 
Thus  the  abbot  of  Abbotsbury  in  Dorsetshire  had  a  game  of  wild 
swans  in  the  estuary  formed  by  the  Isle  of  Portland  and  the  Chesil 
Bank.  The  swannery  at  Abbotsbury  is  the  largest  in  the  kingdom ; 
though  formerly  considerably  more  extensive,  it  still  numbers  many 
huncueds  of  these  birds.  It  is  now  vested  in  the  earl  of  Ilchester,  to 
whose  ancestor  it  was  granted  on  the  dissolution  of  the  monasteries. 
(7  Co. '  Bep.,'  17 ;  Hutohins, '  Dorset,'  i.  588.) 

The  privilege  of  having  a  awon-mark,  or  game  of  swans,  is  a  free- 
hold of  inheritance,  and  may  be  granted  over.  But  by  22  Edw.  IV., 
0.  6,  no  person,  other  than  the  king's  sons,  shall  have  a  swan-mark,  or 
game  of  swans,  imless  he  have  freehold  lands  or  tenements  of  the  dear 
yearly  value  of  five  marks  (81.  6>.  Sd.),  on  pain  of  forfdture  of  the 
swans,  one  moiety  to  the  king,  and  the  other  to  any  qualified  person 
who  makes  the  seizure.  In  the  first  year  of  Richard  III.  the  inhabi- 
tants of  Crowland  in  Lincolnshire  were  exempted  from  the  operation 
of  this  act  upon  their  petition  setting  forth  that  their  town  stood  "  all 
in  mush  and  fen,"  and  that  they  had  great  games  of  swans,  "  by 
which  the  greatest  part  of  their  rdief  and  living  had  been  sustaaned." 
(6  '  Bot.  Pari.;  260.) 

Two  of  the  London  Companies  have  games  of  swans,  the  Dyers'  and 
the  Vintners'  Company,  and  are,  with  tiie  crown,  the  principiJ  owners 
of  swaru  in  the  Thames.  The  swan-mark  of  the  Dyers'  Company  is  a 
notch,  called  a  "  niok,"  on  one  side  of  the  beak.  The  swans  of  the 
Vintners'  Company,  being  notched  or  nicked  on  each  side  of  the  beak, 
are  tailed  "swans  with  two  ludet"  whence  by  corruption  the  term 
which  has  been  long  used  aa  a  sign  by  one  of  the  large  iims  ia  London, 
"  swan  with  two  necks." 

On  the  first  Monday  in  August  in  every  year  the  swan-markers  of 
the  crown  and  the  two  Companies  of  the  city  of  London  used  to  go  up 
the  river  for  the  purpose  of  inspecting  and  taking  an  acoount  of  the 
swans  bdonging  to  their  respective  employers,  and  marking  the  young 
birds.  In  andent  documents  this  annual  expedition  is  called  swan- 
upfing,  and  the  persons  employed  are  denominated  swan-uftpert. 
'These  are  still  the  designations  used  amongst  the  initiated,  though 
popularly  corrupted  into  tmrn-hopping  and  swan-Aopper*. 

The  king  had  formerly  a  swanherd  (magister  dednctua  cygnorum, 
'  Bot.  Pari.,'  16  B.  IL ;  4  '  Inat.'-2S0)  not  only  on  the  Thames  (6  '  Bot. 
Pari.,'  1  H.  VIL,  fo.  369),  but  in  several  other  parts  of  the  kingdom 
('  Abb.  Bot.  Original,'  268  b;  '  Cal.  Bot.  Pat.,'  174  a). 

Stealing  swans  marked  and  pinioned,  or  unmarked,  if  kept  in  a  mote, 
pond,  or  private  river,  and  reduced  to  tomenees,  is  fdony.  (Hale, 
'  Pleas  of  Uie  Crown,'  68.)  Stealing  swans  not  so  marked  or  so  kept, 
or  so  pursued,  is  merety  a  trespass  or  misdemeanor.  (Dalton's 
'Justice,' c.  156.) 

Under  the  11  Henry  TIL,  o.  17,  stealing  the  eggs  of  swans  out  of 
their  nests  was  punished  by  imprisonment  for  a  year,  and  a  fine  at  the 
king's  pleasure.  But  this  enactment  was  superseded  by  the  1  Jac..  I., 
c.  27,  §  2,  whidi  declares  that  every  person  taking  eggs  of  swans  out  of 
their  nests,  or  wilfully  breaking  or  spoiling  them,  may  upon  conviction 
before  two  justioes  be  oommitted  to  jail  fcr  three  months,  unless  he 
pay  to  the  churchwardens  for  the  use  of  the  poor  20j.  for  every  egg; 
or,  after  one  month  of  his  commitment,  become  bound,  with  two 
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■unties  in  201.  a-plece,  nerer  to  6ffend  again  In  like  manner.  And  Me 
'  Calend  Rot.  Pat.,'  168  b,  186  b,  166  a,  168  a. 

The  2  Henry  IV.,  o.  21,  which  directs  that  no  lord  shall  give  any 
Hreiy  or  sign  to  any  knight^  esquire,  or  yeoman,  oontaina  a  proviso, 
that  the  prince  may  give  Ills  honourable  livery  of  the  Swan  to  his  lords, 
and  to  gentlemen  his  menials.    (8  '  Rot.  Pari.,'  iJS  a.) 

(See  Blomfleld'a  NorfMe;  Kemp's  Loidy  MSS.J  Afehmotogia,  voL 
zvi. ;  Colonel  Hawker.) 

SWBARINO,  a  pro&ne  use  of  the  name  of  the  Deity.  By  the 
109th  canon,  churchwardens  are  to  present  those  who  offend  their 
brethren  by  swearing,  and  notorious  offenders  are  not  to  be  admitted 
to  oommunion  imtil  they  are  reformed  Profane  cuning  and  swearing 
were  first  made  an  offence  punishable  by  law  by  20  J.  I.,  c.  21  (con- 
tinued by  8  Ch.  I.,  c.  4;  16  Ch.  I.,  o.  4;  and  6  ft  7  W.  III.,  a  11). 
By  the  19  G.  II.  o.  21,  it  is  recited  that  these  vices  were  become  no 
frequent,  that  "  unless  speedily  and  effectually  punished,  they  may 
justly  provoke  the  divine  vengeance  to  Increase  the  many  calunitieB 
these  nations  now  labour  under,"  and  the  statute  acoordingly  enacts 
that  if  any  person  shall  probnely  curse  or  swear,  and  be  convicted 
thereof  on  confeesion,  or  on  the  oaui  of  one  witness,  before  any  magis- 
trate, he  shall 'forfeit,  if  a  day-labourer,  common  soldier,  sailor,  or  sea- 
man. It. ;  if  any  other  person  under  the  degree  of  gentleman,  2s. ;  if  of 
or  above  the  degree  of  a  gentleman,  6>. ;  for  every  second  conviction 
double,  and  for  every  third  and  subsequent  conviction  treble.  The 
penalties  are  to  go  to  the  poor  of  the  parish.  If  the  ofience  is  com- 
mitted in  the  hearing  of  the  magistrate,  he  may  convict  without 
further  proof.  Parties  who  do  not  pay  the  penalties  and  oosts  may  be 
imprisoned  and  kept  to  hard  labour  ten  days  for  the  penalties,  and  six 
other  days  for  the  costs.  Magistrates  and  constables  are  liable  to 
penalties  if  they  wilfully  omit  to  do  their  duty  tinder  the  act.  No 
person  can  be  prosecuted  except  within  eight  days  after  he  has  com- 
mitted the  offence. 

SWEATING-SICKNESS.  Ephemera  Sadaloria,  Ephemera  Maligna, 
Sudor  Anglicui,  Hydronosat,  are  the  various  names  which  have  been 
given  to  a  severe  epidemic  disease  that  prevailed  in  this  country  and  in 
gome  parts  of  the  Continent  at  different  periods  during  the  latter  part 
of  the  16th  and  the  beginning  of  the  16th  centuries.  The  invasion  of 
this  disease  was  gener^y  quite  sadden,  some  persons  experiencing  a 
sensation  as  of  a  not  vapour  extending  over  the  body,  while  others  felt 
as  if  consumed  by  an  internal  fire ;  there  was  violent  fever,  pain  in  the 
head  and  limbs,  prostration  of  strength,  hurried  breathing,  a  small 
frequent  pulse,  nausea,  great  thirst,  delirium,  and  excessive  restless- 
ness. Shortly  after  the  appearance  of  these  symptoms  a  profuse 
clammy  fetid  perspiration  broke  out  over  the  whole  body ;  the  thirst 
became  more  intolerable,  and  the  patients  either  died  m  a  state  of 
delirium  or  coma,  or  recovered  as  suddenly  as  they  hod  been  first 
attacked.  Such  was  the  rapidity  with  which  this  disease  ran  its  course, 
that  its  victims  were  sometimes  carried  off  in  three  or  four  hours,  or 
even  before  the  sweating  stage  had  set  in ;  and  all  danger  was  con- 
sidered to  be  at  an  end  if  the  patient  survived  the  first  twenty-four 
hours.  The  profuse  sweating  which  characterised  the  disease  was 
looked  upon  as  an  effort  of  nature  to  get  rid  of  some  morbific  matter 
from  the  system,  and  the  early  appearance  of  tUs  staee  was,  therefore, 
regarded  as  a  favourable  circumstance.  Accordingly,  when  persons 
were  attached,  it  was  usual  to  put  them  immediately  to  bed,  without 
even  removing  their  clothes,  to  enjoin  absolute  quietude,  and  to  en- 
ootirage  the  outbreak  of  the  perspiration  by  heating  the  room,  covering 
them  wdl  up  from  the  air,  and  giving  them  mild  cordials.  If  the 
sweating  stage  were  tardy  in  appearing  under  the  influence  of  these 
means,  friction  was  had  recourse  to ;  and  if  the  patient  were  at  the 
same  time  verr  feeble,  drinks  of  a  more  stimulating  quality  were 
administered  :  fumigations  with  storax,  laurel,  or  juniper  berries  were 
also  employed.  These  remedies  were  persisted  in  till  the  sweating  was 
fully  established.  After  twelve  or  fifteen  hours  the  coverings  of  the 
patient  were  diminished,  the  apartment  was  made  cooler,  and  the  air 
was  impregnated  with  the  vapour  of  vinegar ;  sleeping  was  not  allowed 
at  this  stage  of  the  complaint  unless  the  pulse  was  strong,  it  having 
been  observed  that  those  who  indulged  in  this  propensity  seldom  woke 
again.  At  the  end  of  twenty-four  hours  the  linen  was  all  changed, 
nourishing  food  was  gradually  administered ;  and  on  the  second  or 
third  day,  if  the  weather  was  propitious,  the  patients  were  allowed  to 
go  out.  This  mode  of  treatment,  which  is  so  different  from  that  pur- 
sued in  the  present  day  in  analogous  diseases,  does  not  appear  to  have 
been  adopted  simply  with  the  view  of  hastening  the  accession  of  the 
sweating  stage,  but  from  the  experience  of  the  injurious  influence  of 
cold  in  this  disease,  several  fatal  cases  having  been  attributed  to  the 
mere  exposiu-e  of  the  patient's  arms  to  the  air  while  in  bed. 

The  sweating-sickness  is  said  to  have  made  its  first  appearance  in 
this  country  in  the  army  of  the  earl  of  Richmond,  on  his  landing  at 
Hilford  Haven  in  the  year  1486.  On  the  21st  of  September  of  the 
same  year  it  reached  London,  where  it  raged  till  tihe  latter  end  of 
October.  It  reappeared  in  this  country  during  the  summers  of  1608, 
1617, 1628,  and  1551.  From  1526  to  1680  it  visited  Holland,  Qermany, 
Denmark,  Sweden,  Poland,  and  parts  of  Russia ;  and  Forestus  informs 
us  (lib.  vi.,  obs.  8)  that  it  broke  out  in  Amst^dam  on  the  27th  of 
September,  1629,  where  it  raged  but  four  days,  sparing  only  old  people 
and  children,  and  attacking  above  one  hundred  persons  a  day.  With 
respect  to  the  mortality  of  this  disease  accounts  are  somewliat  vague. 


Baoon  informs  us  VbtA  in  the  first  epidemic  the  patients  recovered  if 
they  were  attended  to  in  time,  but  that  many  cUad  before  a  remedy 
was  discovered  The  epidemic  of  1517  appears  to  have  been  particu- 
larly fatal,  frequently  destroying  its  victims  in  two  or  three  hours,  and 
in  some  places  carrying  off  one-third,  and  even  one-half  of  the  inhabi- 
tants :  that  of  1528,was  also  very  &tal,  but  was  remarkable  for  its  short 
duration  in  each  place.  The  lost  outbreak  of  this  disease  in  England 
happened  at  Shrewsbury  in  the  year  1651,  and  was  extremely  fatal, 
sparing  neither  age  nor  sex :  it  raged  from  April  to  September,  be- 
coming milder  in  character  towards  its  termination. 

The  origin  and  causes  of  this  singular  malady  are  still  involved  in 
considerable  mystery.  Bacon  speaks  of  it  as  a  terrible  and  unknown 
disease,  that  hod  its  origin  neither  in  the  blood  nor  in  the  humours ;  a 
surprise  of  nature,  rather  than  obstinate  to  remedies.  Drs.  Caius 
and  Head  believed  it  to  be  a  modification  of  tiie  plague ;  and  Dr.  Mead 
says  that  it  was  imported  into  this  country  from  France,  whither  it 
had  been  conveyed  in  1480,  from  the  island  of  Rhodes,  at  that  time 
besieged  by  the  Turks.  Caius  affirms  that  the  two  epidemics  of  1617  and 
1628  were  brought  to  England  from  Florence  and  Naples,  at  which 
places  the  plague  was  then  raging,  and  that  it  vras  the  same  diseose, 
only  modified  by  climate.  Dr.  Cullen  thought  it  a  variety  of  ^hus ; 
and  Dr.  Willan  suggested  that  it  might  have  been  produced  vj  some 
disease  in  the  wheat  at  those  periods  at  which  it  prevailed,  just  as  the 
Asiatic  or  malignant  cholera  has  been  attributed  to  the  eating  of  bad 
rice.  Opinions  are  not  less  at  variance  respecting  the  antiquity  of  this 
disease,  and  its  identity  with  that  which  still  prevails  on  some  parts  of 
the  Continent,  to  which  the  term  of  "  La  Suette  "  has  been  applied 
M.  Bayer,  without  giving  a  decided  opinion  on  the  subject,  admits  that 
although  there  are  notable  differences  between  the  two  diseases  in 
point  of  duration  and  gravity,  yet  there  is  an  inoontestlble  analogy 
between  them.  It  is  perhaps  impossible  at  this  distance  of  time  to 
decide  the  question :  we  shall  therefore  conclude  this  article  by 
referring  those  who  may  feel  an  interest  in  the  subject  to  M.  Bayer's 
'  Histoire  de  I'Epid^mie  de  la  Suette-Miliare  qui  a  r^gn^  en  1821,  dans 
les  Dipartemens  de  I'Oiseetde  Seine-et-Oise,'  8vo.,  Paris,  1822. 

SWELL.    [Oboaw.] 

SWIFTEST  PBOPAOATION.    [Ukdtjiatort  Theobt.] 

SWORD  MANUFACTURE.  Weapons  of  offence  were  early  fabri- 
cated by  the  cutlers  of  Sheffield  Holland  ('  Manufactures  in  Metal') 
gives  a  representation  of  two  men  grinding  a  sword-blade,  copied  from 
a  manuscript  psalter,  written  about  the  time  of  King  Stephen,  which 
is  preserved  in  the  Ubrary  of  Trinity  College,  Cambridge,  and  which 
probably  represents  the  usual  construction  of  grinding  machinery  at 
that  time.  The  grindstone  ia  mounted  upon  a  horizontal  axis,  which 
one  man  turns  by  means  of  a  crank ;  and  the  sword,  which  is  straight 
and  pointed,  is  [pressed  down  upon  its  periphery  by  the  other  man, 
who  sits  on  a  beam  above  the  level  of  the  stone,  so  that  his  weight 
may  be  convenienUy  thrown  upon  the  sword,  to  press  it  firmly  against 
the  stone. 

But  while  there  can  be  no  doubt  of  the  extensive  manufacture  of 
swords  in  England  at  an  early  period,  the  blades  made  in  Spain  and 
Italy,  and  more  especially  those  brought  from  the  East,  bore  the  pre- 
eminence. The  swords  of  Toledo  were  sought  after  on  account  of 
their  admirable  temper,  in  the  time  of  the  Moors,  and  even  under  the 
Romans.  It  has  been  supposed  that  they  ware  indebted  for  their 
valuable  qualities  to  some  peculiar  property  in  the  water  of  the  Tagus, 
which  is  used  in  tempering  them.  In  the  early  period  of  the  French 
invasion,  the  manufactory  was  removed  to  Seville,  where  the  national 
junta  then  was ;  but  it  was  found  that  the  swords  manufactured  ott 
the  banks  of  the  Guadalquivir  were  very  inferior  to  those  which  the 
same  workmen  had  made  at  Toledo.  In  the  time  of  the  crusades,  and 
down  to  a  much  later  period,  Milan  supplied  swords  of  excellent 
quality  in  large  numbers.  But,  celebrated  as  these  and  the  Spanish 
blades  deservedly  were,  those  from  the  East  were  still  more  highly 
prized,  and  enormous  sums  were  often  given  for  them.  Of  sll  the 
sabres,  the  &me  of  which  has  reached  this  country,  those  of  Damascus 
are  by  far  the  most  noted.  Very  few  persons  indeed  have  seen  them ; 
and  fewer  still  have  been  the  instances  in  which  the  blades  themselvea 
have  confirmed  those  strange  stories  about  their  temper  which  are  so 
generally  circulated,  and  received  among  persons  who  know  but  little 
of  the  nature  of  steel.  The  characteristics  ascribed  to  the  real 
Damascus  blades  are,  extraordinary  keenness  of  edge,  great  flexibility 
of  substance,  a  singular  grain  and  fleckinesB  observable  tq>on  the 
surface,  and  a  peculur  mui^y  odour  given  out  by  any  friction  of  the 
blade.  Their  quality,  undoubtedly  excellent  as  it  must  be,  has  been 
greatly  exaggerated ;  the  extraordinary  powers  of  execution  attributed 
to  Damascus  blades  are,  in  a  great  measure,  dependent  upon  the 
strength  and  dexterity  of  the  user.  A  gentieman  mio  purchased  one 
of  these  sabres  in  the  East  Indies  for  a  thousand  piastres,  informed 
Mr.  Holland  that,  although  it  was  very  flexible,  and  bore  a  fine  keen 
edge,  it  could  not  be  safely  bent  to  more  than  46°  from  a  straight  line, 
and  it  was  not  nearly  so  sharp  as  a  razor ;  yet,  when  wielded  by  a 
skilful  hand,  it  would  cut  throu;^  a  thick  roll  of  sail-cloth  without 
apparent  difficulty.  The  swordsman  who  tried  it  could,  it  appears,  do 
nearly  the  same  thing  with  a  good  European  blade. 

About  the  year  1689  an  attempt  was  made  to  improve  and  extend 
the  sword  manufacture  of  England  by  the  incorporation  of  a  company 
of  sword-cntlen  for  making  hollow  sword-blades  in  Cumberland  and 
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the  adjacent  counticB.  The  company  was  empowered  to  purdiaae 
lands,  to  erect  mills,  and  to  employ  a  great  number  of  Oenuan  artd- 
ficera  ;  yet  the  project  &Ued.  Owing,  apparently,  to  the  poraimony  of 
the  manufactuiera,  which  led  them  to  use  inferior  materials,  and  to 
employ  unskilful  workmen,  Knglish  sword-blades  fell  into  very  ill 
repute  during  the  18th  century.  In  178S  the  sword-sellers  of  London, 
in  consequence  of  the  very  bad  quality  of  English  blades,  petitioned 
the  lords  of  the  treasury  for  permission  to  import  German  swords  free 
of  duty ;  and  this  circumstance,  by  attracting  public  attention  forcibly 
to  the  low  state  of  this  brsmch  of  BriUsh  cutlery,  led  to  very  impor- 
tant improvements.  Mr.  Gill,  of  Birmingham,  memorialised  ute  lords 
of  the  treasury,  stating  that  he  could  make  sword-blades  equal  to 
those  of  Germany,  and  requesting  a  fair  comparison.  Circumstances 
delayed  the  public  trial  which  he  desired ;  but  in  1786,  the  East  India 
Company  requiring  10,000  horsemen  swords,  divided  their  orders 
indiscriminately  among  English  and  Qennan  manufacturers.  Owing 
to  the  exertions  of  Mr.  Gill,  by  whom  some  of  these  swords  were 
made,  a  comparative  trial  was  appointed,  and  every  sword  sent  in  was 
submitted  to  a  machine  recommended  by  Matthew  Boulton,  of  Soho, 
in  which  the  metal  was  tried  by  forcing  the  sword  into  a  ourra,  so  as 
to  reduce  its  length  from  86  inches  to  29  finches.  The  result  was  that 
26.50  of  Mr.  Gill's  swords  bore  the  test,  and  only  4  were  rejected, 
while  of  the  German  swords  1400  were  received  and  23  rejected. 
The  extremely  low  state  of  the  British  sword  manu&cture  at  that 
time  is  sufBciently  testified  by  the  &ct  that  of  the  blades  sent  by  other 
English  cutlers,  2700  were  received  and  1084  rejected.  In  addition  to 
the  above-mentioned  test,  Mr.  Gill  tried  his  swords  by  striking  them 
flatways  upon  a  slab  of  Cast-iron,  and  edgeways  upon  a  cylinder  of 
wrought-iron,  which  they  often  cut  through.  They  were  so  tough, 
although  formed  of  cast-steel,  that,  after  cutting  a  gun-barrel  asunder. 
Gill  would  frequently  wind  the  blade  round  it  like  a  riband,  after 
.which  it  would  recover  its  original  straightnees,  excepting  at  the  point. 
'So  completely  did  he  establish  the  fame  of  his  swords,  that  even  Ger- 
man officers  applied  to  him  for  them. 

The  process  of  manufacturing  swords  at  Birmingham  Is  as  follows : 
— The  material  of  which  the  blade  is  wrought  ^ould  be  cast-steel 
of  the  veiy  best  quali^,  and  wrought  with  the  greatest  care.  The 
bars  are  heated  in  the  fire,  and  drawn  out  upon  an  anvil  by  two 
workmen  with  hammers,  giving  alternate  strokes.  When  the  blade 
is  required  to  be  concave  upon  the  mdes,  or  to  have  a  reeded  back, 
or  some  similar  ornament,  It  is  hammered  between  steel  bosses  or 
neages.  The  blade  is  then  hardened  by  heating  it  in  the  fire  until 
it  becomes  worm-red,  and  dipping  it,  point  downwards,  in  a  tub  of 
cold  water.  It  is  tempered  by  drawing  it  through  the  fire  several 
times  until  the  surface  exhibits  a  bluish  ondation,  which  takes  place 
at  a  temperature  of  about  650°  Fahr.  The  sword  is  then  tet  to  the 
required  shape  by  placing  it  on  a  sort  of  fork  upon  the  anvil,  and 
wrenching  it  by  means  of  tongs  in  the  direction  required  to  cor- 
rect any  degree  of  warping  which  it  may  have  contracted  during  the 
hardening.  The  grinding  is  performed  upon  a  stone  with  either  a  flat 
or  fluted  surface,  according  to  the  kind  of  blade ;  and  as  the  imifofmity 
of  the  temper  is  impaired  by  this  process,  it  is  subsequently  restored 
by  a  alight  heating,  after  which  the  blade  is  glazed  with  emery,  and, 
if  the  instrument  be  a  fine  one,  with  erocia  mariu,  after  the  manner  of 
a  Azor-blade.  The  sword  is  then  ready  for  the  hilt  or  handle.  Among 
the  tests  to  which  sword-blades  are  subjected,  is  that  of  bending  them 
into  a  curve  by  pressing  the  side  of  the  blade  against  six  or  eight  pegs 
driven  into  a  board,  in  such  a  manner  that,  when  in  contact  with  all 
the  pegs,  the  middle  of  the  blade  may  be  bent  six  or  seven  inches  from 
a  straight  line  drawn  between  the  point  and  the  hilt.  A  further  test 
is  applied  by  bending  them  from  a  vertical  pillar  rising  from  a 
boaid.  The  temper  is  also  proved  by  striking  the  blade  smartly  upon 
a  table  on  both  sides,  and  by  severe  strokes  with  the  back  and  edge 
upon  a  block.  Mr.  Inglis,  in  his  '  Spain  in  1830,'  describes  the  trials 
to  which  sword-blades  are  subjected  at  the  celebrated  manu&ctory  of 
Toledo.  Each  sword  is  thrust  against  a  plate  in  the  wall,  and  so  bent 
into  an  arc  forming  at  least  three  parts  of  a  circle ;  and  then  struck 
edgeways  upon  a  leaden  table  with  all  the  force  which  can  be  given  by 
a  powerful  man  holding  it  with  both  hands. 

The  British  cavalry,  within  a  recent  period,  have  been  supplied  with 
swords  superior  in  quality  to  those  before  in  use,  dightiy  different  in 
shape,  and  lighter  in_weight. 

Many  plana  have  ijeen  tried  for  imitating  the  peculiar  waved  appear- 
ance of  Damascus  blades,  which  is  commonly  called  damaMng.  The 
Oriental  processes  have  never  been  satisfatorily  described,  although 
several  methods  have  been  devised  in  Europe  for  imitating  the  Eastern 
fabrics.  MM.  Clouet  and  Hachette  have  pointed  out  three  methods  of 
attaining  the  desired  object  The  first,  which  is  still  pursued  by  some 
French  cuUers,  consists  in  scooping  out  with  a  gravmg  tool  the&oes  of 
a  piece  of  stuff  composed  of  thin  plates  of  steel  of  different  kinds ;  and 
by  a  subsequent  operation  filling  up  the  hoUows,  and  bringing  them 
to  a  level  with  the  external  faces,  upon  which  they  form  a  figured 
appearance.  The  second  is  called  tiie  method  of  torsion,  and  is  more 
K^orally  employed.  It  consists  in  forming  a  bundle  of  strips  of  steel, 
which  are  wdded  together  into  a  bar,  and  twisted  several  times  about 
Its  axis.  It  is  repeatedly  forged  and  twisted  alternately ;  after  which 
It  is  slit  longitudinally,  and  the  two  halves  are  welded  with  their 
outer  Bides  together.    The  suffaces  of  such  a  bar  have  a  curious  I 


waved  or  watered  appearance,  owing  to  ihe  inter-twisting  of  the  several 
rods  of  which  it  is  comfKised.  The  third,  or  jnotaic  method,  consists 
in  preparing  a  bar  in  the  way  last  described,  then  cutting  it  into  short 
pieces,  and  forming  them  into  a  faggot ;  taking  cars  in  welding  them 
together  to  preserve  the  sections  of  each  piece  at  the  surface  of  the 
blade.  The  experiments  published  some  years  since  at  Milan,  by  Pro- 
fessor Crivelli,  show  that  sword-blades  of  excellent  quality  may  be 
produced  by  a  combination  of  iron  and  steeL  A  bar  of  malleable  steel, 
about  an  inch  and  a  half  in  breadth  and  one  eighth  of  an  inch  in  thick- 
ness, is  bound  round  with  iron-wire,  at  intervals  of  one-third  of  an  inch. 
The  iron  and  steel  are  then  incorporated  by  welding,  and  repeated 
additions  of  iron-wire  are  incorporated  in  the  same  way.  The  com- 
pound bar  thus  formed  is  then  stretched  and  divided  into  shorter 
lengths,  which  are  aubsequentiy  wrought  into  the  required  form, 
ground,  and  tempered.  By  filing  semiciitsular  grooves  into  both  sides 
of  the  blade,  and  again  subjecting  it  to  the  hammer,  a  beautiful 
damasked  appearance  is  produced ;  and  the  figures  or  waterings  are 
rendered  visible  by  washing  the  blades  with  a  menstruum  of  aqui^ortis 
and  vinegar,  so  as  to  corrode  the  surface  slightly.  The  process  is  said 
to  have  been  practised  successfully  in  Austria  and  FruBsia. 

Another  way  of  explaining  the  variegated  appearance  of  Damascus 
blades  is  that  of  M.  Br&mt.  He  supposes  that  the  oriental  damask  is 
not  a  mixture  of  steel  and  iron,  but  simply  cast-steel  charged  with  a 
superabundance  of  carbon ;  so  that,  by  slow  cooling,  two  distinct  com- 
binations are  formed,  the  first  being  simply  steel,  and  the  second  a 
mixture  of  steel  with  the  excess  of  carbon,  forming  a  carburetted  steel 
or  oast-iron.  These  two  compounds  form  a  kind  of  crystallised  surface 
which,  by  washing  with  adduhribed  water,  assumes  a  damasked  appear- 
ance; the  parts  consisting  of  pure  steel  becoming  black,  while  the 
carburretted  steel  remains  white. 

Besides  the  numerous  contrivances  for  producing  the  variegated 
^pearance  of  Damascus  blades,  ingenious  processes  are  resorted  to  for 
ornamenting  sword-blades  by  etching  and  embossing,  and  by  inlaying 
them  with  gold  and  silver  wire,  an  axt  to  which  the  name  of  damat- 
cening  is  sometimes  applied.  In  the  article  Dakasoemb  Work,  thia 
process  is  noticed. 

SWOBDS.  Gittk  Swordt.  The  earliest  and  fullest  information  on 
the  subject  of  the  Greek  swords  is  in  the  poems  of  Homer.  With 
him  the  {(fio;,  iop,  and  ^atyavoy  are  synonymous  terms :  the  /ucEx<uf>a 
is  a  lai^  knife  suspended  near  the  ilipos  ('  U.,'  iii.  271}  for  the  purpose 
of  cutting  anything ;  the  (,i^os  is  called  iwkirisToii,  a  term  not  veiy 
satisfactorily  expliuned,  and  ItfyupdfifiMv,  or  studded  with  silver,  an 
epithet  relating  probably  to  the  handle  (jcimt),  which  ia  Siud  to  be  of 
sUver :  the  scabbard,  KoKth,  in  later  writers  called  6^Kr|  ('  Od.,'  viiL 
404),  ia  covered  with  ivory. 

At  a  later  period  coins,  vases,  and  other  ancient  monuments,  exhibit 
the  form  of  the  Greek  sword,  which  was  a  short  out-and-thrust  blade, 
diminishing  gradually  from  hilt  to  point. 

Varieties  in  the  form  of  the  blade  and  handle  are  occasionally  to  be 
met  with  on  vases.  (Millin., '  Vases  Antiques,' pi.  26  and  S6.)  The  S^mf, 
or  scabbard,  sometimes  terminates  in  a  knob,  the  niictit  probably  of 
Herodotus  (iii.  64).  We  have  only  scanty  and  incidental  notices  of  the 
sword  in  Greek  writei-s  after  the  time  of  Homer.  C.  Nepos  ('  Iphi* 
crates,'  c.  i.)  records  that  that  general  introduced  a  longer  sword  among 
the  Athenian  infantry.  Xenophon  ('  De  Re  Eques.,'  xii)  prefers  the 
IjAxfupa  to  the  {'^s  for  cavoliy,  because  their  position  on  horseback  he 
considers  more  favourable  for  the  cutting  than  thrusting:  in  this 
passage  iidxiupa,  is  used  synonymously  wi^  mnr/f,  which  leads  us  to 
suppose  it  to  have  been  miade  at  that  time  only  for  cutting.  In  later 
writers  the  terms  /nixoufa  and  {f^i  are  used  indisdiminately.  (Polyb., 
ilL  114.) 

TKe  Greek  sword  was  worn  on  the  left  side,  suspended  by  a  belt 
generally  from  the  shoulder,  as  in  the  figure  of  Meleager  on  the  coins 
of  JEtoiiA,  but  occasionally  by  a  girdle  round  the  waist.  On  a  vase  in 
Millingen  (pi.  28)  it  is  slung  .more  forward,  so  that  the  hilt  is  in  the 
middle  of  tiie  breast.  The  material  of  the  Greek  blade  was  generally 
bronze ;  in  later  times,  iron. 

Soman  Saordt. — ^The  Roman  sword  was  called  "  ensis,"  "gladius," 
and  "  mucro  "  (though  "  muoro  "  originally  meant  the  point  of  the 
sword  only;  its  edge,  "ades;"  its  handle,  "capulus;"  its  scabbard, 
"vagina").  Polybius  gives  an  accurate  description  of  the  Roman 
swokI  used  in  his  day,  which  had  the  Iberian  wort  straight  cut-and- 
thrust  blade  of  finely  tempered  steel :  this  had  been  substituted  for 
the  old  Roman  sword  at  the  time  of  the  war  with  Hannibal  (Ub.  vL ; 
also  '  Fragm.,'  xiv.,  where  he  speaks  of  the  admirable  temper  of  the 
Celtiberion  blades).  The  form  of  the  sword  continued  from  his  time 
till  that  of  the  later  emperora,  apparently  unchanged.  Montfaucon 
('  AnUquit^s,'  vii.)  states  that  the  blades  of  those  on  the  column  of 
Marcus  Aurelius  and  the  arch  of  Severus  are  more  pointed  than  on  the 
column  of  Trajan,  and  that  they  became  shorter  in  the  time  of  Con- 
stantino the  Great  and  Theodosius.  Stewechius  ('  Comment.'  in 
VegeUum,  p.  64,  Vesal.,  1670)  speaks  of  a  larger  kind  of  sword, 
"  spatha,"  under  the  later  emperors.  There  seems  to  be  no  distinction 
in  size  or  shape  between  the .  swords  of  the  infantry  and  cavalry  on 
Trajan's  column  and  other  similar  monuments.  The  sword  used  by 
the  gladiaton  was  somewhat  curved.  The  Roman  sword  was  worn  on 
the  right  side.  Montfaucon  notices  three  exceptions  to  this  general 
practice  on  the  arch  of  Septimius  Severus;  and  the  spathn  already 
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mentioned  are  sud  to  be  worn  on  the  left  side.  The  parazonium 
appears  to  have  been  the  inaigne  or  sword  of  office  of  a  militaiy 
tribune.  (Martial,  xiv.  29 ;  Baderus,  'Comment/  in  loc;  and  Fitisc., 
'  Lexicon  Antiq.  Itoman.') 

Other  Ancient  Swordt—Fot  the  swords  of  other  nations  of  antiquity, 
■ee  Wilkinson's  '  Antient  Egrptians;'  for  the  Assyrian,  the  works  of 
Layaid  and  Botta ;  bx  the  tuayiiais,  or  Persian  sword,  and  that  of 
other  Eastern  people,  Leake, '  Athrais,'  iL ;  and  for  the  swords  of  the 
Gauls,  LiTv,  zzii  46,  and  biodorus,  v.  80. 

In  the  British  Musetmt  are  four  ancient  bronze  swords,  three  of 
which  have  cut-and-titirust  blades,  varying  in  length  from  10  to  26 
inches,  and  in  breadth  from  14  to  2  inches.  Another,  considered  to 
be  Etruscan,  ia  bound  with  gold  wire  round  the  handle,  and  is  about 
18  inches  long.  In  Montfaucon  ('  Antiq.,'  vii.)  are  engravings  of  three, 
two  uf  which,  as  he  states,  measured  a  foot  and  a  half  (fVench),  and 
the  other  80  inches  in  length.  In  the  Huseo  Borbonico,  voL  v.,  pL 
xzxix.,  is  an  engraving  of  one  having  two  rings  on  its  scabbard,  which 
is  of  wood,  covered  with  plates  of  metal,  and  studded  with  brass; 
a  handle  of  another  is  finished  with  on  eagle's  head,  and  other  varieties 
ore  shown  in  the  same  work< 

SYLLABLE  ((rv^AaJS4).  A  syllable  consists  of  one  ra  more  ele- 
mentary sounds  of  a  language  uttered  in  one  emission  of  voice.  The 
pronotm  /  is  an  example  of  a  syllable  consisting  of  but  one  elementary 
sound;  and  the  syllable  ttntnge  is  an  example  consisting  of  several 
elementary  soirnds  articulated  (joined)  together.  Words  which  consist 
of  one  syllable  are  termed  monosyllabic;  those  consisting  of  two  are 
termed  dissyllabic ;  those  of  three,  trisyllabic ;  and  thoae  of  more  than 
three  are  indefinitely  termed  polysyllabic. 

Spoken  luiguage  is  a  system  of  audible  signs  for  the  expression  of 
thought,  and  written  language  is  a  system  of  signs  to  express  spoken 
language,  so  that  written  language  b  two  removes  from  thought. 
Syllables,  both  as  words  and  oa  parts  of  words,  belong  both  to  sp<dien 
and  written  language. 

In  a  pronounced  syllable  two  distinot  things  are  observable,  namely, 
1st,  its  elementary  structure ;  and,  2nd,  the  muncal  properties  of  the 
voice,  consisting  of  those  distinctions  of  sound  which  are  described 
under  the  genial  terms  pitch,  loudness,  and  quality.  Thus  in  the 
pronoun  /  we  observe  the  elementary  structure  to  be  the  diphthongal 
vowel  7,  as  heard  in  the  word  tsle ;  and  we  observe  also  whether  ute 
syllable  be  said  or  sung,  that  is,  whether  the  condition  of  voice  belongs 
to  speech  or  to  song :  an  accurate  observer  also  perceives  the  precise 
degree  of  pitch  and  loudness  and  the  character  of  the  quality  of  voica 

The  time  which  a  syllable  occupies  in  pronunciation  is  termed  its 
quantity.  In  solemn  and  stately  discourse  the  quantities  of  tyllables 
are  extended  beyond  their  ordinary  length ;  while  in  rapid  colloquy 
they  are  somewhat  shortened.  The  ordinaiy  quantity  of  a  syllable, 
when  neither  extended  nor  protracted,  is  the  sum  total  of  the  quan- 
tities of  its  constituent  elementary  sounds :  thus  the  quantity  of  the 
syllable  nine  ia  the  sum  total  of  Hie  quantities  of  its  elementary  sounds 
n, »,  of  isle,  and  n. 

In  words  of  mors  than  one  syllable,  one  of  them  is  always  made 
more  conspicuous  to  the  ear  than  the  other,  by  what  is  termed  stress 
or  accent.  Stress  is  produced  either  by  an  abrupt  percussion  of  voice, 
as  in  the  word  pep-get,  or  by  an  extended  quantity  on  a  sw^ling  loud- 
ness of  v(dce,  aa  in  the  word  amaze.  The  stressed  syllable  of  a  word  is 
invariabW  that  which  receives  the  modification  of  voice  expressive  of 
sense  and  feeling,  called  emphasis. 

The  metrical  arrangement  of  language  depends  on  the  qnantity  and 
stress  of  syllables,  both  of  which  are  inherent;  while  the  pitch,  loud- 
ness, and  quality  of  voice  in  which  the  syllables  are  uttered  are  acd- 
dantal,  and  belong  to  the  thought  and  feeling  of  the  speaker. 

Dividing  words  into  syllables  is  a  difTerent  operation  according  to 
the  object  in  view,  thus :  1.  When  a  word  is  pronounced  in  widely 
separated  syllables,  to  enable  a  child  to  appredate  each,  as  in  uttering 
the  word  provided,  thus,  pro-vi-ded,  by  which  means  a  child  readily 
apprehends  each  successive  syllable  of  the  word ;  2.  When  a  word  is 
analysed  into  its  component  parts,  in  order  to  exhibit  its  etymology, 
■nd  thus  lead  to  a  clear  apprehension  of  its  signification,  as  a  whole 
from  knowing  that  of  its  parts,  as  in  dividing  the  word  (Atrmometer, 
thus,  thernKMneter  ;  8.  To  divide  a  word  into  its  syllables,  to  enable 
another  to  write  it  with  correctness,  as  the  word  barometer,  thus,  bo- 
ro-me-ter. 

SYLLOGISM  (m\Xoy(<ritos).  The  object  and  character  of  logic  are 
explained  tmder  the  word  OROANon ;  the  position  of  this  article  in  tiie 
present  work  is  explained  in  Loaio.  Every  sentence  in  whidh  diiferent 
assertions  are  combined  to  produce  another  and  a  final  assertion,  is 
either  a  syllogism,  a  collection  of  syllogisms,  or  a  mass  of  words  with- 
out meaning ;  and  when  we  separate  the  constituent  assertions,  and 
write  the  whole  under  the  forms  of  logic,  we  are  not  thereby  ceasing 
to  consider  the  sentence  which  contains  liiose  assertions,  or,  as  many 
fancy,  dealing  with  a  new  species  of  ratiocination.  All  that  is  called 
reasoning,  and  which  cannot  be  made  nllogiatic,  is  not  reasoning  at 
all ;  and  all  which  cannot  easily  be  made  syllogistic,  is  obscure ;  for 
tiie  syllogism  is  the  simple  form  in  which  Hie  act  of  reasoning  is  an  act 
of  intuition. 

Aristotie  defines  syllogism  thus  :  "  Syllogism  is  speech  or  language 
in  which  certain  things  being  assumed,  something  diS'erent  from  whai 
is  assumed  results  by  virtue  of  the  assumption ;  and,  by  virtue  of  the 


assumption,  I  mean  it  results  through  the  assumption;  and,  by 
'  through  the  assumption '  I  mean  that  no  external  term  is  required 
in  order  to  there  beinig  a  necessary  result,"    ('  Analyt  Prior.'  i.  1.) 

So  easy  indeed  is  the  deduction,  when  the  premises  are  properly  dis- 
posed as  preparatory  to  a  syllogism,  that  many  persons  doubt  the  utility 
of  the  syllogism  altogether.  With  these  we  are  not  now  arguing ;  we 
shall  only  observe  tihat  he  must  be  fortunate  in  tiie  dleamesB  of  his 
mind,  who,  knowing  the  logical  mode,  is  never  obliged  to  have  recourse 
to  it  to  destroy  ambiguity  or  heighten  evidence ;  and  particularly  so 
in  his  opponents,  who,  in  verbal  or  written  controversy,  never  finds  it 
necessary  to  employ  it  in  trying  their  arguments.  The  syllogism  is  the 
instrument  of  self-examination,  and.  the  weapon  of  last  resort  in  dis- 
pute ;  and  a  bad  syllogism,  with  one  of  the- premises  implied  only,  and 
not  expressed,  ia  the  first  resource  of  fijlacy ;  whidi  last  is  sometimes 
even  allowed  to  remain  unrefuted,  by  neglect  of  placing  it  in  a  logical 
form.  To  bring  forward  the  suppressed  premiss  is  the  visible  destruc- 
tion of  every  such  argument  which  is  logically  bad.  As  an  instance, 
take  the  following  in  a  letter  from  Cardan  to  'Tartalea :  "  Neither  am  I 
moved  with  envy,  for  if  you  are  either  equal  to,  or  less  than  myself,  I 
have  no  causa  for  it ;  snd,  if  you  be  greater  in  this  art,  I  ought  to 
endeavour  to  equal  you,  and  not  to  speak  evil  of  you."  This  is  meant 
for  reasoning,  and  there  are  two  syllogisms  with  suppressed  premises, 
or  nther  two  sorites  (a  term  presently  explained),  wi<^  a  suppressed 
premiss  in  each.  In  one  case  Cardan  assumes  that  he  does  not  envy 
Tartalea  because  he  need  not ;  in  the  other,  that  he  does  not  because 
he  ought  to  do  oijierwise :  if  he  meant  to  assume  and  assert  that  he 
never  did 'anything  which  he  had  no  need  to  do,  and  always  did  every- 
thing which  he  ong^  to  do,  his  reasoning  is  logical ;  but  if  he  would 
have  hesitated  to  make  these  assertions,  he  was  then  writing  fallacy. 
In  justice  to  Ourdan's  logk),  however,  it  is  but  fair  to  say,  tliat  he  vras 
not  the  man  to  besitato  at  either  assertion.    [Ca.aDAH,  in  Bioa.  Div.] 

Every  sentence  in  which  the  conclusion  is  a  necessary  consequence 
of  previous  assertions  contained  in  that  same  sentence,  is  a  syllogism, 
provided  that  the  conclusion  be  obtained  from  two  distinct  assertions, 
and  two  only.  Thus, "  Some  as  are  bs,  for  eveiy  b  is  a,'  is  not  a  syl- 
logism, though  logically  true.  [Cohtebss.]  Every  assertion  may  lie 
reduced  to  one  of  four  forms,  the  universal  affirmative,  tiie  universal 
negative,  the  particular  affirmative^  and  the  particular  negative.  From 
these,  by  combination,  all  syllogisms  are  derived ;  and  t^e  laws  of 
combination,  and  the  manner  of  expressing  them,  constituted  that 
branch  of  sdenoe  which  is  now  often  turned  into  ridicule,  paiticolarly 
as  to  its  notation,  and  the  strange  and  uncouth  words  by  which  the 
species  of  syllogisms  were  denoted.  The  following  letters  always 
signify  the  several  species  of  propositions : — 

A,  the  universal  affirmative ;  every  x  is  r. 
a,  the  universal  negative ;  no  z  is  r. 
I,  the  particular  a&mative ;  some  xs  are  ts. 
O,  the  particular  negative ;  some  zs  are  not  ts. 

Since  every  oonclnsion  must  be  drawn  from  the  comparison  of  two 
things  with  a  third,  a  syllogism  oonsists  of  two  propositions,  in  each  of 
whidi  the  same  torm  occurs  compared  with  anoUier:  this  term  is 
called  the  middle  term.    Thus,  in 

Every  t  is  x, 

Eveiy  z  is  T, 

Tkoefcre  Every  z  u  z, 

Y,  the  subject  of  the  first  assertion,  and  the  predicate  of  the  seeond,  is 
the  middle  term.  The  two  first  assertions  sre  tiie  prcmitet,  the  third 
is  the  eonduium.  The  predicate  of  the  conclusion  is  colled  the  major 
term  ;  the  subject  of  the  conclusion  the  minor  term  :  and  the  major  or 
minor  premiss  is  that  which  contains  the  major  or  minor  term  of  the 
conclusion.    The  major  premiss  is  always  written  first 

The  order  of  the  terma  in  ths  premises  and  conclusion  must  be 
either 

I.  XL  m.  IT. 

TX  XT  TX  XT 

R  XT  TX  TS 

IX  sx  zx  zs; 

and  these  are  called  the  four  Jiguree.  The  three  first  are  in  Aristotle^ 
the  fourth  was  by  tradition  ascribed  to  Galen,  and  was  called  Gkdenic. 
In  the  first  figure  the  middle  term  ia  ths  subject  of  the  major,  and  the 
predicate  of  the  minor ;  in  the  second,  the  predicate  of  both ;  in  the 
third,  the  subject  of  botii ;  in  the  fourth,  the  predicate  of  ths  minor 
and  the  subject  of  the  major.  Every  particular  case  of  a  figure  is  called 
a  mood  ;  and  since  either  of  the  premises  may  be  either  of  the  four 
species  of  propositions,  a,  e,  I,  o,  it  follows  that  there  are  sixteen  moods 
in  each  figure,  or  sixty-four  possible  moods  in  all:  But  of  these,  many 
are  inconclusive,  and  many  moods  which  admit  of  conclusion  \a  one 
figure  do  not  in  another.  Thus,  the  mood  in  tiie  example  above  ia  aa, 
and  if  we  apply  it  in  the  four  figures,  we  hare — 


Every  T  is  X   |   Every  x  is  T 
Every  s  is  T  |  Every  z  is  T 


Every  T  is  X 
Every  T  is  z 


Eveiy  X  is  T 
Every  t  is  z. 


The  first  hss  a  conclusion :  every  z  is  x.  The  second  has  none ; 
that  is,  for  anything  to  the  contrary  contained  in  the  premises,  we  may 
either  say  every  z  is  x,  no    is  x,  some  zs  ore  ss,  or  some  zs  are  not  xsl 
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It  alao  admita  every  x  i»  z,  but  here  x  is  the  major  term,  and  not  x. 
The  third  admits  a  aonclumon :  some  zs  are  xs.  The  fourth  also 
admits  a  oonolusion :  some  zs  are  xs.  Consequently,  the  first  figure 
has  a  syllogism  AAA,  the  third  and  fourth  have  aai. 

If  aU  the  sixty-four  coses  be  examined  (a  most  useful  exercise),  it 
mil  be  found  that  the  following  syllogisms  are  valid.  We  arrange 
them  first  by  figures,  then  by  moods : — 


Fint  Pispir*  ■'  aaa,  eab.  An,  xio. 
Second  JPigwe :  eae,  a£e,  eio,  aoo. 
T^rd  Figure :  aai,  iai,  ah,  eao,  oao,  ] 
Fourth  Figure :  aai,  abb,  iai,  bao,  eio, 

Ing  is  the  statement  by  moods  :— 


no. 


The  following  is  the  statement  by  moods  :— 

(aaKVj  ,(a«)e.k«  ,(Al)l.t,  ,(ao)o, 
(ba)b,r,o,o,  ,  (bi)o,o,o,o„ 

(0A)0,. 

Here,  for  instance,  we  express  by  (ia)i,I,  that  the  niood  lA  nevef 
moves  anything  but  I,  and  that  only  in  the  third  and  fourth  figures. 
From  the  preceding  we  may  collect  that — 

As  to  figures :  any  proposition  may  be  proved  in  the  first ;  none  but 
ne^^atives  in  the  second ;  none  but  particulars  in  the  third ;  and  every- 
thing but  the  um'versal  affirmative  in  the  fourth. 

As  to  moods  :  from  premises  both  negative  or  both  particular,  no 
condusiou  follows :  where  one  premiss  is  negative,  the  conclusion  is 
negative;  and  where  one  premiss  is  particular,  the  conclusion  is  par- 
ticular. 

In  order  to  remember  the  figures  certain  words  have  been  long  used 
by  writers  on  logic,  which  make  a  grotesque  appearance  j  but  if  the 
reader  will  tolerate  them  till  we  have  gone  through  an  example  of  each 
syllogism,  he  shall  see  that  those  who  made  them  were  at  least  as  good 
wits  as  those  who  laugh  at  them.  The  magic  words  of  the  fourth 
figure  are  different  in  different  writers:  we  have  taken  those  used  bv 
Dr.  Whately.  ' 

Fint  Figure :  Barbara,  Celarent,  Darii,  Ferio. 

Second  Figure :  Cesare,  Camestres,  Festino,  Baroko. 

Third  Figure ;  Darspti,  Disamia,  Datisi,  Fetapton,  Bokardo,  Feriso. 

Fourth  Figure  :  Bramantip,  Camenes,  Dimaris,  Fesapo,  Fresison. 

Thus  the  vowels  aaa  are  seen  in  Barbara,  An  in  3atitL  The  fol- 
lowing are  instances  of  each  form,  with  an  example  which  may  easily 
be  reduced  to  the  form. 

First  Figure. 

Bariara. — Every  t  is  i,  every  z  is  T,  therefore  every  z  is  x.  Ex- 
ample. They  must,  as  inen,  have  faults  :  or  all  men  have  faults,  these 
persons  are  men,  therefore  these  persons  have  faults ;  strictly,  all  men 
cure  persons  having  faults,  &o. 

Celarent.— ffo  T  is  x,  every  z  is  t,  therefore  no  z  is  x.  Example. 
Those  who  bribe  should  not,  any  more  than  any  other  lawbreakers,  be 
exempt  from  punishment 

Darii. — Every  t  is  x,  some  zs  are  Ys,  therefore  some  zs  are  xs. 
Examfie,  Exploded  doctrines  are  sometimes  true,  because  capable  of 
proof. 

^e>^- — No  T  is  X,  some  zs  are  ts,  therefore  some  zs  are  not  xs. 
Example.  Some  of  the  earlier  principles  of  science  are  not  well 
appreciated  for  want  of  attention  to  the  usual  modes  of  operation  of 
the  mind. 

Second  Figure. 

CMorft— No  X  is  Y,  every  z  is  t,  therefore  no  z  is  x.  Example.  The 
presence  of  horns  m  this  species,  and  their  absence  in  the  other,  is  a 
complete  distinction  between  the  two. 

Oamejtrtt.— Every  x  is  Y,  no  z  is  y,  therefore  no  z  is  x.  The  last 
example  wm  do  :  this  mood  is  only  a  consequence  of  the  convention 
K-!L  r^  °"i.°''  P''8™'«a  is  to  be  written  first,  and  of  the  oonverU- 
tahtj  |_CoifVKBSE]  of  the  universal  negative  proposition. 

Fe»ttno.~-So  x  is  Y,  some  zs  are  ts,  therefore  some  zs  are  not  xs. 
laample.  Persons  who  pretend  to  form  an  opinion  on  philosophical 
subjects  are  oftentimes  incapable  of  doing  it  properly,  from  want  of 
acquaintance  with  the  exact  sciences.  This  example  is  given  purposely 
as  f^g  more  naturaUy  into  another  figure,  though  capable  of  ex- 
pression m  this. 

Baroko.—Ertrj  x  is  Y,  some  >•  are  not  n,  therefore  some  zs  are  not 
xs.  Example.  None  but  the  industrious  can  succeed,  so  that  there 
must  be  many  failures. 

I7urdFi<^e. 

^'"'^—^'^erj  T  is  X,  every  y  is  z,  therefore  some  zs  are  xs.  Ex- 
ample, rolitica  and  literature  are  not  necessarily  hicompatible,  for  many 
persons  can  be  named  who  have  cultivated  both. 

iJwomw.— Some  Ts  are  xs,  every  y  is  z,  therefore  some  Zs  are 
"'  f^^'""^'*-    ***°y  "^8^  inexpedient,  because  wrong,  are  apparently 

i)oi«i.— Every  Y  is  x,  some  Tg  are  zs,  therefore  some  zs  are  xs.  The 
last  example  will  do  for  this  also. 

Ftlapton.~llo  T  is  x,  every  Y  is  z,  therefore  some  zs  are  not  xs.  Ex- 
*j  'L-  v  V  "^  orgaiu'ed  bodies  to  whose  existence  air  is  necessary, 
and  which  have  no  locomotive  power,  as  plants,  for  instance. 


Bokardo. — Some  Ts  are  not  xs,  every  y  is  z,  therefore  some  zs  are 
not  xs.  Example.  Even  industry  does  not  always  succeed,  for  men  of 
great  research  have  been  mistaken. 

Perito.—'So  y  is  x,  some  ts  are  zs,  therefore  some  zs  are  not  xa. 
Example,  It  is  not  true  that  all  who  gave  evidence  were  present,  for  A, 
B,  o,  &a,  were  many  milee  off. 

Fourth  Figure. 

Bramantip. — ^Every  x  is  y,  every  y  is  z,  therefore  some  zs  are  xs. 
ExmmpU.  Among  repulsive  things  are  the  sciencee  themselves,  for  they 
are  all  diffloult. 

Oamiene*. — Every  x  is  y,  no  y  is  z,  therefore  no  z  is  x.  Example.  No 
perfect  being  can  be  man,  for  all  men  are  subject  to  decay,  the  un- 
fidling  mark  of  imperfection.  This  example  would  do  very  well  as  one 
of  the  most  oommon  speciee  of  fallacy,  that  in  which  the  middle  term 
is  used  in  different  senses,  so  that  there  is  in  fact  no  middle  (or 
eommon  middle)  term.  We  have  seen  this  argument  used  somewhere, 
"  perfect  being  "  meaning  "  morally  perfect  bemg,"  and  "  imperfection" 
including  pAyneoJ  as  well  as  moral  imperfection. 

i)iniart9.— Some  xs  are  ts,  every  T  is  z,  therefore  some  zs  are  xa. 
Example,  Some  writers  who  repeat  themselves  are  amusing,  for  every 
prolix  writer  does  it,  and  the  most  attractive  books  are  not  always  the 
shortest, 

Fetapo. — No  x  is  T,  every  T  is  z,  therefore  some  zs  are  not  xa.  ExaimpU, 
Some  things  wliich  are  not  much  written  about  are  not  worth  learning; 
not  that  tMs  circumstance  is  otherwise  an  index,  except  in  this  maimer, 
that  aU  really  useful  learning  has  its  opponents,  and  it  is  only  where 
there  is  opposition  that  much  discussion  ever  takes  place.  Here  is  a 
good  instance  of  the  case  in  which  tiie  premises  both  yield  the  con- 
clusion, and  expUun  the  sense  in  which  it  is  to  be  taken  :  the  preceding 
is  no  syllogism  unless  the  "  writing  about "  the  subject  in  the  o<m- 
elusion  mean  writing  about  not  the  subject  itself,  but  whether  it  be 
useful  or  not. 

Freiieoa. — ^No  x  is  T,  some  yb  are  zs,  therefore  some  zs  are  not  xs. 
Example.  Some  things  which  are  cried  up  can  hardly  be  relics  of  anti- 
quity, for  they  are  valueless.  Here  is  an  instance  of  an  argument  which, 
logically  undeniable,  may  be  dilutable  as  to  the  mailer.  One  of  tiia 
premises  is  "  no  relio  of  antiquity  is  valueless,"  which  many  may  be 
found  to  deny. 

Some  other  forms  have  been  given,  but  they  are  only  some  of  the 
preceding  with  the  premises  transposed,  and  which,  therefore,  do  not 
obey  the  conventional  rule  relative  to  the  precedence  of  the  major 
premiss :  as,  for  instance,  one  named  BaraUpfon  (aai,  the  last  syllahle 
being  only  a  termination)  which  we  may  mention  particularly,  inas- 
much as  this  word  has  been  very  often  quoted  as  a  specimen  of  logical 
terms.  It  runs  as  follows : — Every  Y  is  x,  every  z  is  Y,  therefore  soiiM 
xs  ars  zs.  Transpose  the  pramisea,  and  we  have  the  first  syllogism  of 
the  fourth  figure. 

Of  all  the  four  figures  the  first  Is  the  most  natural,  and  every  mood 
of  the  other  three  can  be  reduced  to  one  of  the  first,  in  one  of  the 
following  ways.  It  will  be  seen  that  every  name  in  the  last  three 
figures  begins  with  one  of  the  Initial  letters  of  the  first,  and  thus  it  is 
pointed  out  to  which  mood  of  the  first  figure  each  is  reducible.  Thus 
Ceauo,  Camestres,  and  Camenes  are  (£osa  whidi  are  reducible  to 
Celarent  of  the  first  figure. 

The  other  significant  letters  of  the  descriptive  words  are  m, «,  p,  t, 
wherever  they  occur.  By  m  it  is  implied  that  tiie  premises  are  to  ba 
transposed ;  by  i  that  the  premiss  marked  by  its  preceding  vowel  is  to 
be  converted,  whence  (  follows  only  Band  I  [Cotversb]  ;  by  p  that  the 
conversion  is  to  be  made  in  a  limited  manner,  or  per  aceideni  [Coir* 
VZBSEJ ;  and  by  k  that  the  reduction  is  made  by  what  is  called  the 
reduclu)  ad  impottibile,  a  term  which  we  now  explain.  It  means  that 
the  syllogism  can  be  replaced  by  one  in  the  first  figure,  which  proves, 
not  the  truth  of  the  conclusion,  but  the  falsehood  of  its  contradictory. 
[CONTBABY  AHD  COHTKADIOTOBY.]  For  example,  take  the  syllogism 
BarokOf  ot 

Evray  X  J8  y, 
Some  zs  are  not  YB, 
Theref<»e  Some  zs  ore  not  xs. 

If  the  conclusion  be  denied,  it  must  be  by  affirming  that  every  b 
is  X.  Let  this  be  so,  then  we  must  have  tiie  syllogism  Barbara  aa 
followa  ;.— 

Every  x  is  y. 

Every  z  is  X, 

Therefore  Every  z  is  y. 

But,  by  hypothec,  some  zs  are  not  ys,  whence  this  conclusion  con- 
tradicts one  of  the  admitted  premises,  or  must  be  false.  One,  then, 
of  the  premises  which  gives  it  must  be  false ;  but  since  Every  x  is  y  is 
supposed  true,  it  must  be  Every  z  is  x,  which  is  false,  or  Some  zs  are 
not  Xs,  which  is  true.  This  is  a  spedmen  of  the  persevering  deter- 
mination of  the  older  logicians  to  make  everything  reducible  to  tiia 
first  figure. 

It  appears  then  that  few  words  have  ever  been  invented  which  have 
really  so  much  meaning  as  the  now  despised  appellations  of  syllogisms. 
Take,  for  example,  DisamM;  every  letter  is  a  sentence.  D  means  that 
the  mood  of  the  first  figure  into  which  this  con  be  reduced  is  Darii ;  I, 
that  the  major  premiss  is  a  particular  affirmative  inoposition ;  8,  ^t 
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the  nduoiion  requirea  the  major  premias  to  be  simply  oonverted  A, 
that  the  minor  ia  a  universal  afiSrmative ;  H,  that  the  reduction  re- 
quires the  tianspoaition  of  the  premises ;  I,  that  the  conolusion  ia  a 
paitioular  affirmative;  S,  thkt  the  oonoluaion  must  be  aimply  oon- 
Ttrted.    We  thua  change 


DJ8AXIB, 

Some  Ts  are 
Every  t  ia  a, 
Some  zs  are 


I,"*  1       Into       j 


DAB 

Eveiy  T  ia  E, 
Some  za  are  Ta, 
Some  za  are  za. 


A  prm»  mood  was  one  in  irhidi  one  of  the  premiaea  spoke  of  a 
ungle  atimjeot,  aa  in  "  All  Frenchmen  talk  French,  Pierre  is  a  French- 
man, therefore  Pierre  talka  French."  There  was  much  diacuasion  aa 
to  whether  such  a  proposition  as  "  Pierre  is  a  Frenchman"  was  a  uni- 
versal affirmative  or  not,  it  being  obvious  on  all  mdea  that,  Triiether 
or  no,  it  would  have  in  deduction  «U  the  piopertiea  of  •  imivenal 
affirmative. 

An  atthymeme  ia  a  qrUogSsm  in  which  onepramias  is  obviously  im- 
plied, and  ia  the  form  in  which  argument  ia  commonly  given.  For 
example,  "  He  isn't  here;  I  don't  aee  him,"  implies  that  the  apeaker 
would  affirm  himself  certain  of  aeeing  him  if  he  were  there,  and  ia  an 
enthymame  which,  witii  the  auppreaaed  premiaa  restored,  makea  the 
following  syllogism : — 

I^g.  2.         A    All  that  ia  here  ia  aeen  by  me. 
CamaCra.  E  He  is  not  seen  by  me. 

Therefore   B  He  is  not  here. 

The  lorUa  ia  a  colleotion  of  Bttrbara  ayllog^ama,  in  which  the  aup- 
preaaed conclusion  of  the  first  ia  a  premiss  of  the  second,  that  of  the 
second  a  premiaa  of  the  third,  and  so  on ;  aa  in  a  is  b,  b  is  o,  o  ia  d, 
D  la  I,  therefore  a  is  &     Here  are  three  syllogisms,  namely, 

AisB  Also  aIss 

Biso  cisD  Dia> 


A  18  0 


a  IS  D 


A  U  ■ 


Various  attempts  were  made  to  classify  the  mannen  in  which  com- 
mon argument  Is  to  be  expressed  syllogistically.  The  only  difficulty  ia 
to  reduce  the  expressions  to  the  pure  form  of  simple  assertion  or  negsr 
Uon.  An  oblique  syllogism  was  one  in  which  one  of  the  oblique  casee 
enters  the  premises  in  such  a  manner  aa  to  vitiate  the  pnii^  of  the 
form.    For  instance,  ^ 

The  ihoa^ti  of  man  govern  hia  aotions, 

John  is  a  man. 

Therefore  John'a  thoug^ta  govern  hia  aotiona. 

Aa  it  atands,  this  is  not  atrictly  a  ayllogiam,  and  aome  less  Idiomatic 
ezpreasiona  must  be  adopted  before  it  can  be  turned  into  one.    A% 

(^-y--)  ^  {'^hTa^oS** 

John    ia    a  man, 
Therefore  John    ia    a  being,  &o. 

The  same  thing  occurs  in  a  modal  tyUogitm,  which  la  one  in  which 
some  modifying  azpreaaion  gives  more  or  less  of  force  to  one  or  both 
premiaee.    As 

Probably  Eveiy  T  is  z. 

Every  z  is  T, 

Therefore   Probably  Every  z  is  z. 

If  we  consider  both  matter  and  form,  we  have  het«  merely  a  ayllo- 
gism  in  which  one  premiss  is  only  probable.  [Probabilttt.]  But, 
considering  form  only,  the  perfect  deduction  may  be  mode  aa  folfowa ; — 

p,  .     r  a  thing  which  ia  more  likely  thao 

AveryziB  •^       not  to  be  z. 

Every  z  ia  t,  therefore  every  z  is  [a  thing,  &o.] 

The  induclvM  ayllogiam  ia  merely  one  in  which  one  of  the  premises 
is  proved  by  induction,  or  by  separate  proof  of  every  instance :  aa 
when  the  ys  are  known  to  he  A,  B,  and  o,  and  no  more,  and  Every  T  is 
z  is  shown  by  proving  separately  that  a  is  z,  b  is  z,  o  is  z.  There  is 
nothing  pecmiar  to  the  ayllogiam  here.    [Iin>ncTioH.l 

The  Aypo(&«f{ea{  ayllogism  (so  called)  is  one  in  which  the  truth  of 
one  proposition  is  stated  to  depend  solely  on  that  of  another ;  so  that 
the  first  can  be  affirmed  as  soon  aa  the  second  is  known  to  be  true, 
or  the  second  can  he  denied  aa  soon  aa  the  first  ia  known  to  be  falae. 
Thus, 

If  A  be  b,  c  ia  D, 

But  A  ia  b,  therefore  0  ia  D. 

Or,  If  A  be  B,  o  is  D, 

Bnt  0  is  not  D,  therefore  a  ia  not  B. 

Whenever  a  proof  is  complete,  except  in  one  proposition — when,  for 
•sample,  we  have  fully  made  oat  tiiat  o  ia  n,  except  only  in  thia  that 
the  proposition  "  a  ia  b"  ia  not  yet  proved,  the  first  member  of  the 
hypmietical  ayllogiam  lays  down  the  state  of  the  argument.  When 
•U  that  will  prove  a  proposition  ia  true,  the  proposition  itself  is  true, 
whence  there  is  only  need  to  affirm  the  one  doubtful  preidiss,  to  make 
the  canehisioa  a  logical  conaequapoe.    Ajpin,  whan  •  proposition  is 


false,  aome  part  of  any  logical  proof  must  be  deniable  :  hence  them  ia 
only  need  to  deny  the  conclusion  in  order  to  make  the  one  doubtful 
premiss  logically  deniable. 

The  eonditivMl  ayllogiam  ia  reducible  to  an  hypothetical  one.  It  is 
when,  under  certain  circumatanoea,  the  first  member  affirma  a  propo. 
aition,  aa  in  Wherever  a  ia  b,  o  ia  s. 

The  dUenuna  ia  a  double  or  other  compound  syllogism,  in  which  two 
or  more  contradictory  propositioiu  form  eaoh  a  conclusion  with  other 
propositions,  so  that  from  those  other  propositions  necessarily  follows 
one  or  other  of  the  conclusions :  because  of  oontradictory  propositiom 
one  must  be  true.  It  is  not  therefore 'a  ^^llogism,  but  a  collection  of 
them.  For  example,  "He  must  either  have  been  for,  against,  or 
neuter  :  if  for,  he  was  unjust ;  if  neuter,  he  was  mean ;  if  sgainst,  he 
was  falae ;  therefore  he  must  have  been  either  unjuat,  mean,  or  false." 
This  presumes  the  existence  of  a  premiss  for  each  conolusion ;  as  for 
example,  that  the  cause  is  that  of  oppression,  that  he  is  so  circum* 
stanoed  that  nothing  but  fear  or  favour  could  piwent  hi"'  from  taking 
part  with  the  right,  and  that  he  has  pledged  hinwelf  to  the  wrong. 

The  rules  of  i^Uogism  may  be  briefly  condensed  as  follows : — 

1.  One  at  least  of  the  premises  must  be  affirmative,  and  one  at  least 
universal ;  2,  the  middle  term  must  enter  universally  in  one  of  the 
premises ;  and  8,  the  conclusion  must  not  speak  of  any  term  in  a  wider 
sense  than  it  was  spoken  of  in  the  premiaa  in  which  it  entered.  A 
term  universally  spoken  of  ia  either  the  aubjeot  of  a  universal  affirma- 
tive, or  the  predicato  of  any  negative. 

The  first  rule  is  derived  from  observation,  but  might  be  demon* 
atrsted.  The  aecond  ia  seen  thua :  if  the  middle  term  were  not  uni- 
versally spoken  of  in  one  premiss,  there  might  be  in  reality  no  middle 
torm,  or  nothing  with  which  to  compare  the  major  and  minor  term. 
Thiu  if  we  attempt  to  infer  anything  from  Every  x  is  T,  some  tb  are 
not  zs,  we  merely  see  that  all  the  za  are  so  many  of  the  ts,  or  make  up 
a  part  of  tiie  ts.  Some  of  the  ts  (another  portion,  it  may  be)  are  not 
IS,  so  that  the  oommon  term  does  not  exist,  or  may  not  exist.  The 
third  rule  is  obviona,  for  no  more  can  be  made  of  any  assertion  tium  it 
contains,  and  an  argummt  which  aaaerta  aomething  about  every  z  from 
premiaea  which  on^  mention  aome  za,  must  be  illogical. 

The  varioua  apeoiea  of  fallaciea  mxut  oonaiat  eitiier  in  the  introduo- 
tion  of  unproved  propoaitiona,  or  an  illogical  uae  of  thoae  which  are 
proved.  We  do  not  feel  it  neoeeaaiy  to  extend  thia  ortaole  by  entering 
into  the  xiaual  olaasifiaation  of  them. 

SYLYIC  ACID,  (C«,H„0.)  a  substance  whioh  with  pinic  acid 
[PlKlo  Aoid]  constitutes  tlie  greater  portion  of  oolophony,  or  common 
rosin.  When  this  aubatance  is  digested  in  cold  alcohol  of  apeoifio 
gravity  0'883,  the  pinio  and  diasolvee,  but  the  aylvic  aoid  remaina  in- 
Boluble  in  alcohol  until  it  ia  boiled ;  on  cooling,  it  separates  in  crystals 
of  considerable  size,  the  form  of  which,  accorcUng  to  Unverdorben,  is 
a  rhombic  prism  terminated  by  four  fioets,  but  Laurent  represents  it 
as  an  aouto  rhomboid,  the  edges  of  whioh  are  usually  serrated. 

Sylvic  add  melts  below  212° ;  ia  inaoluble  in  water,  but  diaaolves 
readily  in  hot  alcohol  and  in  ether,  and  ia  precipitated  by  water ;  it  ia 
aoluble  alao  in  all  proportiona  in  the  volatile  and  fixed  oils.  Concen- 
trated  aulphuric  acid  diaaolvea  and  water  precipitates  it  from  the  acid ; 
by  the  action  of  nitric  add  it  ia  converted  into  another  resinoua  acid 
when  it  has  been  predpitated  from  alcohol  by  water ;  ammonia  dissolves 
this  add  readily,  and  the  i^lvate  of  ammonia  formed,  as  well  as  that  of 
potash  and  of  aoda,  ia  aoluble  in  water;  most  aylvatea  are  however 
msolable  in  it,  but  mauy  of  them  are  diaaolved  l^  alcohol  and 
by  ether;  the  ^Ivate  of  magnesia  especially  is  taken  up  by  alcohol; 
toe  ayl^ates  of  silver  and  lead  are  colourleaa  and  inaoluble  in 
water. 

SYMBOLS,  CHEMICAL.    [Cbbxiqal  Fobmuljb.] 

SYMBOLS  and  NOTATION.  The  word  aymbol  (from  the  Oreek 
ifimboUm,  (riiiBoKa/)  meana  "tiiat  which  ia  taken  with,"  and  a  aymbol 
ia  a  mark  wliioh  ia  alwaya  attached  to  some  one  partaoular  meaning. 
Notation  (neta,  a  known  mark)  is  the  method  of  selecting  and  assigning 
meaiung  io  Byml)ols,  and  the  theory  of  notation  (if  it  yet  deserve  the 
name)  includes  the  consideration  and  choice  of  symbols,  with  the 
formation  of  rules  of  aelection,  ao  oa  to  take  the  aymbola  which  are 
beat  adapted  for  the  purpoae. 

Thia  aubject  might  be  treated  in  a  very  wide  manner ;  for  all  marka 
with  undaratood  meaning!  are  nmbola,  from  written  worda  to 
direction-postsL  A  picture  is  a  qrmbol,  the  foroe  of  which  lies  in  the 
resambhuuse  to  its  object,  and  many  of  the  earliest  symbols  must  have 
been  piotoriaL  It  is  obvious  that  a  general  treatment  of  the  subject 
would  hwdly  be  within  the  power  M(  any  one  person,  and  that  its 
extent  would  be  enormons,  though  it  would  be  desirable  to  have  it 
discussed  in  a  more  general  form  ^an  has  yet  been  attained,  in  order 
tliat  its  difbrent  parts  might  reodve  aid  from  the  rest  Symbols  are  to 
the  piugresa  of  eiviliaatinn  preeiaely  what  mechanism  is  to  that  of  the 
arts^not  a  moving  force,  perfectlf  dead  in  themselvee,  but  capable  of 
being  made  the  medium  by  whidh  the  power  is  conveyed  to  its  deeti. 
nation,-  and  adapted  to  its  objeot  They  are  the  instruments  of  our 
first  thoughts  and  the  originatois  of  new  ones.  The  process  by  which 
the  earliest  symbols  called  out  a  yet  higher  intelligence  than  that 
which  produced  them,  which  last  was  again  employed  in  perfectmg  the 
symbols  themselves,  and  so  on  alternately,  exactly  reaemblea  what  haa 
taken  plaee  in  the  «n««ti«rfjn»l  arts.  The  earliest  and  rudest  tools  were 
fint  employsd  to  make  better  ones;  and  every  improvement  in  the  nas 
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of  force  has  found  one  of  its  best  qtpliotitions  in  the  conitructidn  of 
machinery  itself. 

We  propose  in  this  article  to  treat  particularly  of  mathematical 
notation,  vdiich,  like  language,  has  grown  up  without  much  looking 
to,  at  the  dictates  of  conTenience  and  with  the  sanction  of  the  majority. 
Hesemblance,  real  or  fancied,  has  been  the  first  guide,  and  analogy  has 
succeeded. 

Signs  are  of  two  kinds :  Ist,  those  which  spring  up  and  are  found 
in  ezistenoe,  but  cannot  be  traced  to  their  c^gin ;  2ndly,  those  of 
which  we  know  either  the  origin,  or  the  epoch  of  introduction,  or 
both.  Those  of  the  first  kind  pass  into  the  second  as  inquiiy  advancea. 
[AT.FHiBBT.]  In  our  present  subject  we  have  mostiy  to  deal  with  the 
second  class. 

Mathematical  marks  or  signs  differ  from  those  of  written  language  in 
being.aImo8t  entirely  of  the  purely  abbreviative  character,  since  it  is 
possible  that  any  formula  might  be  expressed  in  words  at  length.  We 
say  possible,  because  it  is  barely  so,  not  meaning  thereby  to  imply  that 
the  mathematical  sciences  could  ever  have  flourished  under  a  system  of 
expreesions  in  words.  A  weU-understood  collection  of  notions,  how- 
ever extensive,  becomes  simple  as  a  matter  of  conception  by  use  and 
habit,  and  thus  becomes  a  convenient  resting-point  for  the  mind  and  a 
suitable  baas  for  new  combinations  of  ideas.  Now  it  is  the  charac- 
teristic of  the  advance  of  human  knowledge  that  the  mind  never 
grapples  at  once  with  all  that  is  contained  in  Uie  notions  under  use  for 
tiie  time  being,  but  only  with  some  abstraction  derived  from  a  previous 
result,  or  some  particular  quality  of  that  result.  Hence  no  symbol 
which  should  contain  the  representative  of  every  idea  which  occurred 
in  the  previous  operations  would  ever  be  necessary ;  and  more  than 
this,  it  would  even  be  pernicious  from  its  complexity,  as  also  from  its 
suggesting  details  which  are  not  required.  The  generalisation,  or 
rather  abstraction,  which  is  the  distinctive  character  of  the  civilised 
language  as  compared  with  the  savage  (though  the  latter  is  not  wholly 
without  it),  must  be  the  ruling  process  of  mathematical  notation,  as  it 
is  of  the  advance  of  spoken  language ;  and  in  this  point  of  view  the 
connection  of  our  subject  with  speech  presents  more  analogies  and 
gives  more  instruction  than  its  comparison  with  the  written  signs  of 
speech.  The  latter  is  a  bounded  subject.  When  once  it  is  agreed 
how  the  different  modifications  of  sound  shall  be  represented,  written 
language  follows  immediate^;  nor  do  the  infinite  modes  of  using 
words  require  any  modification  of  the  method  of  writing  them.  In 
our  modem  woru,  for  instance,  it  would  be  difficult  to  find  many 
artifices  of  notation  with  which  to  compare  the  neveoMxasing  varieties 
of  mathematical  signs.  In  mentioning  the  marks  of  punctuation  and 
reference,  the  italics  for  emphatic  woras,  and  the  varieties  of  print  by 
which  notes  are  distinguished  from  text,  tco.,  we  have  almost  euausted 
the  list. 

The  greatest  purposes  of  notation  seem  to  be  answered  when  the 
reader  or  learner  can  tell  what  is  meant,  first,  with  the  ntmost  cer- 
tainty, secondly,  with  sufficient  facility ;  it  being  always  understood 
that  the  second  must  be  abandoned  when  it  clashes  with  the  firat. 
Too  much  abbreviation  may  create  confusion  and  doubt  as  to  the 
meaning ;  too  littie  may  give  the  meaning  with  certainty,  but  not  with 
more  certainty  than  might  have  been  more  easily  attained.  Thus  the 
old  algebraists,  in  using  a  quadratum  for  a.  multiplied  by  a.,  in  their 
transition  from  words  at  length  to  simple  notation,  used  ten  symbols 
where  two  only  are  requisite ;  and  those  who  first  adopted  the  symbol 
A  A  lost  no  certainty,  and  gained  materially  in  simplicity.  The  suc- 
cessors of  these,  again,  who  employed  aa,  AAA,  aaaa,  Ac,  to  stand 
for  the  successive  powen  of  a,  were  surpassed  in  the  same  manner  by 
those  who  adopted  a',  a',  a<,  &c  Beyond  this  it  is  obvious  the 
notation  cannot  go  in  simplicity.  The  symbol  which  is  to  represent 
*'  n  AS  multiplied  together  "  must  suggest  all  three  components  of  the 
preceding  phrase — namely,  n  and  A,  and  multiplied  together.  In  a  *, 
the  n  and  a  are  obvious,  uid  the  position  of  tiie  letters  is  the  symbol 
of  multiplication ;  but,  on  the  other  hand,  those  who  teach  the 
beginner  to  signify  by  a'  the  square  described  on  the  line  A,  purchase 
simplicity  at  tiie  expense  of  certainty.  The  same  mathematical  phrase 
with  them  stands  for  two  different  things,  connected  indeed,  but  of 
more  dangerous  consequences  from  that  very  connection ;  for  where 
similarities  exist,  the  reader  should  not  be  miade  to  convert  them  into 
identities.  It  is  of  as  much  importance  to  impress  the  distinction  of 
the  things  signified  as  the  analogy  of  their  propOTties. 

Certainty,  then,  and  the  greatest  facility  of  obtaining  it,  seem  to  be 
the  main  points  of  good  notation ;  and  this  is  true  with  respect  to  the 
learner  of  all  that  nas  gone  before.  Orant  that  tiie  mathematical 
sciences  are  never  to  advance  further,  and  many  alterations  might  be 
made,  and  many  new  practices  adopted,  which  would  give  facility  in 
acquiring  the  post,  without  any  introduction  of  obscurity.  But  the 
future  must  also  be  thought  of ;  and  no  scheme  will  merit  approbation 
which  enli|^tens  one  end  of  the  avenue  at  the  expense  of  tiie  other. 
Notation  influences  discovery  by  the  suggestions  which  it  makes: 
hence  it  is  desirable  that  its  suggestions  should  be  as  many,  as  plain, 
and  aa  true,  as  it  is  possible.  Here  we  are  on  quite  a  different  ground  : 
reason  is  the  builder  and  setUer,  but  imagination  is  the  discoverer;  and 
it  might  turn  out  that  a  notation  which  suggests  many  and  obvious 
new  ideas,  though  some  of  them  should  be  falUKious,  would  be  prefer- 
able in  it8_  consequences  to  another  of  lees  suggesting  power,  but  mors 
honest  in  its  indications.    And  while  we  speak  of  positive  suggestion. 


it  most  not  be  forgotten  that  a  notation  may  bo  faulty  in  occupying 
the  part  of  the  symbol  which  properly  belongs  to  the  extension  of 
another  notation.  The  latter  is  thus  deprived  of  its  natural  direction 
of  growth,  and  must  find  its  way  elsewhere,  to  the  injury  perhl^e  of 
some  other  part  of  the  symbol.  In  throwing  together  a  few  rules,  p«- 
yiously  to  a  little  description  of  the  present  state  of  mathematical 
notation,  we  do  not  pretend  to  have  exhausted  the  list  of  cautions 
which  the  subject  requires.  It  is  to  be  remembered  that  the  language 
of  the  exact  sciences,  instead  of  being,  as  should  be  the  case,  a  separate 
subject,  is  hardly  ever  treated  at  all,  and  then  only  in  connection  with 
some  isolated  parts  of  the  system.  With  the  exception  of  an  article 
by  Mr.  Babboge,  in  the  '  Edinburgh  Encydopeedia,'  we  do  not  know  of 
anything  written  in  modem  times  on  notation  in  general.  Much  may 
be  collected,  having  notation  for  its  roecific  object,  from  the  writings 
of  Arbogast,  Babboge,  Camot,  Cauchy,  J.  Herschel,  and  Peaoock, 
writera  who  all  have  considered  it  necessary,  when  proposing  a  new 
symbol  or  modification  of  a  symbol,  to  assign  some  reason  for  tiie  pro- 
posal. In  general,  however,  it  is  the  practice  to  adopt  or  reject  notation 
without  giving  any  justification  of  the  course  puraued.  If  it  could  be 
rendered  necessary,  by  the  force  of  opinion,  that  every  author  should, 
in  making  a  new  symbol,  explain  the  grounds,  firsUy,  of  his  departure 
from  established  usage, — secondly,  of  his  choice  from  among  the 
different  methods  which  would  moist  obviously  present  themselves, — 
two  distinct  advantages  would  result.  In  the  first  place,  we  should  in 
most  cases  retain  that  which  exists,  until  something  was  to  be  gained 
by  altering  it ;  in  the  second,  research  and  ingenuity  would  have  a  call 
into  action  which  does  not  now  exist.  Wo  hardly  need  mention  a 
thing  so  well  known  to  the  mathematician  as  that  the  progress  of  his 
science  now  depends  more  than  at  any  previous  time  upon  the  pro- 
tection of  established  notation,  when  gtwd,  and  the  introduction  of 
nothing  which  is  of  an  opposite  character.  We  should  rather  say  the 
rate  of  progress ;  for,  however  bad  may  be  the  immediate  consequences 
of  narrow  and  ignorant  views  in  this  respect,  they  cannot  be  permanent. 
The  language  of  the  exact  sdences  is  in  a  continual  state  of  wholesome 
fermentation,  which  throws  up  and  rejects  all  that  is  incongruous, 
obstmative,  and  even  useless.  Had  it  been  otherwise,  it  is  impossible 
that  the  joint  labours  of  three  centuries  and  many  countries,  of  men 
differing  in  language,  views,  studies,  and  habits,  could  have  produced 
so  compact  and  consistent  a  whole,  as,  with  some  defects  (though  no 
two  parsons  agree  precisely  what  they  are),  the  present  structure  of 
mathematical  Unguage  must  be  admitted  to  present. 

The  following  rules  and  cautions,  with  respect  to  notation,  are  drawn 
from  observation  of  the  present  state  just  alluded  to. 

1.  Distinctions  must  be  such  only  as  are  necessary,  and  they  must  be 
sufficient.  For  instance,  in  so  simple  a  matter  as  tiie  use  of  capitals  or 
■mall  letters,  whatever  may  guide  the  inquirer  to  adopt  either  in  one 
case  should  lead  him  to  the  same  in  another,  unless  some  useful  dis- 
tinction can  be  made  by  the  change.  Thus  a  writer  who  in  one  instance 
uses  a  capital  letter  to  denote  a  complicated  function  of  small  letters 
(which  is  a  very  desirable  mode),  will  in  another  part  of  tiie  some 
question  employ  a  small  letter  for  a  similar  purpose,  thus  nullifying  an 
association  of  ideas  which  perspicuity  would  desire  to  be  retained.  If 
such  a  course  were  necessary  in  the  first  case,  it  is  still  more  so  in  tho 
second.  It  is  not  often  that  the  second  part  of  this  rule  is  infringed  ; 
so  small  an  addition  makes  a  sufficient  distinction,  that  the  principal 
danger  which  arises  is  that  of  the  same  notatire  difference  occurring 
in  too  varied  senses  in  different  problems. 

The  tendency  to  error  is  rather  towards  over-distinction  than  the 
contrary.  It  is  surprising  how  little  practice  enables  the  beginner  in 
mathematics  to  remember  that  so  slight  a  difference  as  that  of  a  and  a! 
implies  two  totally  different  numbers,  neither  having  any  necessary 
connection  with  the  other.  The  older  mathematicians  [Accent]  over- 
did  the  use  of  distinctions  by  their  uniform  adoption  of  different  and 
unconnected  letters ;  and  forgot  resemblances, 

2.  The  simplicity  of  nototive  distinctions  must  bear  some  proportion 
to  that  of  the  real  differences  they  are  meant  to  represent.  Distinctions 
of  the  first  and  easiest  order  of  simplicity  are  comparatively  few ;  the 
complications  of  ideas  of  which  they  are  the  elements  of  repre- 
sentation are  many,  and  varied  to  infinity.  There  is  no  better 
proof  of  skill  than  the  adaptation  of  simple  forms  to  umple  notions, 
with  a  graduated  and  ascending  application  of  the  more  complicated 
of  the  former  to  the  more  complicated  of  the  latter.  But  some 
writera  remind  us  in  their  mathematical  language  of  that  awkward 
mixture  of  long  and  short  words  to  which  the  iiUom  of  our  language 
frequentiy  compels  them  in  their  written  explanations  of  the  formuls. 
For  example,  if  there  be  two  words  of  more  frequent  occurrence  than 
any  others,  they  are  numerator*  and  denominators  the  parts  of  a 
fraction  cannot  be  described  under  nine  syllables.  A  mathematician 
will  have  occasion  to  write  and  speak  these  words  ten  thousand  times, 
for  every  occasion  on  which  he  will  have  to  vuie  the  word  eiup,  of  four 
letters,  A  comparatively  rare  idea,  used  in  an  isolated  subject,  can  be 
expressed  in  one  syllable,  while  the  never-ending  notions  of  the  parts 
of  a  fraction  require  nine :  this  he  cannot  help ;  but  it  is  in  his  power 
to  avoid  the  same  sort  of  inversion  in  his  notation. 

8.  Pictorial  or  descriptive  notation  is  preferable  to  any  other,  when 
it  can  be  obtained  by  simple  symbols.    Many  instances  occur  in  astro^ 

*  These  words  might  well  be  shortened  into  nniaer  and  danomsr. 
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nomy,  and  the  use  of  the  initial  letters  of  words  may  be  cited  oa  a  cliisa 
of  examples :  as  in  /  for  force,  v  for  velocity,  &c. 

4.  Legitimate  associations  which  have  become  permanent  must  not 
be  destroyed,  even  to  gain  an  advantage.  The  reason  is,  that  the  loss 
of  facility  in  reading  established  works  generally  more  than  compensates 
for  the  advantage  of  the  proposed  notation ;  besides  which,  it  seldom 
happens  that  the  desired  object  absolutely  requires  an  invasion  of 
established  forms.  For  instance,  perhaps  the  most  uniform  of  all  the 
notations  of  the  higher  mathematics  is  the  use  of  the  letter  d  to  signify 
an  increment  which  is  either  infinitely  small,  or  may  be  made  as  nearly 
so  as  we  please.  A  few  Cambridge  writers,  some  years  ago,  chose  to 
make  a  purely  arbitrary  change,  and  to  signify  by  rfy,  dz,  &c.,  not 
increments,  but  limiting  ratios  of  increments :  and  students  trained  in 
their  works  must  learn  a  new  language  before  they  can  read  Euler, 
Lagrange,  Laplace,  and  a  host  of  otheia.  Thus  d,y  has  been  made  to 
stand  for  dy  :  dx,  and  the  old  association  connected  with  dy  has  (in 
the  works  spoken  of)  been  destroyed.  Now  if  the  letter  D  had  been 
employed  instead,  the  only  harm  would  have  been  that  the  student 
would  have  had  to  leam  a  new  language  before  he  communicated  with 
the  greatest  mathematicians ;  as  it  is,  many  will  have  to  form  a  new 
language  out  of  the  materials  of  the  old  one,  which  is  a  much  harder 
task.    This  injudicious  innovation  is  now  extinct. 

5.  Analogies  should  not  be  destroyed,  unless  false :  for  true  analogy 
has  been  frequently  the  parent  of  discovery,  and  always  of  clearness. 
Thus  the  real  analogy  of  iipxAx  aaifyxdx  was  lost  to  the  eye  by  the 
use  otJ^(pxU>  signify  the  latter;  an  innovation  which  preceded  the 

one  last-mentioned,  and  has  obtained  more  approbation  in  this  country, 
though  now  almost  extiuCtT    The  notation  used  by  Fourier  to  express 

a  definite  integral,^^  (ftjcdx,  will  certainly  prevent  the  spread  of  the  one 

just  alluded  to ;  though  this  last  itself  ia  chargeable  with  breach  of 

analogy  :  toTj'<pxda?,y'<t>xdx'',  4c.,  ought  to  represent  the  successive 

integrals  ai  Jipxdx.     Fortunately,  however,  the  symbols  {tdxY^x 

(J'dx)'(px,  &c.,  may  represent  these  successive  integrals ;  and  thus  the 

two  notations  may  be  combined.     For  instance,  {/'dxypx  represents 

the  fourth  integral  of  tpx,  each  integration  being  made  from  0  to  x. 

6.  False  analogies  should  never  be  introduced ;  and,  above  all,  the 
incorrect  analogies  which  custom  and  idiom  produce  in  language  should 
not  be  perpetuated  in  notation.  It  is  becoming  rather  common  to 
make  editions  of  Euclid  which  are  called  tymbolical,  and  which  supply 
signs  in  the  place  of  many  words.  To  this,  if  properly  done,  there 
cannot  be  any  objection  in  point  of  correctness :  nor  can  we  t«Jce  any 
serious  exception  to  the  use  of  Dab  to  stand  for  the  square  on  ab, 
to  II'  for  parallel,  <  for  angle,  _Lr  for  perpendicular,  &c.  But  when 
we  come  to  ab  .  bo  for  the  rectangle  on  ab  and  BC,  ab'  for  the  square 
on  AB,  we  feel  the  case  to  be  entirely  altered.  These  are  already 
arithmetical  symbols  :  it  Is  bad  enough  that  the  word  tquare  should 
have  both  an  arithmetical  and  a  geomutrical  meaning,  and  causes  plenty 
of  confusion  :  a  good  notation,  if  it  cannot  help  in  avoiding  this  con- 
fusion, should  at  least  not  make  it  worse.  At  the  same  time,  with 
regard  to  symbolic  geometry,  we  feel  some  repugnance  to  introduce  it 
into  the  elements,  from  observing  that  all  the  best  writers  seem  to  feel 
with  one  accord  that  pure  reasoning  is  best  expressed  in  words  at 
length.  If  it  be  desirable  that  a  student  should  be  trained  to  drop 
reasoning,  except  as  connecting  process  with  process,  and  to  think  of 
process  ^one  in  the  intervening  time,  it  is  also  most  requisite  that  he 
should  have  a  corrective  of  certain  bad  habits  which  the  greatest 
,caution  will  hardly  hinder  from  springing  up  while  he  is  thus  engaged. 
Arithmetic  and  algebra  amply  answer  the  first  end ;  and  geometry,  in 
the  manner  of  Euclid,  is  the  correcting  process.  Will  symbolic 
geometry  do  as  well  ?  We  will  not  answer  positively,  but  we  must 
say  we  much  doubt  it. 

^  7.  Notation  may  be  modified  for  mere  work  in  a  manner  which 
cannot  be  admitted  in  the  expression  of  results  which  are  to  be  reflected 
upon.  The  mathematical  inquirer  must  leam  to  substitute,  for  his 
own  private  and  momentary  use,  abbreviations  which  could  not  be 
tolerated  in  the  final  expression  of  results.  Work  may  sometimes  be 
made  much  shorter,  and  the  tendency  to  error  materially  diminiaked, 
by  attention  to  this  suggestion. 
For  example,  the  complexity  of  the  symbols, 

&     ds     d^       cPz      d-z 
dx'  dy'  <tt»'  dxdy'  1^' 

greatly  impedes  the  operations  connected  with  problems  in  solid 
geometry :  the  letters  p,  q,  r,  t,  t,  which  are  often  substituted  for 
them,  make  us  lose  sight  of  the  connection  which  exista  between  the 
meanmgs.    But  the  symbob 

^'t  ^>  '^t*t  ^*yi  ^nt 

are  not  long  nor  complicated  enough  to  partake  much  of  the  disad- 
vantage of  the  complete  symbob,  while  they  are  entirely  free  from 
that  of  the  isolated  letters. 

8.  In  preparing  mathematical  writings  for  the  press,  some  attention 
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should  be  paid  to  the  saving  of  room.  In  formula  which  stand  out 
from  the  text,  this  is  not  of  so  much  consequence ;  but  in  the  text 
itself  a  great  deal  of  space  b  often  unnecessarily  lost    For  example, 

a 
it  u  indbpensable  in  formulte  to  write  a  fraction,  such  as  r,  in  the 

manner  in  which  it  here  appears ;  but  if  thb  be  done  in  the  text,  a 
line  b  lost ;  and,  generally  speaking,  a  :  i,  or  a-r-b,  would  do  as  well 
in  mere  explanation.  Abo,  in  printing,  redundancies  which  are 
tolerated  in  writing,  should  be  avoided,  such  as  V7>  where  V7  would 
do  as  well. 

9.  Strange  and  unusual  symbob  should  be  avoided,  unless  there  be 
necessity  for  a  very  unusual  number  of  symbob.    The  use  of  acript 

letters,  such  as  Sv,   cS,  4c,  or  old  Englbh  letters,  as  9,  3B,  a,  II, 

4c.,  except  in  very  peculiar  circumstances,  b  barbarous.  A  little 
attention  to  the  development  of  the  resources  of  established  notation 
will  prevent  the  necessity  of  having  recourse  to  such  alphabets.  Nor 
b  it  wise  to  adopt  those  dbtinctions  in  print  which  are  not  easily 
copied  in  writing,  or  which  it  is  then  difficult  to  preserve  ;  such  as  the 
use  of  A  and  A,  4c.,  in  difierent  senses;  even  the  dbtinction  of 
Roman  and  Italic  small  letters,  a  and  a,  4c.,  should  be  sparingly  intro- 
duced. 

10.  Among  the  worst  of  barbarisms  b  that  of  introducing  symbob 
which  are  quite  new  in  mathematical  but  perfectly  understood  in 
common  language.  Writers  have  borrowed  from  the  Germans  the 
abbreviation  n  !  to  signify  1  .  2  .  3  . .  .  (n— l)n,  which  gives  their 
pages  the  appearance  of  expressing  surprise  and  admiration  that  2,  3, 
4,  4c.,  should  be  found  in  mathematical  results. 

The  subject  of  mathematical  printing  has  never  been  methodically 
treated,  and  many  detaib  are  left  to  the  compositor  which  should  be 
attended  to  by  tiie  mathematician.  Until  some  mathematician  shall 
turn  printer,  or  some  printer  mathematician,  it  b  hardly  to  be  hoped 
that  thb  subject  will  be  properly  treated. 

The  elements  of  mathematical  notation  are  as  follows  : — 

1.  The  capitab  of  the  Roman  alphabet,  and  the  small  letters  of  the 
Italic.  The  small  Roman  letters  and  the  Italic  capitab  are  rarely  used, 
and  should  be  kept  in  reserve  for  rare  occasions. 

2.  The  small  letters  of  the  Greek  alphabet  and  such  capitab  as  ore 
dbtingubhable  from  the  corresponding  Roman  ones,  as  A,  *,  V. 

3.  The  Arabic  uumerab,  and  occasionally  the  Roman  ones. 

Of  all  these  there  should  be  three  difierent  sizes  in  a  good  mathe- 
matical press,  and  the  different  sorts  should  bear  a  much  better 
proportion  to  one  another  than  b  usual.  The  Greek  letters  seldom  set 
properly  with  the  Roman  ones,  and  few  indeed  are  the  in^itauces  in 
which  such  symbob  as 

are,  as  they  ought  to  be,  good  copies  of  the  manner  in  which  they  are 
written.  The  handwriting  of  a  bad  writer  b  frequently  more  intel- 
ligible to  the  mathematical  eye  than  the  product  of  the  press.  Among 
the  faults  to  which  the  compositor  b  naturally  subject,  and  which 
frequently  remain  uncorrected  by  the  author,  is  that  of  placii^;  bla.  ka 
or  spaces  in  the  manner  in  which  he  would  do  in  ordinary  matter,  by 
which  he  b  allowed  to  separate  symbols  which  are  in  such  close  cc  n- 
nection  that  absolute  junction  would  not  bo  undesirable.  For  instant  e, 
cos  6  for  C039,  (a  i-t-c  (J)  for  {ph-\-ed).  As  a  general  rule,  the  manu- 
script should  be  imitated. 

4.  Accents,  superfixed  and  suffixed,  as  in  o",  o„.  These  are  generally 
continued,  when  they  become  too  numerous,  by  Roman  numerab,  a  j 
in  a„  o„,  o,„  oi„  a,  ,  a,t,  4c. 

5.  The  signs  ^r  —  *.-^  :  •/ ,  and  the  line  which  separates  thi 
numerator  from  the  denominator.  Of  these  there  are  generally  not 
sizes  enough,  particularly  as  to  the  sign  — .  It  frequently  happens 
that  such  an  expression  as  (x  — 1)  (x— 2)  (x— 3)  4c.  overruns  a  line  very 
inconveniently,  when  the  use  of  a  shorter  negative  sign,  as  in  (x-1) 
(x-2)  x-3)  would  avoid  such  a  circumstance  altogether.  Between 
the  division  line  of  a  fraction  and  the  numerator  and  denominator 
unsightly  spaces  very  often  occur,  as  in 

uutead  of  -— j  • 

e^-d  «  +  » 

6.  The  integral  sign   /*.  with  its  limits  expressed,  asm  f   :  the 

symbob  of  nothing  and  infinity,  0  and  » . 

7.  Brackets,  parentheses,  4c.  [],().{  },  4c.  Thtee  are  often  not 
properly  accommodated  to  the  size  of  the  intervening  expressions, 
particularly  in  thickness. 

8.  The  signs  of  equaUty,  4c.,  =,  <>>. 

9.  Occasionally,  but  rarely,  a  bw:  or  a  dot  b  used  over  a  letter,  as 
u  or  a.  In  some  works,  accents  and  letters  are  placed  on  the  left  of  a 
symbol,  as  in  'a,  'o,  ,o.  Thb  however  should  be  avoided,  as  it  b 
difficult  to  tell  to  which  letter  the  symbol  belongs ;  and  there  are 
ample  means  of  expression  in  what  has  been  already  described. 

There  are  no  general  rules  bid  down  for  the  use  of  notation  :  a  few 
hints  however  may  be  collected  from  the  practice  of  the  best  writers 
of  recent  times. 

1.  When  a  letter  b  to  bo  often  used,  it  shoulj^  be,  if  possible,  a 
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amall  letter,  not  a  capital.    The  latter  species  is  geneTally  used  for 
functions  of  small  letters. 

2.  The  letters  d.  A,  S,  and  D,  are  appropriated  for  operations  of  the 
differential  calculus,  and  should  hardly  ever  be  used  in  any  other  sense. 

3.  When  co-ordinates  are  used,  the  letters  z,  y,  z,  must  be  reserved 
to  signify  them ;  x,  y,  z,  and  {,  i),  C  may  be  used  if  different  species  be 
required,  and  if  ai,y',  i,  4c.,  or  x,,  y„  z„  &c,  should  not  be  judged  con- 
venient. 

4.  When  functional  symbols  are  wanted,  the  letters  ^,  ^,  x>  ^i  /, 
4^,  V,  should  be  first  reserved  for  them ;  afterwards  v,  »,  r,  sometimes 

»,  {.  Z*.  »■• 

5.  The  letter  w  is,  by  universal  consent,  appropriated  to  8*11159 
. . .  ,  and  c  (by  the  French  e)  to  271828  .  .  . . ;  r  to  the  functional 
symbol  for  1  .2  3.    n. 

6.  When  many  operations  of  differentiation  occur,  superfized  accents 
should  be  avoided  in  any  other  sense  than  that  of  differentiation. 

7.  When  exponents  are  wanted  to  aid  in  signifying  operations,  the 
powers  should  be  carefully  distinguished.  Thus,  in  a  process  in  which 
sin~i:r  is  very  much  used  for  the  angle  whose  sine  is  x,  the  square 
cube,  &c.,  of  sinx  should  not  be  sin'^-,  sin'x,  &c.,  but  (sin^:)',  (sinx)*, 
ftc.  Some  writers  would  have  the  latter  notation  employed  in  all 
cases ;  but  this  is,  we  think,  asking  a  little  too  much. 

8.  Greek  letters  are  generally  used  for  angles,  and  Italic  letters  for 
lines,  in  geometry.  To  this  rule  it  is  desirable  to  adhere  as  far  as 
possible,  but  it  cannot  be  made  universal. 

9.  Suffixed  numerals  are  generally  the  particular  values  of  some 
function.  Thus  a,  means  a  function  of  v,  of  which  the  values  for 
i;=0,  »=1,  &a  are  On  ,  ai ,  4o. 

10.  As  to  the  radical  sign,  ■\/a,  ^  a,  4c.,  do  not  generally  mean  any 
one  of  the  square  roots,  cube  roots,  4c,,  of  a,  but  the  simple  arith- 
metical root.  The  indeterminate  root  is  usually  denoted  by  the 
exponent.  Thus  aj^  ^/b  may  be  necessary,  but  a+bi  has  a  super- 
Buity. 

11.  The  same  letters  should  be  used,  so  far  as  possible,  in  the  same 
sense  throughout  any  one  work;  and  some  preceding  good  writer 
should  be  followed.  As  a  general  rule,  those  only  are  entitled  to 
invent  new  symbols  who  cannot  express  the  results  of  their  own 
investigations  without  them. 

The  writer  who  is  moat  universally  acknowledged  to  be  a  good  guide 
in  the  matter  of  notation  is  Lagrange.  This  subject  is  of  great 
importance;  but  fortunately  it  is  pretty  certain  that  no  really  bad 
symbol,  or  system  of  symbols,  can  permanently  prevail.  Mathematical 
language,  as  already  observed,  is,  and  always  has  been,  in  a  state  of 
gentle  fermentation,  which  throws  up  and  rejects  all  that  cannot 
assimilate  with  the  rest.  A  received  system  may  check,  but  cannot 
ultimately  hinder,  discovery  :  the  latter,  when  it  comes,  points  out 
from  what  symbolic  error  it  was  so  long  in  arriving,  and  suggests  the 
proper  remedy. 

For  the  progress  of  mathematical  language,  see  Mathematics, 
Recent  Terminoloot  in  ;  and  Trakscendkntal  :  see  also  Symmetry. 

SYMMETRY,  SYMMETRICAL  (Mathematics).  These  terms  are 
now  applied  to  order  and  regularity  of  any  kind,  but  this  is  not  their 
mathematical  meaning.  Euclid  first  used  the  word  "summetros" 
{vi/infTposj  to  signify  commmmrabU,  and  this  well-known  Latin  word 
is  in  fact  merely  the  literal  translation  of  the  Qreek :  two  magnitudes 
then  were  symmetrical  which  admitted  of  a  common  measure.  In  later 
times,  and  those  comparatively  recent,  the  word  was  adopted  both  in 
geometry  and  algebra  in  different  senses. 

Since  symmetrical  applies  in  its  etymology  to  two  magnitudes  which 
can  be  measured  together  (by  the  same  magnitude),  the  term  would, 
as  to  space-magnitudes,  naturally  apply  to  those  which  may  be  made 
to  coincide.  But  the  term  equal  had  occupied  this  ground ;  and  when, 
in  Euclid,  the  word  equal,  which  was  originally  defined  in  the  manner 
just  expressed,  bad  degenerated  into  signifying  equality  of  area  only, 
the  term  Similar  entered  to  express  sameness  of  form,  so  that  figures 
having  perfect  capability  of  coincidence,  or  the  same  both  in  size  and 
form,  were  called  equal  and  similar.  The  word  symmetrical  was 
therefore  not  wanted,  and  was  finally  introduced  to  signify  that 
obvious  relation  of  equal  and  similar  figures  which  refers  to  their 
position  merely,  and  consists  in  their  corresponding  portions  being 
similarly  placed  on  different  tidet  of  the  same  straight  line ;  so  that 
coincidence  cannot  be  procured  without  tiuning  one  figure  round  that 
straight  line.  Suppose,  for  instance,  the  front  of  a  building  to  be 
symii.elrical :  draw  a  vertical  line  through  the  middle  of  the  elevation, 
and  the  two  lateral  portions  are  equal  and  similar,  as  Euclid  uses  those 
words.  But  they  are  more  than  equal  and  similar;  they  are  sym- 
metrical :  the  right-hand  side  stands  in  the  right-hand  portion  of  space, 
with  respect  to  the  dividing  line,  and  in  exactly  the  same  manner  as 
the  left-hand  side  stands  in  the  left-hand  portion  of  space.  If  the 
architect  were  to  preserve  equality  and  similarity,  without  symmetry, 
he  would  make  two  left  sides,  or  two  right  sides,  to  his  building,  but 
not  one  right  and  one  left.  In  the  letter  w  there  is  a  want  of  sym- 
metnr,  but  not  in  o :  to  make  w  symmetrical,  both  the  inner  lines 
should  be  thin,  and  both  the  outer  ones  thick. 

Euclid  assumes  the  power  of  turning  a  plane  round,  so  ss  to  apply 
the  faces  of  two  figures  to  one  another,  in  such  manner  that,  after  the 
application,  the  spectator  must  be  supposed  to  see  through  the  paper 
or  other  imaginary  substance  of  which  his  plane  is  the  surface.    He 


has  then  no  occasion  to  consider  symmetry;  that  is,  figures  being 
equal  nnd  similar,  no  cases  can  arise  in  which  it  makes  any  difference 
of  demonstration  whether  they  be  symmetrical  or  not.  When  he 
comes  to  sohd  figures,  he  assumes  a  postulate  in  the  garb  of  a  defini- 
tion, which  dispenses  him  from  the  consideration  of  symmetry; 
namely,  that  soUd  figures  consisting  of  the  same  number  of  eqiiol 
planes,  similarly  placed,  ore  equoL  He  seems  to  imagine  that  such 
solids  must  evidently  be  capable  of  being  made  to  occupy  the  same 
space,  which,  though  true  as  to  quantity  of  space,  is  not  true  as  to  its 
disposition.  Two  solids  may  be  equal  in  every  respect,  and  yet  it  may 
be  impossible  (and  precisely  on  account  of  their  symmetry)  to  make 
one  occupy  the  space  previously  occupied  by  the  other.  The  two 
hands  furnish  an  instance :  they  give  the  idea  of  equality  (of  size), 
similarity  (of  form),  and  symmeby  (of  disposition).  Yet  tuey  cannot 
be  made  to  occupy  the  same  space,  so  as,  for  instance,  to  fit  exactly  the 
same  glove ;  and  a  sculptor  who  should  cast  both  hands  from  the  same 
mould,  would  be  detected  immediately  as  having  given  his  figure  two 
right  hands  or  two  left  hands.  Again,  suppose  two  solids,  irregular 
pyramids  for  instance,  composed  of  planes  similar  and  equal,  each  of 
one  to  one  of  the  other.  Let  coincidence  be  attempted  geometrically  : 
the  two  bases  must  of  course  be  made  to  coincide.  If,  then,  the  two 
vertices  fall  on  the  same  side  of  the  common  base,  the  figures  will 
coincide  altogether ;  but  if  the  two  vertices  fall  on  opposite  sides  of  the 
bases/Wbsolute  coincidence  is  impossible.  LegendrB  proposed  to  call 
such  solids  by  the  name  of  tymmetrieal,  in  doing  which  he  introduced 
the  term  of  common  life  in  on  appropriate  manner. 

In  algebra,  a  function  is  said  to  be  symmetrical  with  respect  to  any 
two  letters  when  it  would  undergo  no  change  if  these  letters  were 
interchanged,  or  if  each  were  made  to  take  the  place  of  the  other. 
Thus, 

3?+a'x  +  ab  +  Vx 

is  symmetrical  with  req>ect  to  a  and  b;  interchange  would  give 

sf+Vx+ta  +  afx, 

the  same  as  before.    But  this  expression  is  not  symmetrical  with  respect 
to  a  and  x,  for  interchange  would  here  give 
a'-^aftI-l-a*-l-6^ 

An  expression  is  symmetrical  with  respect  to  any  nmnher  of  letters 
when  any  two  of  them  whatsoever  may  be  interchanged  without  altera- 
tion of  the  function.  Thus  a'4  +  ab'  +  ah;  +  ac'  +  ll'c  +  b(Pia  symmetri- 
cal with  respect  to  a,  b,  and  e.  It  is  not  sufficient  that  certain  contem- 
poraneous changes  should  be  practicable  without  producing  alteration  : 
any  tico  must  be  interchangeable,  the  rest  remaining.  Thus  a'b  + 
l^  +  (?aia  unaltered  if  a  become  b,  b  become  c,  and  c  become  a,  at  the 
same  time,  but  it  is  not  symmetrical ;  for  if  a  and  b  only  be  inter- 
changed, it  becom'es  i%  -t-  a*e  -t-  c^A,  or  is  altered. 

Attention  to  tymmetry  is  of  the  utmost  consequence  in  mathematical 
notation.  Here  the  word  means  that  quantitiea  which  in  any  manner 
have  a  common  relation  should  have  something  common  in  the  symbols 
of  notation ;  and  analogy  is  perhaps  a  better  word  than  symmetry. 
Suppose,  for  instance,  we  had  taken,  for  the  equation  of  a  Surface  or 
THE  Second Deobee, <ufi  +  by'  +  e^  +  dxy  +  ea3+fyz  +  gx  +  hy  +  k2  +  l^0. 
Our  formula)  would  have  been .  confused  masses  of  letters,  no  set  of 
which  would  have  presented  any  similarity,  or  have  easily  remained  in 
the  memory.  But  in  the  article  cited  there  is  no  set  of  formulss  of 
which  more  than  one  need  be  remembered ;  the  others  must  be  sug- 
gested by  it. 

SYMMETRY,  CENTRE  OF.    [Ckutbb,  coL  73*.] 

SYMPATHETIC  INK.    (Cohalt.] 

SYMPHONY  (irir,  with,  and  <t>arh,  mund),  a  term  very  differently 
understood  at  different  periods  of  musical  history.  Some  writers, 
according  to  Zarlino  (Parte  3za,  cap.  Izxiz.),  have  considered  it  as  an 
instrument  of  the  lyre  kind.  Others  have  thought  it  a  sort  of  drum. 
If  an  instrument,  that  it  was  used  as  an  aocompanunent — most  pro- 
bably to  the  voice — the  word  in  its  original  signification  leads  us 
naturally  to  conjecture. 

With  the  modems.  Symphony,  or  Sinfonia,  signifies  a  musical  com- 
position for  a  full  band  of  instruments,  and,  up  to  the  latter  part  of 
the  last  century,  the  word  was  synonymous  with  overture ;  sym- 
phonies, and  among  these  several  of  Haydn's  early  ones,  having  been 
called  overtures.  Even  at  the  present  day  the  overture  in  the  com- 
poser's score  of  an  Italian  opera  is  usually  termed  Sinfonia.  The 
modem  ^mphony  generally  consists  of  four  movements :  a  brilliant 
allegro,  which  is  commonly  preceded  by  a  slow  introduction ;  an  ex- 
pressive adagio  or  andante ;  a  minuet  with  its  trio ;  and  a  finale. 
fnstead  of  the  minuet,  what  is  called  a  Scherzo,  a  short,  animated, 
sportive  movement,  is  sometimes  substituted.  But  composers  are  not 
restricted  by  any  rule  regarding  the  number  of  movements.  Mozart's 
second  symphony  in  d  has  but  throe,  besides  the  slow  introduction ; 
while  Beethoven  s  Pastoral  and  Choral  symphonies  may  be  said  to 
comprise  six  or  more. 

Symphony  is  a  term  also  applied  to  the  instrumental  introducUons, 
terminations,  4c.,  of  vocal  compositions ;  and  these  are  sometimes 
called  ritomels,  from  the  French  ritoumelU,  or  the  Italian  ritonwBo. 

SYMPIESOMETER.    [Barometer.] 

SYMPTOM  {avumoiiia,  anincident,  or  coincidence)  is  any  change  in 
the  appearance  or  functions  of  the  body  differen    from  those  which 
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occur  in  health,  and  perceptible  to  the  senses  either  of  the  patient  oi 
his  physician.  Symptoms  must  not  be  oonfonnded  with  signs  of 
disease.  The  observation  of  facts  by  means  of  our  senses  renders  us 
acquainted  with  symptoms,  but  it  is  by  medical  reasoning  thereupon 
that  we  deduce  signs.  A  patient  often  knows  his  own  symptoms,  but 
is  nevertheless  ignorant  of  the  disease  under  which  he  labours. 

The  signs  of  disease  are  inferences  drawn  by  the  mind  from  the 
observation  of  symptoms.  The  most  striking  symptoms  often  ftuniish 
only  accessory  signs,  while  the  most  obscure  are  the  ^igns  charaoteristic 
of  the  disease.  Violent  pain  in  the  head  not  unfrequently  attends 
inflammation  of  the  lungs,  but  is  a  symptom  of  very  small  importance, 
while  slight  pain  in  the  side,  or  a  streak  of  blood  in  the  expectoration, 
furnishes  a  very  valuable  sign,  and  helps  to  disclose  the  nature  of  the 
affectiom. 

Symptoms  are  best  divided  into  the  euential,  which  are  peculiar  to 
certain  diseases,  the  accidental,  produced  by  some  circumstance  of 
unusual  occurrence,  anS  the  common,  \|)uch  are  met  with  alike  in 
various  compIaiQts. 

Tliat  part  of  medicine  which  treats  of  q^ptoms  is  called  Symptom- 
atology :  Semeiology  is  the  name  applied  to  the  investigation  of  the 
signs  of  disease,  and  of  their  comparative  value. 

SYNAGOGUE  {Swaryayii),  a  word  which  primarily  signifies  any 
assembly  or  congregation,  but  came  to  be  applied,  among  the  Jews,  to 
places  where  any  assemblies,  especially  those  for  the  wor^p  of  God, 
met,  or  were  convened.  In  the  later  Hebrew,  such  places  were  called 
np33!  n^5,  "  house  of  assembly."  There  is  no  trace  of  synagogues 
among  the  Israelites  prior  to  the  Babylonish  captivity,  nor,  in  express 
terms,  until  a  long  time  after.  It  is  collected,  however,  that  the 
origin  of  such  establishments  may  be  referred  to  that  period.  Being 
then  debarred  from  their  customary  religious  observances,  they  were 
atxustomed  to  assemble  on  the  Sabbath-day,  to  hear  portions  of  the 
law  read  and  expounded;  and  those  who  ultimately  returned  from 
exile  kept  up  this  custom  in  Palestine.  (Nehem.  viii.  18.)  These 
assembUes  or  meetings  became  in  due  time  fixed  to  certain  places,  and 
a  regular  ordw  was  observed  in  them.  They  existed  considerably 
earlier  among  the  Jews  settled  in  foreign  parts  than  in  their  own 
coimtry,  where  we  do  not  find  them  until  the  time  of  the  Asmonaian 
princes ;  but  after  their  introduction  they  increased  rapidly.  The 
synagogues  appear  to  have  l^een  originally  erected  outside  the  towns, 
in  the  fields,  usually  near  waters,  for  the  benefit  of  ablution ;  but  they 
were  soon  introduced  into  the  towns,  and  were  usually  on  the  most 
elevated  spots.  In  large  towns  there  were  several,  and  the  Jewish 
writers  affirm  that  there  were  480  in  Jerusalem.  The  assemblages 
were  at  first  confined  to  the  Sabbath-days  and  festivals,  but  were 
latterly  extended  to  the  second  and  fifth  days  of  the  week  (Mondays 
and  Thursdays).  The  services  consisted  chiefly  in  prayer,  and  in  the 
reading  and  exposition  of  the  sacred  books.  At  first  the  readings  were 
confined  to  the  law,  but  were  at  length  made  to  comprehend  portions 
of  the  prophets,  psalms,  and  other  books.  The  whole  concluded 
with  a  prayer  and  benediction,  to  whidi  the  congregation  responded 
"Amen." 

It  seems  to  have  been  the  custom  for  a  synagogue  not  to  be  opened 
in  any  place  where  ten  men  could  not  be  found  of  sufficient  leisure  to 
attend  to  its  affairs.  Where  no  separate  building  existed,  a  room  in 
some  private  house  vraa  the  place  of  meeting.  There  are  no  ancient 
indications  that  the  synagogues  had  any  peculiar  form ;  but  each  of 
them  had  a  kind  of  altar  or  table,  at  which  the  volimie  of  the  law  was 
read ;  and  at  the  east  end  was  an  ark  or  chest  in  which  that  volume 
was  kept.  The  seats  were  so  disposed  that  the  face  of  the  people  was 
turned  towards  this  sacred  repository  and  towards  the  eldei^,  who  alone 
sat  with  their  backs  to  the  ark,  and  their  faces  to  the  people.  The 
synagogues  were  used  not  only  for  worship,  but  for  holding  loisal  courts 
of  justice,  which  had  cognisance  of  petty  offences  requinng  no  higher 
pvinishment  than  stripes,  which  were  inflicted  on  the  spot.  (Matt.  z. 
17 ;  Luke,  zii.  11 ;  Acta,  xzii.  19.)  The  affiiira  of  the  synagogue  were 
under  the  direction  of  several  officers :  the  chief  of  them  was  the  archi- 
synsgogus  {ipxtvwayryis),  or  "  ruler  of  the  synagogue,"  who  regulated 
its  affairs,  and  without  whose  leave  no  one  could  read  or  preach. 
(Mark,  ▼.  22;  Luke,  xiii.  14.)  Next  to  him  was  the  officer  called 
'V)a>^  Ty>^7(^  "  Sheliach  tzibbor,"  or  "  angel  (meesenger)  of  the  church," 
who  prayed  in  behalf  of  the  congregatioa  The  Ijn  "  Chazan,"  who  is 
the  reader  in  modem  synagogues,  appears  to  Iiave  been  the  "  minister  " 
(Luke,  iv.  20)  who  had  cluu^  of  the  sacred  books.  As  it  appears 
from  Acts,  xiiL  15,  that  there  were  several  archisynagogi,  it  is  probable 
that  they  answered  to  the  committee  of  elders,  by  whom  the  syna- 
gogues ai«  at  the  present  time  managed. 

With  some  necessary  modifications,  the  ancient  usages  are  still 
maintained  in  the  modem  synagogues.  The  highest  ground  that  can 
be  conveniently  appropriated  is  still  chosen  for  the  site  of  a  synagogue. 
In  this  part  of  the  world  it  extends  east  and  west,  with  the  entrance, 
or  principal  entAnce,  in  the  west,  that  as  the  people  enter,  and  as  they 
sit,  their  faces  may  be  turned  towards  the  land  of  Canaan.  The  altar 
or  desk  is  on  a  raised  platform  surrounded  by  a  wooden  rail,  and  large 
enough  to  contain  several  persons :  the  women  do  not  mingle  with  the 
men,  but  have  a  separate  part  or  gallery  (if  there  be  one),  where  a 
wooden  lattice  screens  them  from  observation.  The  men  keep  thev' 
liMds  covered  in  the  synagogues. 


The  first  synagogue  in  England  of  which  we  have  historical  know> 
ledge  is  that  whiijh,  in  the  reign  of  William  Rufus,  existed  at  Oxford, 
where  the  Jews  were  then  numerous ;  but  it  is  likely  that  they  had 
one  then  or  before  in  London  also,  as  the  fact  that  their  only  burial- 
place  in  England  was  on  the  spot  now  called  Jewin  Street,  indicites 
that  this  was  their  principal  seat.  In  the  reign  of  Henry  III.  they 
lost  a  i^nagogue,  which  they  had  erected  in  the  Old  Jewry,  on  the 
complaint  of  the  Friars  Penitent  in  the  neighbourhood,  that  they  could 
not  consecrate  the  elements  in  quiet  on  account  of  their  "  bowlings. 
So  late  as  the  reign  of  George  II.  the  only  synagogues  allowed  in 
England  were  the  two  in  Loudon,  one  for  the  Portuguese  Jews  in 
Bevis  Marks,  and  the  other  for  the  German  Jews,  in  Duke's  Place 
There  is  now  no  restriction ;  they  have  several  synagogues  in  London, 
and  at  least  one  in  most  of  the  principal  towns,  and  the  total  numbet 
in  England  was  fiftv-three  in  1860. 

SYNAPTASE.  "[Fhbment.] 

SYNCELLU3  {aiyKtWos),  a  Greek  word,  equivalent  to  eonceUaneut 
in  Latin,  and  meaning  a  person  who  inhabits  the  same  chamber  {cella) 
with  another,  was  used  by  the  Christians  of  the  early  and  middle  ages 
as  the  name  of  an  ecclesiastical  dignity.  The  Syqoellus  was  constantly 
with  the  patriarch,  metropolitan,  or  bishop,  as  an  inspector  of  his  life 
and  manners.  The  siiccessors  to  the  patriarchs  and  metropolitans  were 
very  often  chosen  from  the  SyncellL  Their  rank  was  very  high,  and 
at  one  time  they  even  claimed  precedence  over  the  metropolitans. 
Their  number  was  considerable,  till  by  a  constitution  of  Heraclius  the 
greatest  number  allowed  in  one  church  was  two. 

The  chief  of  the  Syncelli  was  called  Protosyncellus  (■wftmaiyKtXKoi), 
and  the  president  of  their  assemblies  was  called  ■w/utrowpifSpos  rSr 

TptOTOffVyKtKKotV, 

The  suffi'agan  bishops  [Bishop]  were  also  called  Syncelli. 
(Du  Cange,  Qlouar.  Med.  et  Inf.  Latin.,  s.  v.  '  Synoellus.') 
SYNCOPATION,  in  Music,  is  when  the  first  half  of  a  note  begins 
on  the  unaccented  or  weak  part  of  a  bar,  and  the  other  half  is  con- 
tinued and  terminates  on  tiie  accented  or  strong  part.    [Agg]::kt,  m 
Mutic.']    Example : — 


In  this  example  the  upper  part,  or  melody,  consists  in  faot  of  a 
succession  of  syncopating  minims ;  but  the  bar  dividing  the  alternate 
ones,  they  can  only  be  written  as  two  crotchets  bound  together : 
though  formerly  the  bar  was,  in  most  cascti,  made  to  cut  the  note  in 
two.    Example : — 


■^{F=^- 


-<.\-  to. 


Syncopated  notes  are,  by  some  writers,  termed  driving  notes. 

SYNCOPE  {<nyKoxri,  Utendly  a  cutting  in  pieces,  a  sudden  failure 
of  power  or  strength),  fainting.  A  sudden  impairment  or  complete 
loss  of  sensation  and  voluntary  motion,  with  great  diminubiou  or 
almost  total  abolition  of  the  heart's  action  and  of  the  function  of 
respiration. 

Fainting  Bometimes  occurs  quite  suddenly,  but  is  visually  ushered  in 
by  certain  premonitory  symptoms.  These  are  a  sense  of  languor  and 
uneasiness,  confusion  of  the  mind,  oppression  at  the  chest,  dimness  of 
sight,  ringing  in  the  ears,  partial  cold  sweats,  paleness  of  the  face,  and 
coldness  of  the  extremities.  These  continue  for  some  time,  and  then 
either  pass  away,  or  are  followed  by  swooning,  a  state  of  complete 
faintness,  diuing  which  the  pulse  is  altogether  imperceptible  at  the 
wrist,  and  respiration  nearly  ceases.  When  a  fainting  fit  comes  on 
suddenly  and  without  any  warning,  it  is  usually  more  profound  than 
when  it  has  been  preceded  by  the  symptoms  just  enumerated. 
Recovery  from  fainting  is  frequently  attended  with  palpitation  of  the 
heart,  and  sensations  more  distressing  than  those  which  ushered  in  the 
attack.  The  duration  of  a  fainting  fit  seldom  exceeds  a  few  minutes 
or  even  seconds,  but  instances  are  on  record  of  persons  continuing  in  a 
swoon  for  many  hours. 

The  immediate  cause  of  fainting  is,  in  all  instances,  some  interruption 
to  the  due  transmission  of  blood  to  the  brain.  Various  drcumstances 
however,  both  moral  and  physical,  interfere  with  the  circulation,  either 
through  the  medium  of  the  nervous  system,  or  by  acting  direcUy  on 
the  heart  itself.  Persons  swoon  from  any  violent  and  sudden  moral 
emotion,  as  terror,  grief,  disappointment,  or  even  excessive  joy.  The 
sight  of  blood  or  M  any  object  which  excites  disgust  occasions  some 
persons  to  faint,  as  do  various  impressions  on  the  senses,  whether 
painful  or  otherwise.  Very  susceptible  individuals  have  been  known 
to  faint  on  perpeiring  the  odour  of  certain  flowers,  and  unple 
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•mells  still  more  frequently  cause  faintness.  The  abstractiou  of  a 
large  quantity  of  blood  probably  bas  a  more  immediate  action  on  the 
heart ;  and  to  the  disturbance  of  the  circulation  must  be  attributed 
those  fainting  fits  which  sometimes  occur  in  the  course  of  diseajses  of 
the  heart.  The  sudden  transition  from  a  horizontal  to  a  sitting  posture 
when  persons  are  very  weak,  or  have  lost  a  large  quantity  of  blood, 
probably  acts  in  both  ways  at  once ;  and  fainting  sometimes  takes  place 
from  other  causes,  such  as  heated  rooms,  Sec.,  of  which  we  cannot  well 
explain  the  action. 

Fainting  may  be  confounded  with  apoplexy  or  asphyxia ;  and  if  it 
continues  fur  an  unusually  long  time,  the  person  may  be  supposed  to 
be  dead.  A  httle  attention  however  will  prevent  our  mistaking  an 
apoplectic  person,  who  breathes  loudly  and  with  a  snoring  noise,  for  a 
person  in  a  swoon,  whose  respiration  is  gentle,  and  almost  impercep- 
tible, and  whose  -pulse  either  cannoti  be  felt  at  all,  or  is  at  any  rate 
extremely  weak.  Asphyxia  is  a  state  of  suspended  animation,  brought 
on  by  some  cause  interfering  directly  with  respiration  ;  it  is  marked 
by  tumor  and  lividity  of  the  face,  while  the  face  of  a  person  in  a  faint- 
ing fit  is  pale  and  sunken.  The  continuance  of  respiration  and  of  the 
heart's  action,  though  very  feeble,  the  temperature  of  the  body,  and 
the  absence  of  all  stifihess  of  the  limbs,  would  sufiSciently  distinguish 
syncope  from  death ;  but  it  must  be  very  unusual  for  fainting  to  con- 
tinue for  a  few  minutes  without  there  appearing  some  evident  signs  of 
life.    [Asphyxia.] 

In  the  treatment  of  a  person  who  has  fainted,  the  first  point  ia  to 
place  him  in  the  recumbent  posture ;  and  in  the  case  of  fainting  after 
bluod-letting,  nothing  more  is  in  general  required.  Exposure  to  the 
cool  air,  sprinkling  cold  water  on  the  face,  and  friction  of  the 
limbs  may  be  employed  if  the  fit  continues ;  and  a  small  quantity 
of  ether  or  sal-volatile  may  be  given  as  soon  as  the  person  can 
swallow.  The  horizontal  posture  should  be  preserved  until  recovery 
ia  complete. 

SYXDIC  comes  from  the  Greek  "  syndicos  "  {crivSiKos).  The  Greek 
word  Syndicos  originally  signified  one  who  aided  another  in  a  matter 
before  a  court  of  justice,  and  hence  it  came  to  signify  generally  an 
advocate,  one  who  maintained  another's  cause  before  a  court  of  justice. 
Syndicos  also  signified  at  Athens  one  who  was  appointed  by  the  state 
to  attend  to  its  interests  in  any  matter  in  dispute  between  Athens  and 
another  state :  thus  Machines  was  elected  their  Syndicos  by  the 
Athenians  in  a  matter  relating  to  the  temple  at  Delos.  (Demosthen. 
11(^1  3T«i>iym,  0  42.;  There  were  also  functionaries  at  Athens  called 
Syndici,  who  were  appointed,  after  the  establishment  of  the  tyranny 
of  the  Thirty,  to  decide  on  cases  of  confiscated  property.  The  word 
Syndicus  passed  into  the  Latin  language.  It  oft^  oectirs  in  the 
'  Digest '  in  the  sense  of  an  attorney  or  agent  for  a  university  or  corpo- 
rate body  :  in  this  sense  it  is  used  as  synonymous  with  Actor  by  Gaius. 
('  Dig.'  3,  tit.  i,  s.  1.)  In  the  middle  ages  also  the  word  Syndicus  vaa 
in  common  use,  and  was  frequently  given  to  the  agent  or  factor 
appointed  by  corporate  bodies  to  manage  their  common  afiairs,  and 
especially  to  represent  them  in  courts  of  law.  Crevier,  in  various 
places,  designates  the  syndic  of  the  university,  or  of  the  faculty  of 
arts,  by  the  equivalent  names  of  procureur,  agent,  greffier  (iiL  230 ;  iv. 
300 ;  v.  459).  In  the  same  sense  most  of  the  other  corporate  bodies 
in  Paris  and  other  French  towns  used  to  have  their  syndics;  and  the 
syndic  was  also  the  usual  name  for  the  solicitor  to  the  community,  or 
town-clerk,  in  the  towns  of  Languedoc  and  Provence.  The  clergy,  in 
like  manner,  had  their  Syndics  G^ndraux,  Syndics  Diocdsains,  and 
Syndics  Provinciaux ;  and  Syndics,  or  agents  resident  at  Paris,  were 
also  appointed  by  most  of  the  religious  orders.  The  functions  of  the 
different  syndics  however  varied  considerably ;  some  were  mere  agents 
or  solicitors,  others  were  representatives  of  their  corporations  in  a 
higher  sense,  sometimes  acting  as  their  presidents,  and  deciding  causes, 
instead  of  merely  conducting  them.  The  four  chief  magistrates  of  the 
city  of  Geneva  used  to  be  called  Syndics.  Among  the  Burdegalenses 
(or  people  of  the  district  of  which  Bordeaux  is  the  capital),  the  ofiice 
of  Syndic,  supposed  to  have  meant  originally  the  defender  of  a  military 
post,  became  in  course  of  time  an  hereditary  title  of  nobility ;  of  which 
several  instances  occur  in  Froissart,  and  other  chroniclers  of  the  14th 
century.  In  more  re<!ent  times,  when  Louis  XIV.,  in  1701,  directed 
the  establishment  of  chambers  of  commerce  in  the  principal  towns  of 
France,  the  merchants  and  other  persons  composing  them  were  ap- 
pointed to  be  called  Syndics  du  Commerce,  or  Syndics  de  la  Chambre 
de  Commerce,  For  the  significations  of  the  various  old  words  derived 
from  or  connected  with  Syndicus,  the  reader  is  referred  to  Ducange, 
Gloss.  M.  et  I.  L.,'  vi.  928-931 ;  and  '  Supplem.,'  iii.  932.  We  shall 
merely  mention  that  the  French  have  the  verb  "  syndiquer,"  for  to 
judge  or  censure,  as  we  formerly  said  "to  syndicate"  in  the  same 
sense. 

SYNOCHUS  and  SYNOCHA,  forms  of  fever  recognised  by  most 
of  the  older  and  many  recent  writers  on  the  practice  of  medicme. 
Sauvages  defined  Synochus  to  be  a  fever  which  lasted  more  than  a 
fortnight  without  materially  weakening  the  pulse ;  whilst  Cullen  used 
this  term  to  express  a  fever  which  combined  the  two  forms  of  infiam- 
matory  and  putrid  fever,  that  is,  a  fever  which  at  its  commencement 
was  inflammatory  and  at  its  close  putrid.  The  inflammatory  form  of 
fever  which  was  characterised  by  running  its  course  rapidly,  and  marked 
by  high  excitement  of  the  heart  and  arteries,  was  called  Synocha  by 
r.>ii.«     A  putrid  and  low  form  of  fever  was  called  Typhus.   The  latter  I 


term  is  now,  however,  applied  to  all  continued  contagious  fevers,  and 
the  former  terms  are  not  often  used  at  all.     [Feveb,  CoirrniOED.] 

SYNOD,  a  Greek  word,  SvvoSai  (literally,  "  a  coming  together "), 
adopted  by  the  Saxons,  sometimes  used  for  an  assembly  of  any  kind, 
but  much  more  commonly  for  an  assembly  gathered  for  ecclesiastical 
purposes,  and  more  particularly  for  an  assembly  of  bishops  or  presbyte^ 
deputed  by  various  churches  or  branches  of  the  imiversal  church  to 
meet  at  an  appointed  place,  there  to  deliberate  on  points  of  doctrine  or 
other  matters  relating  to  the  regulation  and  welfare  of  the  church. 
These  synods  are  also  called  councils.  Of  these  the  highest  are  called 
OQcumenical,  by  which  ia  meant  representative  of  all  the  different 
branches  of  the  church  established  throughout  the  habitable  world 
{oucoviifm).    [(Ecumenical  Cocncils.] 

Very  few  synods  or  councils  have  been  held  in  the  Protestant 
churches.  By  far  the  most  remarkable  is  that  of  Dordrecht  or  Dort, 
which  was  assembled  in  the  reign  of  our  king  James  L  Its  professed 
object  was  to  compose  the  differences  existing  between  the  Colvinian 
and  Arminian  parties  in  the  Protestant  church.    The  former  prevailed. 

The  doctrine  of  the  Church  of  England  respecting  councils  may  be 
seen  in  the  Twenty-first  Article. 

Lists,  very  full  and  perhaps  complete,  of  the  several  councils  which 
have  been  held,  may  be  found  in  many  treatises  on  chronology,  particu- 
larly the  '  Tablettes  Chronologiques/  of  ii.  Dufresnoy ;  and  in  '  L'Art 
de  Verifier  les  Dates.' 

SYNODIC,  SYNODIC  EEVOLUTION  (vinSos,  oonjuncUon  of 
paths).  The  synodic  revolution  of  two  bodies  which  move  round  a 
common  centre  is  that  portion  of  one  or  more  actual  revolutions  in 
which  they  go  through  all  their  possible  relative  positions.  The 
simplest  instance  which  can  be  given  is  that  of  the  two  hands  •{  a 
watch :  the  absolute  revolution  of  the  minute  hand  is  made  in  one 
hour,  that  of  the  hour  hand  in  twelve  hours ;  but  the  synodic  revolu- 
tion of  the  two  hands  is  the  interval  which  elapses  between  any  Ume 
at  which  they  are  together,  and  the  next  time  at  which  the  same  thing 
takes  place. 

Every  phenomenon  which  depends  upon  the  relative  position  of  two 
revolving  bodies  cannot  complete  all  its  phases  in  less  than  a  synodic 
revolution.  Thus,  in  the  case  of  the  sun  and  moon,  the  total  dis- 
appearance of  the  latter  which  takes  place  when  they  ore  nearest  in  the 
heavens,  cannot  take  place  again  until  they  are  again  at  their  nearest, 
that  is,  until  the  moon  has  not  only  completed  the  circuit  of  the 
heavens,  but  has  further  progressed  until  she  overtakes  the  sun.  The 
actual  revolution  of  the  moon  is  not  an  object  of  interest,  except  to 
those  who  watch  her  progress  among  the  fixed  stars  :  the  phases  which 
are  visible  to  all  the  world  depend  solely  on  her  motion  relatively  to 
that  of  the  sun.  Those  who  would  moke  a  common  watch  tell  time  in  a 
manner  resembling  the  indications  of  luni-solar  phenomena  must  rub 
out  the  marks  of  minutes  and  hours  from  the  dial-plate,  and  choose  for 
an  interval  of  measurement  that  which  elapses  between  successive  con- 
junctions of  the  minute  and  hour  hands. 

If  the  two  revolutions  be  made  in  the  same  direction,  and  if  T  and  t 
be  their  respective  times,  T  being  the  greater,  the  time  of  the  synodic 
revolution  is 

T* 
t— t 

For,  it  X  be  the  time  of  a  synodic  revolution,  the  portion  of  on  actual 
revolution  which  the  quicker  has  gained  upon  the  slower  ia 


CuUen. 


but  by  hypothesis  this  is  a  whole  revolution,  since  the  synodic  period 
is  nothing  but  the  time  in  which  the  quicker  gains  a  whole  revolution 
upon  the  slower.  Equate  the  hist  formula  to  unity,  and  the  resulting 
value  of  :c  is  the  first  formula.  But  if  the  two  revolutions  be  made  in 
opposite  directions,  the  synodic  revolution  is  made  in  the  time 

Tt 

Thus  in  the  case  of  the  hands  of  a  watch,  t=12\(=1^;  andMof  an 

hour,  or  1'  6"  j\,  is  the  interval  of  two  conjunctions  of  the  two  hands. 

To  find  roughly  the  synodic  period  of  the  sun  and  moon,  let  us  take 

the  sun's  actual  revolution  at  865;^  days,  and  moon's  at  274  ^7^.    We 

have  then 

866}x27J    „„,  , 
^g5p:2?.  =  294  day.  nearly. 

SYNONYME.  The  word  synonyme  is  applied  to  different  words, 
which  mean,  or  are  supposed  to  mean,  the  same  thing :  as  valour, 
courage ;  virtue,  goodness ;  vice,  wickedness.  Though  words  are  often 
considered  to  be  synonymous,  it  is  probable  that  very  few  words  in 
the  same  language  really  are  synonymous.  If  we  compare  two  lan- 
guages, we  may  find  synonymes ;  thus  the  words  for  man,  horse,  dog, 
&c.,  taken  in  any  number  of  languages,  may  be  considered  synonymous. 
Words  belonging  to  the  same  language  may  also  be  synonymous,  where 
the  language  has  received  additions  from  various  other  language, 
among  which  additions  there  may  be  terms  which  am  synonymous  (in 
the  modem  sense)  with  native  terms  of  the  language  into  which  they 
are  ir  troduoed.     Thus  in  English  there  may  be  Sizon  tetms  which  are. 
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or  rather  once  were,  gynonymoua  with  other  termu  which  have  been 
introduced  into  the  English  immediately  from  the  Latin,  or  through 
the  medium  of  the  Italian  and  the  French.  It  is  said  "once  were," 
because  though  such  words  may  have  been  Bynonymous  originally,  and 
introduced  by  writers  for  the  Bake  of  variety  or  harmony,  or  to  avoid 
repetition  of  the  game  word,  it  rarely  happens  that  such  words  con- 
tinue to  have  their  original  meaning. 

SYNTAX.    [Lanquaoe;  Obqanon.] 

SYNTHESIS.     [Anali-sis.] 

SYNTHESIS,  CHEMICAL.  The  process  of  forming  a  chemical 
compound  from  its  constituents;  thus  the  production  of  phosphoric 
acid  by  the  combustion  of  oxygen  in  air  is  a  synthetical  operation. 
The  synthesis  of  inorganic  substonoes  is  generally  easily  accomplished, 
but  that  of  organic  bodies  is  much  more  difficult  [Orqawo  Com- 
ponNDS,  Artificial  jtrodustion  of.] 

SYNTONIN.  A  name  given  by  Mulder  to  the  fibrin  of  the 
muscles. 

SYPHOK.    [Siphon.] 

SYPHON  GAUGE.    [Sipbos  Qauok.] 

SYPHON,  KEVERSED.     [Watee  Works.] 

SYREN,  an  instrument  invented  by  M.  Caguiard  de  la  Tour  for 
determining  the  number  of  vibrations  per  second  of  any  given  note. 


The  fanciful  name  of  the  instrument  was  given  from  ihe  fact  that  it 
is  capable  of  exciting  vibrations  in  water  or  any  other  fluid.  It  con- 
sists of  a  cylindrical  chamber  of  brass  c,  about  3  inches  in  diameter, 
and  H  inch  high,  connected  with  which  is  a  tube  B,  which  fits  into 
the  tube  of  a  double  pair  of  bellows.  The  upper  surface  of  o  contains 
a  circle  of  holes,  inclined  somewhat  obliquely,  and  coinciding  with 
this  circle  is  anotjier  circle  of  holes,  inclined  at  ah  angle  with  the  first, 
and  contained  in  a  disc  of  metal  A,  free  to  move  on  a  vertical  axis. 
This  axis  has  near  its  upper  extremity  a  perpetual  screw  which  gives 
motion  to  a  wheel  u,  of  100  teeth,  and  this  acts  on  a  hundreds  wheel, 
marked  H,  and  this  again  on  a  thousands  wheel,  marked  T.  Now 
suppose  each  circle  of  holes  to  contain  25.  On  sending  a  blast  of  air 
through  B,  it  will,  in  escaping  through  the  holes  in  c,  cause  the  disc  h 
to  rotate  with  a  speed  depending  on  the  force  of  the  blast,  and  during 
each  tuni  of  the  disc  the  currents  will  be  cut  off  and  re-opened  25 
times,  producing  in  fact,  25  waves  of  sound.  One  hole  in  each  disc 
would  produce,  with  a  given  velocity,  the  same  note  as  25,  but  the 
larger  number  produces  a  louder  tone.  By  regulating  the  force  of  the 
blast,  the  disc  may  be  made  to  vary  in  speed,  so  as  to  produce  notes 
from  the  gravest  ,to  the  most  acute.  By  Tnaking  the  syren  give  the 
note,  the  velocity  of  whose  vibrations  we  wish  to  determine  (that  of  a 
tuning  fork  for  example),  the  total  number  of  rotations  of  the  disc,  as 
recorded  by  the  dials  attached  to  the  wheels  c,  B,  T,  divided  by  the 
number  of  seconds  during  which  the  observation  is  being  made,  will 
give  the  number  of  vibrations  per  second  for  the  note  in  question.  By 
a  simple  adjustment,  the  endless  screw  can  be  put  in  and  out  of  gear 
with  the  teeth  of  the  wheels  in  a  moment,  so  that  the  registration  need 
not  begin  until  tiie  instrument  is  sounding  the  note  fully  and  freely. 
A  seconds  pendulum  should  also  be  at  hand,  beating  au^bly,  so  that 
the  observer  may  begin  to  count  the  momeut  the  screw  is  put  in 
gear.  Some  practice  is  required  to  make  the  instrument  sustain  the 
note  for  8  or  10  seconds.  Graduated  dial-plates  and  moving  hands,  as 
in  a  gas-meter,  are  connected  with  the  wheels  u,  h,  t,  bo  that  the 
number  of  vibrations  can  be  read  ofT  by  simple  inspection. 
SYBIAC  LANGUAGE.    IArahmas  Lahqvaobs  Lanquaoi.] 


SYRIAC  VERSIONS  of  the  Bible.  Of  these  several  exist,  two  of 
which  are  of  considerable  importance.  1.  "  The  Peehito  {Uteral) 
Version,"  also  called  "  The  Old  Syriao  Version,"  is  one  of  the  most 
ancient  and  valuable  translations  of  the  Bible.  The  date  of  its  exeon- 
tion  is  unknown ;  but  it  is  certainly  of  a  high  antiquity.  It  is  re- 
ferred to  by  Ephrem  the  Syrian,  in  the  middle  of  the  4th  century,  as 
generally  known  and  used,  and  therefore  it  must  have  been  in  existence 
a  considerable  time  before.  Modem  critics  have  referred  its  date 
variously  to  the  1st,  2nd,  and  8rd  centuries,  the  majority  to  the  1st. 
The  opinion  now  generally  adopted  is  that  of  Michaelia,  who  ascribes 
the  translation  of  both  Testaments  to  the  most  flourishing  period  of 
the  Syrian  Churches,  namely,  the  end  of  the  1st  and  the  beginning  of 
the  2nd  century. 

The  version  of  the  Old  Testament  was  certainly  made  from  the 
Hebrew,  which  it  closely  follows ;  but  there  axe  indications  of  the 
translator  having  made  use  of  the  Septuagint  and  of  the  Chaldee  para- 
phrase. The  great  antiquity  of  this  version,  much  higher  than  that  of 
any  existing  Hebrew  manuscript  of  the  Old  Testament,  makes  it  a 
most  valuable  source  of  biblical  criticism.  It  is  on  the  whole  a  veiy 
good  translation,  but  not  equal  throughout,  A  different  method  of 
interpretation  is  followed  in  different  books,  for  instance  in  the  Penta- 
teuch and  the  Chronicles.  From  this  circumstance  Jahn  infers  that 
it  was  the  work  of  different  persons.  Several  peculiarities  tend  to 
prove  that  the  translators  were  Christians,  and  probably  converted 
Hebrews. 

The  version  of  the  New  Testament  oontuns  the  four  Gospels,  the 
Acts  of  the  Apostles,  the  Epistles  of  Paul  (including  that  to  the  He- 
brews), the  Firat  Epistle  of  John,  the  First  Epistle  of  Peter,  snd  the 
Epistle  of  James.  It  is  undoubtedly  one  of  the  best  versions  of  the 
New  Testament  in  any  language,  and  is  used  as  their  standard  by  the 
churches  of  Syria  and  the  East. 

The  version  of  the  Old  Testament  was  first  printed  in  the  Paris 
Polyglott,  but  from  an  imperfect  manuscript ;  the  passages  which  were 
wanting  were  indifferently  translated  by  (Jabriel  Sionita  from  the 
Vul^te.  This  text,  revised  by  the  help  of  four  manuscripts,  was 
reprinted  in  Walton's  Polyglott,  but  was  on  the  whole  carelessly  done. 
The  best  version  is  that  of  the  Rev.  C.  Buchanan  and  Professor  Lee, 
published  by  the  British  and  Foreign  Bible  Society  in  1816,  which  has 
been  translated  by  the  Rev.  James  Murdock,  and  was  published  in  New 
York  in  1861.  The  version  of  the  New  Testament  was  first  brought 
into  Europe  by  Moses  of  Mardin,  who  was  sent  1^  Ignatius,  the  pa- 
triarch of  Antioch,  on  a  mission  to  Pope  Julius  III.  in  1552.  It  was 
first  printed  at  Vienna  in  1555,  at  the  expense  of  the  emperor  Fer- 
dinand L 

There  is  a  later  and  very  inferior  translation  of  the  books  of  the  New 
Testament  which  are  wanting  in  the  Feshito,  namely,  the  second 
Epistle  of  Peter,  the  second  and  third  of  John,  the  Epistle  of  Jude, 
and  the  Apocalypse,  made  from  the  original  Greek,  probably  in  the 
6th  century. 

2.  The  Fhiloxenian,  or  Syro-Philoxenian  Version  of  the  Now  Testa- 
ment, is  so  called  from  PhUpxenus,  bishop  of  Hierapolis,  in  the  pro- 
vince of  Aleppo  (488-518),  under  whose  auspices  it  was  translated  by 
Polycarp.  It  was  revised  by  Thomas  of  Heraclea  in  616.  It  is  trans- 
lated from  the  Greek  text,  but  is  very  inferior  to  the  Peshito. 

In  1842  an  imperfect  copy  of  the  four  Gospels  was  brought  by  Arch- 
deacon Tattam  from  the  monastery  of  St.  Mary  Beipara  in  Syria,  and 
is  now  in  the  library  of  the  British  Museum.  It  has  been  carefully 
edited,  and  translated  by  Dr.  William  Cureton,  who  considers  its  date 
to  be  of  the  5th  century.  It  differs  from  the  Peshito,  as  well  as  from 
the  Septuagint  and  the  Greek  in  many  passages,  which  are  pointed  out 
by  Mr.  Cureton  in  the  printed  edition  publitmed  in  1858. 

There  are  other  Syriac  Versions,  not  of  sufficient  importance  to 
require  a  separate  notice. 

A  list  of  the  editions  of  the  Syriac  Versions  is  given  in  the  '  Biblio 
graphical  Appendix '  to  the  second  volume  of  Home's  '  Introduction.' 

SYRINGE  (from  'Upeyd  a  pipe),  a  portable  hydraulic  instrument  of 
the  pump  kind,  commonly  employed  for  the  forcible  ejection  of  fluids. 
In  its  simplest  form  it  consists  of  a  cylindrical  tube,  with  a  perforated 
nozzle  at  one  end,  snd  a  piston,  to  the  rod  of  which  a  handle  is  attached. 
The  tube  being  held  in  the  left  hand,  with  its  nozzle  immersed  in  water, 
the  piston  is  drawn  to  the  upper  end  of  the  tube  by  the  right  hand. 
The  pressure  of  the  atmosphere  upon  the  surface  of  the  water  causes  it 
to  follow  the  piston,  so  that  the  syringe  becomes  filled  with  water. 
The  instrument  is  then  removed  from  the  vessel  of  water,  and,  by 
pushing  the  piston  back  towards  the  nozzle,  its  contents  may  be  ejected 
with  a  force  proportionate  to  the  power  applied  to  the  piston. 

The  use  of  syringes  for  extinguishing  fires  is  alluded  to  under  Fntis- 
Ehginb.  They  were  usually  made  of  brass,  and  held  from  two  to  four 
quarts  each.  Those  of  the  former  capacity  were  about  two  feet  and  a 
half  long,  and  one  inch  and  a  half  in  diameter,  that  of  the  nozzle  being 
half  an  inch.  They  were  furnished  with  handles  on  each  side,  and 
every  syringe  required  three  men  to  work  it.  The  large  syringes  used 
for  horticultural  purposes  might,  in  many  cases,  be  used  wit£  advan- 
tage on  the  first  discovery  of  a  fire,  when  a  very  small  quantity  of 
water,  promptly  applied  and  accurately  directed,  might  prevent  serious 
mischief.  Garden-syringes  are  made  either  to  throw  water  in  a  com- 
pact jet,  from  a  simple  nozzle  with  one  perforation,  or  to  distribute  it 
in  the  form  of  a  shower,  from  •  rose  perforated  with  a  number  o{ 


Digitized  by 


Google 


971        SYRINGE,  CONDENSING  AND  EXHAUSTING. 

email  holes.  In  the  latter  case  it  is  usual  to  add  a  nozzle  of  compara- 
tively large  bore,  through  which  water  is  allowed  to  enter,  although  a 
self-acting  valve  prevents  *it  from  returning  the  same  way.  Several 
diBerent  caps  may  be  fitted  to  the  same  syringe ;  those  for  throwing 
jets  having  the  injection  and  ejection  nozzles  side  by  side,  while  those 
for  producing  showers  have  the  injection  nozzle  in  the  centre  of  the 
rose.  Syringes  may  also  be  applied  with  advantage  in  washing  car- 
riages, cleaning  windows,  and  for  other  useful  purposes.  Mr.  Baddeley 
has  introduced  many  improvements  in  garden-syringes. 

In  medicine  and  surgery  syringes  of  various  kinds  are  employed  in 
administering  clysters;  in  injecting  fluids  into,  or  removing  them  from, 
the  stomach  or  bladder ;  injecting  liquids  into  wounds ;  and  injecting 
coloured  liquors  or  melted  wax  into  veins,  &o.,  in  anatomical  prepara- 
tions. The  application  of  the  syringe  as  a  stomach-pump  is  peculiarly 
important.  In  this  case  a  flexible  tube  is  put  into  the  mouth  of  the 
patient,  with  a  guard  between  the  teeth  to  preserve  it  from  injury,  and 
a  branch  pipe  is  added  to  supply  the  syringe  with  liquid  from  a  vessel, 
when  it  is  used  for  injection,  and  to  aJTord  a  channel  for  the  escape  of 
the  abstracted  liquid  when  the  syringe  is  employed  to  empty  the 
stomach.  By  an  ingenious  arrangement  of  valves,  the  same  instrument 
may  be  so  modified  as  to  act  equally  well  in  either  way.  One  method 
of  using  such  an  instrument  is,  first  to  inject  a  diluent  into  the 
stomach,  and  then  to  pump  it  back  again,  together  with  the  injurious 
matter  which  it  is  desired  to  remove.  Another  plan  is  to  inject  a 
fluid  into  the  stomach  until  an  invohmtary  discharge  takes  place 
through  the  mouth,  and  to  continue  the  operation  until  the  stomach  is 
cleansed,  this  being  indicated  by  the  fluid  returning  unchanged. 

Mr.  James  Harris,  of  Plymouth,  in  1822,  devLaed  a  method  of  pre- 
sei-ving  oil-colours  for  painting  in  fringes  formed  of  tin,  or  of  brass 
tinned  internally.  A  similar  contrivance,  in  wliich  the  details  differ 
from  Mr.  Harris's,  although  the  same  principle,  that  of  propelling  the 
piston  by  means  of  a  screw,  is  preserved,  has  been  brought  into  vise ; 
but  tubes  of  very  thin  metal,  from  which  the  colour  is  expressed  by 
collapsing  the  tube  between  the  finger  and  thumb,  without  the  use  of 
a  piston,  have  nearly  superseded  all  other  contrivances. 

SYRINGE,  CONDENSING  AND  EXHAUSTING.    [AiB-PnMP.] 

SYRINGIN.     [LiLACls.] 

SYRUPS  are  medicinal  solutionB  of  sugar,  either  in  water  alone,  as 
in  simple  syrup,  or  in  liquids  charged  with  some  peculiai'  principle  of 
an  active  kind,  such  as  senna  or  buckthorn,  or  merely  grateful  from  its 
colour  or  fragrance,  or  both,  such  as  syrup  of  violets.  These  must  be 
of  a  proper  consistence,  either  by  having  a  suitable  quantity  of  sugar 
added  to  the  water  at  first,  or  by  subsequent  evaporation  of  the  super- 
fluous water.  The  former  is  the  preferable  mode,  as  the  syrup  keeps 
better.  The  purest  and  most  thoroughly  refined  sugar  should  be 
employed,  and  generally  in  the  proportion  of  two  parts  of  sugar  to  one 
of  fluid.  Less  sugar  is  needed  where  acid  syrups  are  to  be  made,  as  in 
syrup  of  mulberries,  and  still  less  where  vinous  syrups  are  made. 
When  made,  the  syrup  is  to  be  preserved  in  closely-stopped  bottles, 
and  kept  in  a  cool  place,  the  temperature  of  which  never  exceeds  65° 
Fahr. ;  but,  with  every  precaution,  fermentation  is  apt  to  occur,  par- 
ticularly if  warm  or  boiling  water  has  been  employed  to  extract  the 
T^etable  principle,  when  cold  water  is  most  appropriate  :  so  also  with 
the  syrup  of  poppies,  which,  when  given  in  a  state  of  fermentation  to 
children,  too  often  aggravates  the  disorder  of  the  bowels  it  was 
intended  to  alleviate.  To  counteract  the  tendency  to  fermentation, 
rectified  spirit  is  enjoined  to  be  added  to  the  sugar — an  expensive 
proceeding,  quite  needless  when  cold  water  only  is  used  in  the  pre- 
ceding sts^es.  When  too  little  sugar  is  used,  fermentation  is  still 
more  apt  to  occur ;  when  too  much,  the  excess  crystallises.    Syrups 
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are  more  used  for  their  fragrance  or  colour  than  for  their  medicinal 
properties,  which  few  possess  to  any  important  extent,  except  syrup  of 
poppies,  the  cause  of  a  larger  mortality  among  children,  especially  of 
the  poor,  than  any  other  drug: — see  Ciiristison  on  'Poisons,'  and 
Reports  of  the  Registrar-General,  almost  weekly,  especially  17th  Nov., 
1860.     The  number  of  syrups  might  well  be  diminished. 

SYSTEM  (Astronomy).  This  term  is  applied  to  every  theory  of 
the  disposition  and  internal  arrangements  of  the  solar  system,  or  of  the 
material  creation  generally.  Thus  we  have  the  system  of  Ptolemy, 
of  Copernicus,  Ac.  Perhaps  a  short  description  of  the  distinctive 
characters  of  the  different  systems  may  be  useful  in  a  work  of 
reference. 

■  Ptolemaic. — The  earth  is  an  absolutely  fixed  centre,  and  the  planets 
revolve  in  circles  about  centres  which  themselves  revolve  round  the  earth. 

Copemican. — The  sun  is  a  centre,  round  which  the  planets  revolve. 
Some  of  the  machinery  of  the  Ptolemaic  system  is  retained. 

Tychonic. — The  sun  is  a  centre  of  motion  to  all  the  planets,  which 
revolve  round  it,  while  the  sun  and  planetaiy  orbits  are  carried 
together  round  the  earth  as  a  fixed  centre. 

Semi-Tychmac. — The  sun  is  a  centre  of  motion  to  Mercuiy  and 
Venus,  as  in  the  Tychonic,  and  the  motions  of  the  other  planets  are  as 
in  the  Ptolemaic  system. 

Newtonian. — There  is  no  fixed  centre,  the  sun  only  approximating 
to  that  character  from  its  greater  magnitude.  The  orbits  of  the  planets 
are  approximately  represented  by  ellipses,  exactly  by  ellipses  of  which 
the  elements  vary. 

The  Newtonian  system  is  frequently  called  Copemican,  from  its 
rejecting  what  Copernicus  rejected ;  but  it  is  far  from  receiving  all 
that  Copernicus  received.  The  introduction  of  the  ellipse  is  due  to 
Kepler.  We  have  not  included  the  system  of  Des  Cartes  [Vortices], 
because  it  has  reference  to  physical  causes,  and  contains  no  peculiarity 
of  arrangement.  [Ptolevaio  Stbteic  ;  Bbahe  (TrcHo),  Copebkicus, 
and  Newtom,  in  Bioo.  Div. ;  Pbinoifu.  j  Geavitatiok  ;  Solah  Sys- 
tem, &c.] 

The  term  system  is  also  applied  to  the  subdivisions  of  the  solar 
system  :  thus  we  have  the  terrestrial.  Jovial,  Satumian,  Urauian 
systems. 

SYSTEM  (Mathematics),  a  word  little  used  :  we  hear  sometimes  of 
a  system  of  equations,  or  a  system  of  curves  or  surfaces ;  the  former 
meaning  a  set  of  equations  which  are  related  to  each  other  in  the  same 
problem,  the  latter  a  class  of  curves  or  surfaces  which  ore  connected  by 
any  law. 

SYSTEM,  in  the  musical  language  of  the  Greeks,  had  the  same 
signification  as  the  word  Scale  has  in  modem  music.  [Scale.]  Each 
of  the  many  genera  of  the  ancients  was  a  system  in  itself,  U  we  may 
venture  to  assert  anything  positively  concerning  a  subject  which  is 
involved  in  much  obscurity.    [Geneba.] 

In  modem  music  the  term  Syttem  is  applied  to  any  theory  of 
harmony,  that  is  to  say,  of  the  origin  of  choi^,  and  of  the  manner  of 
treating  them  in  composition.  Thus  we  have  the  systems  of  Rameau, 
Tartini,  Kimberger,  &c.  The  system  of  Guide  d'Arezzo,  or  that 
ascribed  to  iiim,  included  the  elements  of  our  present  mode  of  nota- 
tion ;  also  the  division  of  the  scales  into  hexachords,  and  a  mode  of 
solmiaation  founded  on  such  division,  [GriDO  d'Arezzo,  in  Bioo.  Div  ; 
Hexachords.] 

SYZYGIES  AND  QUADRATURES.  Thesysypes  of  a  planet  or  of 
the  moon  are  those  points  of  its  orbit  at  which  it  is  in  conjunction  or 
opposition  with  the  sun :  the  quadratures  are  the  precisely  intermediate 
positions.  Thus  at  new  and  full  moon  the  moon  is  in  syzygies ;  at 
half  moon,  in  quadi-atures. 
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Tig  the  thin  (tenuis)  letter  of  the  dental  or  palnto-dcntal  seriea.  For 
the  various  forms  of  the  symbol  by  which  it  is  represented,  see 
Alphabet.  The  chief  changes  to  which  the  letter  is  liable  are  as 
follows : — 

T  is  interchangeable  with  c,  as  Lat.  niie  (mix),  Eng.  ntU.  [See  C 
(§  6).]  The  resemblance  of  these  letters  in  Latin  manuscripts  is  so 
close,  that  it  is  often  difficult  to  distinguish  them.  Hence  there  is 
much  imoertainty  in  the  orthography  of  many  words  in  that  language. 
Yet  there  is  no  doubt  that  emtio,  an  abbreviation  of  conventio  (eovtiUio, 
in  the  sense  of  contio,  actually  occurs  in  the  so-cailed  bacchanalian 
inscription),  and  nuntiua  or  nowntios,  an  abbreviation  of  novi-rmrtiue 
(compare  nov-i-tiua),  should  be  preferred  to  the  forma  concio,  nuRotiM, 
which  are  commonly  found  in  English  editions  of  Latin  authors. 

T  interchangeable  with  d.     [See  D.] 

T  interchangeable  with  th,  whether  as  pronounced  in  thin  or  in  the. 
Thus  the  Latin  t  corresponds  for  the  most  part  to  tA  in  English,  as  tu, 
trea,  tmuU,  iundo,  turn,  trudo,  torqtico,  pater,  mater,  of  the  former  lan- 
gviage,  severally  correspond  to  th<m,  three,  thin,  thump,  then,  tkrutt, 
tkroir,  father,  mother,  o£  the  latter.  As  regards  the  pair  of  words, 
torguco,  throui,  it  is  worth  observing  that  they  both  have  a  double 
meaning — hurl  and  twist.  Even  the  termination  of  the  third  person 
in  the  Latin  and  old  English  verbs  presents  the  same  analogy,  as  amat, 
loveth, 

T,  or  PT,  interchangeable  with  p.     [See  P  (§§  7, 8).] 

T  interchangeable  with  e.     [See  S.] 

T  interchangeable  with  I.  Thus  the  Latin  words  lif^ftia  (also  dingua), 
lacr-uma  (also  dacr-uma),  lacerare,  ligare  (also  dicare),  severally  appear 
in  English  as  tongue,  tear  (subst),  tear  (verb),  tie.  Stitit  of  the  Latin 
is  allied  to  mild  in  English.  Compare  also  the  Latin  ali-qw)d,  &o., 
with  the  Qerman  et-wa»,  &o.     [See  L.] 

T  interchanges  with  nd.  This  change  is  perhaps  not  common. 
Examples  are — Lat.  et,  Oerm.  imd,  Eng.  cmd  ;  Lat.  ud  or  tet,  Germ. 
mmd-ern,  Eng.  tund-er,  sundry,  &c. ;  Lat.  f>md-v»,  Eng.  bottom. 

T  interchangeable  with  ».  Thus  from  the  Icelandic  perfect  parti- 
ciple haldin  we  have  a  masc.  nom.  haUlinn  (for  haldiru),  and  a  neuter 
nom.  haldit ;  for  it  is  on  error  to  treat  the  (  of  this  last  form  as  a 
neuter  suffix,  seeing  that  neuters  never  differ  from  masculines  except  by 
curtailment.  This  change  of  »  with  (  and  d,  acoounts  for  the  varied 
forms  of  our  English  participles,  hciden,  Toolten,  melted,  fell,  anA.  the 
Scotch  forms  in  it,  as  ahatit. 

T  disappears  from  the  beginning  of  words  before  2,  as  in  hiut,  the 
so-called  participle  of  fero,  but  in  fact  connected  with  the  Latin  toUo, 
and  the  Qreek  rA1^■/u,  roA-a;,  toK-hji.  An  older  form  of  laita  was 
perhaps  tUUui  or  ttlatua. 

T  in  the  middle  of  words,  when  flanked  by  vowels,  often  disappears. 
Thus  the  Iiatin  words  pater,  satis,  vita,  amatus,  amata,  reappear  in 
French  as  pire,  sez  (in  the  compound  as-sez,  from  <td-satis),  vie,  aimi, 
aimie.  Similarly,  from  the  map  of  Qallia,  viewed  in  connection  with 
the  map  of  France,  may  be  derived  the  examples,  Autura,  Eure;  Catu- 
riget,  Ckvrges  ;  Catalauni,  Chdlons  (sur  Mame). 

T  at  the  end  of  words  is  frequently  dropped.  Of  the  omission  of  a 
final  (  in  pronunciation,  the  French  language  has  numerous  examples, 
as  in  et,  fait,  est,  Ik.  It  is  very  probable  that  a  final  t  hss  in  this  way 
disappeared  from  the  third  person  singular  of  many  tenses  in  the 
French  verb,  as  il  aime,  H  aimera,  qu'il  fimtse,  Ik.  In  the  interroga- 
tive form  aimt-t-il,  the  interposed  {  really  belongs  to  the  verb,  and 
owes  its  preservation  in  this  form  to  the  fact  that  a  vowel  follows. 
It  is  an  error  to  attribute  the  insertion  of  the  letter  to  the  necessity  of 
avoiding  an  hiatus.  Even  the  Qreek  language  drops  this  (  in  the  suffix 
of  the  third  person,  as  in  Tinrr«,-tTwrrf,  for  Twrreri,  rnnrrtTt.  Com- 
pare the  middle  forms  -rvrrtrai,  trinrrtro. 

Ti  before  a  vowel  is  often  changed  to  a  sibilant  represented .  by  «,  tft, 
ch,  4o.  Thus  from  the  Latin  faction  (facUo)  are  derived  the  Frraich 
fofon  and  the  English  fashion.  So  avantia,  malitia,  vitium,  became  in 
French  and  English,  avarice,  malice,  vice. 

TABERNACLE,  THE  (lyioboS,  and  sometimes,  chiefly  in 
i^umJo-i,  n^nyn  bgw,  orn'njniStPt?;  LXX.,  (rm?!^,  or  (rK^J»w/.o 
ToS  naprvplov ;  that  is,  the  tabernacle  of  the  testimony),  was  a  sacred 
building,  partaking  of  the  nature  of  a  tent,  which  was  set  up  by  the 
Israelities  in  the  wilderness  for  the  worship  of  God,  and  carried  with 
them  in  their  journeys.  Hence  it  is  called  by  Jewish  writers  "  a  port- 
able temple  "  {itphy  ^prrrhr,  Philo,  •  0pp.,'  it,  p.  146,  vahs  ficra^epiiuvat 
Kal  aviarfpiyoaTur ;  Joseph., '  Antiq.'  iii.,  6, 1).  It  was  made  under  the 
direction  of  Moses,  in  exact  conformi^  to  a  pattern  shown  to  him  by 
Qod  when  on  Mount  Sinai.  (Exod.  xxv.  40;  xzvi.  30,  &c. ;  Heb. 
viii.  5.) 

'Without  doubt  temples  existed  in  Egypt,  and  possibly  in  Palestine, 
before  the  period  of  the  exode ;  but  the  Israelites  were  not  in  a  posi- 
tion to  raise  an  edifice  while  on  their  migration  to  the  promised  land. 


They  therefore  were  directed  by  Moses  to  construct  a  tabernacle.  The 
description  of  it  is  sufficiently  given  in  Exodus  xxvi ;  but  the  transla- 
tion of  badgers'  skins  for  the  covering,  xxv.  6,  and  xxvi.  14,  is  an 
unfortunate  one,  as  the  badger  does  not  exist  in  south-western  Asia, 
and  would  have  been  also  an  unclean  animal,  not  likely  to  have  been 
selected  to  have  formed  any  part  of  the  structure.  The  Hebrew  word 
is  tachash,  used  nowhere  else  except  in  Ezekiel  xvi.  10,  where  it  is 
stated  to  be  used  for  the  shoes  of  women.  It  has  been  conjectured 
that  it  implied  the  colour,  in  which  sense  the  Septuagint  and  the 
Chaldee  and  Syria  versions  interpret  it,  though  such  interpretation  has 
no  support  from  the  etymology,  or  in  any  of  the  kindred  languages. 
There  is  littie  doubt  that  it  means  the  skin  of  some  animaL  The  seal 
has  been  suggested,  but  that  is  also  a  stranger  to  the  region.  Kiebuhr 
and  Ehrenburg  believe  it  to  have  been  the  skin  of  a  species  of  dolpliin 
(the  Halicora  Hemprichii),  which  is  perhaps  the  most  likely,  as  the 
Arabs  of  the  present  day  use  the  sldn  of  that  animal  for  their  shoes  or 
sandals. 

Each  of  the  sacred  vessels  and  instruments  had  its  appointed  place 
in  the  tebemaole.  Near  the  entrance  of  the  outer  court  was  the 
brazen  altar  of  burnt  offering,  on  which  were  presented  all  the  burnt 
offerings  and  sin  otEerings  which  were  not  required  to  be  offered  with- 
out the  camp.  Farther  on  was  the  brazen  laver,  where  the  priests 
were  required  to  wash  their  hands  and  feet  before  they  entered  into 
the  tabernacle. 

Within  the  Holy  Place  was  the  golden  table  of  shewbread  on  the 
north  side,  the  golden  candlestick  on  the  south  side,  and  the  golden 
altar  of  incense,  with  their  instruments.  In  the  Most  Holy  Place  was 
the  ark  of  the  covenant,  with  its  cover,  the  mercy-seat,  the  symbol  of 
Jehovah's  throne. 

None  but  the  priests  were  allowed  to  go  into  the  tabernacle.  They 
entered  it  twice  a  day ;  in  the  morning  to  put  out  the  lights,  and  in 
the  evening  to  light  them ;  and  also  on  the  Sabbath  to  place  the  new 
shew-bread.  The  Holy  of  Holies  was  entered  by  tEe  high-priest  alone, 
and  by  him  only  once  a  year,  on  the  great  day  of  atonement.  Of 
course  there  was  a  necessary  exception  to  these  rules  when  the  taber- 
nacle had  to  be  taken  down  or  set  up. 

The  tabernacle  was  first  set  up  by  Moses  on  the  first  day  of  the  first 
month  of  the.second  year  from  the  Exodus,  when  the  presence  of  God 
was  manifested  by  the  shekinah,  which  filled  the  tabernacle.  When- 
ever, the  camp  was  at  rest,  the  shekinah  was  over  the  tabernacle,  as  a 
doud  by  day  and  a  fire  by  night.  The  lifting  up  of  the  shekinah  was 
the  divine  signal  for  the  people  to  maroh ;  and  when  it  again  rested  in 
any  spot,  there  the  tabernacle  was  set  up,  and  the  camp  was  formed 
around  it.  After  the  conquest  of  Palestine  the  tabernacle  was  set  up 
in  Shiloh,  where  it  remained,  with  the  ark  of  the  covenant  in  it,  till 
the  latter  was  carried  out  to  battle  and  taken  by  the  Philistines  just 
before  the  death  of  Eli  (1  Sam.  iv.  16-21.)  After  seven  months  the 
Philistines,  moved  by  the  judgments  of  God,  restored  the  ark,  which 
however  was  not  brought  back  to  Shiloh,  but  to  Kirjathjearim  (1  Sam. 
vii.  1-2),  where  it  remained  till  Bavid  brought  it  to  the  city  of  David 
in  Jerusalem,  and  pitched  a  tent  for  its  reception  (1  Chron,  xiii.-xvi.). 
Here  it  remained,  with  a  short  interruption  during  the  rebellion  of 
Absalom,  till  it  was  placed  in  the  Holy  of  Holies  of  Solomon's  temple. 
(2  Chron.  v.) 

We  have  no  exact  information  respecting  the  history  of  the  tabemade 
during  this  period.  By  comparing  1  Sam.  xzi.,  with  Mark  ii.  26, 
we  learn  that  it  was  at  Nob  in  the  time  of  SauL  At  the  beginning  of 
Solomon's  reign  it  was  at  Gibeon  (1  Kings  iii.),  whence  it  was  taken 
by  Solomon,  and  laid  up  in  the  Temple,  at  the  time  when  he  removed 
the  ark.     (2  Chron.  v.) 

The  institution  of  the  tabemade  was  in  perfect  accordance  with  the 
spirit  of  the  Israelitish  constitution.  Jehovah  was  the  king  of  Israel ; 
he  had  promised  to  be  with  them,  and  to  go  with  them  in  their 
journeys ;  and  the  tabemade  was  his  abode.  Here  the  glory  which 
was  the  symbol  of  his  presence  was  displayed,  and  hither  the  people 
came  to  worship  him  and  to  inquire  his  will,  while  his  chosen  servants 
(the  priests)  attended  constantly  upon  him.  (Ps.  Ixxxiv,  4-7.)  When 
Israel  was  firmly  settied  in  the  promised  land,  and  a  special  place  was 
fixed  on  for  the  display  of  God's  presence,  the  moveable  tabemade 
was  superseded  by  the  permanent  temple.  The  New  Testament 
refers  to  the  tabemade  as  typical  of  the  blesdngs  of  the  Gospel. 
(Heb.  ii.) 

TABERNACLES,  FEAST  OF  (MiSljn  3n,  iopdj  vititv&v,  viaiy 

omryla),  was  the  last  of  the  three  great  annual  festivals  of  the  Israelites 
which  required  the  presence  of  all  the  people  in  Jerusalem  (Exod. 
xxiii.,  16;  Levit.  xxiii.  84;  Numb.  zxiz.  12;  Deut.  zvL  13).  Its 
object  vras  to  commemorate  the  dwelling  of  the  people  in  tents  during 
their  journeys  in  the  wilderness ;  and  it  was  also  a  feast  of  thanks- 
giving for  the  harvest  and  vintage,  whence  it  is  called  "  the  feast  of 
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ingathering."  It  was  celebrated  in  the  autumn,  at  the  conclusion  of 
the  vintage,  and  lasted  eight  days,  namely,  from  the  15th  to  the  23rd 
of  the  seventh  month  (Tisri,  which  corresponds  to  October).  The 
first  and  last  days  were  holy  convocations,  in  which  no  work  might  be 
done,  and  the  last  was  the  greatest  day  of  all  the  feast  (John  vii.  27). 
In  the  opinion  of  many  biblical  antiquarians,  the  feast  of  tabernacles 
properly  lasted  only  for  seven  days,  the  eighth  being  peculiarly  "  the 
feast  of  ingathering."     (Nehem.  viii.  18.) 

This  feast  lasted  longer  than  either  of  the  other  great  feasts ;  it  was 
kept  with  greater  demonstrations  of  joy,  and  more  sacrifices  were 
offered  during  its  continuance.     (Levit.  sxix.  12-38.) 

During  the  feast  the  people  dwelt  in  booths,  which  were  made  on 
the  tops  of  their  houses  (Nehem.  viii.  16).  These  booths  were  made 
of  the  leafy  branches  of  certain  trees,  which  are  mentioned  in  Levit., 
xxiiL  40,  and  include  the  citron,  the  palm,  the  myrtle,  and  the  willow, 
though  in  Nehem.,  viii.  15,  the  olive  and  the  pine  are  also  mentioned. 
These  booths  were  meant  to  represent  the  tents  in  which  the  Israelites 
dwelt  in  the  wilderness.  In  the  sabbatical  year,  the  law  was  read  in 
the  presence  of  all  the  people  at  this  feast.  (Deut.  xxzi.  10-13; 
Nehem.  viii.) 

Like  many  others  of  the  institutions  of  the  Mosaic  law,  the  feast  of 
tabernacles  vras  neglected  during  the  period  from  the  settlement  of 
Israel  in  Palestine  to  the  Captivity.  It  was  revived  in  tho  time  of 
Ezra,  and  Nehemiah.    (Nehem.  viii.) 

Plutarch  (Sympos.  iv.  6)  gives  an  account  of  the  feast  of  taber- 
nacles, which  ha  supposed  to  be  in  honour  of  Bacchus. 

The  later  Jews  have  added  other  ceremonies  to  those  'which  are 
assigned  to  this  feast  in  the  law.  1,  They  carry  a  citron  in  the  left 
band,  and  a  bundle  of  branches,  namely,  one  of  the  palm-tree  and  two 
of  the  willow  and  myrtle,  in  the  right,  with  which  they  walk  in  pro- 
cession round  the  reading-desks  in  the  synagogues,  singing  Hosannahs. 
This  ceremony,  which  is  repeated  seven  times  on  the  seventh  day,  is 
said  to  be  in  commemoration  of  the  taking  of  Jericho  by  such  a 
repeated  procession  round  its  walls.  (Joshua  vi.)  2.  On  each  of  the 
seven  days  of  the  feast  they  pour  out  a  libation  of  water.  They  assert 
that  this  was  done  anciently  before  the  altar  at  Jerusalem,  with  water 
brought  from  SUoa.  S.  They  assert  that  lights  were  burnt  in  the 
court  of  the  women  on  the  first  eveniqg  of  the  feast.  These  lights 
were  in  large  golden  candlesticks,  and  their  brightness  was  visible 
over  all  the  city.     . 

TABES.  This  word  belongs  to  a  period  in  the  history  of  medicine, 
when  nosologists  were  less  informed  than  they  now  are  of  the  true 
nature  of  many  diseases ;  and,  instead  of  classifying  these  according  to 
their  essential  characters  in  reference  to  the  single  standard  of  healthy 
function,  selected  and  arranged  such  signs  and  appearances  only  as 
were  sensibly  manifest  to  the  observer,  or  were  described  by  the  patient. 
The  nomendature  founded  on  this  arrangement  consisted  in  naming 
by  uninterpreted  symptoms :  it  involved  many  breaches  of  naturid 
affinity,  and  gave  great  opportunity  for  empirical  practice.  Thus  a 
cough,  a  dropsy,  a  palpitation  of  the  heart,  would  be  spoken  of  as  indi- 
vidual diseases ;  whereas  they  may  on  the  one  hand  be  joint  symptoms 
of  a  single  malady  (as  imperfect  valvular  action  of  the  heart) ;  or,  on 
the  other  hand,  taken  singly,  each  would  be  but  a  sign,  common  to 
many  disorders,  which  might  have  no  other  feature  of  resemblance, 
and  might  require  even  opposite  treatment.  Such  a  name  is  "  tabes," 
and  under  it  are  isolated  certain  symptoms,  afibrded  by  the  nutritive 
functions  in  various  conditions  of  unhealth :  the  acceptation  of  the 
word  being  a  "  cachexia  (or  state  of  chronic  ill-health)  attended  by 
emaciation ; "  in  which  sense  it  is  synonymous  with  the  words 
"  atrophy  "  and  "  marasmus." 

TABES  MESENTEHICA.  This  name  is  applied  to  a  particular 
slowly-disorganising  affection  of  the  mesenteric  glands,  and  expresses 
the  marked  emaciation  which  attends  the  disease.  It  is  through  the 
mesenteric  glands  that  the  nutritive  products  of  digestion  are  trans- 
mitted in  their  course  to  the  great  current  of  the  circulation ;  and  any 
disorder  which  destroys  or  obstructs  these  organs  must,  in  proportion 
to  its  intensity,  aSect  their  function,  and  derange  the  process  by  which 
healthy  materials  of  renovation  should  constantly  be  commingled  with 
the  blood.  Hence  ui  part  arises  the  loss  of  flesh  in  this  form  of  tabes  ; 
but  the  direct  hindrance  of  nutrition  which  the  disease  involves  is  not 
the  sole,  though  an  important  cause  of  the  symptom  ;  for  the  general 
ill-health,  of  which  tabes  mesenterica  is  but  a  part,  and  other  co-existing 
complaints,  usually  co-operate  in  producing  it. 

The  disease  is  one  among  many  manifestations  of  scrofula ;  and  is 
essentially  the  same  to  the  glands  of  the  mesentery  as  those  obstinate 
glandular  enlargements  of  the  neck,  with  which  the  eye  is  more 
familiar,  are  to  their  region  of  the  body.  From,  difiereuoe  of  position 
and  of  relations  it  includes  other  symptoms  and  graver  consequences 
than  theirs;  but  it  originates  in  the  same  constitutional  tendencies, 
and  follows  the  same  general  progress.  It  belongs,  like  other  forms 
of  scrofula,  to  early  Ufe;  the  ordinary  period  of  its  invasion  being 
from  the  second  to  the  twelfth  year.  In  the  H6pital  des  Enfans, 
of  Paris,  children  aro  received  from  a  year  after  birth  till  the  com- 
pletion of  sixteen  years  of  age;  and  M.  Quersent,  the  physician  of 
this  institution,  states  that  the  disease  exists  among  those  admitted  in 
the  proportion  of  7  or  8  to  100 ;  and  that  it  is  more  frequent  among 
female  children  than  among  males. 

The  morbid  appearances  on  dissection  of  fatal  cases  are,  a  more  or 


less  complete  transformation  of  the  glands  into  tubercular  masses, 
with  various  consequent  or  coincident  diseases  of  the  adjoining  organs. 
The  glands  appear  at  the  commencement  of  the  complaint  to  be  the 
seat  of  a  feeble  inflammatory  action,  under  which  they  merely  swell 
and  become  pretematurally  reddened  with  blood ;  but  this  stage  of 
simple  congestion  soon  induces  a  further  change,  in  which  the  charac- 
teristic product  of  scrofulous  inflammations  becomes  deposited  in  the 
tissue  of  the  gland.  The  dull  white  granular  tubercles,  by  which  the 
infiltration  commences,  are  gradually  multiplied  in  number  or  increased 
in  volume ;  and,  in  Uke  proportion,  the  glandular  substance  itself  is 
absorbed  to  make  room  for  the  encroaching  disease,  till  at  length  a 
rounded  tubercular  mass  results,  varying  for  each  tumour  from  the 
size  of  a  marble  to  that  of  an  egg.  In  a  still  more  advanced  condition 
of  the  disease  suppuration  frequently  occurs  in  these  tumours,  and 
they  are  then  seen  to  contain  the  cheese-like  matter  of  softened 
tubercle  mixed  with  pus.  The  abscess  so  formed  excites  irritation  in 
its  neighbourhood  ;  the  folds  of  peritoneum  covering  it  become  glued 
together,  and  its  progress  occasionally  extends  to  discharging  itself 
into  the  nearest  intestme,  or  through  the  external  integument  of  the 
abdomen.  A  certain  amount  of  inflammation  of  the  peritoneum,  with 
adhesions  and  eSusion  of  serum  (ascites),  attends  these  latter  ntages ; 
and  some  inflammation  and  ulceration  of  the  mucous  membrane  of  the 
intestines  are  likewise  frequently  found. 

For  a  particular  account  of  its  causes  the  reader  may  refer  to  those 
of  Scrofula.  Original  weakness  of  constitution,  shown  in  general 
susceptibility  to  the  impressions  of  disease,  in  slowness  and  insufiioiency 
of  reactive  and  reparative  power,  is  the  groundwork  of  these,  and  con- 
stitutes the  main  peculiarity  of  the  so-called  icrofulous  diathesis.  But 
this  weakness  may,  where  inborn,  be  aggravated,  or,  where  naturally 
absent,  be  artificially  produced  by  a  variety  of  depressing  causes ;  by 
insufficient  or  unhealthy  food,  by  neglect  of  cleanliness  and  exercise 
and  clothing,  by  residence  or  constant  occupation  in  ill-ventilated 
buildings,  by  exposure  to  cold  and  damp  :  all  of  them  influences  to 
which  the  young  of  the  poor  in  crowded  towns  are  exposed,  and  with 
which  too  frequently  an  inherited  predisposition  powerfully  co-operates. 
Derangement  of  the  bowels  must  be  considered  the  most  freuqent 
special  cause  of  this  particular  form  of  scrofula;  the  irritations,  inflam- 
mations, and  ulcerations  of  their  mucous  surface  (of  which  such  full 
evidence  is  given  in  the  state  of  the  tongue  and  excretions,  and  in  the 
tympanitic  abdomen)  excite  corresponding  conditions  in  the  absorbent 
glands  connected  with  them  (precisely  as  a  lesion  of  the  hand  irritates 
the  glands  of  the  axilla),  and  the  inflammation  so  beginning  takes  a 
course  determined  by  the  peculiar  constitution  of  ita  subject. 

As  regards  symptoms,  it  may  be  observed  that  in  its  earliest  stages 
the  disease  has  no  signs  by  which  it  may  be  certainly  distinguished ; 
that  it  is  not  till  the  glands  are  so  enlai^ed  as  to  become  sensible  ex- 
ternally that  their  s^ection  can  be  positively  declared.  The  early 
symptoDM  are  those  of  the  intestinal  disorder  or  irritation,  which  is 
acting  as  a  cause  of  the  disease :  capricious  appetite,  irregular  and 
unhealthy  stools,  flatulence  or  occasional  vomiting,  loaded  tongue, 
foul  breath,  harsh  skin,  sallow  complexion,  and  loss  of  flesh,  with  an 
accelerated  pulse,  may  have  existed  for  some  time,  before  enlargement 
of  the  abdomen  attracts  notice.  It  will  then  usually  be  found  that 
steady  pressure  on  this  part  causes  uneasiness  or  pain.  As  the  growth 
of  the  glanular  tumours  continues,  the  signs  of  intestinal  disease 
become  more  marked;  diarrhoea  with  mucous  stools,  increased 
emaciation,  frequent  pulse,  and  evening  accession  of  fever,  marking  this 
stage,  in  which  the  tumid  abdomen  contrasts  remarkably  with  the 
wasted  limbs  and  shrunken  wan  face  of  the  patient.  Finally,  hectic 
fever  with  exhaustive  diarrhoea,  or  acute  abdominal  inflammation,  or 
the  progress  of  the  constitutional  disease  in  other  organs,  or  absolute 
starvation  (atrophia),  terminates  life. 

The  treatment  of  tabes  mesenterica  must  be  in  accordance  with  the 
general  rules  for  management  of  scrofula,  and  consists  in  that  modified 
tonic  system,  to  which  the  name  of  "  alterative  "  is  given.     [Scrofula]. 

TABLATURE,  in  Music,  is  the  old  mode  of  notation  for  instruments 
of  the  lute  kind.  For  this  purpose  six  parallel  lines  were  used,  each 
representing  a  string,  on  which  were  placed  letters  referring  to  the 
frets  on  the  neck  of  the  instrument.  The  time,  or  duration,  of  the 
notes  was  marked  by  characters  over  the  lettera,  answering  to  the 
minim,  crotchet,  &c.,  and  often,  as  by  Mace,  in  his  '  Musick's  Monu- 
ment,' by  the  notes  themselves.  There  were  different  systems  of 
Tablature;  but  the  subject  is  not  now  worth  tho  trouble  which  a 
knowledge  of  it  would  demand. 

TABLE.*  By  a  tabl'e  is  meant  a  quantity  of  information  arranged 
under  heads  in  such  manner  that  by  looking  under  one  head  tho 
general  disposition  of  the  whole  points  out  where  to  look  for  the 
matters  of  information  connected  with  that  head :  the  object  being  an 
immediate  power  of  reference  to  any  one  fact  or  result  without  the 
necessity  of  looking  at  others.  In  any  astronomical  table,  the  matter  by 
which  we  enter  the  table  to  look  for  other  matter  is  called  the  arguvient ; 
that  which  is  found  by  means  of  the  argument  has  no  distinct  name ; 
we  might  call  it  the  tabular  mult.  It  would  be  useful  to  generalise 
these  terms.    Thus  in  a  table  of  contents,  the  number  of  the  ps^ge  or 

*  Throughout  this  article  all  works  which  we  describe  £rom  actaal  inspection 
have  the  dates  nnindoscd:  all  vorks  which  we  take  from  others  have  tho 
date*  ( )  in  parentheses. 
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chapter  is  Uie  argument,  and  the  absitract  of  the  matter  contained  is 
the  tabular  result :  in  an  alphabetical  index  the  principal  word,  found 
by  means  of  its  first  letter,  is  the  argument ;  and  the  nmnbrar  of  the 
page  in  which  the  matter  is  contained  is  the  tabular  result.  It  is, 
unfortunately,  useless  to  say  much  on  any  tables  except  mathematical 
ones.  Works  containing  collections  of  facts,  in  which  the  tabular 
form  ought  to  be  frequently  used,  are  in  most  instances  altogether  free 
from  them  :  and  as  to  indexes,  the  art  of  making  them  seems  to  be 
lost ;  Tcry  few  books,  except  those  on  law,  have  anything  deserving 
the  name.  The  reason  is  obvious  enough  :  where  proper  information 
is  not  given,  the  table  shows  the  spot  where  it  ought  to  be,  vacant  j 
and  a  good  index  points  out  not  only  what  tt  in  the  work,  but  also 
that  which  t»  not.  For  instance,  to  take  a  table  which  we  should  only 
have  inserted  in  this  article  in  mere  illustration,  the  '  Numerorum 
Mysteria,'  of  Peter  Bungus  ,"(2nd  ed.  Bergomi,  1691)  is  a  table  of 
numbers.  The  argument  is  the  number  sought,  the  tabular  result  is  a 
list  of  the  hyper-arithmetical  properties  of  the  number.  Thus,  turning 
to  666,  we  find  all  the  modes  of  interpretation  which  a  zealous 
adherent  of  Rome  could  give,  including  Martin  Luther,  who  satisfies 
the  equation,  both  in  Latin  and  Hebrew,  as  perfectly  as  the  average 
run  of  solutions.  But  667  is  not  in  the  table ;  so  that  wa  see  it  has 
no  mystery  about  it. 

When  the  matter  sought  for  is  found  by  one  argument  only,  the 
table  is  said  to  be  of  single  entry ;  when  by  two,  of  double  entry. 
Thus  the  common  muItipUcation  table  is  one  of  double  entry ;  and 
so  is  any  chronological  table  which  consista  of  more  than  one  column. 

A  table  is,  of  course,  used  after  the  manner  of  a  dictionary ;  and  the 
chief  pla^e  attending  the  use  is  the  constant  turning  of  the  leaves. 
The  trouble  which  tlus  gives  may  be  lessened  by  cutting  off  successive 
lengths  on  the  right-hand  margins,  as  is  done  in  the  indexes  to  ledgers, 
and  in  other  works  of  reference.  We  have  tried  this  on  a  table  of 
logarithms  .{of  the  Useful  Knowledge  Society,  1889)  taking  the  common 
logarithms,  and  making  the  cuttings  so  ss  to  show  a  Uttie  bit  of  every 
alternate  leaf.  Enough  of  the  leaf  is  shown  to  enter  four  figures  of 
the  primitive  with  which  it  begins  in  black  ink,  and  four  figures  of  the 
logarithm  in  red  ink.  The  saving  of  trouble  is  so  decided  that  no 
person  who  has  experienced  it  will  ever  again  allow  a  table  vhich  he 
fregvently  uwi  to  be  without  this  contrivance.  So  soon  as  the 
advantage  is  \mderstood,  tables  will  have  the  proper  references  printed 
on  the  proper  parts  of  the  margin,  the  binder  being  left  to  cut  away 
the  supervening  strips.  The  same  object  might  be  gained  by  pro- 
truding slips  of  vellum  pasted  down  the  margin,  if  the  boards  of  the 
book  were  made  to  extend  beyond  the  margin  sufBdenUy  to  protect 
the  slips ;  this  also  we  have  tried  with  good  efiect.  We  can  assure 
those  who  are  constantly  in  the  habit  of  using  logarithms  that  they  may 
make  this  hint  give  a  greater  faoihtation  thui  has  ever  been  proposed 
since  the  time  when  Bnggs  brought  forward  his  modification  of  Napier's 
system. 

Mathematical  tables  may  be  divided  into  eondutive  and  lubtidiary  : 
conclusive,  such  as  the  table  of  squares,  in  which  the  tabular  result  is 
the  object  of  the  reference ;  subsidiary,  such  a;  the  table  of  logarithms, 
in  which  the  tabular  result  only  facilitates  the  object.  Conclusive 
tables  can  be  easily  used  by  those  who  want  them  but  seldom :  sub- 
sidiary tables  are  not  much  used,  except  by  those  who  want  them  more 
frequently.  The  reason  is  that  a  subsidiary  table  which  is  not  often 
wanted  has  its  modtu  operandi  forgotten  between  uses ;  or  at  least  the 
possessor  feels  a  want  of  practice,  and  a  necessity  for  referring  to  the 
directions,  to  be  sure  of  his  result.  The  best  thing  to  be  done,  when 
a  person  first  takes  to  a  new  subsidiary  table,  is  for  himielf  to  write 
in  the  book  hit  men  account  of  the  method  of  using  it,  so  soon  as  he 
has  leamt  it,  with  some  examples.  This  reference  he  will  find,  on 
future  occasions,  to  be  more  suggestive  to  his  memory  than  anything 
which  the  writer  of  the  book  has  said  or  could  have  said. 

The  method  of  printing  mathematical  tables  is  usually  defined  so 
closely  by  the  nature  of  the  subject,  that  no  remark  is  necessary  except 
on  the  type.  The  numeral  characters,  up  to  about  the  year  1785,  used 
to  be  smsdler  in  the  body  than  those  now  constructed,  with  distinguish- 
ing heads  and  tails.  Dr.  Button,  we  believe,  first  employed  the 
character  in  which  all  the  numerals  are  of  the  same  depth,  the  heads  or 
tails  being  compressed  into  the  body.  Tliis  very  disadvantageous 
change  was  adopted  by  the  type-founders,  but  for-a  long  time  onl^  in 
England  :  the  oonsequence  was  that  the  superior  legibility  of  the  ancient 
and  of  the  modem  continental  tables  was  matter  of  common  remark 
among  those  who  had  to  use  them.  Anotiier  circumstance  which  con- 
tributed to  tiiis  result  vras  the  introduction  of  numerals  with  thick  and 
thin  parts,  the  superior  elegance  of  which  was  supposed  to  be  a  recom- 
mendation. The  consequence  was,  that  in  mauy  English  tables  it  was 
difficult  to  distinguish  3  from  8,  and  9  or  6  from  0.  Of  late  years 
however,  many  works  have  been  published  which  have  used  the  old 
type,  both  as  to  heads  and  tails  and  uniform  thickness;*  and  their 

*  In  the  new  terlei  of  the  *  Naatlcal  Almanac,'  the  heads  and  tails  first 
re-appeared,  but  the  swelling  of  the  type  was  not  rejeoted.  The  works  in  which 
the  old  legiUUljr  was  first  completely  restored  were,  io  for  as  we  know,  the 
tables  of  logarithms  (four  and  fire  figures),  and  the  reprint  of  Barlow's  Tables 
(Taylor  and  Walton),  the  six-flgiuro  logaritbms  (Longman],  and  Licnt.  Baper's 
*  Elements  of  Navigation.'  Thus  it  stood  when  the  '  Fenny  Cyolopsidia  >  was 
pabUshed.  The  legible  figures  are  now  common  enough  in  Kngland:  but 
Oermanr  is  infested  with  the  illegible  ones.  The  sveUiag  type  has  been 
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decided  superiority  over  tables  of  the  Huttonian  character,  even  of 
much  larger  type,  is  pretty  generally  admitted.  This  is  a  point  of 
great  importance  :  for  any  circumstance  which  produces  a  wrong  result 
upon  the  computer's  paper  is  equally  to  be  deprecated,  whether  it  be 
an  error  in  the  formula  used  by  the  author  of  the  tables,  or  an  incor- 
rectness of  the  printer  or  reviser ;  and  in  like  manner  a  given  amount 
of  tendency  to  error  is  of  the  same  bad  consequence,  whether  it  ba 
due  to  the  mathematician  or  the  type-founder.  This  is  not  true  of 
works  of  theory  or  reasoning :  it  may  there  be  the  fault  of  the  reader 
if  he  do  not  correct  a  mere  slip,  whether  of  the  author  or  printer ;  but 
in  works  of  tabular  reference  ail  tke  partUt  to  the  retult  are  of  equal 
importance.* 

The  restoration  of  the  old  numerical  type,  namely,  that  in  which  all 
the  figures  except  0,  1,2,  have  a  head  or  a  tail,  and  in  wUch  the  thick- 
ness does  not  vary  sensibly  from  one  part  to  another,  was  adopted  and 
recommended  by  the  Astronomical  Society  at  the  end  of  1842 ;  but  it 
had  previously  been  used  by  Mr.  Baily  in  his  detail  of  the  Cavendish 
experiment,  which  forms  one  volume  of  the  Memoirs  of  that  Society. 
The  vrriter  of  this  article,  who  first  suggested  the  revival  of  the  old 
figure  (and  caused  it  to  be  employed  in  Taylor  and  Walton's  five-figure 
logarithms,  in  their  reprint  of  Barlow's  tables,  and  in  his  own  work  on 
Arithmetic,  before  any  one  else  had  used  it),  is  decidedly  of  opinion 
that  one  more  change  is  yet  wanting,  the  substitution  of  dull  and 
rather  dark  paper  for  the  bright  and  shining  material  now  in  general 
use,  which  daszles  the  eye  too  much.  Tables  should  not  be  hot-pr«3sed, 
and  not  even  pressed  at  all.  The  mischie&i  of  pressure  are  two-fold ; 
first,  the  smooth  surface  thereby  created  makes  the  page  a  kind  of 
mirror,  which  has  a  bright  image  in  one  place,  whereas  rough  paper 
dissipates  the  light  equally  in  all  directions ;  secondly,  the  other  side 
of  the  leaf  shows  through  much  more  after  pressure  than  before.  It 
is  also  a  mistake  to  suppose  that  great  blackness  in  the  ink,  combined 
with  great  whiteness  in  the  paper,  is  favourable  to  the  reader.  Every 
increase  of  the  contrast,  over  and  above  what  is  necessary  to  perfect 
legibility,  is  injurious  to  it :  jet  upon  snow  would  in  time  destroy  the 
strongest  eyes. .  Of  all  the  things  which  are  meant  to  be  r«id,  a 
black  monumental  inscription  on  white  marble  in  a  bright  light  is 
about  the  most  difficult :  one  would  suppose,  to  look  at  our  spedmeos 
of  expensive  printing,  that  such  an  inscription  was  the  model  which 
it  was  intended  to  imitate,  and  if  possible  to  surpass.  We  are  satisfied, 
after  many  trials  and  comparisons,  that  a  dull  paper,  of  a  whitish- 
brown  chu«cter,  too  thick  to  be  seen  through,  and  an  ink  which  ia 
of  a  dull-brown  black,  as  it  were  the  very  deepest  shade  of  the  colour 
of  the  paper  itself,  are  the  things  which  are  permanently  agreeable  to 
most  eyes.  Those  who  try  it  should  remember  that  the  first  page 
read  is  not  so  good  a  test  as  the  hundredth. 

One  of  the  most  legible  books  we  know  of  is  the  trade  edition  of 
Qibbon's '  Decline  and  Fall,'  &c.,  in  twelve  volumes  octavo,  London, 
1820.  It  is  considered  by  the  booksellers  themselves  to  be  very 
badly  executed.  But  printers  and  publishers  are  too  much  in  the 
habit  of  foigetting  that  a  book  is  a  book  and  not  a  line  engraving. 
They  look  at  the  page  as  a  whole,  and  if  the  individual  lines  stand  out 
and  make  their  separate  existences  too  perceptible,  they  pronounce  it 
ugly.  Accordingly,  the  uglier  they  hold  it  to  be,  the  more  legible  the 
reader  will  pronounce  it.  We  have  seen  more  than  one  printer  and 
publisher  hold  a  page  at  such  a  distance  from  his  eye  as  made  it  impos- 
sible for  him  to  read  it,  as  a  means  of  judging  of  the  general  tsfeel. 
Surely  a  printed  page  is  meant  to  be  a  congeries  of  particular  ^ectt, 
each  as  distinct  from  the  other  as  possible. 

We  regret  to  see  that,  just  as  we  have  nearly  abandoned  the  use  of 
the  thick  even-sized  figures,  the  Germans  are  taking  strongly  to  them. 
Most  of  the  modem  German  tables  have  these  illegible  characteristics. 

Since  the  invention  of  logarithms,  the  appetite  for  tables  has  not 
grown  with  the  progress  of  mathematics.  Calculation  by  logarithms 
is  so  convenient  for  ordinary  purposes,  that  many  persons  who  are 
even  well  versed  in  mathematics  are  not  aware  how  much  assistance 
they  might  derive  in  particular  cases  from  the  various  tables  which 
have  been  published.  The  list  wliich  we  mean  to  give  does  not  profeaa 
to  be  a  bibliography  of  tables,  but  will  nevertheless  give  information 
on  the  subject  to  Ml  who  are  not  particularly  given  to  mathematical 
bibliography. 

We  may  divide  mathematical  tables  into  general  and  special ;  the 
first  consisting  of  purely  arithmetical  and  trigonometrical  tables,  and 
also  tables  of  logarithms.  The  special  tables  are  those  which  are  used 
in  the  higher  parts  of  mathematics,  in  commerce,  navigation,  astro- 
nomy, meteorology,  &a.  We  may  further  divide  tables  into  tables  of 
facts  and  tables  of  mathematici^  results.  All  sciences  have  their 
tables  of  facts ;  thus  the  raw  observations  of  astronomy,  magnetism, 

rejected  in  the  <  Nantlesl  Almanac,'  which  is  now  as  legible  a  tabular  work  as 
exists,  OS  to  both  print  and  paper. 

*  So  we  said  in  the  '  Fenny  Cyclopsidla ' :  we  now  incline  to  think  that  tht 
printer  i»  the  most  important  of  all.  One  of  bis  errors  may  be  equal  to  many  of 
the  author's.  For  instance,  in  Chemao's  table  a  line  fi'U  out,  probably  just 
before  press  :  It  was  put  In  again  at  the  top  of  its  compartment  instead  of  at 
the  bottom.  The  consequences  were  26  gross  errors,  of  a  far  worse  kind  than 
the  author  could  have  made,  unless  he  had  tried.  Burkhardt  found  bat  10, 
besides  this  set,  in  the  whole  book ;  and  of  these  one  was  only  IS  x  18  Instead 
of  18  X  it,  and  two  others  were  clearly  due  to  the  printer  at  press.  Chemac's 
work  hss  1030  large  quarto  pages  Aill  of  figures,  or  lines  of  equal  importanoe. 
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and  physics  in  general  are  frequently  tabulated  :  with  thuKe  wc  have 
comptuatively  httio  to  do,  since  they  are  rather  the  materials  for 
the  formation  or  verification  of  other  tables,  than  of  primary  use  as 
tables. 

Of  simple  arithmetical  tables  we  may  notice  the  following : — 

§  1.  Tabla  of  mvltipUeatiim, — The  oldest  we  know  of  is  as  follows : — 
Tabulie  Arithmetica:  nPOSeA^AIPESEtlS  *  Universales . . . .  E  Museo 
Johannis  Georp;ii  Herwart  ab  Hohenberg  V.  I.  Doctoris.  Munich, 
1610,  folio.  This  table  goes  up  to  1000x1000;  each  page  taking  one 
multiplier  complete.  There  are  then  a  thousand  odd  pages ;  and  as 
the  paper  is  thick,  the  folio  is  almost  unique  in  thickne:)!!.  There  is 
•  short  preface  of  seven  pages,  containing  examples  of  application  to 
spherical  triangles.  It  is  truly  remarkable  that  while  the  diiHculties 
of  trigonometrical  calculation  were  stimulating  the  invention  of 
logarithm.'),  they  were  also  giving  rise  to  this,  the  earliest  work  of 
extensively  tabulated  multiplication.  Herwart  passes  for  the  author, 
but  nothing  indicates  more  than  that  the  manuscript  was  found  in  his 
collection.  The  book  is  eicensively  rare ;  a  copy  sold  by  auction  a  few 
years  ago  was  the  only  one  we  ever  saw. 

There  have  been  several  others  of  great  extent,  but  they  ore  scarce. 
Button's  '  Tables  of  Products,'  printed  by  the  Board  of  Longitude, 
1781,  go  up  to  100  times  1000,  but  have  not  the  reputation  of  correct- 
ness. An  anonymous  table,  London,  1775,  which  goes  up  to  10,000 
X  10.  is  '  Tables  of  Products  .  .  .  London,  printed  for  J.  Plummer.' 
But  Riley's  table,  published  in  the  same  year,  under  exactly  the  same 
form,  is  '  Kiley's  Arithmetical  Tables ....  London,  printed  for  Q. 
Biley.'  It  is  imperfect  in  all  the  copies  we  have  seen,  ending  abruptly 
at  the  multiplicand  6280.  The  numerals  are  of  the  same  form  and 
size  as  in  Plummer,  but  the  headings  and  lines  are  dilferent.  We 
suspect  that  some  writer  of  more  than  usual  research  on  the  quarrels 
of  authors,  or  some  hunter  of  old  injunction  t  eases,  might  find  some- 
thing about  the  history  of  these  two  books.  The  type  is  clear,  and  the 
tables  are  very  useful. 

Dodson's  '  Calcuktor,'  London,  1747,  has  the  same  as  the  last  up  to 
1000  X  10,  not  so  conveniently  arranged.  But  by  far  the  most  power- 
ful table  of  this  kind  is  Crelle's  '  Keohentateln,'  Berlin,  1820,  in  two 
thick  8vo  volumes.  This  contains  every  product  up  to  1000  times 
1000,  so  arranged  that  all  the  multiples  of  one  number  are  seen  at 
the  same  opening  of  the  book.  All  who  have  used  this  table  know  how 
to  dispense  with  logarithms  in  many  cases  with  great  advantage. 
iThere  is  no  table  which  we  so  much  desire  to  see  reprinted  in  this 
country,  with  a  few  alterations,  which  would  render  it  more  com- 
modious. Another  edition  was  published  by  Dr.  C.  Bremiker,  Berlin, 
1857.  folio;  but  we  are  told  that  other  copies  bear  the  date  (1859), 
and,  we  believe,  no  editor's  name.  Each  page  here  contains  the  999 
multiples  of  two  numbers ;  giving  450  pages  of  tables.  This  edition 
is  very  convenient,  and  of  very  comfortable  type  and  paper.  An 
anonymous  Table,  Paris  (1794),  goes  up  to  1000  x  103 ;  and  another, 
Paris  (An  VII.),  the  same;  a  third,  Versaflles  (1825),  the  same,  with 
many  meteoroloRioal  tables  added.  Schubler's  '  Hechnung's  Lexicon,' 
,  Nuremberg  (1739),  goes  to  2400x100.  Oyon's  Table,  Paris  (1824), 
goes  to  509x600;  that  of  Cadet,  Paris,  1801  or  1802,  An  X,  to 
10,000  X  100.  This  work'  of  Cadet  wa»-  intended  for  a  ready  reckoner 
and  percentage  tabh.  Each  number  from  1  to  10,000  has  its  first 
hundred  multiples  in  one  folio  column.  Citizen  Cadet  was  a  tax- 
gatherer,  and  saw  that,  in  a  decimal  system,  a  raw  table  of  multipli- 
cation is  a  Barfmr,  or  ready-reckoner,  quite  complete.  Accordingly, 
the  title  of  his  book  is'Tarifs  des  Centimes  au  franc,  ou  Tables  de 
multiplications  et  comptea-faita  pour  la  repartition  des  contributions, 
ct  pouvant  remplacer,  dans  le  syst^me  decimal,  les  anciens  comptea- 
faita  de  Kir6me.' 

Brctschueider,  '  Producten-Tafel,'  Hamburg  and  Qotha,  1841,  goes 
up  to  100,000  X  10.  There  is  a  compression  of  this  kind:  in  finding, 
.  for  example,  the  multiples  of  62873,  the  reader  must  look  into  the  page 
headed  2800,  and  there,  in  one  part  of  the  page,  opposite  to  (6)  28,  he 
finds  the  first  three  figures,  and  m  another  part,  opposite  to  73,  the  last 
three  figures.  The  first  part,  belonging  to  628,  is  repeated  twice,  once 
for  the  cases  in  which  the  following  numbers  are  less  than  50,  and  once 
for  those  in  which  they  are  above  it ;  and  an  asterisk  in  the  last  part 
of  the  table  occurs  when  it  is  necessary  to  add  a  unit  to  the  preceding 

*  Prosthapbasreiis  la  a  word  componndcd  of  proathnis  and  aphoerestf,  and 
meana  addiUon  or  aubtraction.  Aatronomlcal  correctlona,  aometimea  additivo 
and  someUmea  aubtraeUvc,  were  called  ptosthapbeereaea.  The  conatiint  neceaaity 
for  mulupUoation,  In  forming  proportional  porta  for  the  correcUona,  gave  rise 
to  this  tablf,  -wbicb  tbcrcforo  bad  the  name  of  iu  applinaUon  In  the  title^iago. 

t  Tlie  following  glvea  a  atrong  anapioion.  In  our  copy  there  is  a  preface  of 
foarieen  pages,  signed  "  The  Editor."  The  late  Mr.  Woolgar,  who  made  tables 
a  special  study  of  great  depih,  had  a  copy  la  which  a  preface  of  fourteen  pagea 
was  signed  "  William  Webb,"  whose  name  waa  also  In  the  tide.  Our  preface 
has  only — "  Our  tables  ....  arc  carried  to  nearly  twice  the  extent  of  any  Ublea 
of  the  kind  bitherlo  poblished :"  Mr.  \YocIgar'a  preface  has—"  There  have  like- 
wise been  published  this  year  by  Mr.  Riley,  ArithmeUcal  Tables,  containing  the 
products  of  all  numbers  from  1  to  5280,  and  are  a  set  of  very  useful  and  correct 
tables  i  the  errors  of  the  press  arc  very  few,  the  form  of  them  we  have  also 
thought  convenient,  and  It  la  that  which  wc  have  adopted."     Wo  aurmUc  that 

1  *  ebb  played  Vlacq  to  Rilcy'a  Brlggs  as  aoon  aa  Riloy'a  tables  were  published, 
and  that  legal  procecdtiiR^  were  compromised  by  an  arrangement  of  which  It 
wad  a  portion  that  h;iiKlsonic  mention  should  be  made  of  Bilcy's  tables  in  a  new 
preface,  with  the  editor's  name. 


figui-os.  This  arrangement  brings  the  table  into  ninety-nine  pages 
octuvo,  and  is  very  iugenions ;  but  there  is  more  rLik  of  error  in  using 
it  than  we  like.  Again,  multiplying  five  figures  by  one  is  not  so  diffi- 
cult an  operation  that  it  Heed  be  avoided  by  using  a  table  which 
requires  ns  to  look  attentively  at  three  distinct  things,  after  turning 
pages.  Lambert's  table,  1770,  presently  mentioned,  contains  the  nine 
multiples  of  sin  x  for  evenr  degree,  to  six  figures ;  and  multiples  of 
primes  to  those  of  313.  Pohlman's  'Table,  1813  (2nd  ed.),  contains  tho 
first  nine  multiples  of  all  numt>ers  up  to  1000.  We  have  heard  of 
another  work  of  Crelle, '  ErIeiohterungs  Tafeln,'  in  oblong  folio,  giving 
all  numbers  under  10,000,000,  with  their  nine  multiples,  but  with  an 
arrangement  not  easily  nor  safely  used.  There  is  a  double  process,  as 
in  Bretachneider. 

In  the  Royal  Society's  Library  is  a  table  by  J.  J.  Centnersehwer, 
'  Neu-erf undene  Multiplikationa-und  -  quadrat- Tafeln,'  Berlin,  1825. 
The  earliest  table  we  have  seen  mentioned  (by  Lipenius)  is — Thomas 
Finck,  '  Tabulo)  Multiplicationis  ao  Divisionis,'  Copenhagen  (1604), 
oblong  form.  There  is  also,  by  the  same  author, '  Tabulse  quotidiano 
numcrandi  usui  accommodatie,'  Copenhagen  (1615),  16mo. 

As  Finck  is  an  author  of  some  mterest  in  the  history  of  tables  (as 
will  presently  appear),  we  have  made  some  inquiry  about  these  works,* 
and  we  find  that  they  are  not  in  the  library  at  Copenhagen ;  but  that 
MoUerus  ('  Cimbria  Litterata,'  vol.  iii.,  p.  254),  gives  them  as  follows. 
It  seems  they  were  not  intended  for  scientific  purposes : — 

'  Tabulse  Multiplicationis  et  Divisionis,  seorsim  etiam  Monebe 
Danica)  accommodatie,'  Hafniae  (1604),  oblong  foho. 

'  Tre  Tabeller,  indrettet  til  daglig  fomoden  Regning,'  (Three  tables 
accommodated  to  necessary  daily  accounts),  Copenhagen  ^1615),  ICmo. 

Under  this  head  we  ought  to  mention  John  Bernoulli  (the  younger), 
'  Sexcentenary  Table,'  London,  1779,  and  Michael  Taylor's  '  Sexagesimal 
Table,'  London,  1780,  intended  to  savo  the  use  of  logistic  logarithms  ; 
the  former  having  10'  for  the  first  term,  and  the  latter  1".  Both  were 
published  by  the  Admiralty.  In  the  day  of  sexagesimals,  tables  of 
multiplication  were  common  in  which  the  products  were  converted 
sexagesimaUy ;  as  in  Orontius  Finoius,  '  Arithmetica  Practica,'  Paris, 
1555,  in  which  is  a  table  up  to  60  x  60.  But  the  multiples  of  46,  for 
example,  are  0'  46",  1'  32",  2*  18",  4c.  The  bibliographer  should 
remember  that  when  a  sexagesimal  table  is  pasted  into  a  copy,  it  does 
not  follow  that  it  formed  part  of  the  work  :  owners  often  pasted  in  a 
table  from  another  source. 

Under  the  head  of  Multiplication,  we  must  notice  tables  of  Quarteh- 
Squares.  The  earliest  we  have  seen  (and  we  believe  the  earliest 
known  to  exist)  is  that  of  A.  Voisin,  Paris,  1817, '  Tables  de  UultipU- 
cations,'  &c.,  8vo,  containing  quarter-squares  of  numbers  up  to  20,000. 
Leslie  reprinted  this  table  up  to  2000,  in  his  '  Philosophy  of  Arith- 
metic '  (2nd  ed.),  1820,  as  (according  to  Mr.  Laundy)  did  Galbraith,  as 
far  as  3149,  in  the  second  edition  (1836)  of  his '  Mathematical  Tables,' 
J.  M.  Merpaut, '  Tables  Arithmonomiques,'  Vannes,  1882,  gave  quarter- 
squares  up  to  that  of  40,000.  But  the  largest  and  most  vsduable  set  of 
these  tables  yet  published  is  that  of  Mr.  S,  L.  Laundy,  a  London 
actuary, '  Table  of  Quarter-Squares,'  1856,  8vo,  which  goes  to  100,000, 
and  is  beautifully  printed.  Colonel  Shortrede,  one  of  the  most  ener- 
getic of  tabulators,  has  computed  this  table  to  200,000,  but  has  not 
published  it,  though  we  understand  he  intends  to  do  so.  We  snggest 
to  him  to  publish  the  second  half  first. 

§  2.  Tabla  of  Dlvinon  and  of  Prime  Numbers. — PV.  Schooten,  in 
book  V.  of  his  '  Exercitationes,'  1657,  gave  all  the  primes  under  10,000. 
Gruson, '  Pinacothfcque,'  Berlin,  1798,  gives  for  all  numbers  under  100, 
or  primes  under  400,  the  quotient  and  remainder  of  every  number 
under  ten  times  the  divisor,  by  inspection :  also,  primes  and  lowest 
divisors  up  to  10^00.  Lidonne,  '  Tables  de  tous  le  Diviseurs,'  &a, 
Paris,  1808,  gives  the  divisor  of  all  numbers  up  to  102,000.  The 
original  edition  of  Barlow's  Tables  gives  the  factors  of  all  numbers  up 
to  10,000  and  a  raster  of  prime  numbers  up  to  100,103.  Chernac, 
'  Cribrum  Arithmeticum,'  kc.,  Daventrim,  1811,  gives  the  prime  num- 
bers up  to  1,020,000,  and  all  divisors  of  numbers  not  divisible  by 
either  2,  8,  or  6.  Burckhardt, '  Table  des  Diviseurs,'  &c.,  Paris,  1817, 
gives  the  prime  numbers  up  to  8,036,000,  with  the  lowest  divisor  of 
each  number  when  not  either  2,  8,  or  6.  These  useful  works  are  now 
rare.  Anjema's  '  Tabula  Divisorum,'  Leyden,  1767,  goes  up  to  10,000, 
and  Plgri's  Table,  Pisa  (1758),  which  Chemac  had  never  heard  of,  tho 
same.  Anjema  enters  every  divisor  :  thus,  2  is  entered  as  having  two 
divisors,  1,  2.  He  also  separates  those  less  than  the  square  root  from 
tho  others  by  a  hyphen ;  and  where  the  number  is  a  squai-e,  the  root 
has  a  hyphen  on  both  sides.  Krauae,  Jena  and  Leipeic  (1804),  has 
primes  and  factors  up  to  100,000.  J.  Neumann,  '  Tabellen,  &c., 
Dessau  (1785),  has  factors  and  primes  up  to  100,100. 

Guldinus  is  said  to  have  given  tables  of  prime  numbers,  but  we  have 
neither  found  them  nor  a  description  of  them.  Thomas  Branker 
appended  to  his  translation  of  Khonitis's  Algebra  a  table  of  primes  .ind 
divisors  for  all  numbers  under  100,000.  This  was  reprinted  by  Baron 
Maseres,  and  was  appended  to  his  tract '  On  the  Dootrine  of  Permu- 
tations and  Combinations,'  London,  1705,  a  book  very  easy  to  be 
obtained. 

This  translation  of  Rhonius  is  of  London,  1668, "  much  altered  and 

•  From  Frofcssor  Werlauff,  Royal  librarian  at  CopcnhaRcn,  through  tho 
kindness  of  the  late  Frofcssor  Schumacher,  tho  universal  referee  of  those  uho 
wanted  information  on  any  point  connected  with  astronomy,  however  remotely. 
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augmented  by  D.  P. : "  this  D.  P.  is  Dr.  PeU.  The  table  of  primes, 
&c.,  to  100,000  a  computed  under  Pell's  advice  and  direction ;  and  a 
great  part,  it  is  believed,  by  himself.  But  there  is  preserved  in  seTeral 
places  the  title  of  a  work  of  PeU  which  we  have  ilever  seen,  and  which 
we  take  from  Lipenius  :  '  Tabula  decern  millium  difficilium  Numerorum, 
eorum  nempe  omnium  qui  ab  0  ad  centum  Milliones  [miUe  ?]  habent 
difficultates,"  English,  London,  folio,  (1666).  This  looks  like  a  table  of 
prime  numbers,  and  the  number  of  primes  under  100,000  is  about 
10,000.  But  we  must  leave  it  to  those  who  can  see  the  work,  if  it  still 
exist.  Branker's  table  was  reprinted  in  the  second  Tolume  of  Harris's 
'  Lexicon  Technicum,'  London,  1710. 

Vega  (Octavo  Logarithms,  vol.  ii.),  1797,  gave  primes  and  divisors 
up  to  102,000,  and  further  primes  up  to  400,000,  in  which  Chemac 
found  but  89  errors. 

Chemac  mentions  primes  and  ^visors  to  10,000,  in  the  Arithmetic 
of  T.  M.  Poelius,  Leipeic  (1728),  8vo,  reprinted  in  Richter's  '  Iicxicon 
Hathematicum ; '  primes  to  101,000  in  Kruger's  Algebra  (1746); 
primes  to  100,000  from  Bjruger,  in  a  separate  work  of  Lambert,  not  the 
logarithmic  and  other  tables  of  1770;  primes  to  400,000,  by  A.  F. 
Marcus,  Amsterdam  (1772),  8vo. 

Murhard  mentions  the  first  part  of  a  table  (by  A.  Felkel)  of  the 
factors  of  all  numbers  not  divisible  by  2,  3,  or  6,  from  1  to  o  hundred 
milliom,  Vienna  (1776).  Chemac  alludes  to  this  table  as  mentioned  by 
Krause,  but  had  never  seen  it. 

§  8.  Tables  of  Squares,  Cubes,  Square  Soolt,  Cube  SooU,  and  Powers 
t»  general. — Perhaps  the  oldest  printed  table  of  squares  is  that  in  p.  30 
of  PacioU's  '  Summa,'  &o.  [Vietx,  in  BiOQ.  Drv.],  printed  in  1494,  and 
again  in  \5iZ,  which,  however,  goes  only  to  100'.  Cosmo  Bartoli, 
'  Del  Modo  di  misurare  le  Distantie,'  &&,  Venice,  1664,  has  squares  up 
to  661^.  Maginus's  '  Tabula  Tetragonica,'  Venice,  1692,  is  not  a  sepa- 
rate work,  but  a  chapter  in  his  work  on  triangles,  presently  mentioned : 
it  gives  squares  up  to  10,100',.but  not  cubes.  It  was,  however,  pub- 
lished separately,  at  the  same  time  with  the  work  on  triangles,  as  well 
as  in  it ;  the  only  difference  being  that  the  separate  publication  has  its 
headings  and  explanations  Italian  instead  of  Latin.  The  number  of 
so-called  books,  which  are  only  ohapteis  of  other  books,  is  large  enough 
to  make  a  big  catalogue. 

GuIdinuB, '  De  Centro  Gravitatis,'  Vienna,  16S5,  gives  the  squares 
and  cubes  up  to  those  of  10,000.  The  founder  of  the  modem  Kncy- 
clopeedia,  Alsted,  1649,  gives  squares  and  cubes  up  to  1000.  Pell, 
London  (1666),  (Murhard),  squares  to  that  of  10,000.  William  Hunt, 
'  Gauger's  Magazine,"  London,  1 687,  gives  a  table  of  squares  up  to  that 
of  10,u00.  A  few  pages  of  this  work  are  Newton's.  Ludolf, '  Tetra- 
gonometria  Tabularia,'  Frankfort  and  Leipaic,  1690,  4to,  gives  the 
squares  up  to  that  of  a  hundred  thousand  ;  the  largest  table  of  squares 
in  existence,  and  very  little  known.  J.  P.  Buchner, '  Tabula  Radicum,' 
Ac,  Nuremberg,  1701,  gives  squares  and  cubes  up  to  those  of  12,000. 
Hutton  (table  in  §  1)  gives,  squares  up  to  that  of  25,400,  and  cubes  up 
to  that  of  10,000.  Lipenius  mentions  'Tabulas  numerorum  quadra- 
torum  decies  millium,'  Londini  (1672),  which  is  Pell's  table,  though  it 
has  not  his  name.  It  has  also  an  English  title,  contains  the  first  ten 
thousand  squares,  and  also  the  number  of  pairs,  triads,  and  quaternions 
(1044  in  number)  of  figures  with  Which  a  square  can  end.  Henischius, 
'  Arithmetica  perfecta,'  Augsburg,  1609,  begins  with  squares  and  cubes 
of  all  numbers  up  to  860.  Heilbronner  (p.  627)  mentions  a  tabula 
Calriana  which  gives  squares  up  to  1000'.  Detached  tables  of  powers 
are  given  in  various  works.  John  Hill's  Arithmetic,  of  which  the 
seventh  edition  bears  London,  1745,  has  all  the  powers  of  2,  up  to  the 
144th,  for  the  purpose  of  solving  questions  about  chessboards  and 
horseshoe  nails.  We  have  also  the  title  G.  C.  Sartorius, '  Cubischo 
Tabellen,'  Eisenach  (1827). 

Dodson's  '  Calculator'  (§1)  gave  square  and  cube  roots  up  to  those 
of  180  :  Hutton  afterwards  gave  the  same  up  to  those  of  1000. 
Barlow,  'Tables,'  London,  1814,  gave  squares,  cubes,  square  roots, 
cube  roots,  and  reciprocals,  up  to  those  of  10,000 ;  the  roots  to  seven 
decimal  places;  the  reciprocals  to  seven  significants.  These  were 
reprinted  (London,  Taylor  and  Walton,  1840),  from  the  original,  after 
re-exomination  by  Mr.  Farley.  Tables  of  squares  and  cubes,  up  to 
those  of  10,000,  were  reprinted  from  S^guin'g  'Manuel  d' Architec- 
ture,' with  a  descriptive  preface,  at  Paris,  about  the  beginning  of  the 
century.  This  table  has  beautifully  clear  figures,  of  24  to  the  inch, 
of  thin  and  even  body,  with  heads  and  tails.  It  was  this  table  which 
first  suggested  to  the  author  of  this  article  the  superiority  of  the 
numerals  with  heads  and  toils,  and  gave  rise  to  his  suggestion  to  the 
Useful  Knowledge  Society,  1839,  to  reprint  Lalande's  Table  in  such  a 
figure.  The  example  is  now  extensively  followed.  Meinert's  Loga- 
rithms, Halle  (1790)  contain  squares  and  cubes  up  to  those  of  lOuO. 
Boebert, '  Tafeln,'  &c.,  Leipsic  (liil2),  goes  to  the  square  of  25,200, 
the  cube  of  1200,  and  the  square  and  cube  root  of  1000.  Beyens, 
Ghent  (1827),  goes  to  the  square  of  10,000,  and  the  cube  of  1000. 
Schierk, '  Tafeln,'  &c.,  Itohn  om  Rbeim  (1827),  has  squares  up  to  that 
of  10,000.  Merpaut,  in  the  work  above  mentioned,  gave  reciprocals  up 
to  10,000,  to  nine  significants. 

Joncourt, '  De  la  Nature . . . .  de  Nombres  Trigonaux,'  Hague,  1762, 
gave  triangular  numbere  up  to  that  of  20,000,  cubes  up  to  that  of  600, 
and  showed  how  to  use  the  former  in  the  construction  of  squares 
and  square  roots.  As  to  higher  powers  than  the  third,  Hutton  and 
Barlow,  in  works  above  cited,  give  every  power  of  every  number  up 
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to  the  tenth  power  of  100.  Barlow  gives  also  the  fourth  and  fifth 
powers  of  numbers  from  those  of  100  to  those  of  1000.  Bowditch 
(work  of  1834,  cited  under  'Logarithms,'  1767)  gives  square  roots 
to  five  decimals  -000  (•001)4-200  (•01)10-19  with  tables  of  proportional 
parts. 

Maseres,  at  the  end  of  the  tracts  on  Combinations,  London,  1795, 
has  reprinted  Hutton's  square  roots  0(1)1000  to  ten  decimals,  and 
reciprocals  to  seven.  We  believe  that  Hutton  Cret  gave  them  in  his 
'  MisceUanea  Mathematica,'  4  vols.  12mo,  1775.  In  Jonas  Moore's 
Arithmetic,  1650,  there  are  the  squares  and  cubes  of  all  numbers  up 
to  1000,  the  fourth  powers  up  to  300,  and  the  filth  aa&  sixth  up  to 
200.    These  were  reprinted  in  the  edition  of  1660. 

Hogg  mentions  'Art  gantz  neu-entdeckte,' &c.,  Dessau  (1755),  8vo, 
containing  the  cubes  of  all  numbers  up  to  100,000,  or  at  least  pro- 
fessing in  the  title-page  to  fpve  the  cube  root  of  every  number  under 
a  thousand  millions  of  millions :  perhaps  the  cubes  went  to  that  of 
10,000,  with  a  rule  for  the  fifth  figure.  And  here  we  may  mention 
that  we  have  been  several  times  deceived  by  a  title-page  stating,  not 
the  extent  of  the  table,  as  it  ought  to  do,  but  the  extent  to  which 
operations  of  interpolation  or  accession  will  be  effective. 

§  4.  Pure  Decimal  Operations. — Besides  Bnrlow's  reciprocals  (§  8), 
the  only  remarkable  tables  of  which  we  know  under  this  head  are 
Goodwyn, '  Table  of  the  Circles  arising  from  the  Division  of  a  Unit,' 
London,  1823,  and  'Tabular  Series  of  Decimal  Quotients,'  London, 
1823  (both  anonymous).  The  first  gives  all  the  circulating  decimals 
which  can  arise  from  any  fraction  whose  denominator  is  under  1024; 
the  second  arranges  all  fractions  which  in  their  lowest  terms  have  a 
numerator  not  exceeding  99,  and  a  denominator  not  exceeding  1000, 
in  order  of  magnitude,  and  gives  their  equivalent  decimals  to  eight 
places.  Mr.  Woolgar  is  our  authority  for  saying  that  there  was  a 
previous  work  by  Goodwyn, '  First  Centenary  of  concise  and  useful 
Tables  of  Decimal  Quotients*  (1818),  4to.  Mr.  Goodwyn  (of  Black- 
heath)  was  an  indefatigable  calculator,  and  the  preceding  tables  are 
the  only  ones  of  the  kind  which  are  published.  His  manuscripts,  an 
enormous  mass  of  similar  calculations,  came  into  the  possession  of  Dr. 
Olinthus  Gregory,  and  were  pui-chased  by  the  Boyal  Society  at  the 
sale  of  his  books  in  1 842. 

R.  Picarte,  '  La  Division  r^duite  &  une  Addition,'  Paris,  1861,  4to, 
gives,  for  all  numbers  up  to  10,ii00,  ten  significant  figures  of  recipro- 
cal, with  the  nine  multiples  of  each. 

An  anonymous  work,  '  Tafeln  zur  Verwandhing  aller  Brtiche,'  &a, 
Oldenburg,  1842,  gives  every  fraction  less  than  unity  whose  denomi- ' 
nator  does  not  exce^ed  three  figures,  nor  its  numerator  two,  to  seven 
places  of  decimals.  It  is  arranged  by  numerators  :  that  is,  all  fractions 
of  one  numerator  are  in  one  double  page.  This  is  a  useful  table.  Wo 
may  also  mention  (but  not  as  having  seen  it)  W.  F.  Wucherer, 
'  Beytrtige  zum  allgemeinen  Gebrauch  der  DecimalbrUche,'  &&,  Korls- 
mhe  (1795),  8vo. 

The  oldest  table  we  have  found  printed  in  English  is  in  '  This  boke 
showeth  the  moner  of  measurynge  of  all  maner  of  lande,  as  well  of 
woodlande,  as  of  lande  in  the  felde,  and  comptyng<s  the  true  nombre  of 
acres  of  the  same.  Newlye  invented  and  compyled  by  Syr  Rycharde 
Benese  Chonon  of  Marton  Abbay  besydo  London.  Printed  in  South- 
warke  in  Saynt  Thomas  his  hospitall  by  me  James  Xicolson.'  There 
is  no  date,  but  Nicolson's  dated  works  run  from  1536  to  1638.  There 
is  another  edition  (which  omits  the  tables),  printed  by  Thomas  Cohvell, 
who  printed  from  1658  to  1575.  They  are  double-entry  tables  of  the 
rudest  character,  for  finding  the  number  of  acres  in  a  given  length  and 
breadth,  and  for  casting  up  payment  at  per  perch,  per  acre,  &c, 

8  6.  Pure  Triganomtiriad  Tables, — This  section  and  the  next  form 
almost  the  whole  of  the  article;  and  for  a  suSicient  reason.  The 
history  of  the  trigonometrical  canon,  and  of  the  logarithmic  table,  are 
constituent  parts  of  the  history  of  the  progress  of  mathematics :  the 
history  of  other  tables  has  nothing  to  do  with  that  progress,  except 
only  in  the  case  of  Stevinus's  tables  of  compound  interest,  which,  as 
will  appear,  suggested  decimal  fractions  to  their  author.  'The  biblio- 
graphioU  history  of  the  early  part  of  the  trigonometrical  canon  is  so 
incorrectly  given,  as  well  ie  ambiguously,  even  by  the  best  authorities, 
that  it  will  be  worth  while  to  collect  the  several  heads,  distinguishing 
between  what  we  know  from  the  books  themselves  and  what  we  are 
obliged  to  take  from  other  sources,  by  putting  the  name  of  an  authority 
(of  which  we  have  usually  two  or  three)  to  the  latter.  Much  confusion 
has  arisen  from  the  double  meaning  of  the  word  pvUication  in  regard 
to  works  of  the  century  following  the  invention  of  printing,  when  it 
was  applied  equally  to  the  issue  of  a  printed  book  and  of  a  manuscript. 
We  ar»  here  only  concerned  with  the  former ;  and  it  is  sometimes  diifi- 
cult  to  distinguish  between  the  two. 

The  earliest  trigonometrical  table  existing  is  the  table  of  chords  in 
the  first  book  of  Ptolemy's  Syntaxis  or  Almagest.  It  is  by  half-degrees 
up  to  90°,  and  thence  by  degrees.  The  chords  are  given  sexagcsimally, 
to  a  radius  of  60° :  thus,  the  chord  of  90'  is  84"  61'  10".  The  thirtieth 
parts  of  the  differences  are  annexed  :  thus,  the  earliest  table  has  its 
diffi  rences,  and  ditferences  given  by  the  convenient  sub-multiple  which 
would  probably  be  thought  very  modem. 

That  Albategnius  [Albategsids,  in  Bioo.  Drv.]  had  substituted  sines 
for  Ptolemy's  chords,—  that  he  had  also  used  versed  sines  and  t;mgenta, 
— th:it  Purbach  and  Regiomontanus  had  constructed  and  issued  (in 
manuscript  at  least)  tables  of  sines  to  two  separate  radii,  6,000,000 
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and  10,000,000 — are  hiatorical  facts  of  notoriety.  Our  question  is, 
what  tables  were  first  printed  t  On  the  books  which  Regiomontanus 
actually  printed,  out  of  the  long  lists  of  those  which  he  published  and 
intended  to  publish  (as  set  forth  in  his  own  '  Index  Operum,'  tc., 
printed  at  NUmberg  by  himself),  his  historians,  Doppelmayer,  De  Murr, 
Weidler,  tea.,  are  either  not  very  clear,  or  somewhat  at  variance.  In 
the  vague  manner  in  which  books  and  their  contents  are  frequency 
described  by  professedly  mathematical  writers,  a  good  resource*  is 
often  found  in  the  catalogues  of  general  bibliographers. 

The  '  Tabulra  Directionem  Profectionumque '  of  Regiomontanus  were 
published  by  himself  at  Niimberg,  without  date,  probably  about  (1475), 
and  were  reprinted  at  Venice  in  (1485).  We  cannot  ascertain  thit 
either  of  these  contained  tables  of  sines.  But  Hain  ('  Report.  Bibliogr.'), 
who  gives  their  titles,  gives  that  of  the  next  edition,  Augsbui^,  £hr. 
Batdolt  (1490),  4to,  in  a  fuller  manner :  from  which  it  appears  that 
there  is  appended  to  it  a  table  of  sines  to  minutes,  in  words  which 
would  imply  that  Regiomontanus  had  not  given  such  a  table  in  the 
former  edition  :  they  are, '  Tabella  Sinus  recti :  per  gradus  et  singula 
minuta  divisa.  Ad  Tabulas  Directionum  Hag.  Joh.  de  Regiomonte 
neceasarias.'  But  from  the  description  it  is  clear  that  this  table  does 
not  belong  to  the  work,  since  it  foUowa  even  the  printer's  insignia. 
And  Hain  also  met  with  it  as  a  separate  work ;  being,  as  appears  from 
his  description  of  the  lineation,  pages,  &c.,  absolutely  the  same  as  that 
which  was  appended  to  the  Tabulss  Profectionum.  Accordingly, 
until  something  earlier  or  more  definite  is  produced,  we  must  say  that 
the  first  known  printed  table  of  sines  is  an  anonymous  table,  to 
minutes,  in  quarto,  without  date,  but  before  1500,  stated  (with  n«cei- 
lariat  when  it  ought  to  be  necettaria)  to  be  necessary  to  the  tables  of 
Regiomontanus,  and  implying  that  sines  had  not  then  been  printed 
with  those  tables.  From  the  next-mentioned  edition  of  the  Tabula 
Directionum  (this  we  have  seen)  we  should  suppose  that  these  tables 
were  to  a  radius  of  600,000,  as  in  that  edition,  which  is  of  Venice, 
1504.  4to.  In  it  we  find  a  miuute-table  of  sines,  headed '  Incipit  tabella 
sinus  recti,'  and  with  a  column  containing  difierences  for  ten  seconds. 
Delambre  and  others  mention  Regiomontanus  as  having  given  the  first 
table  of  tangents  in  this  work  under  the  name  of  tabiUa  facunda.  It 
is  in  the  edition  of  1504,  and  was  reprinted  by  Oemma  Friaius  in  his 
book '  De  Radio  Astronomico,'  Antwerp,  1 545.  It  is  to  degrees  only, 
and  to  a  radius  100,000 ;  and  is  a  table  of  cotangents,  not  of  tangents. 
The  Tiibingen  edition,  1550,  also  distinguishes  the  table  of  sines  as 
an  addition,  in  the  title-page.  The  radius  is  now  60,000  ;  but,  by  an 
oversight,  the  differences  to  ten  seconds  are  entered  from  some  table 
with  a  radius  of  6,000,000,  from  which  the  table  of  1550  was  probably 
out  down.  There  is  no  tabula  fcecunda.  Delambre  mentions  an  edition 
of  the  work,  edited  by  Qaiu-icus,  in  (1524),  as  conbuning  a  table  of 
sines  to  every  ten  minutes  i  of  this  we  can  find  nothing. 

As  yet  we  have  no  sines  calculated  to  the  now  ordinary  radius  of 
10,000  &c.  Of  these,  the  earliest  we  have  seen  (and  we  tind  no  earlier 
ones  mentioned),  are  those  of  Peter  Apian  in  the  'Introductio  Geo- 
graphica,'  &c.,  Ingoldstadt,  1583,  folio.  They  are  minute-tables  to  a 
radius  of  100,000,  and  were  reprinted  the  next  year  in  the  same  author's 
'  Instrumentum  primi  Mobilis,"  Niimberg,  1584,  folio.  Apian  states 
that  they  are  of  his  own  calculation,  and  this  is  to  us  a  strong  presump- 
tion that  no  such  tables  had  been  previously  printed ;  for  Apian  was  a 
great  reprinter  of  the  writings  of  others  at  his  own  press,  and  very 
'mlikely  to  have  re-colculated  any  table  which  he  knew  to  exist  already. 
The  statement  that  the  work  of  Regiomontanus  on  triangles,  Niim- 
berg, 1 533,  folio,  contains  tables  of  sines,  is  incorrect :  we  know  it  from 
examination  of  two  perfect  copies.  We  can  point  out  how  the  mistake 
arose.  Lalande  (Bibl.  Astron.)  says  that  the  first  edition  of  the  work, 
Basle,  1636,  has  in  the  title-page  "  una  cum  tabulis  sinuum."  Now  the 
&ct  is  that  Lalande,  who  had  only  seen  the  second  edition  (Basle,  no 
data,  known  to  be  of  1561),  which  does  contain  tables  of  sines,  took  the 
liberty  of  presuming  that  the  first  edition  was  the  same  in  contents, 
titie,  and  place  ;  in  all  of  which  he  was  wrong,  and  in  the  date  also. 

In  1542  RheticuB,  the  most  laborious  of  all  the  table-computers, 
made  his  first  appearance  as  the  editor  of  a  work  of  Copernicus,  '  De 
Lateribus  et  Angulis  Triangulorum,'  &c.,  Wittemberg,  4to  (Weidler 
land  Kaatner).  I'his  contains  a  minute-table  of  sines  to  a  nwlius  of 
10,000,000,  being  the  first-published  seven-figure  table  :  the  copy  in 
|the  Libri  sale  of  April,  1861,  is  the  only  one  we  ever  saw.  The  table 
which  appeared  in  the  following  year,  in  the  great  work  of  Copernicus 
[CoPKBNicns,  in  Bioo.  Div.],  is  an  abridgment  of  the  preceding; 
going  ouly  to  every  ten  minutes,  aud  to  a  radius  of  100,000. 

In  1541  appeared  one  of  the  tables  which  have  obtained  most  cele- 
brity :  being  the  'Tractatus  Geo.  Purbachii  super  propositiones 
Ptolemiei  de  Sinubus  et  Chordis,  item  compositio  Tabularum  Sinuum 
per  Joannem  de  Regiomonte.  Adjeotaj  sunt  Tabulae  Sinuum  duplices 
per  eundem  Regiomontanum,'  Niirnbeig  (1541),  folio  (Kastner,  Ac,). 
The  two  tables  of  sines  are  both  minute-tables,  with  radii  of  6,000,000 
and  of  10,000,000.  The  table  of  tangents  to  every  degree  is  repeated 
again  under  the  name  of  labuJa  fcecunia.  In  a  mixture  of  tracts  by 
Regiomontanus,  Walther,  Sohoner,  and  Purbach,  headed  '  Scripta  .  .  . 
de  Torqueto,  Astrolabio  Armillari,  .  .  .*  Niimberg,  1644,  4to,  is  a 

•  It  noBld  be  better  if  we  knew  preeliely  wtim  M  is  good.  Not  to  believe 
more  than  half  is  a  very  proper  caution :  but  there  arises  the  old  difficulty. 
Mlikhhsiri  ' 


table  by  Purbach,  called  Tabula  Onomonica,  which  is  a  table  of  tan- 
gents to  the  radius  1200,  giving  the  angle  to  each  unit  of  the  1200. 
This  table  is  repeated  in  Gemma  Frisius,  '  De  Radio  Astronomico/ 
Antwerp,  1545,  4to,  already  mentioned. 

Rheticus,  in  the  meanwhile,  was  pursuing  the  route  of  analogy,  which 
suggested  to  him  the  formation  of  a  table  giving  all  the  ratios  which 
exist  between  the  sides  of  a  right-angled  triangle ;  by  which  he  was 
led  to  the  invention  of  what  were  afterwards  called  secants,  to  the 
completion  of  the  trigonometrical  canon,  and  to  its  arrangement  in  the 
form  which  it  has  ever  since  preserved.  His  rights  in  this  matter 
have  long  been  forgotten ;  and  it  is  only  recently  that  the  work 
which  established  them  has  received  any  notice  in  modem  times.  (See 
the  Notices  of  the  Astron.  Soc,  vol.  vi.,  p.  218,  and  Phil  Mag., 
June,  1845.)  In  1551,  the  year  following  that  in  which  he  was  placed 
in  the  '  Index '  aa  a  forbidden  author,  he  published  his '  Canon  Doc- 
trine Triangulorum/  Leipzig,  4to.  This  is  a  complete  canon  to  every 
ten  minutes,  and  to  a  radius  of  10,000,000  (or,  as  we  should  now  say, 
to  seven  decimals)  with  difierences,  so  arranged  that  the  matters  con- 
nected with  each  angle  also  belong  to  its  complement,  in  the  manner  so 
familiar  to  thosc  who  Can  use  any  modem  table.  This  arrangement 
may  be  called  lemi-quadraiUal,  as  opposed  to  the  older  quadranial 
arrangement  in  which  the  sines  are  carried  direct  from  0  to  90°. 
Accordingly,  the  page  of  Rheticus  has  both  a  head  and  foot  description, 
as  in  modem  tables.  So  completely  is  he  bent  on  the  idea  of  a  register 
of  the  proportions  of  right-angled  triangles,  that  he  rejects  the  use  of 
the  word  sine.  In  the  place  of  the  sine  and  cosine  he  has  the  perpen- 
dicular and  base  to  an  hypothenuse  of  10,000,000 ;  for  what  weru 
afterwards  called  the  tangent  and  secant  he  has  the  perpendicular  and 
hypothenuse  to  a  base  of  10,000,000 ;  for  the  cotangent  and  cosecant  ho 
has  the  base  and  hypothenuse  to  a  perpendicular  of  10,000,000.  The 
same  description  is  adopted  in  his  lai^er  work,  of  which  we  shall  pre- 
sently spc(^.  To  the  smaller  work  is  appended  a  dialogue,  which 
introduced  Rheticus  to  his  future  editor ;  for  Valentine  Otho  was  so 
struck  by  it,  that  he  went  to  Hungary  to  obtain  information  on  the 
subject  from  the  author.  Otho  relates  that  in  the  first  interview, 
when  he  had  hardly  stated  his  purpose,  Rheticus  interrupted  him 
with,  "  You  are  just  as  old  as  I  was  when  I  went  on  the  same  errand 
to  Copernicus." 

In  1564  Erasmus  Beinhold  (who  had  been  the  colleague  of  Rheticus  * 
in  teaching  mathematics  at  Wittemberg)  published  the  '  Primus  Liber 
Tabularum  Directionum/  Tubingen,  4to.  In  this  work,  for  the  first 
time,  occurs  a  cajum  facundai  (not  yet  called  a  table  of  tangents)  car- 
ried to  every  minute.  Both  sines  and  tangents  were  computed  to  a 
radius  of  10,000,000,  and  have  differences.  By  the  complemental 
degrees  at  the  bottom  of  the  pages,  it  appears  that  cosines  and  cotan- 
gents were  intended.  This  work  of  Reinhold,  though  founded  upon 
Regiomontanus,  must  not  be  confounded  with  his  professed  edition 
of  the  '  Tabulae  Directionum '  of  Regiomontanus  himself,  which  had 
tangents  only  to  every  degree,  and  was  printed  several  times,  the  last 
edition  being  in  (1606).  (We  have  not  thought  it  worth  while  to  cata- 
logue all  reprints.) 

In  (1658)  (Delambre)  Maurolyous  published  his  edition  of  Theodo- 
sius,  Menelaus,  Sx.  (Messina,  4to),  containing  the  three  tables,  that  of 
sines,  the  tabula  facunda,  and  the  tabula  bcnefica  (as  he  called  the  pre- 
sent table  of  secants).  This  table  goes  only  to  degrees  (except  that 
tangents  and  secimts  are  given  for  15,  30,  45,  55,  and  59  minutes  of  the 
last  degree  of  the  quadrant),  and  is  to  a  radius  of  100,000.  Delambre, 
&c.,  suppose  that  theso  are  the  first  tables  of  secants  which  were  pub- 
lished, and  they  accordingly  attribute  the  invention  to  Maurolycus. 
But  we  have  seen  that  it  is  due  to  Rheticus ;  and  Finck  (presently 
mentioned),  who  lived  close  to  these  times,  states  expressly  that  Mauro- 
lycus borrowed  this  table  from  Rheticus. 

In  1502  a  pupil  of  Rheticus  published  a  table  of  sines  to  every 
minute,  and  to  a  radius  of  10,000,000,  with  difi°erences  for  one  seconiL 
This  was  Samuel  Eisenmenger  (or  Siderocrates,  as  he  wrote  himself), 
in  his  '  Libellus  Oeographicus/  Tubingen,  4to.  And  there  was,  aa  wc 
find  stated  in  various  quarters,  a  table  of  sines  in  the  work  on  dialling 
of  Hermann  Witekind, '  Conf  ormatio  Horologionim/  of  which  the  first 
edition  is  said  to  be  of  Heidelberg  (1576),  4to.  Blundeville  says  they 
are  to  a  radius  of  100,000. 

The  first  complete  canon  to  every  mimUe  (that  of  Rheticus  in  1551 
being  to  every  ten  minutes)  was  Vieta's  '  Canon  Mathematicus,  seu  ad 
Triangula,  cum  Adpendioibus/  Lutetise,  apud  Johannem  Mettayer,  *c., 
1679  ;  to  which  is  annexed,  with  a  new  title-page,  '  Francisci  Viettei 
universalium  Inspectionum  ad  Canonem  Mathematicum  liber  singularis, 
Lutetiaj,'  &o.,  as  before. 

'  This  same  book,  from  the  same  types,  is  also  found  with  another 
title-page,  as  follows  : — '  Francisci  Vietiei  opera  mathematica,  in  quibus 

*  Reinhold  taught  the  higher  branchcB,  and  Rheticus  the  lover.  It  is  Tcry 
illustratire  of  tho  neglect  into  which  Ibe  prohibition  (with  other  circumstances 
afterwuds  noted)  earned  the  wriliiigs  of  Rheticus  to  fall,  that  Weidler — hlmsolf 
of  the  unlvcnlty  of  Wittemberg,  writing  and  printing  his  Hiitory  of  Astronomy 
there,  glvlDg  minutely  the  datca  of  Rhotlcns's  degrees  from  the  matricuta  or 
register,  and  stating  that  from  the  time  vhcn  he  and  Reinhold  were  colleagues 
it  had  tUways  been  customary  to  have  two  teachers  of  mathematics — is  as  111- 
informcd  as  any  one  about  the  writings  of  Rheticus,  and  in  particular  knows 
nothing  of  the  publication  of  19S1,  of  vlilch  we  may  therefore  bo  pretty  sure 
there  was  not  a  oopy  in  tke  library. 
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tnctatuT  canon  mathematicuB,  seu  ad  triangula :  item  Canonion,  &o.> 
&c,  tc.,  Londini,  apud  Fianciacum  Bouvier,  1689^'  This  publisher  is 
not  mentioned  by  Ames. 

The  same  bookj  again  from  the  same  types,  is  in  the  British  Museum 
with  a  third  title-page,  as  follows  : — '  Fran.  Vietsei  Libellorum  SuppU- 
cum  in  Regia  magistri,  insignis  que  Hathematici,  varia  opera  mathe- 
matica :  in  quibus  tractatur  Canon  Mathematicus,  seu  ad  triangula  ; 
item  Canonion,  &c.,  Parisiis,  apud  Bartholonueum  Macssum,'  tus., 
1609. 

That  the  second  and  third  are  really  the  same  book  as  the  first,  with 
a  new  title-page,  we  have  ascertained  by  carefully  comparing  yarious 
words  which  are  mis-spelt,  and  letters  and  lines  which  are  broken,  in 
all  three  :  also  by  the  fact  that  the  second  title-page, '  Fraocisoi  Vietiei,' 
tus.,  exists,  date  and  all,  in  the  second.  In  the  third,  the  second  title- 
page  is  taken  out,  and  Mettayer's  address  is  printed  after  the  firsts  This 
book  was,  from  its  extreme  scarceness,  a  bibliographical  curiosity ;  we 
have  repeatedly  examined  five  copies,  three  with  the  first  title-page,  one 
with  the  second,  and  one  with  the  third :  in  two  of  the  first  three,  some 
figures  which  are  not  found  in  the  third  have  been  stamped  in  after  the 
printing ;  and  the  same  stamping  is  apparent  both  in  the  fourth  and 
fifth.  The  canon  matheTnatuna  is  the  first  table  in  which  sines  and 
cosines,  tangents  and  cotangents,  secants  and  cosecants,  are  completely 
given  :  they  are  arranged  in  the  modem  form,  in  which  each  number 
entered  has  a  double  appellation.  But  the  notation  of  decimid  frac- 
tions not  being  invented,  the  mode  of  description  is  as  follows  : — to 
give,  the  sine  and  cosine  of  24°  2*,  Vieta  states  that  the  hypotbenuse 
being  100,000,  the  perpendicular  and  base  are  40,727  and  91,330  9 ; 
and  in  a  siinilar  way  for  the  others  :  and  here  it  is  remarkable  that  in 
the  cosines  Vieta  does  use  a  species  of  decimal  notation,  leaving  a  blank 
space  instead  of  using  a  decinud  point ;  for,  to  an  hypothenuae  100,000, 
the  base  to  an  angle  of  24°  2*  is  what  we  should  now  write  91330*9. 
There  is  also  a  large  collection  of  rational-sided  right-angled  triangles, 
which  form  a  trigonometrical  canon,  but  not  ascending  by  equal  angles. 
The  work  condudee  with  a  oopious  collection  of  trigonometriotl  formula 
and  various  numerical  calculations,  for  mention  of  which  see  Hutton's 
'  History  of  Trigonometrical  Tables,'  prefixed  to  bis  logarithms,  and 
inserted  in  his  tracts.  A  short  prefaice  by  Mettayer,  prefixed  to  the 
'  Uuiversalium  Inspectionum,'  &c.,  states  that  Vieta  found  great  diffi- 
culties in  getting  tables  printed  at  all,  and  also  that  plagiarists  had 
printed  and  sold  something  of  the  kind,  but  what  is  not  stated.  Vieta 
himself  (Schooten,  p.  323)  calls  this  book  infdicUer  editui,  and  hopes 
that  a  second  edition  will  be  of  better  authority. 

Besides  the  three  title-pages  above  mentioned,  there  must  have  been 
a  fourth ;  for  in  the  title  of  that  which  Belambre  examined  was  the 
motto  Dara  tt  qiaetce,  which  certainly  was  not  in  either  of  the  three 
seen  by  us.  The  work  has  well  obeyed  the  direction  given  :  it  has 
lasted  m  silence,  having  never  been  described  in  catalogues  or  histories 
till  modem  times.  Copies  seem  to  have  been  rare  in  Qermany ;  neither 
Weidler,  Heilbronner,  nor  Kastner  mentions  it.  Hutton  never  saw 
but  his  own  copy;  Montuola  (in  France !)  never  saw  more  than  two — 
one  in  the  royu  library,  and  one  sold  at  the  Soubise  sale  (but  it  is  not 
in  the  catalogue  of  that  sale),  which  the  historian  would  fain  have 
bought,  had  not  a  curieux  bid  too  high.  And  this  was  only  by  the 
time  Montucla's  second  edition  was  written,  for  by  the  mention  of  it 
made  in  the  first  edition  it  is  clear  that  the  author  had  never  seen  it.  We 
have  examined  in  London  at  least  eight  copies.  We  have  mentioned 
the  complaints  which  the  author  had  to  make  against  the  printers : 
Hontuola  states  that  Vieta  bought  in  as  many  copies  as  be  could. 
There  are  several  signs  of  something  odd  having  taken  place  in  the 
printing ;  and  the  following  is  worth  mention  :— To  one  of  the  copies 
we  have  seen  (as  well  as  to  one  of  those  in  the  Museum)  is  appended 
one  folio  sheet,  in  correction  of  a  mass  of  errors  in  one  sheet  of  the 
collection  of  formula  :  this  sheet  is  a  separate  publication,  with  the 
date,  1579,  and  printer's  name  on  it  (J.  Mettayer). 

Vieta  imitates  Rheticus  in  his  method  of  heading  the  tables,  but  in 
addition  uses  the  word  sine,  and  calls  the  table  of  teeageata  faamda, 
and  that  of  secants  facundurima.  He  complains  that  elegant  names 
have  not  been  found,  and  states  that  he  gets  his  denominations  from 
certain  lihaptodi  (as  he  calls  them ;  it  is  not  often  that  mathematical 
tabulators  are  called  rhapsodists),  whom  he  does  not  name.  In  a  later 
work,  the  '  Responsa,'  &o.  [Vieta,  in  Bioo.  Div.],  published  in  1693, 
he  names  and  objects  to  the  words  tangent  and  secant,  which  by  that 
time  he  had  seen.  And  he  proposes  to  call  the  tangents  protina  or 
amsinet,  and  the  secants  tramginuavit  lines. 

As  to  the  matter  of  Vieta'e  tables,  it  is  worth  notice  that  they  must 
have  been  made  by  independent  calculation.  They  do  not  exhibit  the 
errors  in  the  last  tangents  and  secants  which  appear  in  all  writings 
prior  to  the  more  correct  publication  of  Rheticus  by  Pitiscus.  On  the 
additions  made  by  Vieta  to  the  theory  of  trigonometry  we  have  not 
here  to  speak  :  but  we  may  simply  say  that  they  made  the  computa- 
tion of  a  trigonometrical  canon  a  much  easier  thing  thaii  it  had 
theretofore  been.  Delambre  is  quite  right  when  he  observes  that  the 
'  Trigonometria  Brilannica '  of  Briggs  is  altogether  French  in  all  that 
relates  to  the  non-logarithmic  part  of  it.  Had  he  known  a  little  more 
of  Vieta,  he  could  have  reinforced  his  assertion.  For  Briggs's  method 
of  solving  equations  which  Delambre  (evidently  not  understanding  it) 
describes  as  an  obscure  mixture  of  division  and  extraction  of  roots,  was 
the  slightly  amended  form  of  Vieta's  numerical  exegesis,  to  which  we 


have  referred  in  Iktolutiok  and  Etolutiok.  And  as,  by  QeUibiand'a 
account,  we  trace  the  commencement  of  Briggs's  labours  to  shortly 
after  the  time  when  Vieta  first  published  tliis  exegesis,  it  is  by  no  means 
an  unlikely  conclusion  that  the  power  of  trisection  and  quinquisection 
given  by  this  mode  of  solving  equations  first  put  it  into  hjs  head  to 
construct  the  table.    [Involution  and  Evolution.] 

Furbach  and  Regiomontanua  had  seen  the  advantage  of  adopting 
decimal  tables,  though  their  use  of  the  radius  600,  Ac.,  was  a  remnant 
of  sexagesimalism.  It  was  reserved  for  Maurice  Bressius  to  show 
himself  a  century  behind  his  time,  by  publishing  in  his  '  Metrices 
Astronomicea  Libri  Quatuor,'  Paris,  1581,  folio,  sexagesimal  tables  to 
every  minute  of  sines,  tangents,  and  secants,  or  as  he  calls  them,  linet, 
adteriptt,  and  hypotlienuies.  Thus,  the  radius  being  60*,  the  sine  of 
57°  2v  is  given  as  50°  80'  34" ;  and  the  adscript  and  hypothenuse  as 
1  sex.  83°  34'  46",  and  1  sex.  61°  9'  44*;  1  sex.  meaning  6U°.  Accus- 
tomed as  we  are  to  look  upon  sexagesinial  division  as  sacred  to  angular 
and  horary  measure,  we  are  apt  to  forget  that  the  time  was  when  other 
subdivisions  were  rarely  used  in  Europe. 

As  yet  we  do  not  find  the  modem  names  of  tangent  and  seeaiU. 
These  were  introduced  in  1583  by  a  young  man  of  twenty-two  years, 
Thomas  Finck,  of  Flensborg  in  Denmark  (who  died  in  1656,  aged  95), 
in  his  '  GeometrisQ  Rotundi  [sic]  Liber  XIV.,'  Basle,  4to,  His  part  in 
the  matter  was  quite  forgotten,  and  has  been  recently  revived  (see  PhiL 
Mag.,  May,  1845).  He  introduces  the  words  with  expressions  which 
cannot  *  be  interpreted  otherwise  than  as  a  proposal  of  his  own,  to 
which  it  must  be  added  that  no  earlier  use  of  these  words  has  ever 
been  brought  forward.  The  tables  of  sines,  tangents,  and  secants,  so 
called,  which  Finck  has  introduced  in  his  work,  are  to  every  minnte, 
and  to  a  radius  of  10,000,000.  Finck  deserves  a  much  higher  name 
than  he  baa  got,  for  the  contents  of  this  work  alone :  there  are  other 
writings  of  his,  which  we  have  not  seen.  He  calculated  his  own 
secants  by  a  theorem  which  answers  to  the  formulas 

e 

Sec  «  =  tan  0  -f  tan  (45°  -  ^  )• 

In  (1585-6)  Clavius  published  at  Rome,  in  quarto,  his  edition  of 
Theodosius,  to  which  is  appended  a  treatise  on  triangles,  and  a  table  of 
sines,  tangents,  and  secants,  under  those  names  to  a  radius  of  10,000,000. 
They  were  reprinted  in  the  folio  collection  of  his  works,  Mayence, 
1611;  and  the  table  of  sines  only  in  his '  Astrolabium,' Rome,  1593, 
4taw  It  is  clear,  on  inspection,  that  these  tables  are,  so  far  as  tangents 
and  secants  are  concerned,  a  reprint  of  those  of  Finck,  in  their  pre- 
liminary theorems,  in  their  arrangement,  in  their  omissions,  and  in 
their  errors,  os  well  ss  in  the  new  terms  with  which  they  are  headed. 
The  name  of  Finck  is  suppressed  as  well  as  that  of  Rheticus ;  both  of 
them  were  Protestants,  and  Clavius  was  a  Jesuit,  high  in  favour  at 
Rome.  Delambre  expresses  his  astonishment  that  Clavius,  in  recapitu- 
lating the  names  of  celebrated  writers  on  dialling,  should  have  omitted 
Sebastian  Munster.  The  fact  was  that  Munster  followed  Luther.  We 
are  not  quite  certain  that  a  greater  than  Clavius  was  altogether  exempt 
from  this  laughable  weakness.  When  Vieta  suppresses  the  names  of 
his  authorities,  as  above  noted,  calling  them  merely  rhaptodiiti,  we 
may  almost  suspect  that  he  wanted  to  avoid  speaking  of  Rheticus  and 
Reinhold ;  for  he  was  very  intolerant. 

In  (1591)  Philip  Lansberg  published  '  Triangulorum  Geometrite 
Libri  Quatuor,'  Leyden,  4to,  the  first  work  known  to  Hutton  in  which 
the  words  tangent  and  tecant  are  used ;  and  in  1692  Magini  published 
'  De  Plants  Triangulis  Liber  Unicus,'  Venice,  4to.  Both  these  contain 
full  tables,  taken  from  Clavius ;  and  Magini  is  said  to  have  repeated 
them  in  his  'Primum  Mobile,'  Bologna  and  Venice  (1609).  Magini, 
who  goes  beyond  Clavius  in  historical  reference,  wilfully  suppresses 
the  name  of  Finck. 

We  at  first  thought  ourselves  unable  to  give  a  date  to  the  tables  of 
StevinuB,  except  within  a  few  years,  and  conjecturally.  That  he  pub- 
lished his  Arithmetic  in  1535,  and  that  Snell  f  collected  many  of  his 
works  in  Latin  in  1605-8,  are  the  &cts  which  are  supposed  to  mark 
out  the  known  limits  of  his  career.  The  tables  must  have  been  pub- 
lished after  1593,  since  Vieta's  names  for  the  tangent  and  secant  are 
mentioned ;  probably  long  after,  for  Vieta's  works  were  of  very  slow 
travel.  We  ourselves  believe  fully  that  the  Cosmographia,  which 
contains  the  tables,  was  never  published  until  it  appeifred  in  what  is 
called  Snell's  collection  (in  1608).  These  tables  are  to  every  minute, 
to  a  radius  of  10,000,000,  and  they  are  copies  of  Finck,  Clavius,  Ac. 
Recent  researphes  in  Belgium  have  made  it  appear  that  Stevinus  was 

*  "  Erit  AI  taagena ....  8ie  voeare  plaoatt  [i. «.,  nobis]  quia  ....  Damu 
aliqnld  ....  Begiomontano  ....  damns  etism  aliqald  mepUa  eoniuetadinl. 
Vrrum  id  non  facile  damns  at  verba  ea  in  usu  retlnaamiu  quibus  elegaatiora, 
breriora,  aigniflcantioim,  veriora  habeamus,"  And  again ;  "  Spquitur ....  qun 
vulgo  eanon  fteonndoa,  nobis  canon  tangentium  dicitnr  :  et  eaaon  liypotennaarnm 
Khetico,  nobis  canon  secantinm  Tocatnr." 

f  It  con  be  made  very  obvious  that  Stevinus  woj  alive  throughout  the  whole 
of  the  printing  of  these  tiro  TOlumes  (or  five  rolumes  bound  in  tTvo).  In  the 
Tory  last  page  of  the  last  volume  (index  excepted),  the  author  excuses  himself 
for  not  fulfilling  certain  announcements,  because  he  had  not  made  up  bis  mind 
about  the  subjects  of  them,  and  the  printer  could  not  wait.  And  this  after 
referring  to  the  places  of  the  aeveral  matters  in  the  very  volumes  whieh  are 
supposed  to  be  the  collection  of  the  editor.  Besides,  bnell,  the  reputed  edltn, 
was  only  seventeen  years  old  when  UM  work  was  published. 
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bom  in  1548,  md  died  in  1620,  wtdch  puts  our  opinion  beyond 
dispute.  The  mistake  about  Snell  seems  to  hare  originated  with 
Gerard  Vosaius. 

In  (1588)  Nic.  Raymar,  Ursus  Dithmarsua,  published '  Fundamentum 
Astronomicum,  id  est  nova  Doctrina  Sinuum,'  &o.,  Strasburg.  We 
cannot  make  out  from  the  descriptions,  whether  this  work  contains 
tables  or  not.  If  Kostner's  and  Delambre's  descriptions  be  complete, 
it  did  not. 

Who  published  the  first  English  trigonometrical  table  is  a  point 
which  we  have  never  seen  examined ;  and  we  must  investigate  it  in 
the  beat  way  we  can  from  rather  scanty  materials.  We  cannot  find 
the  word  «»«  mentioned  in  the  works  of  Reoorde,  nor  in  the  English 
works  of  either  Digges,  father  or  son,  nor  in  those  of  John  Dee ;  nor 
indeed  rn  any  work  written  in  English  before  Blundeville,  except  that 
of  Burroughs  presently  cited.  In  the  '  Alse,  seu  Scalse  Mathematicae ' 
of  Thomas  Digges,  London,  1678,  4to,  trigonometrical  processes  are 
required  for  which  allusion  is  made  to  Copernicus  and  Kegiomontanus, 
and  the  tables  of  Rheticus  are  often  cited  (the  ten-minute  canon,  of 
1551).  In  John  Dee's  '  Parallacticaj  Commentationis  Proxeosque 
Nucleus  quidam,'  London,  1573,  4to,  there  ore  also  solutions  of 
triangles,  and  the  tables  referred  to  are  those  of  Regiomontanus  with  the 
radius  60,000,  before  mentioned.  But  neither  of  these  writers  makes 
the  smallest  allusion  to  any  tables  published  in  England.  We  have 
examined  the  libraries  of  more  than  one  diligent  collector  of  English 
works  of  the  1 6th  century,  without  finding  anything  which  at  all  con- 
troverts our  decided  impression  that  Blundeville  •  was  the  real  intro- 
ducer of  a  complete  canon  of  sines,  t-mgents,  and  secants. 

Blundeville's  '  Exercises,'  London  (1594),  4to  (it  is  said  sometimes 
that  1597  is  the  date  of  the  first  edition,  but  incorrectly;  the  fourth 
is  of  1618),  were  commenced,  as  he  informs  us,  about  seven  years 
before.  He  alludes  to  Regiomontanus,  Copernicus,  and  Clavius,  from 
whom  he  took  his  tables.  And  he  informs  us  that  Regiomontanus  is 
in  folio,  and  that  Clavius  is  in  quarto,  and  published  in  1586,  at  Rome. 
We  rely  much  on  this  iu  our  conclusion  that  his  were  the  first  tables  : 
for  to  mention  the  form  of  a  book,  or  the  date  of  publication,  is  very 
rare  with  the  writers  of  his  time ;  and  it  is  most  likely  that  so  precise 
a  person  would  have  noticed  any  previous  work  of  the  same  kind  in 
his  own  countiy.  The  tables,  being  copies  of  Clavius,  have  already 
been  described.  These  'Exercises'  went  through  seven  editions  at 
least :  the  seventh,  now  before  us,  has  the  tables  corrected  from 
PitiscuB,  by  Robert  Hartwell,  the  editor;  it  is  London,  1636,  4to. 

It  must  be  noticed,  however,  that  though  Blundeville  gave  the  first 
English  canon  complete,  a  table  of  sines  mly  had  been  printed  four 
years  before.  It  is  at  the  end  of  the  '  Horologiographia,  the  art  of 
Dialling,'  by  Thomas  Fale,  London,  1693,  4to  (reprinted  t  in  1652). 
The  sines  are  to  minutes  with  a  radius  of  100,000.  This  then  is  the 
earliest  table,  but  it  is  of  sines  only.  We  have  seen  that  Digges  used 
sines,  but  he  is  a  Latin  writer,  and  refers  to  a  foreign  table.  Perhaps 
the  first  writer  whoiu«2  them  in  English  (but  still  with  foreign  tables) 
is  the  well-known  W.  Burroughs,  in  his  '  Discourse  on  the  Variations 
of  the  Corapaese,'  published  in  (1681).  In  the  preface  he  apologises 
for  introducing  rules  "  vn-ought  by  the  doctrine  of  signes  and  triangles, 
which  may  seem  strange  id  our  English-Tongue,"  and  all  he  gives  on 
tables  is  in  the  following  passage : — "  In  these  examples  I  have  used 
the  abridged  table  of  100,000  the  whole  sine,  which  though  it  give 
some  case  in  the  working,  yet  it  is  not  so  exact  ns  that  of  10,000,000 
of  Eratmut  licinAMiu.  Unto  the  which,  with  his  Canon  fcecundus, 
answerable  to  the  same,  if  the  third  Canon  of  the  Byptheniacn  were 
annexed,  wee  should  have  an  entire  Table  for  the  Doctrine  of  Triangles, 
that  might  worthily  bee  called  The  Table  of  Tables.  Which  thing, 
though  Georgiut  Joachimua  Hhelicua  have  well  begunne,  and  framed  it 
orderly,  from  ten  Minutes  to  ten  :  yet  is  it  left  very  rawly,  for  such  as 
desire  the  exact  truth  of  things.  I  have  therefore  for  nunc  owne  ease 
and  use,  Calculated  the  complement  of  this  Table,  and  almoste  ended 
it,  for  the  whole  Quadrant,  from  minute  to  minute  :  which  if  in  the 
mean  time  before  I  have  finished,  I  shall  not  finde  it  extant  by  any 
otiier,  I  will  publish  it  for  the  commoditie  of  all  sudi  as  shall  have 
occasion  to  use  the  same  for  navigation  and  cosmographie."  But  tUs 
table  was  never  published,  and  accordingly  the  editor  of  the  edition  of 
1614  refers  the  reader  to  Ralph  Handson's  translation  of  Pitiscus,  and 
the  very  tables  of  that  work  are  annexed  to  the  end  of  some  copies  at 
least  of  the  edition  of  1614.  They  are  tables  to  every  minute,  and 
to  a  radius  of  100,000.  The  table  is  semi-quadrantal,  and  the  com- 
plementals  are  joined  in  contiguous  columns,  without  any  heading  by 
which  further  than  45"  could  be  guessed  at.  We  cannot  describe  the 
first  edition  of  Handson's  work,  having  only  seen  the  second,  which  is 
London,  1630,  4to ;  at  least  the  tablet  are  so  dated,  though  the  wori 
has  no  date.     (Wilson,  in  the  preface  to  hia  Navigation,  says  the  first 

•  This  is  the  same  u  the  BlondeviUe  who  wrote  on  Horsemanship.  In  1848, 
■  patent  for  a  horwahoe  was  upset  in  Chancer;,  upon  proof  that  BlandevUle 
haA  dencribed  It  hefore  1600. 

t  That  is  to  say,  ftimlshed  with  a  new  title-page :  beyond  a  donht  the  type 
is  of  the  previous  oentury.  This,  we  And,  was  not  an  uncommon  prnotieo  in 
the  middle  of  the  17th  oentury,  in  England.  Wc  suppose  that  the  civil  trouble, 
which  operated  againat  the  produciion  of  nil  but  theology  or  politics,  throw  the 
bookselleiB  back  on  their  old  stgoks,  which  they  then  replaced  with  new  title- 
pages,  defacing  the  17th  century  with  some  of  the  worst  specimens  of  the 
irregnlarblaok  letter  of  the  16th. 


was  in  1614.)  In  1609,  John  Speidel,  afterwards  well  known  in  the 
history  of  logarithms,  began  his  career  by  publishing,  in  quarto, 
'  Certaine  verie  necassarie  and  profitable  Tables ;  namely,  A  Table  of 
Sines,  Tangents,  and  Secants,  &c.'  This  tract  of  sixteen  pages  contains 
a  canon  to  every  ten  minutes,  and  to  a  radius  1000,  with  some  tables 
subsidiary  to  astronomy. 

In  1610,  Arthur  Hopton  published  'Baoulum  Geodseticum  sive 
Viaticum,  or  the  Geodseticall  Staffe,'  London,  4to.  The  seventh  book 
of  this  is  called  '  Trigonometria,  containing  Longimetria,  and  Alti- 
metria,  performed  by  Synnicall  supputation,  with  a  Canon  for  the 
Dimension  of  tryangles.'  The  canon  (from  Pitiscus)  is  complete  for 
every  five  minutes  and  to  a  radius  of  100,000.  Peculiar  to  this  table 
is  a  heading  by  which  the  sine,  tangent,  secant  of  the  complement,  or 
defect  from  90°,  are  also  made  to  belong  to  the  excess  above  90° ; 
thus  at  10"  the  sine,  tangent,  and  secant  of  80°  are  made  to  be  those 
of  100°. 

The  history  of  the  rest  of  the  works  of  Rheticus  was,  till  lately,  very 
inaccurately  told,  and  there  is  still  some  confusion  about  it.  After 
Rheticus  had  published  his  ten-minute  canon,  already  noticed,  in 
1551,  he  was  occupied  till  his  death  in  1576,  in  what  is,  beyond  a 
doubt,  the  most  laborious  work  of  calculation  that  any  one  man  ever 
undertook :  a  complete  trigonometrical  canon  to  every  ten  seconds, 
and  to  ten  places  of  decimals,  sines  to  every  ten  seconds,  and  to  fifteen 
decimals,  with  the  first  and  last  degree  to  every  second,  and  tangents 
and  secants  to  every  minute,  and  to  fifteen  decimals.  It  is  to  be 
remembered  that  he  wanted  the  abbreviations  which  might  have  been 
introduced,  if  he  had  known  what  Vieta  had  done.  At  his  death,  he 
had  finished  this  work,  within  a  mere  trifle  :  what  little  remained  to 
do,  was  done  by  hia  pupil  Valentine  Otho,  and  part  of  it  was  published 
at  Neustodt*  in  the  Palatinate,  1596,  in  folio  (sometimes  bound  in 
two  volumes,  from  its  thickness).  The  title  of  the  book,  which  was 
published  at  the  expense  of  the  Emperor  Maximilian,  is  '  Opus  Pala- 
tinum  de  Triangulis  a  Georgio  Joachimo  Rhetico  coBptum  :  L.  Valen- 
tinus  Otho  Priucipis  Palatina  Frederici  IV.  Electoris  Mathematicus  con- 
summavit.'  The  contents  are  (after  prefaces)  three  books  de  Fabrica 
Canonie,  on  the  construction  of  the  Canon,  by  Rheticus ;  one  book  on 
plane  triangles,  and  four  books  on  i-i/jht-anrjled  spherical  triangles,  by 
the  same  ;  five  books  on  oblique-angled  spherical  triangles  by  the  editor, 
Otho ;  three  subsidiary  astronomical  tables  called  meteoruseopia ;  the 
great  table,  in  540  folio  pages,  giving,  under  the  titles  already  described, 
the  sines,  tangents,  and  secants,  for  every  ten  seconds,  with  a  radius 
of  10,000,000,000,  or,  as  we  should  now  say,  to  ten  places  of  decimals ; 
a  list  of  errata ;  and  lastly,  a  second  table  of  cotangents  and  cosecants 
for  the  first  hidf  of  the  quadrant,  to  every  ten  seconds  as  before,  and 
to  a  radius  of  10,000,000.  The  appearance  of  the  last  table  is  merely 
the  editor's  want  of  judgment;  it  is  cleariy  nothmg  but  a  previous 
attempt,  made  before  the  larger  plan  was  resolved  on,  and  is  much  less 
accurate  than  the  great  table  to  ten  places. 

Within  a  short  time  after  the  '  Opus  Palatinum '  was  published,  it  was 
found  (by  whom  or  how  we  are  not  told)  that  the  tangents  and  sectnts 
towards  the  end  of  the  quadrant  became  more  and  more  erroneou.?, 
and  at  tho  extreme  end  were  very  erroneous  indeed.  All  persons  who 
know  anything  of  trigonometry  are  aware  that,  to  calculate  the  tangent 
or  secant  of  an  angle  near  to  90°  true  to  any  number  of  decimal  places 
requires  that  the  cosine  should  be  calculated  to  a  greater  number  of 
places.  Rheticus  seems  to  have  foreseen  this,  and  to  have  provided 
sines  true  to  a  larger  number  of  places  than  those  which  w^ere  j)ub- 
lished.  When  the  defect  was  discovered,  the  advisers  of  tho  Elector 
Palatine,  Frederick  IV.,  to  whom  the  work  was  dedicated  by  Otho, 
caused  him  to  intrust  the  superintendence  of  the  corrections  to  Bar- 
tholomew Pitiscus  of  Griinenberg,  in  Silesia,  who  had  been  his  own 
teacher,  and  who  was  still  in  hia  service  as  chaplain  :  we  suppose  this 
means  that  Pitiscus  himself  was  the  adviser.  Pitiscus  applied  to 
Otho,  then  an  old  man,  for  the  larger  tables  of  sines  which  iiheticus 
was  known  to  have  calculated  :  Otho  was  never  able  to  find  them ;  but 
at  his  death  they  were  found  among  his  papers.  Pitiscus  accordingly 
made  tvo  publications ;  but  so  confused  are  the  statements  respectmg 
them,  that  some  of  our  readers  may  almost  doubt  the  fact.  These  two 
publications  were  as  follows  :  1.  He  corrected  all  that  part  of  the  great 
table  of  the  '  Opus  Palatinum '  in  which  the  tangents  and  secants  are 
sensibly  erroneous,  being  the  first  86  pages.  These  he  reprinted,  and 
joined  his  reprint  to  the  540 — 86,  or  464  remaining  pages  of  the  great 
table.  He  then  cut  away  all  the  FabiHca  Canmit,  the  books  on 
iriangles,  the  Meteoroseopia,  and  the  small  table  of  cotangents,  &o.,  and 
added  to  his  own  86  pages  and  Otho's  464  a  short  dMcription,  or  com- 
Tnovefactio,  as  he  calls  it.  This  of  course  gives  a  thin  folio.  But  wo 
collect  from  Delambre's  account  of  Prony's  copy,  that  besides  this, 
there  were  such  things  as  complete  copies  of  the '  Opus  Palatinum,'  with 
the  86  correct  pages  substituted  for  the  incorrect  ones.  And  we 
presume  that  to  these  the  separate  title  of  the  commonefactio  was  not 
appended,  being  printed  only  for  the  separated  table.  For  Prony, 
Delambre,  and  iJl  the  rest  of  the  French  savans  (to  whom  the  subject 
was  particularly  interesting,  on  account  of  its  connection  with  the 
'  Tables  du  Cadastre,'  then  preparing)  missed  the  date  of  the  correction, 
which  nevertheless  appears  on  the  separate  title-page  of  the  commone- 

•  Weidler,  copied  by  Montncla,  gives  Heidelberg,  1594 ;  and  Lalande  recon. 
ciles  them  with  fact  by  taking  Xcoitadium  to  be  Latin  for  Heidelberg  t  Tlie 
Ncu»f«dt  here  mentioned  is  now  part  of  Bavaria,  int.  49" -f,  long.  11°—. 
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faelto.  The  person  who  is  used  to  accurate  descriptions  of  books 
might  possibly,  without  this  warning,  throw  away  the  thin  folio  we 
are  speaking  of,  under  the  idea  that  it  ooald  not  be  in  any  sense  an 
edition  of  the  Opus  Falatinum  :  which  in  fact  it  is  not,  though  it  is  an 
edition  of  all  that  was  corrected.  The  86  pages  of  reprint  are  easily 
diatinguiahable  by  the  inferiority  of  paper  and  type.*  The  title-page 
of  the  thin  book  is  a  sort  of  fly-title,  without  date,  &c.,  on  the  first 
page,  as  follows : — '  Oeorgii  Joachimi  Rhctici  magnus  canon  doctrinal 
triangulorum  ad  decades  secundonim  scnipulorum,  et  ad  partes 
1  00000  00000.  Recens  emendatus  a  Bartholomaio  Pitisco  Silesio. . . . 
Addita  est  bruvis  comznonefactio  de  fabrica  et  usu  hujus  Canonis.  .... 

Canon  hie,  una  cum  brevi  commonefactione etiam  separatim  ab 

opere  Palatino  venditur.  In  bibliopoleio  Hamischiano.'  And  the 
eommonefactio  has  a  title-page  of  its  own,  as  follows  :  '  Bartholomasi 
Pitisci  Grunbergensis  Silesii  Brevis  et  Ferspicua  eommonefactio  de 
fabrica  et  usu  magni  canonis  doctrinee  triangulorum  Qeorgii  Joachimi 
EhetioL  Neostadii  Typis  Nicolai  Sohrammii  MDCVIL'  It  thus 
appears  that  the  date  is  1607,  which  no  one  has  yet  noted,  except 
Kastner,  copying  an  older  description,  apparently  without  any  distinct 
separate  knowledge  of  what  he  was  describing,  2.  Pitiscus  published, 
Frankfort,  1618  (mibprinted  on  two  of  the  titles  1513,  by  omission 
of  a  C),  folio,  the  tables  of  Rheticus  by  which  himself  was  enabled  to 
make  the  preceding  corrections,  under  a  long  descriptive  title  begin- 
ning with  '  Thesaurus  Mathematious.'*  The  contents,  described  in 
modem  language,  are: — sines  to  every  ten  seconds  and  to  fifteen 
decimals,  with  first,  second,  third,  and  sometimes  more  differences ; 
those  of  the  first  and  last  degrees,  also  to  fifteen  places,  and  to  every 
second ;  the  fundamental  sines,  from  which  the  rest  were  calculated, 
to  twenty  places  :  the  sines  of  every  10th,  30th,  and  50th  second  in 
the  first  35  minutes  to  22  places  (tiiis  last  table  was  done  by  Pitiscus 
himself).  Pitiscus  died  in  July,  1613,  very  shortly  after  the  publica- 
tion of  the  Thesaurus. 

When  we  come  to  reflect,  we  find  that  the  tables  of  Rheticus  did 
not  make  such  an  epoch  in  the  history  of  these  things  as  might  have 
been  expected.  The  ten-minute  canon,  1551,  which  we  have  described, 
and  of  which  the  memory  was  almost  lost,  introduced  the  secants, 
completed  the  eystem,  and  suggested  to  Vieta  both  the  extension  and 
its  form.  Had  Rheticus  published  his  own  large  table  before  his 
death,  in  1576,  it  might  have  been  otherwise:  but  deferred  as  this 
publication  was,  partly  till  1596,  seventeen  years  after  Vieta's  Canon 
had  appeared,  and  partly  till  1618,  the  year  before  the  publication  of 
logarithms,  it  turned  out  that  the  impulse  had  already  b^n  given  from 
other  quarters.  The  next  great  tables  of  sines  which  were  produced 
were  the  work  of  Briggs,  who  was,  as  we  have  seen,  exclusively  the 
follower  of  Vieta  in  this  part  of  the  matter.  The  labours  of  Rheticus 
became  little  more  than  a  tradition,  though  Ylacq  used  the  last  half  of 
his  quadrant  in  the  construction  of  logarithmic  mnes.  Vosaius,  1650, 
knew  nothing  definite  of  the  tables  except  the  Thesaurus,  and  that 
only  in  time  to  insert  it  in  the  additions  to  his  work.  Sherburne, 
1675,  has  not  a  word  of  tables.  Briggs  hardly  mentions  Rheticus ;  hia 
biographers  not  at  all.  The  Jesuit  Blancanus  omits  him  as  a  con- 
demned writer;  and  it  is  to  be  noticed  that  he  was,  as  to  this 
matter,  worse  off  than  Copernicus  himself;  for  he  was  damncUua 
aucior,  Copernicus  only  damnati  libri  auctor :  and  the  absolute  prohibi- 
tion against  all  his  writings  must  have  tended  to  the  oblivion  into 
which  his  name  fell.  Weidler,  1741,  writing  in  the  University  of 
Wittemberg,  in  which  Rheticus  taught,  had  not  seen  the  Opus  Fala- 
tinum, and  knew  nothing  of  what  Pitiscus  had  done.  In  the  Berlin 
Memoirs  for  1786,  John  Bernoulli  (the  younger)  revived  the  know- 
ledge of  the '  Opus  Palatinum '  and  the  '  Thesaurus ; '  and  Lalande  had 
previously  come  at  some  statement  to  the  effect  that  Pitiscus  had 
once  received  instructions  to  correct  the  former.  But  Bernoulli  knew 
nothing  of  these  corrections,  and  nothing  was  known  until  chance 
threw  a  copy  of  the  corrected  Opus  Palatinum  into  the  hands  of 
Prony,  who  described  it  in  a  paper  printed  in  the  fifth  volume  of  the 
Memoirs  of  the  Institute,  1804.  Delambre  gave  an  accurate  account 
at  the  beginning  of  the  second  volume  of  the '  Histoire  de  I'Astronomie 
Hodeme.'  Montuda  had  given  nothing  but  mistakes.  Button  knew 
as  much  as  Bernoulli.    Kastner  (1796,  who  would  have  got  mudi  more 

*  The  corrected  copies  of  the  work,  thick  or  thin,  may  be  dlBtingabhed  firom 
the  ancorrected  ones  in  a  moment,  as  follows :  Look  at  the  bottom  of  page  7, 
at  the  running  titles  of  the  columns.  The  ancorrected  copy  will  hare,  u  it 
onght  to  have, 

Buii    Differentia     Hypothenusa. 

Bat  the  emmctei  eofj  {qtds  ciutoiiet  ipao)  cuttoda })  will  have,  as  it  ought  not 
to  have, 

Hypothenusa    Differentia    Basis. 

f  The  copies  of  the  two  works,  the  ■  Opus  Folatinnm,'  and  the  '  Thesaunu,' 
which  belonged  to  Detombre,  were  bought  at  the  sale  of  bis  books  by  Mr.  Babbage. 
The  copy  of  the  '  Thesaurus '  is  curious :  it  onoe  belonged  to  De  Thou,  and  was 
bequeathed  to  Delambre  by  Lalande.  It  sold  at  the  sole  for  216  Cranes;  the 
'  Opus  Palatlnnm '  for  60  ftanes.  Mr.  Babbage  has  also  a  copy  of  the  corrected 
table  (the  thin  volume).  He  informed  us  that,  in  1B28,  Beuss,  the  librarian  at 
G&ttingen,  and  the  indefatigable  editor  of  the  'Bepertorium  Commentatloaum,' 
&e.,  the  most  complete  digest  of  scientiflo  transactiozLs  which  exists,  was 
altogether  ignorant  of  the  existence  of  any  corrections  of  the  Opus  Palatinum. 
This  is  a  truly  singular  instance  of  the  slowness  with  wliich  bibliographical 
information  spreads. 


credit  if  he  had  given  a  proper  name  to  his  valuable  work  of  biblio- 
graphy, instead  of  calling  it  a  history  of  mathematics)  has  a  detailed 
account  of  all  the  matter,  except  the  corrections  of  the  Opus  Palatinum, 
on  which  he  could  only  quote  from  a  periodical  of  1789. 

In  (1599)  Pitiscus  published  his  own  work  on  Trigonometry,  with 
tables,  generally  to  seven  places,  and  having  intervals  which  may  be 
described,  as  presently  noted,  by  0  (1")  1'  (2")  10'  (10")  1°  (1')  45". 
The  edition  of  1608,  now  before  us,  has  of  course  the  corrected  tangents 
and  secants.  It  was  reprinted  again  in  (1612),  and  Dechales  mentions 
a  reprint,  by  Henrion,  in  (1628). 

Pitiscus  will  always  be  remarkable  as  tbe  priest  who  wished  that  all 
his  brethren  were  mathematicians,*  to  make  them  manageable  and 
benevolent. 

Among  the  non-logarithmio  tables,  which  were  published  after  the 
invention  of  Napier  turned  all  the  calculators  another  way,  was  that  of 
Schooten, '  Tabulae  Sinuum,'  &c.,  Amsterdam,  1627,  a  complete  canon 
to  seven  places,  in  a  pocket  volume  with  pages  of  two  inches  by  four. 
It  is  often  said  to  contain  no  error ;  but  we  believe  the  author's  own 
assertion  in  the  preface  is  the  source  of  this  opinion :  Hutton  found 
many  errors  in  the  last  figures.  There  were  two  prineipa  editions, 
one  with  explanations  in  Latin,  the  other  in  Dutch.  Lipenius  says 
this  was  reprinted  in  (1638  ?)  and  we  know  there  is  on  edition  'of 
(1672)  at  Ruuen,  and  of  1683  at  Brussels.  .Editions  are  mentioned  of 
(1640)  and  (1664),  and  also  a  Spanish  edition,  Brussels  (1683),  and  of 
1683  at  Amsterdam,  from  difierent  type.  Joh.  Meyer's  tables, 
Strasburg  (1619),  contain  sines,  tangents  and  secants,  squares,  and 
cubes.  Those  of  Adrian  Metius  (1633)  give  a  complete  canon,  to 
minutes,  to  seven  decimals.  In  (1627)  Snell  published  his  '  Doctrina 
triangulorum  canonica,'  Leyden,  containing  a  complete  canon  to  every 
minute,  and  to  seven  places.  Cruger's  'Synopsis  Trigonometriro,' 
Danzig  (1612),  gave  a  five-decimal  canon  to  minutes.  Albert  Girard's 
'Tables  des  sinus,'  &c.,  Hague  1627,  are  to  five  decimals;  there  was 
a  Dutch  reprint  in  (1629).  Adrian  Romanus  gave  tables  (Delambre, 
'  Astr.  Mod.,'  ToL  ii.  p.  85)  in  (1609) ;  they  were  taken  from  Clavius. 
The  greater  part  of  the  contents  of  this  paragraph  are  taken-  from 
different  sources,  and  not  from  the  books  themselves.  We  might 
mention  some  anonymous  tables  from  various  catalogues,  but  anony- 
mous works  of  this  kind  are  so  rare  that  we  always  suspect  them. 
One,  however,  now  before  us,  deserves  mention.  It  is  a  thin  quarto, 
Wurtzburg  (Herbipolis),  1626,  announced  as  intended  for  the  students 
of  the  University.  It  contains  a  semi-quadrantal  table  of  sines  (only), 
and  is  entitled  '  Canon  sinuum  ad  decempedam  accomodatus.'  The 
table  is  to  a  radius  of  10,000,  but  the  four  places  of  each  sine  are 
severally  called  radii,  pedes,  digiti,  grana;  and  are  so  headed  in 
every  column.  The  degree  ia  divided  into  12  parts,  each  of  wludi  is 
called  a  mtnufe. 

Alsted's  '  Enoyclopssdia,'  1649,  the  earliest  work  which  has  bulk 
enough  to  be  compared  with  modem  works  of  the  same  name,  gives 
nothing  more  than  a  canon  to  degrees  and  seven  decimals,  with  another 
to  ten  minutes  and  five  decimals.  The  name  only  of  logarithms  is 
mentioned,  and  an  insufficient  definition  given. 

§  6.  Tc^la  of  LogariOuat. — Before  we  enter  on  this  subject  we 
shall  give  a  hint  which  may  be  worth  the  attention  of  future  com- 
pilers, though  in  joining  together  two  articles  of  older  date  than 
the  additions  we  have  not  been  able  to  take  advantage  of  it  to  any 
great  extent.  Systems  of  tables  may  be  arranged  and  spoken  of  either 
by  their  tovrcet  or  by  their  fonat.  Thus  in  thinking  of  old  books  of 
logarithms  we  may  have  to  ask  whether  they  came  from  Vlacq  or  direct 
from  Briggs ;  we  also  want  to  know  the  number  of  figures,  the  arrange- 
ment, &c.  The  tables  of  logarithms  might  with  some  trouble  be  divided 
into  sets,  those  in  each  set  being  lineal  descendants  of  their  predecessors. 

Our  mention  of  different  works  will  be  found,  as  to  length  and 
minuteness,  much  out  of  proportion  to  their  celebrity,  in  many  cases  : 
this  cannot  be  avoided  when  we  have  information  to  give  which  is  not 
commonly  found. 

1614.  Napier, '  MiriBci  Logsrithmorum  Canonis  Descriptio,  Ej  usque 
UBua,  in  utraque  Trigonometria,  ut  etaam  in  omni  Logistica  Mathematica, 
Ampllssimi,  Facillimi,  et  expeditissimi  explicatio.  Authore  ac  Inven- 
tore,  loanne  Nepero,  Barone  Merchistonii,  &c.  Scoto.  Edinburgi,  Ex 
ofiBcinA  Andrea)  Hart,  Bibliopdlee,  oia.DCzrv.'  4to.  Sines  and  Naperian 
logarithms  of  sines  and  tangents,  to  every  minute  and  seven  decimals. 

It  must  be  specially  noted  that  the  logarithms  which  Napier  himself 
published  are  not  precisely  those  which  are  now  called  Naperian ; 
that  is,  they  orenot  the  simple  logarithms  to  the  base  f=:2-7182818.  . 
As  the  sines  increase,  his  logarithms  decrease.  As  he  uses  no  decimal 
point,  both  his  sines  and  logarithms  are  integers,  the  former  to  a  radius 
of  10  millions.  And  if  n  be  a  sine  and  L  the  logarithm  of  it,  as  they 
stand  in  Napier,  the  equation  connecting  them  ia 


H»10,000,000  e     ''■"W.™ 

*  In  his  prefkee  he  says,  "  Monsnetado  autem,  bone  Detu,  quantum  et  qnam 
rarum  est  Theologorum  omamentum  I  Et  qnam  optandum  esset  hoo  secnlo, 
omnes  Tbeologos  esse  mathematioos,  hoo  est,  homines  tractabiles  et  mansuetos." 
Perhaps  tlie  union  of  the  characters  of  divine  and  mathematician  gives  a 
peculiar  right  to  speak  well  of  the  Utter  ;  for  Barrow  says,  "  Tenerrinus  fronUs 
et  stomachi  robustissimi,  ant  si  mavis,  pudentiMimnm  txdiiquc  patientissimum 
genus  hominum  sunt  mathematici."  We  accept  the  si  nad's,  for  there  is  no 
saying  how  the  modsrai  might  tiansUte  the  lint  epithsts. 
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Delambre  propoaes  to  call  them  Naperian  logarithms,  and  to  restrict 
the  term  kyperholie  to  the  tiuidem  Naperian  or  c  logarithms:  but 
custom  has  refused. 

The  reader  may  have  some  curiosity  to  see  a  specimen  of  the  tdbtila 
princepi :  we  therefore  subjoin  three  lines  from  the  page  having  Or.  87 
at  the  top  and  Or.  62  at  the  bottom.  The  form  is  semiquadnintal, 
and  the  differentia  is  the  logarithm  of  the  tangent. 


+ 

— 

37 
mln. 

Sisiu. 

Logirithml. 

Differentia. 

Logsrltlmii. 

Siniu. 

0 
I 
3 

6018130 
6020473 
6022796 

6078030 
3074191 
3070334 

2829344 
2823492 
2817441 

2248306 
3230699 
2232893 

7986393 
7984604 
7982892' 

60 
39 
38 

This  work  of  Napier  was  reprinted  by  Baron  Maseres,  in  vol.  vi.  of 
the '  Scriptorea  Logarithmic!.' 

(1616.)  Reprint  of  the  above,  by  Edward  Wright,  to  one  figure  less, 
with  Napier  B  explanation  translated  into  English,  and  preface  by 
Briggs,  London. 

(Itil7.)  Briggs,  '  Logarithmorum  Chilias  Prima,'  London.  This  is 
the  first  publication  of  logarithms  on  Briggs's  system. 

(1618.)  Benjamin  Urainus,  '  Cursua  Mathematicus,'  Cologne,  con- 
tains Napier's  Logarithms.    For  his  '  Magnus  Canon,'  see  1624. 

(1619.)  John  Speidell, '  New  Logarithms.'  A  new  arrangement  of 
Napier's,  but  giving  sines,  tangents,  and  secants,  with  numbers  also  to 
1000.  These  'New  Logarithmes'  are  the  first  modem  Naperian,  or 
hyperbolic  logarithms.  The  second  edition  was  in  1620,  not  1627,  as 
we  stated  (from  others)  before  we  had  seen  it.  The  reason  of  the 
mistake  is  that  the  '  Briefe  Treatise  of  Spbcericall  Triangles,'  which  is 
frequently  prefixed,  has  1627  on  its  title-page. 

Taking  decimals  it  stands  thus : — If  m  :  n  be  the  sine  of  an  angle, 
and  if  \  represent  the  logarithm  to  the  base  t,  the  fgwrtt  of  the 
Naperian  logarithm  are  found  in 

Kn—Xm. 
Thus,  the  sine  of  19°  88'  is  -886,  very  nearly.    And  we  have 

M000= 6-9077552... 
\    886  =  S-8171in... 

1-0906441        Napier  has  10906448. 

The  figorea  of  Speidell's  logarithmic  sine  are  found  in 
lO-fXm— An 

thus  for  19°  88'  he  has  890936.  But  he  leaves  the  10  out  of  all  the 
secants  and  the  last  half  of  the  tangents.  His  logarithms  of  numbem, 
0  (1)  1000,  are  modem  hyperbolic  to  six  deoim^,  as  we  should  now 
say, but  without  the  decimal  point;  thus  at  770  he  has  6646888  not 
6.646888.  To  each  logarithm  he  gives  its  difierence,  its  arithmetical  com- 
plement, and  the  halves  of  all  three.  Also  an  additional  column  wUch 
shows  that  he  means  to  use  his  table  in  calculation  by  feet,  inches,  and 
quarters.  Thus  the  number  775  has  16.1.3  opposite  to  it,  there  being 
775  quarter  inches  in  1 6  feet  1  inch  8  quarters.  At  the  bottom  of  each 
page  he  puts  the  logarithm  of  100  and  of  1000,  for  help  in  decimal 
trt^tiorB. 

Speidell,  as  we  have  seen,  first  published  in  (1619) ;  Baron  Maseres 
reprinted  from  the  "  tenth  impression,"  dated  (1628) ;  there  was  an 
edition  in  (1627) ;  Button  mentions  the  seventh,  dated  (1624) ;  we 
have  the  fifth,  dated  1623,  and  the  sixth,  dated  1624 ;  the  Royid 
Society  has  one  of  1623 ;  Uurhard  gives  the  third  impression,  of  (1621), 
and  we  have  the  second,  dated  1620.  In  bis  "  briefe  treatise  "  above 
mentioned,  Speidell  mentions,  and  naturally  complains  of,  those  *  who 
had  printed  his  work  without  an  atom  of  alteration,  and  yet  dispraised 
or  undervalued  it  in  their  prefaces  for  want  of  alterations  which  them- 
selves either  could  not  or  would  not  make.  This  he  attributes  to  his 
not  having  been  at  Oxford  or  Cambridge. +■  Having  kept  our  eye  on 
this  work  until  we  have  obtained  four  copies  of  it,  though  the  British 
HuseumI  does  not  possess  one,  without  ever  finding  the  smallest  trace 

*  To  them  he  ipealtf  u  follows,  In  the  introduction  :— 

"  To  the  M.  C.  Z. 

ir  that  thou  canst  amend  It, 
So  shall  the  Arte  increase  : 
If  thou  canst  not :  commend  It, 
Else,  preethee  hould  thy  peace." 

+  "  Tet  to  ntisfie  in  part  the  learned,  that  1  can  gine  a  ntaoa  for  what  I 
doe,  I  will  »ct  downs  the  malting  of  these  2.  last  Theorems,  whereby  they  may 
(if  so  they  please)  suppose  I  can  doe  as  much  for  the  rest,  and  whether  some  of 
them  doe  or  no,  I  passe  not  greatly,  for  that  they  are  sorry  I  can  doe  so  well, 
not  haning  scene  one  of  the  Vniuersities  "  (p.  37). 

X  The  British  Museum  is  well  supplied  with  mathematical  worlis  of  the 
period :  and  the  deflcicncy  illustrates  what  we  shall  say  on  the  decadence  of 
J.  Speidell  and  his  works.  It  is  very  much  to  be  regretted  that  the  Museum 
did  not  purchase  Dr.  Hutton's  library.  The  matter  was  in  discussion,  and 
almost  in  negotiation ;  but  things  were  prevented  from  going  further  by 
Sir  Joseph  Banlu.  Ilntton  distinctly  declared,  both  at  the  time  of  the  sale  and 
after,  that  his  "old  implacable  cneiry"  had  prevented  the  Museum  from 


of  any  reproduction  by  another  hand,  we  permit  ourselves  to  doubt 
Speidell's  assertion  about  the  reprints :  and  the  more  readily  after 
finding  out  the  reasons  for  suspecting  him  of  unfairness  of  which  we 
shall  presently  speak. 

Whether  for  his  own  reason  or  not,  Speidell's  name  was  very  little 
known.*  The  Continental  writers  rarely  mention  him ;  Wallis  knew 
nothing  of  him ;  and  even  his  own  son,  Euclid  Speidell,  when  ho  pub- 
lished his  '  Logarithmotechnia,'  in  1638,  had  no  accurate  information 
on  his  father's  writings ;  for  he  says,  "  I  do  find  my  father  printed 
several  sorts  of  logarithms,  but  at  last  concluded  that  the  decimal  or 
Briggs's  logarithms  were  the  best  sort  for  a  standard  logarithm,  and 
did  also  print  the  same  several  ways."  This  must  have  been  merely  a 
mistaken  tradition,  arising  from  Speidell's  not  having  printed  the  same 
logarithms  as  Napier :  we  may  safely  say  he  did  not  print  any  decimal 
logarithms.  In  addition  to  this  testimony  ^  to  the  rapid  spread  of 
logarithms  in' England  which  Speidell's  circulation  gives,  we  may  state 
that  their  advantages  were  immediately  seen  by  the  pradacal  mathe- 
maticians. Aaron  Rathbome,  in  his '  Surveyor,'  London,  1616,  recom- 
mends the  use  of  the  "  tables  and  more  than  admirable  invention  of 
logarithmes  by  that  divine  and  noble  writer  the  Lord  Marchiston,  whoes 
name  and  honour  will  never  out." 

It  is  to  be  noticed  that  two  diflferent  tables  of  common  logarithms 
accompanied  Speidell's  sines,  &c  Our  second,  fifth,  and  one  of  two 
copies  of  the  sixth,  have,  throughO  (1)  1000,  the  logarithm  and  its  comple- 
ment with  the  common  difi'erence  between  them,  and,  by  the  side  of 
them,  the  semi-logarithm  and  semi-complement,  with  tiieir  common 
difierence  between  them.  But  our  other  copy  of  the  sixth  impression 
has  nothing  but  plain  number  and  logarithm,  without  even  the  diSisr- 
ences.  And  the  larger  table  has,  up  to  960,  an  argument  in  shillings, 
pence,  and  farthings. 

Thus  far  we  had  got  in  the  revision  of  our  former  article,  when  we 
took  it  into  our  heads  to  compare  the  four  copies  before  us,  and,  ex- 
cepting only  the  new  table  of  common  logarithms  in  one  of  the  ttxth 
copies,  we  found  them  to  be  all  from  the  same  type,  even  to  the  very 
title-pages.  It  is  true  that  one  has  '  The  2.  Inpression.  1620,'  and 
another  '  The  6.  Inpression.  1624,'  &c. ;  but  as  much  as  '  The  In- 
pression. 162  '  is  from  the  same  type  in  all.  We  cannot  be  deceived 
here,  though  those  who  are  not  used  to  such  comparisons  may  think  it 
possible.  The  inferior  printing  of  that  period  abounds  in  badly 
formed,  ill  ranged,  and  blurred  letters :  and  every  instance  of  mal- 
formation is  common  to  all  our  three  cases.  Hyphens,  in  particular, 
are  very  good  tests :  and  one  in  "  Ho-nourabie "  which  happens  to 
slant  upwards  in  all  three,  and  another  in  "  Play-House  "  which  hap- 
pens to  slant  downwards,  are  hardly  possible  coincidences.  Either  the 
type  was  kept  standing,  and  each  year's  sale  wss  called  an  impression, 
or  the  title-page  was  several  times  fraudulently  set  forward  in  date 
after  a  number  of  copies  had  been  taken  ofT.  There  is  no  printer's 
name ;  and  that  the  type  should  have  been  allowed  to  stand  for  many 
years  is  very  unlikely,  though  we  m  st  see  that  the  occurrence  of  an 
inferior  table  of  common  logarithms  iu  the  late  editions  is  in  favour 
of  the  supposition.  It  seems  to  favour  the  hypothesis  that  the  forms 
of  some  of  the  last  pages  got  broken  up  by  accident,  and  that  the 
inferior  table  was  set  up  to  replacr,  them. 

1619.  Napier.  '  Mirifici  Logarithmorum  Canonis  Constructio,'  Edin- 
burgh, edited  by  Napier's  son. 

1620.  Reprint  of  Napier,  both  the' Descriptio' and  the 'Constructio,' 
at  Lyons,  by  Bartholomew  Vincent,  bookseller. 

(1620).  Qunter,  '  Canon  of  Triangles,'  first  trigonometrical  canon 
with  Briggs's  '  Logarithms.'  We  have  not  seen  the  first  edition  of 
this  canon,  which  is  semi-quadrantal,  0  (1')  45°  to  seven  decimals,  and 
0(1)1000  to  eight.  It  was  certainly  first  published  in  1620,  alone; 
and  Wingate,  in  1624,  states  it  to  be  of  Gunter's  own  calculation,  and 
acknowledges  it  as  the  source  of  his  own  reprint.  A  year  or  two  after^ 
wards,  the  work  on  the  cross-staff  was  published,  to  which  this  canon 
was  attached  :  and  in  future  editions  the  two  always  went  together. 
The  second  edition  of  both  was  in  1686 ;  the  fourth  (edited  by  Henry 
Bond,  who  perhaps  edited  the  third,  of  which  we  know  nothing)  in 
(1662) ;  the  logarithms  of  numbers  being  0  (1)  10,000  to  seven  decimals. 
Qunter  is  entitled  to  rank  as  one  of  the  primary  calculators  of 
logarithms,  with  Napier,-  Briggs,  John  Speidell,  and  'Vlacq. 

(1620).  J.  B.  [Justus  Byrgius],  '  Arithmetische  und  Oeometrische 
progresse  Tabulen,'  Prague.  TMs  is  the  title  given  by  Montucla,  and 
the  history  of  the  book  is  as  follows  : — Kepler  had  stated  that  Byrge 
had  invented  the  very  same  logarithms  as  Napier  many  years  before 
the  latter  published  anything  on  the  subject.  And  Bramer,  author  of 
a  German  work  on  perspective,  Cassel  (1630),  says  that  his  brother-in- 
law  and  teacher,  Justus  Byrgius,  had,  twenty  years  before  that  time, 
made  a  table  of  progressions  with  diS'erences  of  10,  calculated  to  nine 
figures,  which  he  had  published  without  text  at  Prague  in  1620.  This 
armouncement  obtained  no  notice,  until  Kastner  informed  Montucla 

making  the  pnrohase,  and  that  such  was  the  frequent  opinion  of  those  who 
thought  abont  snoh  things.  (Bruce,  <  Life  of  Button,'  Newcastle,  183S).  Thus 
the  finest  set  of  mathematical  tables  ever  collected  in  England  was  dispersed. 

*  There  is  not  now  a  copy  of  any  edition  in  the  British  Musemn.  Button 
happens  to  say  that  there  is  in  the  seventh  imprtssion  (being  the  one  he  had 
before  him)  a  table  of  logarithms  of  numbers.  In  the  '  Encycl.  Brit.'  this  is 
translated  into  an  assertion  that  the  logarithmi  of  number*  wen  not  added 
Ditil  the  seventh  Impreasion. 
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(how,  Montuda  does  not  state ;  probably  by  private  communicatioii, 
or  perhaps  Hontucla  ought  to  have  cited  the  '  Fortsetzung  der  Rechen- 
kunst,'  1788)  that  this  passage  of  Bramer  had  led  him  to  look  at  some 
old  tables  vfhioh  he  had  bought,  and  which  had  lain  by  neglected. 
And  in  these  old  tables  he  says  he  found  the  above  work  of  Byrgius. 
This  occurs  in  the  second  edition  of  Montuola's  Hiatorjr,  vol.  ii  p.  10 ; 
see  also  Kastner's  History,  vol.  ii.  p.  876,  and  vol.  lii  p.  14 ;  and 
Delambre, '  Hist,  de  I'Ast.  Mod.,'  voL  i.  pp.  560-666.  It  will  be  noticed 
that  Byrgius  did  not  publish  till  six  years  after  Napier ;  so  that  in  all 
probability  Napier  is  first  in  point  of  invention  as  well  as  publication. 
Byrgius's  system  begins  with  0  as  a  logarithm  and  10°  as  a  number;  for 
every  increase  of  t£e  logarithm  by  10,  the  number  is  multiplied  by 
1-0001;  so  that  10m  has  for  its  number  10»  (I'OOOl)"-'.  This  is 
undoubtedly  a  rude  table  M  logarithms,  or  rather  of  numbers  to  loga- 
rithms ;  and  since  Byrgius  carried  it  up  to  230270,  the  number  to 
which  is  999999999,  he  certainly  secured  the  main  advantages  of 
logarithmic  calculation. 

Delaidbro,  who  has  in  general  treated  Napier  with  fairness,  has  in 
one  instance  formed  a  conclusion  on  premises  so  strange,  that  we 
hardly  remember  the  like  in  any  historian.  ('  Astr.  Mod.,'  i.  287-291.) 
Ursus  Dithmoraus,  the  pupil  of  Byrgius,  in  his  work  of  1588  already 
mentioned,  hints  at  some  method  by  which  he  can  calculate  sines 
even  in  numieri,  and  arithmetically ;  and  afterwards  he  talks  of 
doing  this  in  common  numbers,  by  inscription,  and  in  lo^tic  num- 
bers, by  section  of  the  angle.  What  he  means  Delambre  cannot 
understand,  neither,  we  should  suppose,  can  any  one  else  :  but, 
seeing  that  he  is  a  pupil  of  Byrgius,  who  afterwards  made  an 
antilogarithmic  table,  Debmbre  interprets  him  as  possibly  con- 
veying the  ideas  of  Byrgius  to  Napier.  That  is  to  say,  certain  imin- 
telligible  professions  of  Ursus,  who  does  not  even  attribute  them  to 
Byrgius,  and  in  which  Delambre  himself,  with  all  his  knowledge  of 
logarithms,  can  neither  see  logarithms  nor  anything  else,  may  have 
given  the  first  idea  of  logarithms  to  Napier,  or  may  furnish  presump- 
tion that  Byrgius  gave  that  idea  in  some  other  way.  One  would 
really  almost  suppose  that  Delambre  had  been  misled  by  the 
antithesis  of  common  and  logittic  numbers,  the  usual  terms  of  the 
day  for  integers  and  fractions.  Thus,  Kepler  begins  the  Kudolphin 
tables  by  a  chapter  on  the  logiitici  he  means  to  use,  and  warns  the 
logifta  that  he  will  express  the  distances  of  the  planets  by  dividing 
that  of  the  earth  and  sun  into  100,000  parts. 

The  following  is  a  summary  of  the  ground  of  presumption  that 
Kainer'a  system  was  well  advanced,  in  thought  at  least,  if  not  in  actual 
calculation,  before  1688.  Kepler  teetifies  that  Napier  gave  Tycho 
Brah6  strong  hints  of  what  was  coming  in  1694.  Now  in  1598  Napier 
published  the  first  edition  of  his  interpretation  of  the  Apocalypse ;  and 
there  is  no  reason  to  doubt  his  declaration  that  he  considered  this  as 
the  main  business  of  his  life,  and  mathematics  as  only  secondary. 
This  heavy  work  shows  what  was  his  main  employment  in  the  years 
preceding  1694,  in  which  year  Jiis  system  was  well  advanced  :  which 
we  take  to  make  probable,  all '  liings  put  together,  that  it  was  well 
advanced  at  least  four  or  five  years  earlier.  Napier  letumed  from 
travel  and  settled  down  to  study  in  1671,  and  probably  he  soon  began 
his  researches.  It  is  to  be  noticed  that  his  system  of  logarithms  did 
not  stand  alone.  He  informs  us  that  he  tried  many  plans  to  facilitate 
calculation,  some  of  which  might  perhaps  be  published  :  this  he  says 
in  the  preface  to  his  canon  of  logarithms.  Accordingly,  in  1617,  the 
'  Rabdologia '  appeared  [Napier's  Bones]  ;  and  this  was  only  one  of 
three  plans,  of  which  the  others  are  but  named.  Napier  was  not  in 
haste  to  publish.  His  son  informs  us  that  the  second  tract,  the 
'  Constructio,'  was  written  years  before  the  name  logariOtm  was 
invented ;  and  this  description  must  have  followed  the  actual  calculation 
of  much,  if  not  all,  of  the  canon. 

1624.  Briggs,  'Arithmetica  Logarithmica,'  London.  Logarithms 
(decimal)  to^fteen  places,  from  0  to  20,000,  and  from  90,000  to 
100,000,  with  interscript  differences.  After  his  death,  in  1631,  a 
reprint  was,  it  is  said,  made  by  one  George  Miller ;  the  Latin  title  and 
explanatory  parts  were  replaced  by  English  ones ;  '  Logarithmicall 
>jithmetike,'  jcc.  We  must  doubt  the  reprint  of  the  tables,  and  think 
that  they  were  Briggs's  own  tables,  with  an  English  explanation  pre- 
fixed in  place  of  the  Latin  one.  WUson  (in  his  History  of  Navigation, 
prefixed  to  the  third  edition  of  Robertson)  says  that  some  copies  of 
Vlaoq,  of  1628,  were  purchased  by  our  booksellers,  and  published  at 
'  London  with  an  Engli^  explanation  premised,  dated  1631.  Mr.Babbage 
(to  whose  large  and  rare  collection  of  tables  we  were  much  indebted 
in  the  original  article)  has  one  of  these  copies ;  and  the  English  explana- 
tion and  titie  is  the  same  as  that  which  was  in  the  same  year  attached  to 
the  asserted  reprint  of  Briggs.  We  have  no  doubt  that  Briggs  and 
Vlacq  were  served  exactly  in  the  same  manner.  Some  copies  of  Briggs 
have,  after  the  '  Finia,'  another  chiliad  of  logarithms,  headed  '  ChiUas 
oentesima  prima,'  and  arranged  like  the  preceding  ones ;  also,  a  page  of 
square  roots,^  to  eleven  decimals,  from  101  to  200.  In  some  copies 
the  page  of  errata  follows  the  additions. 

1624.  Benjamin  Ursinus,  'Magnus  Canon  Triangulorum  Logarith- 
micus  ex  voto  et  consilio  lUustr.  Neperi  p.m.  novissimo,'  Cologne  (at 
the  end,  Berlin),  4to.  This  is  an  extension  of  the  origiwU  Naperian 
logarithms  to  eight  figures,  and  to  every  ten  seconds  :  the  last  places 
are  much  more  correct.  The  arrangement  is  entirely  that  of  Napier, 
with  the  addition  of  the  tabular  differences,  headed  d^er,  or  D.,  th« 
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heading  of  the  logoiithmic  tangents  being  different,  (contraction  of 
differentia).  There  is  no  preface ;  but  the  '  Trigonometria  cum  magno 
Logarithmorum  canone,'  published  in  the  next  year  at  Cologne  by 
Ursinus,  contains  the  necessary  explanations.  It  is  bound  up  with  the 
canon  in  the  copy  we  have  seen;  and  probably  the  canon  was  not 
issued  without  it. 

(1624.)  John  Kepler, '  Chiliaa  Logarithmorum,'  Marpurg,  and  (1626) 
'  Supplementum  .  . .  continens  Prsecepta  de  eorum  Usu.'  These  were 
reprinted  by  Maseres,  in  vol.  i.  of  the  '  Scriptores  Logarithmici.'  See 
a  very  full  account  of  them  also  in  the  first  volume  of  Delambre's 
History  of  Modem  Astronomy.  The  logarithms  are  strictly  Naperian, 
0(  1  )1000,  but  four  ciphers  are  put  to  the  end  of  each  number,  to  make 
the  radius  ten  millions.  There  are  five  columns,  of  which  this  is  a 
specimen : — 

44°  30'  28"   I  7010000  |  le'  49-  26"   |  8652474  |   42°  4' 

The  number  here  is  701,  and  the  sine  being  7010000,  the  angle  is 
44°  80*  26".  The  logarithm  is  8552474.  And  if  1000  represent  24'', 
then  701  represents  lOi"  49~  26" ;  while  if  1000  represent  60°,  701 
represents  42°  4'.  There  are  also  interscript  differences.  And  thus 
Kepler  originated  the  species  of  table  now  called  logistic 

1625.  Wingate, '  Arithmetique  Logarithmique,'  Paris  (reprinted  at 
Oouda,  in  1628,  according  to  Murhard).  Wingate  was  an  Englishman 
who  first  carried  Briggs's  logarithms  into  Fiance.  The  work  was 
reprinted  in  England,  in  the  same  year.  Dodaou,  Hutton,  Ward,  tec., 
say  the  year  of  the  French  publication  was  1624;  but  Lalande  and 
Delambre  knew  of  none  previous  to  1626,  and  a  copy  of  the  lost  date 
which  we  have  examined  bears  no  mark  of  being  a  second  edition,  and 
refers  to  nothing  as  published  before,  except  a  tract  on  the  rule  of 
proportion  (Qunter's  Scale).    The  logarithms  are  from  Qunter. 

But  we  have  found  a  copy  dated  1 626,  and  we  are  satisfied,  from  the 
date  of  the  "privilege"  and  other  things,  that  this  was  the  fint  edition. 
That  date  is  November  4,  1624,  and  the  printing  is  stated  as  having 
been  finished  April  4,  1625.  This  edition  and  that  of  1626  are  from 
the  same  types,  except  in  their  titie-pages  and  a  page  or  two  of  the 
postfixed  explanations.  The  latter  has  also  a  further  appendix  of 
diSerences  and  some  points  of  explanation.  It  has  also  additional 
(perhaps,  for  the  same  thing  may  nave  been  torn  out  of  our  copy  of 
1626)  a  folding  sheet  of  mean  proportionals  between  10  and  1.  The 
contents  are, — seven-decimal  logarithms  of  numbers  0(1)1000  with 
interscript  differences ;  and  0(1')45°  logarithms  of  sines  and  tangeuts, 
with  the  oomplementol  parts  on  opposite  pages.  These  logarithms  are 
from  Qunter.  This  is  the  introduction  of  Briggs's  logarithms  into 
France ;  that  of  Napier's  was  made,  as  noted,  by  B.  Vincent. 

(1626.)  Henrion's  'Logarithms,'  Paris.  (Dodson,  followed  by 
Hutton.)  Lalande  knew  nothing  of  this  work,  nor  Delambre.  All  we 
can  learn  is  from  Dechales,  who  states  that  Henrion  wrote  on  the  pro- 
portional compasses  in  (1623),  reprinted  in  (1681),  and  on  the  rule  of 
proportion  (which  we  take  to  be  Qunter's  scale)  in  (1626) ;  and  that 
this  last  work  contains  logarithms  of  numbers  up  to  2000. 

1626.  'Tables  des  Logarithmee  pour  les  nombres  d'unk  10000,  com- 
pos^es  par  Henry  Brigge.  A.  Goude.  Par  Pierre  Rammaseyn.'  The  negU- 
gence  of  a  bookbinder  enables  us  to  clear  up  some  confusion,  in  rather  a 
singular  maimer,  Sherwin  states  that  he  examined  his  table  by  one  of 
Vlacq's,  in  large  *  octavo,  printed  at  Gouda  in  1626,  of  which  table  we 
find  no  other  mention.  'The  table  before  us  corresponds  in  every  respect, 
except  that  there  a  no  author's  name ;  but  no  one  except  Vlocq  can  be 
mentioned,  who  was  in  the  least  likely  to  hare  print«l  logarithms  at 
Oouda  in  or  about  1626.  At  one  time  we  thought  that  tMs  table  was 
the  original  of  the  long  series  of  small  tables  (»Ued  after  Vlacq ;  but 
this  was  a  mistake  (see  1625,  Oellibrand),  and  the  mistake  was  partiy 
due  to  the  following  circumstances.  This  table,  Qouda,  1626,  having 
the  titie,  when  not  cut  away,  above  described,  and  which  we  have  also 
seen  wiUi  a  Dutch  title  and  preface,  is  the  table  which  is  always  bound 
up  at  the  end  of '  Sciographia,  or  art  of  Shadowes  ....  by  T.  W[ells], 
Esq.,'  London,  1685,  large  octavo.  It  has  a  preface  by  Gellibiand, 
who  was  thus  accessory  to  the  introduction  of  one  small  table  by  Vlacq 
in  the  very  year  in  which  he  (Qellibrand)  published  another  small  table, 
the  reprints  of  which  were  destined  to  be  called  by  Vlacq's  name. 
That  the  book  was  intended  to  have  these  logarithms  bound  at  the  end 
is  erident  from  every  page  of  it.  Now  the  fact  stands  as  follows  : — 
A  sufficient  number  of  copies  of  the  logarithms  haring  been  procured 
from  abroad,  the  binder  was  directed  to  caned  the  tiUe-page  of  the 
logarithms,  and  to  append  them  to  the  work.  Accordingly,  most 
copies  have  no  titie  to  the  logarithms,  which  look  quite  like  part  of 
the  work.  But  in  some  copies  the  binder  has  not  cancelled  as  required; 
we  have  obtained  two  (since  our  first  article  was  written),  and  there  is 
another  in  the  library  of  the  Royal  Society.  But  in  all  three  copies 
the  titie  of  the  logarithms  is  cut  half  way  up  with  knife  or  sciason,  as 
a  direction  to  the  binder  to  cancel  it.  One  of  our  oopies  has  this 
Dutch  titie-page  to  the  table,  '  Henrioi  Briggii  Tafel  van  Logarithm! 
voor  de  QhetaUen  van  een  tot  10000.  Ter  Goude  .  .  .  1626.'  And 
the  work  (though  the  same  impression  as  before)  has  a  different  titie< 

*  The  work  we  shall  deicrlbe  would  not  now  lie  called  large  ootaro ;  bnt 
may  have  iKen  K)  in  Bherwin'a  eftt.  The  octaro  dm  (and  indeed  all  the  sizes) 
varied  u  mnoh  as  they  do  In  oni  own  day,  when  hetween  post,  demy,  royal, 
tce^  «•  hardly  know  what  is  aad  what  is  »o(  ost>v(v 
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and  date — namely,    '  Tbe  Compleat  Art  of  Dyalling  .  <  .,  by 
r  Wells  of  Deptfort,  Esq.,'  London,  1637. 

This  table  coDtains  logarithms  of  numbers  0  (1)  10,000,  to  ten 
dedlmals,  and  a  complete  canon  (of  logBrithmi  only,  and  of  semi- 
quadianbU  form)  to  eveiy  minute  and  to  seven  deoimals.  But  the 
terms  cosine,  cotangent,  cosecant,  are  not  yet  introduced. 

(1628.)  John  MiSie, '  Canon  Hesotstologisticus,'  &c.,  Leyden.  Suoh 
a  work  ie  mentioned  by  Murhard  from  ScbeibeL  It  contained  sines  of 
ounutea,  to  7  decimals,  in  Kapierian  logarithms ;  with  differences  to 
tanseoonda. 

1627.  John  Kepler,  'Tabulea  Rudolphina,'  folio.  Among  the  tables 
in  this  celebrated  work  are  the  following :  First,  a  Tariation  of  the 
logitlie  table.  Next,  a  table  of  logarithnu,  opposite  to  which  are  the 
angles  of  which  they  are  the  Naperian  logarithms  of  sines,  and  adapted 
to  the  two  ascending  arithmetical  series  S",  10", ....  60',  and  S",  4*°, 
. . .  24'',  and  to  the  recipnxal,  fir  harmonic  series,  720,  860,  240, ....  1. 
This  table,  from  its  number  of  terms,  he  calls  a  heptaccnas  of  logitlie 
logarithms :  we  shall  see  that  Batach  extended  ike  first  term ;  and 
we  note  that  Kepler  here  introduced  the  other.  Secondly,  a  reprint  of 
Napier's  own  table  of  sines  and  (now  colled)  cosines,  to  two  figures  less 
th^  in  Napier.  Kepler  calls  the  logarithms  of  cosines  anlilogarithms, 
and  abandons  his  right  to  the  word  at  the  same  time.  For  in  Napier's 
aemiquadrantal  form,  the  cosines  do  stand  over  Of/aimt  the  sines :  but 
in  Kepler's  quadrantal  form  they  do  not,  Napier  does  not  use  any 
distinctire.  word.  Thirdly,  Ni^ier's  differeniife,  called  by  Kepler 
menologarithma  (being  in  I^apier  in  the  middle),  are  reprinted 
separately  to  every  minute  of  the  first  ten  degrees,  for  the  sake  of  the 
latitudes  of  the  planets.  Fourthly,  more  aoounte  cosines  0  (10")  1"  40*, 
are  given. 

1628.  Adrian  Vlaiiq,  'Arithmetica  Logarithmioa,'  Qouda.  The 
whole  hundred  chiliads  of  numbers,  from  0  to  100,000,  to  ten  deci- 
mals. Sines,  jcc.,  to  every  minute.  This  work  Very  much  displeased* 
Briggs's  friends  in  England.  On  the  one  band  the  work  is  called  a 
tecond  edition  of  Briggs;  aadt  being  all  in  numerals  and  in  Latin,  it 
needed  no  translation.  The  pretexts  were,  first,  that  copies  were 
uarce  in  Belgium,  which  was  bad :  and  that  Briggs  had  omitted  the 
logarithms  from  20,000  to  80,000,  which  was  good.  On  the  other 
lumd,  it  may  be  held  that  the  supplying  of  this  defect  made  a  new 
work  of  the  whole ;  and  that  the  description  of  it  as  a  second  edition 
of  Briggs  was  too  large  a  oonoession.  A  middle  course  ought  to  have 
been  taken :  Briggs  ought  to  have  been  consulted.  Had  this  been 
done,  an  amuigement  would  i»T)bably  have  beeb  made  which  would 
have  satisfied  ^I  parties.  The  error,  if  any,  was  purely  commercial : 
there  is  nothing  the  least  resembling  liteniy  plagiarism,  but  rather  the 
oi^osite  fault,  over  ascription. 

(1630).  Bartschius.  The  tables  which  Bartschins  published  inde- 
pendenUy  of  his  father-in-law  (Kepler)  hod  fallen  into  oblivion,  when 
Eisenschmidt  found  a  copy  and  republished  them  with  Kepler's  tart, 
tables,  and  with  interacript  differences,  under  the  title  of '  Joh.  Kepleri 
et  Jacob!  Bartachii  Tabulas  manuales  logarithmic^,'  Strasburg,  1700, 
12mo.  What  the  titles  and  dates  of  the  original  works  were,  we  can 
find  only  from  Li|)enius,  who  gives  iiiem  as  follows  :~ 

Jac  Bartschii  'Tabulae  Novn  Logarithmico-logisticte,'  Leipzig, 
folio,  1635;   and  'Trichil.  Heiaoosias  iiogarithmi.'     Sogan, 
8vo,  I6S0. 
'Whether  the  first  was  an  original  edition  we  do  not  know  :  if  so,  it 
Was   posthumous.      The    reprint  by    Eisensohmidt   conttuna    (from 
Ursinus,  see  1624)  a  table  of  logarithmic  sines  to  six  figures,  0°(10") 
24°  (16")  48°  (20")  69°  (80")  82°  (1')  80°  j  a  table  of  logarithmic  tangenta 
0°(10")90°,  called  maologarithmi ;   a  more  accurate  table  of  loga- 
rithmic cosines  0°  (2")  3°  7' ;  an  astronomical  table  which  it  is  not  in 
our  plan  to  describe;  and  a  table  called  Tridiil-Bexacotiai  loyarith- 
Moruni  logitHcorum,  being  a  table  of  what  are  still  called  logistic  loga- 
rithms with  1°  and  24'*  for  first  terms. 

(1680).  J.  Faulhaber,  '  IngenieurMchul.,  Erster  TheyV  Frankfort 
TUs  work  contains  logarithms,  according  to  Seheibel,  who  does  not 
give  a  description. 

1631.  Norwood,  'Trigonometric.'  Logarithms  to  seven  places; 
numbers  to  10,000,  sines,  &c.  to  every  minute.  We  do  not  know  the 
date  of  the  first  edition  of  Norwood's  '  Kpitomia ' :  there  is  one  of 
(1645)  (Wilson)  and  we  have  one  of  1658.  The  tables  are  of  five 
decimal  places,  0(l')45°  and  0(1)1000;  with  a  separate  title  <A 
Triangular  Canon  Logarithmical' 

1632.  Cavalieri,  'Diractorium  Geneiale  Uranometricum,'  Bologna. 
Eight-figure  logarithms,  the  ten  finst  thousand  numbers  in  columns  of 
twenty :  the  sines,  tut.  to  various  divisiona  in  different  parts  of  the 

rdrantt  _  It  is  vary  convenient  to  have  a  short  mode  of  denoting 
nge  of  intervals ;  the  following  could  hardly  be  misundentood  : 
— Cavalieri's  tables  are,  0  (1")5' (5")  10'(10")20'(20")30' (80")1°  80' 
(10  45°.  The  table  of  logarithmic  versed  sines  is  said  to  be  the  first 
given.    Cavalieri  gave  logarithms  again  in  his  trigonometry  (see  1648) ; 

•  Norwood,  in  his  Trigonometry  (preface  dated  Novemlier  1, 1631),  reminds 
his  readers  that  irhen  he  qaotes  the  '  Arithmetica  Logarithmtca  >  he  means 
Briggs's  hook  of  1624,  not  that  put  forth  a  month  since  In  English  (see  ante, 
leu,  Briggs),  "  being  nothing  like  hU,  mr  worthy  his  name.''  He  hkmes 
Vlacq  for  his  "woond  edition"  of  Briggs's  work,  against  Briggs's  "mind  and 
tlking,"  which  he  saTS  frnstrated  the  setond  edition  of  the  original,  besides 
omitting  some  Uiingi  of  apcetal  moBCBt. 


and  also  in  his '  Tabula  Trigonometrioa,'  of  which  we  do  not  know  the 
date. 

1683.  Qellibrand, 'TrigonometriaBritaimica,'Oouda.  Briggs's  woric, 
which  he  did  not  live  quite  to  complete.  Sines,  tangents,  and  secants, 
■mUb.  logarithms  of  the  sines  and  tangents :  sines  to  fifteen  denimalB, 
tangents  and  secants  to  ten,  logarithms  of  sines  to  fourteen  decimals, 
logarithms  of  tangents  to  ten  deoimals.  It  is  to  hundredths  at 
degrees,  not  to  minutes. 

1683.  Vlacq,  '  Trigonometrioa  Artificialis,'  Oouda.  Logaritiuns  o£ 
sines,  tangents,  and  secants,  to  every  ten  seconds,  and  to  ten  plooaa  of 
decimals.  Twenty  thousand  of  Briggs's  logarithms  of  numbon  taro 
added. 

1683.  Nathaniel  Boe.  'Taba1»  Logarithmicte,'  London.  Seven- 
figure  numbers  to  100  thousEmd,  ten-fi^ire  sines,  &o.  to  hundredths  of 
degrees.  The  first  table  in  whidi  attempt  at  compression  was  made  : 
-Uie  numbers  are  inoolumns  of  fifties,  the  first  figures  of  the  logarithms 
being  at  the  top.  A  good  model  for  a  small  and  clear  type.  The 
explutations  are  called  Wingate'e,  whose  name  is  by  the  announcement 
made  so  conspicuous  la  the  title-page,  that  the  whole  book  must  Lave 
often  heea  attributed  to  him. 

1688.  J.  B.  Morin,  '  Trigonometrlae  CanonicsA  Libri  Tres,"  Paris. 
Seven-decimal  Logarithms;  of  Numbers  0(1)1000,  with  interacript 
differenoes;  of  Sines  and  Tangents  0  (I')  45°.  The  decimal  point  is  not 
used. 

(1684).  Cntger.  Kilstner  gives  Bantsig  as  the  place.  The  loga- 
riUims  are  Naperian,  according  to  him. 

1634.  Herigone,  '  Cursus  Mathematicus,'  vol.  iii.,  Paris.  Said  to  be 
the  first  digested  course  of  mathematics ;  contains  logarithma,  appa- 
rency from  Wingate's  French  of  1626. 

(1834).  Frobenius, '  CUvis  Univ.  Trigon.'  The  (by  that  time)  usual 
Bnggs's  logarithms  to  seven  places. 

(1634).  Cruger,  'Pmxis  Trig.  Logarith.  cum  Logar.  Tab.',  *<>., 
Amsterdam. 

(1635).  Cruger,  'Doctrina  AstronomigB,'  Dantdg.  Contains  loga- 
ritnmic  tables. 

1635.  Anonymous, '  Logarithmetlcall  Table,'  London.  [Attributed 
to  Wingttte.  Codson  is  followed  by  Hutton  in  saying  that  Wingate 
published  an  English  edition  of  bis  French  logarithms.  But  Hutton 
never  saw  any  prior  to  this  of  1635,  and  we  can  find  no  mention  of 
anything  of  Wingate's  translated  from  Prenoh,  except  (in  an  old 
catalogue  which  gives  no  dates) '  The  Constraction  and  Use  of  the 
Logorithmetioall  Tables,'  not  tables  themselves.  The  logarithms  of 
the  table  now  before  us  are  of  six  figures,  and  for  the  first  time  units' 
figures  are  at  the  head  of  the  columns,  and  the  tens  down  the  margin. 
There  are  tables  of  1682,  attributed  to  Wingate.] 

We  allow  the  preceding  paragraph  in  [  J  to  stand  as  in  the  '  Penny 
Cyclopedia,'  in  illustration  of  Sie  difference  between  the  utmost  that 
oMi  be  got  from  second-hand  sources,  and  the  results  of  a  look  at  the 
original.  We  have  found  a  copy  of  the  following  work: — '  AayfB- 
fXfnx'^'^y^  ^^B  Construction  and  Use  of  the  Logarithmetlcall  Tables, 
....  first"  published  in  the  French  Tongue  by,  Edmund  Wingate... 
and,  after  translated  into  English  by  l^e  same  author.  The  third 
Edition,  diligently  corrected  and  enlarged  by  the  Author  himself,' 
London,  1648, 12mo.  The  work  is  the  letter-press  of  Wingate  of  1625 
and  1626,  already  noticed,  translated  into  English.  The  tables  have 
a  French  title  of  1685,  '  Une  table  logarithmique . . .  Imprimd  ii 
Londrea'  But  our  separate  copy  of  the  tables,  being  that  which  heads 
this  article,  has  an  English  title,  though  both  tables  are  from  one 
type.  No  doubt  the  first  edition  was  of  1686,  and  the  supply  of 
tables  lasted  several  editions  of  the  supply  of  text.  Wingate  wm  a 
wealthy  man,  and  probably  found  his  disposition  to  alter  and  amend 
his  descriptions  outrun  the  sale  of  the  work.  But  the  tables  are  not 
reprints  of  the  French  tables  of  1626,  They  are  to  six  figures,  not 
seven;  the  numbers  are  0(1)10,000  ranged  by  double  entry,  three 
digits  and  one :  and  the  trigonometrical  tables  are  arranged  in  a 
manner  more  like  that  now  in  use. 

1635.  Henry  Gellibrand, '  An  Institution  Trigonometricall,'  London. 
Seven  decimals ;  logarithms  of  numbers  0  (1)  10,000 ;  sines,  tangents, 
and  secants,  with  logarithms  of  sines  and  tangents,  dividing  the  page 
iirto  two  parte,  one  of  three  columns,  the  other  of  two.  The  form  not 
semiquadrwitid,  but  quadrantal,  with  the  complementol  degree  (in- 
verted) on  the  opposite  poge.  No  differences ;  some  suljsidiary  tables 
for  astronomy  and  navigation;  the  name  of  Briggs  prefixed  to  the 
logarithms  of  numbers  only.  This  is  the  form  of  a  series  of  tables 
which  ran  through  many  continent)^  editions ;  but  they  all  bear  the 
name  of  Vlacq.  It  is  stated  that  Ylacq's  first  edition  of  them  appeared 
in  (1636) :  and  Deohales  (i,  22)  describes  a  work  of  Vlacq  of  precisely 
the  above  contents,  as  of  Qouda  (1636).  Early  editions  of  small  woi^ 
are  often  lost  to  history.  Now  we  have  seen  that  Vlacq  was  a  rapid 
appropriator  of  English  ideas  :  in  less  than  four  years  he  reproduced 
Briggs,  with  tiie  70,000  missing  logarithms,  and  a  table  of  slneB,  fte. 
We  must  suppose  that  he  seized  upon  Qellibrand's  form,  and  imme* 
diately  reprinted  it.  We  have  seen  (1626)  that  Vlacq's  previous  idea 
of  a  small  table  had  been  very  different. 

The  originator,  then,  of  the  long  succeasion  of  .small  tables  is  Gelli. 
brand.  All  the  tables  of  this  Oellibmnd  modd  are  known  at  a  glance 
by  containing,  on  one  page,  sinei,  tangents,  secants,  with  logarithms  ot 
sines  and  tangents,  and  some  vkite  between  the  Bines,  &o.,  and  the 
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loguiUuns.  Under  the  name  of  Vlacq,  his  idea  prevailed  till  1760,  when 
Lalande  fiist  commenced  a  new  series.  Lalsnde  himBalf  originated  a 
thiid  aeries  in  1806 ;  and  the  next  series  begins,  for  England,  with  the 
reprint  of  Lalande  by  the  Useful  Knowledge  Society  in  1839.  Sohulze 
speaks  of  some  small  tables  by  Wolf,  as  being  as  common  in  Germany 
as  those  of  Ylaoq :  of  these  we  do  not  remember  to  have  met  with 
a  copy. 

1643.  F.  B.  Cavalieri,  '  Trigonometria  plana  et  sphnrica,'  Bologna. 
Seven-decunal  Briggs's  logarithms  0  (1)  1000,  with  intenoript  dlfier- 
enoes;  also  sines,  tangents,  secants,  and  theb  logarithms,  O(IO')  SO' 
(30")  1°  {V)  45*.  But  the  decimal  point  is  not  used.  The  logarithms 
of  sine,  tuigent,  secant,  are  styled  logarithm,  mesologarithm,  tomo- 
logarithm. 

1651.  Vincent  Wing,  '  Harmonioon  Coeleste,'  Lcmdon,  The  logar- 
ithms have  separate  title-pages,  and  might,  if  torn  out,  pass  for  separate 
works.  They  have  the  decimal  point  and  are  to  six  decimal  places. 
Sines  and  tangents  0  (!')  4S° ;  numbers,  in  decada,  0  (1)  lUlO,  without 
oharacteristioR.  Wing  was  a  much  more  learned  man  than  his  reputa- 
tion (which  is  that  of  an  almanac-maker)  would  imply. 

1654.  John  Newton, '  Institutio  Mathematica,'  London,  2  vols.  ISmo. 
Contains  tables. 

1657.  Oughtred's  '  Trigonometric,'  London,  published  both  in  E!ng- 
Hsh  and  Latin  in  the  same  ^ear.  The  logarithms  however  are  from 
the  same  type,  with  the  Latm  title  in  both :  they  are  complete  six- 
figura  logarithms ;  the  numbers,  which  go  to  10,000,  having  seven 
figures.  The  trigonometrical  part  contains  sines,  tangents,  and  secants, 
with  the  logarittuDs  of  sines  and  tangents.  The  table  is  quadrantal, 
the  supplemental  degree  being  in  tihe  opposite  pago  inverted.  It 
divides  the  degree  into  100  parts,  though  each  part  is  called  a  mintUe. 

(1657).  Jaim  Kewton,  'Help  to  CcJoulation,'  &a,  for  converting 
sexagenary  tables  into  decimal  by  logarithms. 

1658.  John  Newton, '  TrigonomeMa  Britannica,'  London.  The  loga- 
rithms of  sines,  ftc.,  are  0  (O'OOl)  3°  (0°-01)45*,  to  8  decimals ;  also 
sines  to  IS  and  logarithms  of  sines  to  14  decimals,  46°  (15')  90*.  The 
logarithms  of  numbers  are  thrown  Into  the  form  which  they  have  evw 
since  preserved  in  seven-figure  taUee.  But,  instead  of  differences  to  the 
logarithms  of  numbers,  flve-deoimal  logarithms  of  difTerenoes  are  given. 

1668.  John  Newton,  '  The  Scale  of  Interest,  or  the  use  of  Decimal 
Fractions.'  Hera  is  a  table  of  logarithms  to  six  decimals  0  (1)  10000 
arranged  in  lines  of  decads,  with  a  separate  table  of  proportional  parts. 
This  is  the  first  attempt  at  a  school-book  and  a  workman's  book. 
Th«re  la  an  appendix  of  application  to  carpentry  and  gauging. 

1669.  PhilUppes,  '  A  Mathematioal  Manual'  Six-figure  logarithms, 
common  and  trigonometrical  without  secants  or  cosecants,  0  (I)  10000, 
0(1")  45°. 

1679.  <  A  table  containing  ten  Miliadfl....' and' A  triangular  Canon 
Logarithmieal,'  London.  Seven-decimal  tables,  numbers  0  (1)  10,000, 
and  sines,,  tangents,  and  secants  0  (1')  45°.  These  tables  belong  to 
some  work,  frtwi  which  our  copy  is  cut  out :  signatures  from  Aaa  to 
Ttt,  quarto. 

1681.  Vlaoq, '  Tabuke'  Sinuum,fto.,  Amsterdam  :  also  1683.  Vlacq, 
<  Tables  de  Sinus,'  Ac,,  Amsterdam ;  and  1689,  Vlacq,  '  Tabellen  der 
Sinuum,  &c.,'  Amsterdam.  These  have  the  same  introduction,  one 
in  Latin,  the  other  in  French,  the  third  in  Qerman,  have  sines, 
tangents,  secants,  and  logarithms  of  sines  and  tangents,  to  every  minute 
and  to  seven  decizoals.  Also,  seven-decimal  logarithms  from  1  to 
10,000,  headed  '  H.  Briggii  Tabula  Logarithmorum.'  The  first  and 
second  are  different  prints ;  and  that  of  1683,  which  passes  for  the 
moat  correct  (see  1697,  Ozanam),  is  in  a  beautifully  legible  bold  type, 
large  for  so  small  a  book.  There  are  those  who  would  be  glad  to  use 
it  now.    See  above,  at  the  year  1635,  Qellibrand. 

1G81.  Jonas  Moore,  '  New  Systeme  of  the  Mathematicks,'  London, 
2  vols.  4to.  In  the  second  volume,  as  part  of  an  extensive  system  of 
tables  for  navigation,  are  found  tables  of  logarithms  of  numbers  to 
seven  decimals  0  (1 )  1 0,000,  with  tables  of  proportional  parts  44  (1 )  4320 ; 
sines,  tangents,  and  secants,  and  their  logarithms  0  (1 )  45°.  Also,  for 
the  first  tune  in  England,  a  complete  minute-table  of  natural  and  loga- 
rithmic versed  sines. 

1685.  Ozanam,  "Tables  des  Sinus,'  ftc,  Paris.  This  is  really  Vlacq 
in  every  particular  as  to  the  tables,  though  his  name  is  not  mentioned. 
The  tables  are  attached  to  a  work  on  trigonometry.  Many  a  writer 
thought  that  the  body  of  this  work  consisted  in  his  own  trigonometry, 
or  surveying,  &c,  and  that  the  table  was  an  accessory  of  which  no 
notice  neiad  be  taken.  And  so,  in  our  own  day,  many  persons  who  are 
quite  above  plagarism  of  text  think  it  no  sin  to  bojtiow  plates  or 
diagrams  without  acknowledgment. 

1690.  Dechales,  '  Cursus  seu  Mundus  Mathematicua.'  The  flist 
volume  has  seven-decimal  tables;  logarithms  of  numbers  0(1)10000; 
of  sines  and  tangents  0  (1')  45°,  and  the  sines  and  tangents  also. 

1690.  Wm.  Leyboum,  '  Cursus  Mathematicua.'  'This  book  has  in- 
ternal evidence  of  having  been  written  before  1660.  Seven-decimal 
logarithms  of  numben  0  (1)  10000 ;  six-figure  logistic  iogarithnu  0  (1") 
1°  and  l°(l')l°ia';  tigiu.  tangenta,  and  secants,  *c,  0(1')46*;  the 
names  cosine  and  secant  not  used. 

1697.  Ozanam, '  Tables  des  Sinus,'  fto.,  Paris.  This  is  a  reprint  (see 
1685)  without  trigonometiy,  and  Vlacq  is  acknowledged.  The  printing 
is  from  the  edition  of  the  Hague,  1065,  which  ranks  amongst  the  most 
correct;  the  correction  from  that  of  Amsterdam,  1688,  which  passes 


for  the  more  ooireet.  Two  years  afterwards,  in  1699,  the  tables  only 
vrare  reprinted  (Paris),  the  name  of  Vlaoq  was  restored  to  the  title- 
page,  and  the '  Au  Lecteor,'  written  by  Osanom  in  1697,  was  added  at 
the  end. 

1699.  John  Wing  (nephew  of  Vincent),  '  A  eompleat  Body  of  Snr- 
T^ing,  formerly  publish'd  by  Vincent  Wing,'  London.  Five-dedmal 
logarithms  of  sines  and  tangents,  0  (10")  49' ;  of  numben,  0  (1)  1000. 

(1704).  J.  H[arris],  'Table  of  Logarithms,'  quarto,  mentioned  in 
Button's  sale  catalogue. 

1705.  (Second  edition.)  Anonymous,  '  A  Table  of  Logarithms  for 
Numbers  increasing  in  their  natural  order,  fto.,'  London.  Six-decimal 
logarithms  of  numbers  0(1)  10000.  The  trigonometrical  port  has  a 
separate  title,  1704,  'A  Triangular  Canon  Logarithmieal,'  London. 
Six-decimal  logarithms  of  sines,  tangents,  and  secants  0  (1')  45*.  So 
hx  as  appears,  this  table  was  got  up  by  J.  Seller  and  C.  Price,  mathe- 
matical-instrument makers,  who  seem  to  have  desired  to  sell  their  own 
table  of  logarithms  as  well  as  their  own  quadrants.  This  table  appears 
to  be  a  second  edition,  so  called,  of  a  table  precisely  resembling  it, 
except  only  in  having  seven  deoimikls,  attached  to  the  '  Practical  Navi- 
gation '  of  the  same  John  Seller,  who  appears  as  the  author. 

(1706).  Sherwin,  •  Mathematical  Tables,'  London.  The  first  work, 
we  believe,  in  which  the  proportional  parts  are  in  the  same  page  with 
the  logarithms;  and  the  common  differences  in  the  trigonometrical 
logarithms  mode  common.  Second  edition,  1717;  third,  revised  by 
Gardiner,  and  the  best,  1742  ;  fifth  and  last,  1771,  Tciy  erroneotn — ^the 
most  inaccurate  table  Hutton  ever  met  with. 

1710.  John  Harris, '  Lexicon  Technieum,'  vol  ii  This  volume  con- 
tains seven-decimal  tables  of  logarithms  0(1)10,000,  and  a  complete 
canon  (including  versed  sines),  0(1')46°,  both  natural  and  logarithmia 
There  is  also  a  table  of  proportional  parts  for  evenr  integer  ^om  44  to 
4820.    These  tables,  except  the  last,  seem  to  be  taken  from  Sherwin. 

1717.  Abraham  Shxu-p,  '  Qeomebi  Improved,'  London.  A  lai^ 
table  of  areas  of  the  segments  of  ciredes  :  but  it  contains  logarithms  of 
all  numbers  to  100,  and  all  primes  under  1100,  true  to  sixty  decimalB; 
68  decimals  of  logarithms  999990(1)1000000  with  differences  to  the 
tenth ;  and  68  decimals  of  the  logarithms  1000001(1)1000010.  AJao 
an  immense  mass  of  results  on  the  regular  aolida. 

(1721).  '  Magnus  Canon  Logarithmorum  ....  Typis  Sinenalbua  In 
Aula  Pekinensi  jussu  Imperat(nia  exousus.'  In  this  year  was  printed 
at  Fekin,  by  command  of  the  emperor  Kang-Hi,  in  Chinese  type  and  In 
three  foho  volumes,  Vloeq's  logarithmic  tables  of  sines,  &%.,  to  ten 
seconds,  and  of  numbers  to  100,000.  (Vega,  who  had  seen  a  copy  at 
Vienna.)  The  Boyal  Society  possesses  some  Chinese  logarithms,  and, 
as  usual,  there  were  in  1827  some  who  believed  that  the  Chinese  h-td 
possessed  logarithms  from  all  eternity.  Mr.  Babbage  ('Astron.  ^oc. 
Notioes,'  vol.  i.  p.  9),  examined  these  tables,  and  found  that  six  slig'it 
errors  which  run  through  most  European  tables  were  committed  in 
them.  Only  Vega  and  the  last  impressions  of  Callet  were  free  from 
these  errors.  It  appears  that  the  Chinese,  according  to  their  usual 
practice,  had  taken  from  the  European  work  republidied  at  Pekin, 
without  any  allusion  to  the  source. 

1 741.  Depareieux, '  Nouveaux  Traits  de  Trigonomdtrie  Eaotiligne  et 
Sphdrique,'  Paris.  Depareieux  is  so  much  better  known  by  his  tables 
of  annuities,  that  his  other  writings  *  are  neglected.  The  tables  ar»  all 
to  seven  decimals  (thou^  the  dedmal  point  i»  not  used).  There  are 
logarithms  of  numbers  U  (1)20000;  smes,  tangents,  and  secants,  &a, 
0(10")  5°  (1')  45°,  and  logarithms  of  sines  and  tangents.  This  is  the 
earliest  table  we  remember  to  have  seen  in  which  the  ailment  of 
degrees,  minutes,  and  seconds  accompanies  the  logarithms  of  numbers. 
The  book  is  also  distinguished  by  its  gnomonical  tables,  and  by  the 
excellence  of  its  solid  diagrams. 

1742.  Dodson,  '  Antilogarithmlc  Canon,'  London.  This  work  was 
unique  of  its  kind  until  1849 :  it  contains  the  number,  to  eleven  figures, 
corresponding  to  eveiy  logarithm  from  '00001  to  I'OOOOO :  the  auiuiar  t 

*  Whim  a  penoQ  is  distiogoished  by  ooe  particular  work.  Us  otker,  and 
particularly  his  preTioua,  vritingi,  even  on  the  same  sabjeot,  (o  out  of  notioe. 
How  man;  persons,  for  instanoe,  know  that  LtpUee  poblislied  (wporaMly  bom 
the  Memoirs  of  the  Academy)  a  small  work  on  the  eUiptio  motion  and  o&  the 
flgnreaor  thepltmefas  in  1784!  (See  Lalande,  BibL  Astron.  aoB.  1784.)  And 
how  many  biographical  accounts  of  I^place  mention  It  7 

t  In  the  Phil.  Mag.  for  1863  an  extracts  from  the  diary  of  Reaben  Barrow, 
who  8tat«s  that  Bobertson  (the  author  of  the  Navigation)  told  Urn  that  William 
Jones  (better  known  than  his  son  amoag  the  mathematicians)  viote  Dodaoo's 
preface,  because  Dodson  wrote  socb  a  confosed  style  that  It  Iksd  neither  head 
nor  tall.  This  was  not  tho  case,  as  any  one  stay  see :  naksi  indeed  Dodson 
got  a  IHend  to  write  all  he  published.  But  there  is  also  something  like  a 
charge  of  plagiarism  on  a  different  matter ;  and  there  are  Impatatioas  ogaiast 
other  persons.  We  do  not  object  to  the  production  of  old  diaries ;  but  when 
they  contain  imputations.  It  is  of  importance  that  their  authors  should  be  truly 
painted.  Burrow's  biography,  extracts  from  which  accompany  those  tram  the 
diary,  does  no  more  than  allude  to  "iccmtricUia  m  ])nM(«  lift  tnkMfi'iitmUl!/ 
attend  fftniui,"  and  "  habits  formed  by  casualty  and  the  necessities  of  the  moment, 
rather  than  by  design  and  the  prudent  hand  of  a  master."  Ihs  truth  Is  that 
Burrow,  a  very  able  mathematician,  was  envious  and  fool-jnouthed  to  aa  extettt 
-which  it  would  be  an  insult  to  thousands  of  seU-alcTated  men  to  palliate  by  the 
plea  of  want  of  early  eduoatlon.  Of  this  we  shall  give  an  instaaes.  Sreen  and 
Wales,  two  very  worthy  as  well  as  able  men,  were  suooeaslTely  (he  iwtmnnmws 
who  acoompanied  Captain  Cook  in  his  voyage* :  probably  Burrow  had  been  a 
competitor  for  the  post.  In  his  copy  of  any  beok  published  by  either  of  theso. 
Burrow  usually  wrote  some  scurrilous  aspersion,  of  which  we  hare  seen  several 
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corrected  the  faults  in  meet  copies  with  his  own  hand.  Harriot  began 
audi  a  table,  according  to  Wallis,  and  Dr.  Pell  told  Wallis  that  Warner 
had  finished  the  table,  and  that  it  was  in  the  hands  of  Dr.  Busby, 
master  of  Weatminater  SchooL  It  was  never  published,  and  is  pro- 
bably loat.  All  our  efforts  to  trace  it,  by  help  of  published  letters,  &c., 
lead  to  thecondusion  that,  if  existing,  it  must  be  among  Lord  Maccles- 
field's unexamined  manuscripts  at  Shbebum  Castle :  this  is  by  no  means 
improbable. 

1742.  Qardiner,  'Tables  of  Logarithms,'  London.  Numbers  1 — 
100100,  aines,  4o.,  0  (1")  72'  (10")  45°,  all  to  seven  places,  with  logistic 
logarithms,  and  logarithms  0(1)1148  and  101000(1)101139,  and 
numbers  to  logarithms  -00001  (-00001) -00139,  to  twenty  decimal 
places.  Rare,  and  much  esteemed  for  accuracy :  the  author  corrected 
the  faults  with  his  own  hand.    Few  copies  were  printed. 

1742.  Anonymous,  printed  by  J.  F.  Qleditschen,  'Des  yollstiindigen 
Mathematischen  Lezici  zweyter  Theil,'  Leipzig.  Here  we  have  squares 
and  cubes  0  (1)  10,000 ;  seven-decimal  logari^ms  of  sines,  tangents, 
and  secants  0(1')46°;  logarithms  of  numbers  0(1)20000;  sines, 
tangents,  and  secants  0(1')45''  to  seven  decimals;  faotora  of  odd 
numbers  not  ending  witii  6,  to  10,000. 

174S.  Rivard, '  Tables  des  Sinus,  &c.,'  Paris,  with  the  official "  appro- 
bation" of  Clairaut.  Seven-decimal  logarithms  of  sines,  tangents,  and 
secants  0  (!')  45° ;  sines  and  tangents  to  five  decimals ;  secants  in  a 
separate  table ;  logarithms  of  numbera  0  (1)20000  :  all  with  character- 
istics and  no  decimal  points. 

'  1747.  James  Dodson,  'The  Calculator  ....  adapted  to  Science, 
Business,  and  Pleasure,'  London.  A  large  collection  of  small  tables, 
with  sufficient,  though  not  the  most  convenient,  seven-figure  loga- 
rithms. If  a  person  of  varied  mathematical  pursuits  wanted  a  book, 
say  for  travelling,  he  would  not  easily  find  one  which  would  answer 
more  purposes  at  a  pinch  than  the  one  we  now  speak  of.  The  contents 
are  too  varied  for  enumeration. 

1757.  In  the  original  articles  there  was  a  gap  from  1742  to  1770, 
which  shows  that  there  was  a  lull  in  the  publication  of  pare  mathe- 
matical tables.  The  period  was  one  in  which  the  mathematicians  were 
very  much  absorbed  in  physical  investigation.  AYhen  this  is  the  case, 
tables  of  pure' mathematics  find  their  way  into  works  of  physics  and 
astronomy  imder  headings  of  application.  Should  any  one  ever  enlarge 
upon  our  plan,  he  must  search  astronomical  and  other  works  for  such 
tables  as  the  following :  Thomas  Barker, '  Account  of  comets  ....  with 
new  tables,'  London,  4to.,  1767.  The  tables  give,  for  focal  distance 
unity,  and  for  angles  of  anomaly  0  (6')  180°,  the  distance  of  a  point 
from  the  focus  of  a  parabola,  and  the  area  of  the  sector  on  the  supposi- 
tion that  at  90°  the  sector  is  100°.  Halley  had  given  a  table  of  the 
same  kind  on  a  much  smaller  scale :  and  Euler,  in  the  '  Theoria 
Motuum  Flanetarum,'  in  1744,  had  given  the  area  of  the  parabola  for 
each  degree  of  anomaly.  Professor  Schumacher  (September  3,  1846), 
wrote  to  us  as  follows  :  "  Professor  Enorre  has  sent  me  this  (Barker's) 
table,  calculated  from  0°  to  180"  of  anomaly,  from  10"  to  10"  (like 
Callet's  sines),  to  see  if  I  can  get  it  printed.  It  is  a  work  of  immense 
labour,  executed  by  Mr.  Rupertus  in  Russia.  The  booksellers,  of 
course,  will  not  undertake  it."  We  have  heard  nothing  more  of  this 
table.  More  tables  than  we  think  it  desirable  to  describe  here,  on  the 
ellipse,  parabola,  and  hyperbola,  as  orbits  of  a  comet,  are  given  in 
'  Methods  of  computing  the  Orbit  of  a  Comet  or  Planet,'  bemg  the 
appendix  to  the  third  volume  of  Bowditch's  translation  of  the  '  M^ 
canique  Cfleste,"  Boston  (U.S.),  1834,  4to. 

(1760).  Lacaille  and  Lalande  first  published  a  small  table :  Marie 
reprinted  it  in  1768  :  there  were  editions  in  (1781, 1791,  1799).  So 
far  Lalande,  in  his  preface  of  1806  (see  that  year) :  none  of  these  works 
have  come  to  our  hands. 

1770.  J.  H.  Lambert, '  Zusatse  zu  den  Logarithmischen  tmd  Trigo- 
nometrischen  Tabellen.'  This  is  a  miscellaneous  collection  of  tables 
and  formulae,  containing — Primes,  at  least  divisors  of  all  odd  numbers 
which  do  not  divide  by  8  or  6,  up  to  102,000 ;  three-digit  terminations 
of  odd  squares :  first  ten  multiples  of  tlX  prime  numbers  up  to  313 ; 
primes  alone  up  to  102,000 ;  powers  of  2  as  far  as  the  70th,  and  of 
3  and  5  as  far  as  the  60th ;  hyperbolic  logarithms,  seven  decimals, 
0(1)100,  and  1  (-01)10,  and  1(1)10  to  25  places;  numbers  which 
divide  by  2,  3,  5,  or  7  oijy,  or  their  powers  or  products  (except  those 

inttanco.  But  In  the  'Misc.  Sclent.  Cor.,'  of  whkh  Oreen  and  Wales  were 
co-editors,  he  Tclt  that  the  eoqjanctton  of  his  luminaries  demanded  a  spring- 
tide, and  he  lecordingly  wrote  the  following  eccentricitj  of  genius  in  private 
life  on  the  fljr-lejir  of  his  copy,  now  before  us,  and  left  it  to  posterity: — 
"  Miseellsnea  Scientlfloa  Carioaia,  or  a  Balderdash  Miscellany  of  danu'd  Stupid, 
Bsggamuffln,  Methodistical  Nonsense  and  Spuability.  By  two  of  the  most 
stupid  and  moat  dirty  of  all  possible  Fools,  Kogues,  and  Seonndrels ;  t1s<., 
John  Green,  A.M.,  hito  Tub-thumper,  now  Sonl-drlrer  in  Hell ;  and  ■William 
Wales,  — bruaher  at  Christ's  Hospital,  not  only  the  dirtiest  Scoundrel  that  God 
ever  made,  but  the  dirtiest  rascal  that  he  possibly  could  make.  Amen," 
There  are  other  notes  in  the  booic  about  these  persons  and  others  as  well ;  hut 
this  is  enough.  The  reader  will  excuse  the  production  of  such  coarseness,  in 
consideration  of  the  expediency  of  fixing  the  value  of  extracts  made,  or  to  l>e 
made,  trom  Burrow's  diary. 

*  The  woTli  had  a  small  list  of  very  influential  subscribers.  Of  about  1 10 
names  of  persona  and  institutions  in  the  llgt,  one  in  tliree  is  the  name  of  a 
person  now  luiown  by  name  to  any  smatterer  in  scientiflo  and  literary  history. 
Few  subscription  lists  would  give  such  a  result  after  a  century  of  existence. 
The  work  thus  ncommended  makes  an  epoch  in  the  tiistory  of  tables. 


which  divide  by  2  or  8  only),  up  to  10,000;  sines  of  3°  uid  its  multi- 
ples expressed  quadratically ;  cjrclometrical  ratio;  27-decimaI  arcs 
0  (1°)  100°  (20°)  120°  (80°)  880°,  and  for  minutes  and  seconds ;  fivo- 
dedmal  sines  and  nine  multiples  0  (1°)  90°  ;  seven-decimal  sines,  tan- 
genfai,  and  secants,  and  logarithms  of  sines  and  tangents  0  (1°)  90*  ; 
tables  for  facilitating  cubic  equations ;  sines  and  cosines  of  kgperbolie 
trigmtometry,  the  only  table  of  the  kind  we  have  met  with ;  squares 
and  cubes  0(1)1000;  figurate  numbers  to  the  12th  order,  30  of  each; 
eight-decimal  powers  of  fractions  0('01)1  to  the  11th  power;  seven- 
decimal  square  roots  0(1)  100  ;  with  smaller  matters  and  many  alge- 
braical formulae  of  development.  There  is  said  to  be  another  edition 
of  this  useful  miscellany,  Lisbon  (1798). 

1770.  Reprint  of  Gkurdiner  at  Avignon,  by  Pezenas,  Diunas,  and 
Blanchard,  with  the  first  four  degrees  to  single  seconds,  from  a  manu- 
script which  Mouton  had  bequeathed  to  the  Academy  of  Sciences. 
The  three  industrious  editors,  all  of  them  priests,  who  found  time 
to  complete  this  useful  undertaking,  modestly  withheld  their  names  ; 
but  Lalande,  who  was  in  communication  with  them,  and  who  vras  an 
old  pupil  of  Dumas,  has  recorded  them.  There  was  a  reprint  of  some 
sort  at  Florence,  in  (1782),  and  we  have  been  informed  of  a  third 
Italian  edition,  so-caUed,  Florence  (1810),  badly  printed,  and  contain- 
ing also  logarithms  of  prime  numbers  up  to  6607,  to  twenty  figures. 

(1772).  Qherli's  '  Logarithms,'  Modena.  Very  much  the  same  as 
Button's  in  their  contents. 

1776.  Douwes  'Tafellen  behelzende  de  Sinussen  . .  . .  als  mode  de 
Logarithmen,'  &c.,  Amsterdam.  A  complete  minute-canon  to  seven 
decimal  places ;  followed  by  logarithms  to  seven  places ;  versed  sines 
and  logarithms  on  the  same  scale  to  90  degrees ;  logarithms  of  numbers 
from  1  to  101000  ;  and  traverse  tables. 

1778.  J.  C.  Schulze, '  Neue  und  erweiterte  Sammlung  logarithmis- 
cher  .  . .  Tafeln,'  Berlin.  Also, '  Recueil  de  tables  logarithmiques  .  .  . .' 
The  titles  and  preliminary  explanations  are  both  in  French  and  Grerman. 
Two  volumes.  This  is  a  valuable  and  original  collection.  It  contains 
the  usual  seven-figure  tables  0  (1)  101000 ;  a  page  of  multiples  of  '484 
. : .  and  its  reciprocal  to  48  places,  and  powers  of  2-718  ...  to  28 
figures ;  Wolfram's  •  hyperboUc  logarithms  of  all  numbers  from  1 
to  2200,  and  from  thence  to  10,000  for  all  numbers  not  divisible  by 
any  single  digit,  all  to  forty-eight  dtamal  placet ;  common  logarithms 
to  seven  decimals  of  sines  and  tangents  0  (1")  2° ;  logistic  logarithms  to 
four  decimals  0  (1")  1° ;  a  complete  canon  0  (10")  4°  (V)  46°  containing 
sines,  tangents,  and  secants  to  seven  decimals,  common  logarithms  of 
sines  and  tangents  to  seven  decimals,  Naperian  (not  hyperbolic)  loga- 
rithms of  sines  and  tangents  to  eight  decimals ;  first  nine  multiples  of 
sines  of  every  degree  to  five  decimals ;  lengths  of  arcs  0  (1°)  360°  to 
twenty-seven  decimals ;  ditto  0  (1')  1°  and  0  (1")  1' ;  powers  of  fractions 
0  (-01)  1  as  far  as  the  eleventh,  to  eight  decimals;  squares  and  cubes 
0(1)1000;  square  and  cube  roots  0  (1)  1000  to  seven  decimals;  bino- 
mial coefficients  0  ('01)  1  to  six  factors ;  a  table  for  the  fall  of  bodies, 
of  rational  right-angled  triangles  with  the  angles,  and  small  tables  of 
specific  gravities  and  of  weights  and  measures.  Half-a-dozen  of 
Wolfram's  logarithms  which  were  accidentally  missing  in  consequence 
of  an  illness,  are  supplied  in  the  Berlin  Gphemeris  for  1783,  p.  191. 
The  Naperian  logarithms  of  sines  and  tangents  are  an  abbreviation  of 
tJrsinus,  (see  1624). 

(1783).  Vera  '  Logarithmische  Trigonometrische  und  andere  .  . 
Tafeln  und  Formeln,"  Vienna.  This  was  Vega's  first  work,  and  we 
have  never  met  with  it.  (Octavo.) 

1783.  Callet,  '  Tables  Portatives  de  Logarithmes,  publides  U 
Londres  par  Gardiner,'  &o.,  Paris.  The  first  edition  of  Callet,  as  it  is 
called,  was  really  made  from  Gardiner's  tables  "  augment^es  et  perfec- 
tionn^es  dans  leur  disposition  par  M.  Callet."  Callet  added  as  much 
of  each  kind  of  table  as  would  leave  no  white  in  his  last  page,  and, 
from  Mouton,  completed  the  single-second  table  of  sines  and  tangents 
up  to  2°.  Here  also  first  occurs  the  broken  line  at  the  change  of  the 
third  figure.  On  this  edition  Hutton,  commonly  said  to  have  much 
prejudice  against  French  men  and  things,  says  "  it  is  but  justice  to 
remark  the  extraordinary  spirit  and  elegance  with  which  the  leaned 
men  and  the  artisans  of  tJie  French  nation  undertake  and  execute 
works  of  merit :"  and  the  compliment  is  well  deserved  by  the  beauty 
of  the  type  and  the  general  accuracy  of  the  work.  The  contents  are 
seven  figure  logarithms  of  members  0  (1)  102960,  of  sines  0  (1")  2°, 
of  sines  and  tangents  0  (10")  45°;  logistic  logarithms;  logarithms  to 
twenty  decimals  0  (1)  1000  and  for  primes  up  to  1161 ;  also  for  101000 
(1)  101179  with  three  orders  of  difi'erences ;  20  figures  of  numbers 
to  logarithms  -00001  ('00001)  -00179  with  the  same  diSerenoes; 
hyperbolic  logarithms  to  seven  decimals  1  ('01)  10'59. 

1796  (new  tirage,  1821,  with  many  erroia  oorreoted).      Callet, 

*  This  table  was  the  work  of  Ueot.  WoUhUD,  of  the  Dutch  artillery,  and 
took  six  years  of  hard  labour.  It  is  one  of  the  most  striking  additions  to  the 
fimdamenta  of  the  subject  which  has  been  made  in  modem  times.  Delsmbre 
(■  Hist.  Astr.  Mod.,'  v.  i.,  p.  iOl,  &c.)  Introduces  hia  comparisons  of  Napier 
and  Wolfhim  so  abruptly,  and  so  many  pages  elapse  before  the  reader  can  find 
out  who  the  Utter  was,  that  moat  probably  many  have  inferred  that  the  two 
were  contemporaries.  But  this  is  Delambre's  way,  and  is  often  lialiie  to  confuse 
fi  reader  who  lias  no  warning  on  the  subject.  With  a  work  before  him  from 
wMch  he  is  drawing  his  materials,  he  perhaps  never  mentions  it  till  the  end 
of  Ilia  remarks,  or  perhaps  caoually  in  the  middle,  though  until  such  mention  i( 
made,  all  he  says  is  very  liable  to  be  misunderstood. 
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'  Tables  PortatiTes,'  &o.,  Paria.  Two  volumeB.  This  second  edition, 
ttereotyped  b;  Firmin  Didot,  is  one  of  the  most  correct  and  oonvenient 
as  weU  as  extenslTe  works  in  azistenoe  :  many  persons  prefer  it  to  any 
other.  It  oontaina  the  tisual  seven-figure  loguithms  from  1  to  lOSOOO 
—common  and  hyperbolic  logarithms,  each  to  20  decimals,  up  to 
1200 — logarithms,  common  and  hyperbolic,  to  18  decimals,  with  first, 
second,  and  third  differences,  from  101000  to  101179 — numbers  to 
logarithms,  common  and  hyperbolic  (to  20  figures),  from  '00001  to 
00179,  with  the  same  differences;  common  logarithms*  to  61 
decimals,  and  hyperbolic  to  48,  to  all  numbers  from  1  to  100  and  all 
primes  to  1097 ;  the  same  for  numbers  from  999980  to  1000021— mul- 
tiples of   2-30258  . . .  and  -48129 to   100   times— arcs   to  25 

decimals,  for  both  sexagesimal  and  centesimal  division — seven-figure 
logarithmic  sines,  &c.  for  each  minute  of  the  centesimal  division — sines 
(15  decimals)  and  their  logarithms  (the  remaining  places  up  to  14,  the 
first  seven  being  in  the  last  table)  for  centesimal  degrees  and  tenths 
— proportional  parts — sexagesimal  seven-figure  logarithms  of  sines  and 
tangents  0  (1")  6°  (10")  45° — logistic  logarithms.  Those  tables  are 
tolerably,  but,  we  believe,  not  extremely,  correct  in  all  parts,  except  in 
the  latest  tir^.  The  tirage  of  1827,  on  yellow  paper,  was  taken  to 
accompany  Mr.  Babbage's  logarithms. 

1784.  M.  Robert,  curate  of  St.  Qeneviive  &  Toul,  sent  Lalande 
('  Ency.  Meth.'  Tables,)  a  manuscript  volume  containing  sines  to  every 
second,' to  how  many  places  he  does  not  say  ;  shortly  afterwards  he  sent 
the  tangents.  Lalande  gives  a  hint  that  the  approaching  publication  of 
Taylor's  logarithms  prevented  any  steps  being  taken  to  print  these.  He 
also  states  that  there  was  in  the  library  of  the  Academy  of  Sciences  a 
manuscript  of  Mouton,  giving  the  logarithmic  sines  and  tangents  of 
0  (1")  4°  to  eleven  figures ;  we  suppose  he  means  to  ten  places  of  ded- 
mals  (see  1770).  M.  Robert's  manuscript  came  into  Delambre's  posses- 
sion, and  was  bought  at  the  sale  of  his  books  by  Mr.  Babbage,  in  whose 
possession  it  now  i&  It  is  in  two  large  folio  volumes,  the  figures  (to 
seven  decimals)  being  written  in  printed  skeleton  columns.  Some  cor- 
rections of  Callet,  discovered  by  means  of  this  manuscript,  were  printed 
in  one  of  the  nautical  almanacs. 

1785.  Hutton,  'Mathematical  Tables,'  London.  Many  editions, 
the  second  in  1794;  one  in  1849.  A  very  correct  set,  with  sines, 
tangents,  &c.,  and  versed  sines,  complete,  both  natural  and  logarithmic. 
For  those  who  want  seven  places,  and  can  have  but  one  book,  there  is 
none  better.  The  additional  matters,  especially  the  histotical  introduc- 
tion, are  well-known. 

1789.  William  Oarrard  '  Copious  Trigonometrical  Tables.'  This  is 
one  of  the  largest  of  what  are  called  in  navigation  traverse  tabUt.  For 
every  integer  hypothenuse  from  1  to  300  are  given,  to  two  decimals, 
the  value  of  the  base  and  altitude,  for  every  angle  0  (10')  90°. 

1792.  Michael  Taylor,  '  Tables  of  Logarithms,'  London.  In  the 
trigonometrical  part  the  sines  and  tangents  are  to  every  tecond.  The 
errata  of  this  work  have  been  published  in  various  nautical  almanacs. 
This  widely  used  work,  the  first  to  which  0"  (1')  90°  applies,  was 
by  a  most  industrious  computer,  attached  to  the  staff  of  the '  Nautical 
Almanac.'  He  died  just  before  the  last  half  sheet  was  printed ;  and 
Dr.  Maskelyne  supplied  the  introductory  matter.  This  book,  like 
others  published  by  the  Admiralty,  was  not  sufficiently  advertised.  It 
sold  as  a  second-hand  book,  neither  sellers  nor  buyers  knowing  that 
Mr.  Murray  had  {denty  on  hand.  For  ought  we  knoir>  the  same  thing 
may  still  go  on. 

1791-1807.  Maseres,  'Scriptores  Logarithmid,' London.  The  first 
volume  contains  a  reprint  of  Kepler's  Logarithms,  the  sixth  and  last 
of  Napier's  work  of  1614,  and  John  Sperdell's  logarithms  of 
numbers. 

1794  or  1796.  (an  IIL,  a  Port-Malo,  chee  L.  H.  Honus,  fils)  Tables 
des  logarithmes  des  nombres,  depuis  1  jus  qu'k  10700  ....  dressed 
A  I'usi^ge  de  la  navigation ....  Six  figure  logarithms  of  the  common 
type,  in  all  respects  but  one,  and  that  one  curious  and  perhaps  unique. 
A  rectangle  which  eomen  with  the  upper  right  of  the  page,  has  an 
extent  of  80'  with  the  usual  semi-qua^tmtal  arrangement  of  trigono- 
metrical logarithms.  In  the  remaining  gnomon  comes  a  part  of  the 
table  of  logarithms  of  numbers.  At  ninety  of  these  to  a  page,  the 
logarithms  of  numbers  come  so  near  in  the  book  to  the  corresponding 
figures  in  the  sines  and  tangents,  up  to  45°,  that  a  person  who  wants 
the  natural  sine  or  tangent  has  very  little  turning  of  pages  to  do.  But 
this  is  no  help  to  the  second  half  of  the  sines,  or  the  first  half  of  the 
cosines.  When  the  half-quadrant  is  finished,  the  remaining  logarithms 
of  numbers  tan  on  in  the  usual  way.  Had  the  author  made  a  full 
quadrantol  arrangement,  and  checked  the  speed  of  his  logarithms  of 
numbens  a  little,  by  additional  lead  or  otherwise,  as  he  went  on,  he 
might  have  made  something  which  would  possibly  have  been  judged 
worthy  of  imitation,  in  tables  specially  intended  lor  astronomers  and 
otiier  trigonometere. 

1795.  The  Abb^  Borne,  a  IVenchman,  gave  a  table  of  logarithms  of 
numbers  of  a  peculiar  kind  at  the  end  of  his '  Principie  ragionati  de 
Aritmetioa,'  Peaaro,  8vo.  All  numbers  which  end  with  1,  3,  7,  9,  are 
foimd  by  double  entry ;  thus  6973  is  in  colunm  headed  69,  and  row 
fronted  73.  If  this  were  a  prime  number,  seven  decimals  of  logarithm 
would  have  been  entered  :  as  it  is,  the  lowest  divisor,  19,  is  entered. 
Thus,  in  20  pages  there  ii  a  potential  table  0  (1)  10,000.    But  the 

*  The  last  i\  plooes  are  given,  the  flnt  ten  being  aooesaibls  in  a  foimer  table. 


Abb^  did  not  see  that  the  same  space  would  have  contained  the  loga- 
rithms of  all  odd  numbers  not  ending  with  5 :  and  thara,  with  the 
logarithms  of  2  and  6  printed  at  the  head  of  every  page,  would  have 
done  better  service  than  the  factors.  Authors  often  forget  that  they 
do  not  save  either  space  or  cost  of  printing  by  what  appear  abbrevia- 
tions or  omissions  in  the  manuscript :  the  saving  is  but  so  much  of 
what  the  printer  caUs  vhite,  which  is  done  by  types ;  and  white  is 
black,  both  in  the  room  it  takes  and  in  the  printer's  bill. 

1794.  George  Vega,  'Thesaurus  Logaritimiorum  oompletus,' 
Leipzig,  folio.  Vega's  edition  of  Vlaoq.  See  Vlacq  of  1628  and  1633. 
A  very  correct  work :  a  ducat  was  offered  for  every  error  detected. 
There  is  also  a  Qermau  title-page,  and  the  explanations  are  both  in 
German  and  Latin.  This  is,  no  doubt,  up  to  this  time,  fAe  table 
of  logarithms;  the  one  of  all  others  to  which  ultimate  reference 
should  be  made  in  questions  of  accuracy.  Its  contents  are, — a  ten- 
decimal  table  of  common  logarithms  1  (1)  101000  distributed  in  the 
common  manner,  a  decad  in  each  line  of  the  double  page,  with  the 
differences  arranged  in  the  same  way,  and  tables  of  proportional  parts 
for  the  first  three  figures  of  the  differences,  Loganthmio  sines  and 
tangents  to  10  decimals,  0  (1")  2°  (10")  45°.  Sines  0  (I'O  12*  to  ten 
dedmals.  Lengths  of  arcs  to  11  dedmsls.  Wolfram's  hyperboUc  loga- 
rithms (see  1778)  above  described,  reprinted  from  Schulze. 

1794.  J.  J.  Qirtaimer,  '  Logarithmische  Tafeln  zur  Abkurzung 
kaufmannischer  Rechnungen,'  oommerdal  logarithms.  The  plan  is  to 
have  logarithmic  tables  for  integers  and  different  aorta  of  fractions, 
among  which  eighths,  tenths,  sixteenths,  and  sixtieths  are  conspicuous. 
But  it  will  not  do :  Mohammed  must  go  to  the  mountain.  When 
coinage,  weights,  and  measures,  are  declnudlBed,  the  use  of  logarithms 
will  follow  as  a  matter  of  course.  It  is  useless  trying  to  bring  loga- 
rithms to  ordinary  fractions. 

1797  (2  vols.  2nd  ed.,  or  rather  second  work)  and  1812.  Vega, 
'  Tabulce  Logarithmioo-Trigonometricaj,'  Leipsic.  TiUes  and  introduc- 
tion both  in  German  and  Latin.  The  usual  logarithms  of  numbers, 
0  (1)  101000;  logarithms  of  sines  0  (0"-l)  l',and  0  (1")  1°  SO",  and  the 
full  canon  0  (10")  6°  8'  (1')  45° — divisors  and  primes  already  noticed — 
eight-figure  hyperbolic  loj^ithms  from  1  to  1000,  and  for  all  primes 
up  to  10,000-— powers  of  2-71828,  and  their  common  logarithms  (from 
exponent  -01  to  lO'OO).  First  ten  powers  of  numbers  up  to  50; 
squares  and  cubes  of  numbers  up  to  those  of  1000,  &o., — logistic 
logarithms,  binomial  co-efficients,  and  astronomical  tables  various. 
There  an  various  smaller  editions  from  Vega,  as  at  Leipsic  (1820),  and 
(1826). 

1799.  3.  P.  Hobert  and  L.  Ideler, '  Nouvelles  Tables  TrigonomS- 
triques  calcul^es  pour  la  Division  ddcimale  du  Quart  de  Cercle,'  Berlin. 
DeUmbre  speaks  nighly  of  this  table;  but  he  is  wrong  in  saying  it 
subdivides  the  quadrant  as  minutely  as  those  which  hinuelf  and  Borda 
published.  Meaning  by  1°  the  hundredth  of  the  right  angle,  and  1' 
being  0°'01,  and  so  on,  Hobert  and  Ideler's  division  of  the  quadrant  is 
0  (10")  3°  (1')  50°;  but  Delambre  and  Borda's  are  as  below.  The 
Berlin  table  gives  sines  and  tangents  and  their  logarithms,  through  the 
quadrant ;  the  Paris  table  gives  logarithms  only.  The  former  has  no 
logarithms  of  numbers  except  0  (1)1100  and  999980  (1)  1000021,  all 
to  36  decimals. 

1800  or  1801.  (An.  IX.)  Delambre  and  Borda, '  Tables  Trigonom^ 
triques  D^cinudes,'  Paris.  These  tables  were  corrected  from  the  grand 
'Tables  du  Cadastre,'  still  unpublidied.*  [Promt,  in  Bioa.  DiT.] 
They  contain,  the  common  logarithms  of  numbers  to  seven  dedmals, 
11-dedmal  logarithms  of  numbers  from  1  to  1000,  and  from  100,000 
to  102,000° ;  11-dedmal  logarithmic  sines,  cosines,  tangents,  and  co- 
tangents 0  (10"  centesimal)  10*  and  0  (10')  100;  11-figure  hyperbolic 
logarithms  from  1  to  1000 ;  7-decimal  logarithms  of  sines  and  tangents 
0  (I'O  3°  (lO'O  40°  (1')  50°  centesiraaL 

1802.  J.  R.  Teschemacher.  '  Tables  calculated  for  the  Arbitration  of 
Exchanges,  both  Simjde  and  Compound,'  London.  This  is  a  book  of 
commercial  [logarUhnu,  though  the  author  wisely  avoided  frightening 
the  merchant  by  mentioning  the  word  iu  any  part  of  his  book.  There 
is  one  table  of  logarithms  for  the  exchange  between  London  and  each 
other  place  :  the  tables  average  about  a  page  each.  With  this  limited 
range,  the  logarithms  are  really  effectively  applied  to  commercial 
purposes,  and  operations  are  very  much  simplified.  There  is  no  need  of 
a  separate  book  of  logarithms  :  all  that  the  reader  knows  or  needs  to 
know  is  that  certain  nameless  figures  are  to  be  used  in  a  certain  eaqr 
way.    We  are  fully  of  opinion  that  such  a  work  might  be  very  useful 

1804.  De  la  Caille,  De  la  Lands  and  Marie, '  Tables  de  Logarithmes,' 
Paris.  Six  dedmal  places,  wliich  probably  the  preceding  ones  had, 
(see  1760).  The  trigonometrical  tables  O(l')  45°  as  usual,  with 
differences  for  1'  :  the  numbers  0(1)  21600.  La  Lands  has  forgotten 
to  mention  this  edition ;  or  perhaps  it  was  not  published  when  he  was 
preparing  the  work  next  mentioned. 

1805.  De  la  Lande,  '  Tables  da  Logarithmes/  Paris.  Stereo^med. 
See  1760, 18S1. 

1806.  Thomas  Whiting.  'Portable  Mathematical  Tables,'  London. 
Six-figure  logarithms.  This  book  is  a  striking  proof  that  in  the  old 
figure,  the  reduction  of  the  thickness  of  the  type  very  much  increases 
the  legibility.  This  is  a  very  easy  book  to  read,  and  would  exactly 
suit  those  who  want  a  large  type  in  a  small  book. 

•  Ttaero  was  once  a  oommenaement  e(  the  i^inting,  and  we  have  ■«<&  soma 
of  the  proob. 


Digitized  by 


Google 


1003 


TABLE. 


TABLB. 


SOM 


1808.  Bbwk.  'AdTiaiiiY]aaqTabiiltaSinuum,'&o.  Leipdg.  The 
oontenU  ue  aa  before  deicribed  (1688).  This  is  a  new  (and  appa- 
rently the  last)  edition  of  Ebert's,  whoae  preface  is  dated  1790. 
Beaidei  the  contenta  above  described  there  are  logariUimlo  sinee  aoA 
tangents  for  each  second  of  the  first  degree,  and  aq[uare8  and  cubes  of 
all  integers  up  to  1000. 

1809.  George  Douglas.  'Mathematical  Tables/  Edinburgh.  A 
long  preface ;  followed  by  seven-deoimal  logarithms  from  1  to  10,000, 
ten  in  a  line,  in  the  usual  way.  Two  supplemental  tables,  with  the 
same  from  10,000  to  11,000,  and  from  100,000  to  101,000.  A  com- 
plete logarithmic  canon  for  minutes,  to  seven  decimals.  A  corre- 
sponding canon  of  natiual  sines,  iu>.  Natural  and  logarithmic  vented 
sinee,  the  former  to  90°,  the  latter  continued  to  180°.  A  table  to 
convert  sexagesimals  into  decimals ;  and  logarithms  from  1  to  180,  to 
16  decimals.  A  different  arrangement  from  the  usual  one  in  several 
respects.    Ko  difierenoes  in  any  part  of  the  tables. 

(1812).  In  Zach's '  Honathliche  Correspondens,'  ToL  xxvL,  page  498, 
Oauss  proposed  his  logarithms  tor  the  finding  of  log  (a  +  i)  from  log  a 
and  log  b  [Looajiitbms,  Qadbb'b],  with  a  specimen,  ~Be  stated  t£at 
he  had  been  in  the  habit  of  using  five-figure  tables  of  his  own  con- 
struction. Oauss  has  given  a  short  review  of  Paaquich's  tables 
(mentioned  below,  1817)  in  the  '  Gottingen  gelehrte  Aszelgen,'  1817, 
No.  168. 

(1814).  [Printed  by]  Firmin  Didot,  Paris.  Siz-dedmal  logarithms 
beautifully  printed  :  numbers  0  (1)  31760 ;  sines  and  tangents  0  (I')  45* ; 
r-^ain  x  and  tan  x-i-x  to  S°;  sines,  cosines,  tangents,  cotangents, 
0  (0°-00001)  0°'0S000  (0°-0001)  0°'600O. 

1814.  Barlow's  Tables,  London.  Here  are  fotmd  eight-figure  hyper- 
boUc  logarithms  up  to  tiuit  of  10,000,  calculated  from  the  primes  in 
Vega.    They  had  been  previously  printed  in  Bees's  Cyclopeedia, 

The  factors,  primes,  to.  in  this  work  have  been  already  mentioned, 
and  it  also  contains  a  table  for  the  irreducible  case  of  cubic  equations, 
hinomial  coefficients,  algebraic  fonnulse,  specific  gravities,  &c.  The 
reprint  of  1840  oontiins  only  the  squares,  cubes,  square  and  cube  roots 
and  reciprocals;  bat  for  toese  tilings  it  is  the  most  accurate  which 
exists. 

1817.  Thomas  Preston,  'A  new  ^stem  of  Commercial  Arithmetic' 
Seta  of  five-figure  logarithms.  In  the  first,  the  number  is  (jio  repre- 
sented as  a  number  of  pence,  and  turned  into  pounds,  Sea.  Thus,  9701 
has  402,  8f.  5d.  on  the  other  side  of  its  loganthm  :  this  is  carried  as 
far  as  1802.  A  similar  table  for  avoirdupois  poimds,  as  far  as  6  tons. 
A  table  from  1  to  380,  proceeding  by  twelfths :  from  1  to  812,  by 
sixteenths :  and  other  tables  of  the  same  kind.  This  is  one  of  the 
largest  attempts  of  the  kind. 

1817.  J.  _  Pasquich,  'Tabul«  Logarithmioo-Trigonometricto  oon- 
tiactie,'  Leipzig.  Title  and  explanations  in  both  Latin  and  German. 
Five-decimal  logarithms  of  numbers  0(1)10,000;  logarithms  of  sines 
and  tangents  0(10")  66(30*)  1";  five-decimal  logarithms  of  sines  and 
tangents,  with  a  table  of  the  tquara  of  sines  and  tangents  0  (1')  45° ; 
Qttiait  Logaritknu.  [LooAsirBMS,  Gauss's.]  "The  range  of  a  is  as 
foUows,  0  (001)  2  (01)  8-40  (1)  6.  This  tngonometrical  canon  of 
squares  is,  we  suppose,  almost  unique. 

1817.  [E.  A.  Matthiessen],  "Tabula  ad  expeditiorem  Calculum 
LogarithmiSummajvelBifferentiteduarumQuantitatum.'Altoua.  It  is 
to  seven  decimals,  and  a  proceeds  as  follows :  0  (-0001)  2  (-001)  3  (-01)  4 
(1)6(1)7.  But  having  only  four  figures  of  alignment,  the  seven 
figures  of  tabular  result  are  voy  troublesome  to  deal  with,  and  the 
arrangement  is  not  commodious.  Oauss,  in  a  letter  to  Schumacher, 
(September,  1846)  writes  as  follows:  (translated)  "The  English 
edition  (referring  to  Mr.  Peter  Gray's  work  of  1849,  then  in  progress) 
will  no  doubt  correct  the  deficiencies  which  make  liUtthiessen^  edition 
nearly  useless.  My  tables  are  intended  to  make  computation  which 
can  be  made  vUAout  their  help,  more  commcdious  by  their  help.  Ton 
must  not  have  trouble  to  find  what  is  to  come  out  of  the  table,  but 
you  must  find  it  in  the  most  easy  manner  passible.  This  is  not  the 
case  with  Matthieasen's  table,  as  I  have  shown  in  No.  474  of  the 
'  Astron.  Nachr.'  There  is  another  excess  to  be  avoided  :  Matthiessen 
had  not  done  enough.    There  is  a  parsimony  of  number." 

(1818).  Gruson's' Logarithms,' Berlin.  Contains  also  squares,  cubes, 
square  roots,  and  cube  roots  up  to  1000. 

1821.  Nordmann,  'Adriani  Vlacq  Tabuloo,'  4e.  The  explanations 
are  given  in  Latin  and  German.  To  the  contents  of  Ebert's  edition  (see 
1808)  are  added  square  and  cube  roots  to  seven  decimals  for  all  integers 
up  to  1000,  the  sines  and  tangents  of  the  first  degree  being  omitted. 
The  form  of  the  canon  is  modernised,  and  made  completely  semi- 
quadrantal  This  is  called  the  twentieth  edition,  which  very  likely  it 
is ;  but  it  was  the  editor's  duty  to  have  stated  what  tiie  other  nine- 
teen editions  were, 

(1821).  Westphal's  tables,  Leipzig,  contain  Gauss's  tables,  to  five 
decimals,  with  proportional  parts.     (Schumacher) 

1828.  E.  A.  Matthiessen,  'Gemeine  Loganthmen,'  &o.,  Altona. 
Stereotyped.  This  table  has  five-figure  logarithms  from  1  to  10,000, 
with  a  supplemental  table  of  proportional  parts,  arrangecl  on  the  two 
sides  of  a  folding  sheet,  on  canvass. 

1827.  Babbage,  'Tables  of  Logarithms,'  London.  Stermtj/ped. 
Seven-figure  logarithms  of  numbers  only,  now  exceedingly  correct. 
Printed  on  various  coloured  papers;  Callet'a  stereotyped  sines  were  at 
first  printed  on  yellow  paper  in  France  to  accompany  them ;   but 


the  French  t»fve  was  of  so  bad  a  colour,  that  we  believe  the  experi- 
ment was  not  continued.  The  tirage  of  1881  is  called  a  second  edition, 
and  copies  on  tinted  paper  are  met  with.  In  the  preface  are  soxoe 
conolusians  as  to  the  conditions  of  legibility,  the  results  of  trial,  wbioh 
are  well  worthy  the  attention  of  those  who  have  tables  to  print.  Mr. 
Babbage  was,  so  far  as  we  remember,  the  first  who  distinguished  an 
augmented  last  figure  from  an  unaugmented  one :  writing  the  con- 
traction of  '13846  for  instance,  as  '1835.  This  example  is  now 
frequentiy  followed.  It  secures  an  extreme  nicety  in  certain  rarely 
occurring  cases :  but  we  never  found  any  practical  balance  to  the 
inconvenience  of  a  new  symbol,  except  when  tne  augmented  figure  is  B. 

We  should  recommend  that  an  augmented  6  (Babbage's  B)  should  be 
jointed  y  or  V :  all  the  advantage  of  an  excellent  but  over-adopted 
suggestion  would  thus  be  received. 

(1827).  Salomon,  '  Tables  de  Logarithmea^'  Vienna.  A  large  col- 
lection :  contains  also  squares,  oub^  square  roots,  cube  roots,  up  to 
those  of  1000 ;  and  divisors  up  to  102,011. 

1827.  Haniachllp  Tables,  Vienna.  Ten-figure  logarithms  of  primes 
up  to  16,891  i  squares,  cubes,  square  and  cube  roots,  up  to  thoae  of 
1200 ;  factors  up  to  18,277 ;  and  others. 

1827.  Q.  F.  Ui^us,  <  Logarithmi,'  &o.,  Copenhagen.  A  complete 
aix-figure  table :  rather  common  in  ibigland. 

1828.  Enoke's  four-figure  Tables  of  Logarithms,  &c.,  Berlin,  contain 
Gauss's  tables.    See '  1845,  WamstorfT,'  to.  below. 

Loganthmen  von  vier  Decimal-Stellen  Berlin,  12ma.  Four-fij^ure 
lo^pkrithms,  0(1)1000, 0  (10')  46°,  without  any  name,  letter-preaa,  or 
date. 

18S9.  Baoay, '  Nouvelles  Tables  Astronomiques,'  Paris.  An  imita- 
tion of  Miw'i"'!  Taylor's,  logarithms  of  sines  and  tangents  to  every 
second.  The  loganthms  of  numbers  are  0  (1)  21600.  All  to  seven 
decimals, 

1880.  Haadsr,  '  Ijoglrithmie,  Ac.  Tables,'  in  a  pocket  form,  Kew 
York.  Seven-figure  logarithms  throughout :  to  half-minute  intervals 
through  the  greater  part  of  the  tables  of  sines,  Ac  The  logarithms  of 
numbers  broken  as  in  Callet.  We  dislike  this  mode  extremely ;  but 
many  find  it  oanvenient. 

1881.  Lalande,  'Table*  de  Logarithmes,'  Pails.  Sterettyptd  in 
1805 ;  1831  is  the  date  of  the  fiivt  Hragt  with  all  corrections  made. 
Five-figure  tables  throughout,  and  no  mistake  has  ever  been  found  in 
them,  tiiough  it  is  said  a  reward  was  offered  for  any  detection.  There 
are,  we  believe,  Brussels  and  other  editions  which  have  not  the  same 
character.  The  original  work  of  Lalaude,  or  Lacaille,  Lalande,  and 
Marie,  had  six  places;  last  edition  1804;  there  was  another,  bearing 
the  name  of  Lalande  only,  stereotvped  in  1804.  A  similar  table,  with 
teu«t  decimals,  has  been  published  for  the  use  of  students  preparing 
for  the  Polytechnic  School,  and  is  sometimes  furnished  for  the  genuine 
Lalande  :  it  is  useless  for  ordinary  purposes.  If  the  English  reprint  of 
the  tirage  of  1831  (presenUy  not»d)  be  as  correct,  and  no  error  has 
yet  been  fovmd,  it  is  much  the  better  by  type  and  paper. 

1882.  J.  P.  GruBon,  <  Bequeme  Logarithmisehe  . .  Tafein,'  Berlin. 
A  school-book.  Seven-decimal  logarithms  0(1)10,000;  squares  and 
cubes,  square  and  cube  roots  0  (1)  1000  ;  arcs  of  the  circle;  sines  and 
tangents  and  their  logarithms  0  (1')  6°  (10')  45°. 

1882.  H.  G.  Kohler, '  Tables  de  Logarithmee,'  Ac.  An  edition  of 
Lalande  which  gives  Gauss's  logarithms. 

No  date,  (stereotyped,)  Moritz  von  Prasae, '  Logarithmisehe  Tafein,' 
edited  by  Mollweide,  and  then  by  Jahn,  Leipzig.  Five-decimal 
logarithms  of  numbers  0  (1)  10,000;  of  sines  and  tangents  0  (1')  46"  put 
together  in  a  new  way,  so  as  to  separate  the  common  figures,  as  in  the 
logarithms  of  numbers,  and  to  get  five  degrees  into  a  double  jiage, 
sacrificing  the  differences;  Gauss's  Tables,  a  having  0('001)2('U1) 
8'40(*])6;  and  a  modification  of  Gauss's  table,  in  which  log  x  is  the 

argument,  and  log  [ ]  the  tabular  result,  x  going  through   -382 

(^01)  6  ('01)  S-6  ('1)  6-5.  An  edition  of  Von  Prosse  was  published  bv 
Halma,  at  Paris,  in  1814 ;  and  the  last-mentioned  table  was  publiabea 
Wiedenlnch,  Copenhagen,  (1829). 


1834.  Hobert  Wallace,  'Mathematical  Calculator,'  Glasgow.  Six- 
figure  logarithms,  with  other  tables.  The  trigonometrical  tables 
arranged  by  double  entiy  for  tens  and  units  of  minutes, 

lSf36.  Anonymous  (Simpkin,  Marshall,  and  Co.),  'Logarithmic 
Tables.'  A  very  neat  reprint  of  Haaaler  without  the  (to  us)  objec- 
tionable breaking  of  the  lines  in  the  logarithms  of  numbeis. 

1838.  Q.  B.  Airy, '  Appendix  to  the  Greenwich  ObsBTvationa,  1837,' 
Loudon.  A  table  of  sines  and  cosines,  with  the  arguments  given  tit 
time,  0  (10*)  H''  and  the  signs  marked.  There  is  a  separate  table  both 
of  sines  and  of  cosines,  each  of  which  is  therefore  a  transformation  uf 
the  other.  And  each  again  is  the  table  from  0  to  ei*  repeated,  with 
transformation,  four  times ;  so  that  the  pair  of  tables  is  an  eight-fold 
repetition  of  one  table.    It  is  to  five  decimals,  without  differences. 

1839.  Anonymous  (Taylor  and  Walton,  under  Useful  Knowledge 
Society;  suggested  by  Mr.  De  Morgan;  examined  by  Mr.  Farley). 
Stereotyped.  A  reprint  of  Lalande  (tirage  of  1881)  with  a  few  addi- 
tions, closely  compared  with  other  tables.  No  error  was  found  in 
Lalande,  and  none  has  hitherto  (1861)  been  found  in  this  reprint 
The  old  numeral  type  was  first  completely  restored  in  this  work. 

After  the  first  tirage,  the  following  addition  was  made :— One  page, 
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for  example,  begins  and  ends  with  the  numbers  S220  and  6810,  and 
with  the  logarithms  -71767  and  72609.  According,  at  the  comer  of 
the  pag«t  10  ai  to  catch  the  eye  on  opening  the  book,  is 


mo 

MIS 

•71767 

•72509 

in  fuH  This  plan  ought  to  be  adopted  in  all  tables,  instead  o£  the 
abbteviatioDS  which  are  frequently  employed  as  haad^iigs,  tmlasi  th* 
plan  be  adopted  which  is  recommended  at  the  beginning  at  this 
artiale. 

1840.  Anonymous  (Taylor  and  Walton),  Four-figure  logarithms  on  a 
card.  Stereotyped.  Reprint  of  a  table  originally  privately  circulated 
among  practical  astranomera.  (See  '  Companion  to  the  Almanac '  for 
1841.) 

1842.  Sines  and  tangents  to  match.    Stereotyped. 

1840.  Farley,  'Six-figure  Logarithms,'  London.  Stereotyped.  An 
excellent  table  for  those  who  want  six  figures.  The  type  as  in  the 
reprint  of  Lalande  (1839).  The  whole  was  suggested  by  the  late  Mr. 
Gallowiiy. 

1840.  (Second  edition.)  Morits  Riiblmann, '  Logarithmiseh-Tngono- 
metrische  . .  .  Tafeln,'  Dresden  and  Leipzig.  Six-decimal  logarithms 
ol  numbers  0  (1)  10080 ;  logarithmic  sines  and  tangents  0  (!')  46°;  sines 
and  tangents  0  (10')  46°;  arcs  and  circles. 

<1840.)  Hiilse's  edition  of  Vega,  Leipzig,  stereotyped.  This  contains 
Gauss's  tables  to  five  decimals  with  proportional  pu^,  in  six  columns, 
the  additional  three  (which  contain  a  peculiar  mode  of  treating  the 
proportional  parts)  having  been  also  suggested  by  Gauss.  A  more 
recent  tinge  of  this  excellent  work,  1846,  contains  seven-decimal  loga- 
rithms of  numbers  0  (1)  108000 ;  logarithmic  sines  and  tangents  0  (0"'i) 
1'  (1")  1°  Sa-  and  0  (10")  «°  (1')  4i° ;  angles  to  eleven  decimals ;  fire- 
decimal  Qauss's  tables,  A  being  0  (001)  i  (-01)  8-4  (-1)  6,  with  the  pro- 
portional parts  above  alluded  to. 

1841.  Oi^iory,  Woolhouse,  and  Hann,  "TaUesfor  Nautical  Men.' 
Contains  five-figinv  logarithms,  neatly  printed  |  the  only  instance  we 
know  in  which  five-figure  logarithms  have  proportional  parts.  There 
are  many  astronomical  tables. 

1841.  Riddle,  '  Tables,'  tm.  The  six-figure  logarithms  firom  Mr. 
Riddle's  well-known  work  on  navigation.    Stereotyped. 

Of  the  misuse  of  tables,  no  instance  is  more  common  than  that  which 
consists  in  taking  tables  of  too  many  places  of  figures.  Four  are  very 
often  enough,  more  than  five  are  rarely  wanted  ;  but  when  this  hap- 
pens, tables  of  seven  figorss  an  mors  conveniently  used  than  those  of 
six,  owing  to  the  saving  of  calculation  which  is  made  by  the  presence 
of  proportional  parts.  In  purdy  trigonometrical  ooleulations,  the 
advantage  of  six  figures  over  five  sometimes  makes  iiself  apparent.  It 
is  our  own  practice,  when  five  figures  are  suspected  to  be  insufficient, 
to  have  recourse  to  seven  at  once,  which  we  are  satisfied  is  a  saving 
both  of  time  and  thought.  For  navigation,  however,  practical  opinion 
seems  to  set  in  favour  of  six  figures. 

1845.  Wamstorff's  edition  of  Schumacher's  '  Sammlung  von  HiU&- 
tafeln '  (first  published  in  1822),  Altons.  This  is  a  well-known  and 
valuable  astronomical  collection.  What  we  have  hers  to  do  with  is 
the  republication  of  Encke's  four-figura  logarithms,  0  (1)  1000,  and 
0  (40  10°  (10')  46°,  and  Gauss's  logarithms  0  (-01)  1-80  ('1)  4. 

1846.  R.  Sheepdianks,  'Tables  for  faoUitating  Astronomical  deduc- 
tions,' London  (also  issued  two  years  before,  without  title,  pre&ce,  or 
author's  name).  This  is  the  most  c(»nplete  fimr-fynre  table  we  know 
of,  and  will  do  for  the  purpose  oftener  than  our  orUiodox  septenarians 
ore  aware  of.  Logarithms  0(1)  1000,  with  proportional  puts,  in  de- 
onds ;  logarithms  of  sines  and  cosmes,  tke  angle  being  in  time,  0  (1")  24', 
with  proportional  parts  for  lO",  and  0(1 0')!';  table  for  converting 
sidereal  into  mean  solar  time  ;  logarithmic  sines,  tangents,  and  secants 
0  (1')  6°  (10')  46°  ;  constants  for  precession;  tangents  and  secants 
0(10')80°(1')86°(1°)90°,  with  a  rule  for  the  rest;  Bessel's  refrac- 
tions; Gauss's  tables,  thus  arranged,  log  z  as  an  agument  gives  log 

(l  +  -  J  as  a  tabular  result,  and  log  H  —  -  j  as  another,  log  «  being 

0  (-001) -909  (-01)  2  (1)4  in  the  first  teble,  and  0  (-001)  1  (-01)  8  (-1)  4 
in  the  second ;  log.  sin'  4  hoar  angle,  in  time  !■■  (1°>)  9' ;  numbers  to 
logarithms  0  (-001)1. 

1846.  Q.  P.  Vega,  '  Logsrithmisch-Trigonometrisches  Handbuch.' 
Leipsic:  edited  by  J.  A.  Hiilsse;  0(1)108000,  logarithmic  sines  and 
tangents  0(0'.l)l'and  0(1")  132,  the  whole  canon  0 (10") 6°  (10  46°, 
all  to  seven  decimals.  Gauss's  table  to  five  decimals :  for  A,  0  (-001) 
2  (-01)  8-4  (-1)  5,  with  proportional  parts. 

Among  the  tities  of  tables  which  we  might  have  said  something  on 
if  we  had  seen  them,  collected  from  diSerant  sources,  are  those  of 
—John  Laurembei-g,  Leyden,  1628,  8vo. ;  InstituUo  Mathematica, 
London,  166?,  12mo. ;  Strauchius,  Witteberg,  1662,  12mo.,  and 
Amsterdam,  170O,  8vo. ;  D.  R  Van  Merop,  Harllngen,  1671  ;  Chr. 
Griineberg,  Tabulaa  Mathem.,  Berlin  and  Frankfort,  1600  (oblong 
form);  Chr.  Grilnebew,  .Pandora  Mathem.,  Berlin  and  Frankfort, 
1700,  8vo.;  Chr.  WoU^  Magdeburg,  1711,  8vo.;  J.  Q.  Leibknecht, 
Giesft,  1728,  8vo. ;  Raph.  Levi,  Hanover,  1747,  4to.,  and  supplement 
in  1748;  3.  C.  Nelkenbrechers,  Leipzig,  1762,  4to.;  J.  Melitai  da  Mata, 
Lisbon,  1790,  8vo.    We  have  a  table  of  which  the  tiUe  is  torn  out,  but 


at  the  back  is  '  Colonise,  1649.'  We  suppose  it  to  be  the  table  which 
we  have  seen  ascribed  to  Lnbert  Middondorff,  Cologne,  1648.  It  is 
of  seven  decimals,  0  (1)  10000  and  O(l')  46°  :  and  to  the  logarithms 
of  sines,  cosines,  and  tangents  are  added  the  tangents  themselves,  to 
three  decimals, 

1849.  Lieut.-CoL  Robert  Shortrede's  'Logarithmic  Tables,'  Edin- 
bturgfa,  large  8vo.  The  whole  of  these  tables  were  constructed  and 
stereotyped  by  the  labour  and  at  the  expense  of  Colonel  (then  Captain) 
Shortrede,  of  the  Bombay  army,  attached  to  the  trigonometrical  survey 
of  India.  They  first  appeared  in  1844;  but,  some  defects  and  errors 
having  been  found,  the  edition  of  1844  was  cancelled,  and  a  new 
edition^  from  corrected  plates,  issued  in  1849.  The  whole  is  to  seven 
decimals,  and  contains;  logarithms  of  numbers  0  (1)120,000,  with 
differences  and  their  nine  multiples;  numbers  to  logarithms  'OOOOO 
(•00001)  -99099,  with  the  same ;  trigonometrical  tables  to  every  teixmd, 
with  arguments  and  signs  for  the  four  quadrants,  both  in  space  and 
time,  and  proportional  parts.  There  are  also  some  minor  tables.  I'he 
type  is  a  small  even  figure,  vrithout  head  or  tail,  good  of  its  kind,  and 
the  same  throughout  the  common  and  the  trigonometrical  logoritjims. 
This  is,  BO  far  as  we  know,  the  only  set  of  tables  to  every  second 
undertaken  at  the  expense  of  an  individual,  and  it  shows  extraordinary 
energy  and  public  spirit. 

1849.  P.  Gray, '  Tables  and  Formube  for  Life  Contingencies,'  London. 
The  tables  are  Gauss's  tables,  giving  log  (1  -f  x)  where  log  z  is  0  (-0001)2, 
and  log  (1— a)  where  log  x  is  "8  (-001)  T.  The  proportional  parts  are 
to  hundredths. 

1849.  H.  E.  Filipowski, '  A  Table  of  Antilogarithms,'  London.  _  Five 
figures  of  logarithms  to  seven  of  number ;  proportional  parts  carried  to 
himdredths.    Also,  Gauss's  tables,  on  a  new  mode  of  arrangement, 

1850.  Hershell  E.  Filipowski.  A  table  of  five-figure  logarithms 
0  (1)  10000,  all  on  one  side  of  a  sheet.  The  object  is  efiectcid  bv  help 
of  common  flares  at  the  tops  of  columns ;  but  before  we  could  use 
the  table  rapidly,  there  must  be  horizontal  ruling,  and  vertical  painting 
of  the  columns,  with  regions  of  different  tint  to  distinguish  the  loga- 
rithms of  different  second  figures.  This  being  done,  a  person  of  sharp 
sight  might  really  have  the  whole  within  his  grasp  without  turning  a 
leaf.  A  common  table,  with  indented  margin,  as  described  at  the 
beginning,  would  find  the  logarithms  fax  more  rapidly.  The  necessity 
of  dispeDsing  with  printed  differences  is  alone  almost  fatal  to  the 
attempt  at  giving  five-figure  logarithms  on  one  sheet 

1860.  Zachorias  Dase,  '  Taf^  der  natiirlicheu  logarithmen,'  Vienna. 
Hyperbolic  logarithms  to  seven  decimals  0  (1)  106U00,  arranged,  with 
proportional  parts,  in  the  common  way.  Mr.  Dase  is  a  mental  calou- 
Uktor,  and,  haviug  seen  his  performances,  we  think  he  has  more  natural 
power  than  any  of  those  who  have  distinguished  themselves  in  this 
way. 

1853.  William  Shanks,  '  Contributions  to  Mathematics,  comprising 
chiefly  the  rectification  of  the  Circle  to  607  places  of  tables,'  London, 
1853.  [QuASBATUEE  Or  THB  CIRCLE.]  Here  is  a  table,  because  it 
tabulatoi  the  results  of  the  subordinate  steps  of  this  enormous  calcula- 
tion as  far  as  527  decimals ;  the  remainder  being  added  as  results  only 
during  the  printing.  For  instance,  one  step  is  the  calculation  of  the 
reciprocal  of  601. 6"" ;  and  the  result  is  given.  The  number  of  pagos 
required  to  describe  these  results  is  87.  Mr.  Shanks  has  also  thrown 
off,  as  chips  or  splinters,  the  values  of  the  base  of  Napier's  logarithms, 
and  of  its  logarithms  of  2,  8,  6,  10,  to  187  decimals;  and  the  value 

of  .the  modulus  -4342 to  136  decimals;   with  the  13th,  26th, 

37tii, ....  up  to  the  72l8t  powers  of  2.  These  tremendous  stretches  of 
calculation — at  least  we  so  call  them  in  our  day— are  useful  in  several 
respects :  they  prove  more  than  the  capacity  of  this  or  that  computer 
for  labour  and  accuracy ;  they  show  that  there  is  in  the  community  an 
increase  of  skill  and  courage.  We  say  in  the  community :  we  fully 
believe  that  the  unequalled  turnip  which  every  now  and  then  appears 
in  the  newspapers,  is  a  sufficient  presumption  that  the  average  turnip 
is  growing  bigger,  and  the  whole  crop  heavier.  All  who  ^ow  the 
history  of  the  quadrature  are  aware  that  the  several  increases  of  num- 
bers of  decimals  to  which  r  has  been  carried,  have  been  indications  of 
a  general  increase  in  the  power  to  calculate,  and  in  courage  to  face  the 
labour. 

Here  is  a  comparison  of  two  different  times.  In  the  day  of  Cocker, 
the  pnjnl  was  directed  to  perform  a  common  subtraction  with  tt  voice- 
accompaniment  of  this  kind  :  "  7  from  4  I  cannot,  but  add  10,  7  from 
14  remains  7,  set  down  -7  and  carry  1 ;  8  and  1  which  I  carry  is  9,  9 
from  S  I  cannot,  &o."  We  have  before  ns  the  announcement  of  the 
following  taHe,  undated,  as  open  to  inspection  at  the  Crystal  Palace, 
Sydmham,  in  two  diagrams  of  7  ft  2  in.  by  6  ft.  6  in.  "  The  figure  9 
involved  into  the  912th  power,  and  antecedent  powers  or  involutions, 
containing  upwards  of  73,000  figures.  Also,  the  proofs  of  the  above, 
containing  upwards  of  146,000  figures.  By  Samuel  Fanoourt,  of  Min- 
cing Lane,  London,  and  completed  by  lum  in  the  year  1837,  at  the 
age  of  sixteen.  N.B.  The  whole  operation  performed  by  simple  arith- 
metic." The  young  operator  calculated  by  successive  squaring  the 
2nd,  4th,  8th,  &c.,  powers  up  to  the  612th,  vrith  proof  by  division. 
But  611  multiplications  by  9,  in  the  short  (or  10—1)  way,  would  have 
been  much  easier.  The  2nd,  82nd,  64th,  12Sth,  266th,  and  612th 
powers  are  given  at  the  back  of  the  announcement. 

The  powers  of  2  have  been  calculated  for  many  purpose!.  In  ToL  ii. 
o{  his  '  Magia  Univetsalis  Katurts  et  Artis,'  Herbipoli,  1658,  4to,  the 
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Jesuit  Oaspar  Schott  having  discovered,  on  some  grounds  of  theological 
magic,  that  the  degrees  of  grace  of  the  Virgin  Mai;  were  in  number 
the  256th  poirer  of  2,  calculated  that  number.  Whether  or  no  his 
Dumber  correctly  represented  the  result  he  announced,  he  certainly 
calculated  it  rightly,  as  vre  find  by  comparison  with  Mr.  Shanks. 

1853.  A.  Wylie,  '  Compendium  of  Arithmetic,'  Shang-hae.  A 
treatise  in  Chineee,  having  at  the  end  a  table  of  siz-decimalu>garithmB 
of  numbers  0  (1)  10,000. 

1856.  J.  B.  Hind.  Natural  versed  sinea ....  used  in  computing 
lunar  distances  for  the  '  Nautical  Almanac'  Ti^  table  gives  natuna 
and  logarithmic  versed  sines  to  seven  decimals  :  natural,  0  (10")  126°, 
with  the  proportional  parts  for  each  second ;  logarithmic,  0*  (!■)  9'', 
with  the  values  of  the  angles  in  space  annexed.  This  table,  though 
bearing  in  its  title  only  a  limited  notion  of  application,  will  be  ex- 
ceedingly valuable,  especially  to  those  who  want  sines,  cosines,  and 
iheiz  squares. 

1857.  George  and  Edward  Soheutc, '  Specimens  of  tables  calculated, 
stereomoulded,  and  printed  by  machinery,'  London.  The  first  pro- 
duction of  the  machine  which  two  Swedes,  father  and  son,  constructed 
on  Mr.  Babbage's  principles,  as  suggested  by  Dr.  Lardner's  article  in 
the  'Edinburgh  Review'  (1834),  with  their  own  details;  five-figure 
logarithms  0  (1)  10000 ;  with  some  specimens  of  other  tables.  This 
work  was  reproduced  at  Paris,  with  a  French  preface,  in  1858.  In 
1869,  was  published  '  Mountain  Barometer  Tables,'  calculated  by  ihe 

^same  machine. 

1859.  Edward  Sang, '  Rve-place  logarithms,'  0  (1)  10000. 

1860.  Ludwig  Sohron, '  Sohron's  Logarithms,'  Tafel  I.,  IL,  III.  We 
had  just,  as  we  thought,  put  the  finishing  hand  to  this  article,  when 
the  table  above-named  reached  us.  Should  it  turn  out  to  possess  the 
requisite  accuracy  of  printing,  it  vrill  have  decided  success.  It  is  a 
large  octavo  volume  of  550  pages  of  tables.  The  type,  though  without 
heads  and  tails,  is  all  as  nearly  as  possible  of  one  thickness,  and  that 
thickness  not  too  great,  so  that  it  might  be  called  thin  Egyptian  ;  and 
it  is  very  legible.  The  contents  are  all  to  seven  decimals.  Logarithms 
of  numbers  0  (1)  108000,  with  subsidiary  tables  at  the  bottom  of  the 
page,  which  by  addition  of  two  logarithms  in  the  page  give  the  loga- 
rittims  of  sines  and  tangents,  0  (0"-001)  l''(0"-0l)  lO'^(O^-l)  1'40"  and 
1'40"(0"-01)16'40"(0"-1)  8°.  Logarithms  of  mnes  and  tangents, 
0  (10^  45°.  The  difTeiences  be^  to  be  inserted  from  3° ;  and  the 
first  nine  multiples  complete,  that  is,  one  figure  more  than  in  the 
common  table  of  proportional  parts,  are  given  in  the  same  page ;  first 
for  every  fifth  number,  then  for  every  three,  &c.,  as  the  poge  will  bear 
it.  Under  3°  multiples  of  subsidiary  numbers  are  given,  as  explained. 
Then  follows  a  table  of  proportional  parts  to  complete  hundredths,  for 
numbers  from  40  to  409. 

1860.  Oalbraith  and  Haughton,  'Manual  of  Mathematical  Tables.' 
The  usual  five-figure  table,  with  Gauss's  table,  a  0  (-001)  2  (-01)  3-39  (•]) 
6.  The  first  British  five-figure  table,  we  believe,  which  gives  Gauss's 
table. 

1861.  A.  De  Morgan.  Three-figure  logarithms  :  three  figures  of 
number  to  three  of  logarithm,  complete,  on  a  sheet  of  74  by  6  inches. 
The  third  figure  of  the  number  in  every  case  by  the  side  of  the  loga- 
rithm :  all  numbers  in  red,  logarithms  in  black.  The  quarter  of  a 
unit  in  which  the  logarithm  lies,  shown  by  use  of  the  foiir  common 
punctuating  stops.  Intended  for  the  earliest  instruction  in  logarithms, 
and  as  a  substitute  for  the  sliding  rule  in  certain  cases. 

§  7.  The  next  tables  which  we  shall  mention  are  those  which  are 
wanted  in  the  higher  mathematics. 

Extensive  tables  of  elliptic  funcliont  are  in  Legendre's  '  Tnit^  des 
Fonctions  Elliptiques,'  2  vols.  4to.,  1825  and  1826.  The  factorial 
function,  Vx,  is  tabulated  in  the  same  work ;  and  also  in  the  'Exer- 
cices  du  Calcul  Integral'  of  the  same  author,  Paiis,  1817,  in  which 
several  other  definite  integrals  are  also  tabulated.  An  abridgment  of 
this  table  (with  ready  means  of  restoring  it  fully)  is  in  the  treatise  on 
the  Difierential  Calculus  ('  Lib.  Use.  Know.'),  p.  687.  Tables  of  the 
integer  form  of  Tx,  or  1.2.8  ....  (x- 1),  or  rather  of  the  logarithms  of 
the  values,  are  given  by  C.  F.  Degen, '  Tabularum  Enneas,'  Copen- 
hagen, 1824,  up  to  a  =  1201,  to  18  decimal  places:  this  table  is  re- 
printed to  six  decimal  places  at  the  end  of  the  article  '  Theory  of 
Probabilitiee '  in  the  Ekicyclopaedia  Metropolitana.  Tables  of  the 
Integral  y'r-'^rfi  were  first  given  by  Kiamp,  with  logarithms  of  the 
values,  in  '  Analyse  des  Refractions  Astronomiques,'  Strasburg, 
1799.  This  table  is  reprinted  in  the  Encyc.  Metrop.,  art.  '  Theory 
of  Probabilities.'  The  form  in  which  this  integral  more  usually 
occurs  in  the  theory  of  probabilities  (with  the  factor  2  :  V») 
was  given  fby  Professor  Encke,  we  believe)  in  the  Berlin  'Astrono- 
misches  Jahrbuoh'  for  1834,  from  whence  it  was  copied  into  the 
article  in  the  Encyc.  Metrop.,  above  noticed;  and  (with  extensions) 
into  the  '  Essay  on  Probabilities  and  Life  Contingencies '  in  the  Cabi- 
net Cyclopsedia,  and  into  the  article  on  Probability  in  the  new  edition 
of  the  '  Encycloptedia  Britannica,'  A  few  other  definite  integrals  have 
been  tabulated :  one  very  useful  aa%/dx :  log  x,  by  Soldner, '  Nouvelle 
Fonction  Transcendente,'  Munich,  1809,  copied  into  the  '  Differential 
Calculus'  ('  Lib.  Use.  Know.'),  p.  662.  The  integrals  known  by  the 
name  of  Spence's  LogarUhmic  Trarucendantt,  are  in  the  work  with 
that  title  (Edinburgh,  1809;  Sir  J.  Herschel's  edition,  London,  1820). 
There  are  a  few  of  the  integrals  in  optica  scattered  through  the  M»- 
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The  rates  are  from  1  to  16  per  cent.,  and  also  for  1  in  16, 1  in  16,  ftCi 
to  I  in  22 ;  or,  as  the  French  say,  dmier  quinK,  denier  tsae,  &c.  At 
the  end  is  a  direction  to  dispense,  when  convenient,  with  nme  of  the 
last  figures. 

There  is  thus  a  virtual  use  of  decimal  fractions  preceding  the  formal 
one.  The  same  thing  happens  in  the  tables  of  Bichard  Witt,  presently 
mentioned,  which  we  believe  to  be  the  first  English  tables  of  compound 
interest,  and  the  first  English  work  (except  a  translation  of  the  'Disme 
of  Ste^us)  in  which  decimals  were  used;  the  use  of  them  being 


moirs  of  the  Institute  and  of  the  Cambridge  and  Philosophical  So<nety 
(in  memoirs  by  Fresnel  and  Mr.  Aiiy).  Perhaps  we  should  also 
mention  the  tables  for  the  solution  of  indeterminate  equations  of  the 
second  degree.  Of  these  there  is  one  in  Legendre's  '  Throne  dea 
Nombres;'  another  has  been  given  by  Jacobi;  and  a  third,  by  Degen, 
called '  Canon  Pellianus,'  Copenhagen,  1817. 

There  is  much  need  of  tables  of  mathematical  results  which  are  not 
nnmarical ;  such  as  the  following,  the  only  ones  of  which  we  are  able 
to  speak.  The  first,  the  well-known  collection  of  indefinite  integrals 
by  Meier  Hinch, '  Integral  tafeln,'  Berlin,  1810,  of  which  an  English 
edition  was  puUished  in  1823,  8vo.  The  second,  a  table  of  definite 
integrals,  with  reference  to  their  sources,  by  Bierens  de  Hoan, '  Tables 
d'lnt^grales  d^finies,'  being  the  fourth  volume  of  the  'Amsterdam 
Transactions,'  Amsterdam,  1858. 

As  to  astronomical  tables,  it  would  be  impossible  to  give  any  account 
of  the  enormous  mass  which  exists  or  has  existed ;  nor  would  such  an 
account  be  of  any  use,  except  for  astronomical  history.  They  may  be 
divided  into  two  classes  :  first,  the  tables  of  observations  published  by 
public  or  private  observatories;  secondly,  the  fundamental  tables 
deduced  from  observations,  to  aid  in  the  deduction  of  future  predic- 
tions. As  to  the  former,  every  well-conducted  observatory  in  full 
work  publishes  periodically  (at  intervals  of  one  or  two  years)  its  volume 
of  observations,  latterly  with  their  reductions.  As  to.  the  second  class, 
they  are  not  the  daily  materials  of  the  asbt>nomer,  but  of  the  com- 
puter of  his  ephemeris,  who  supplies  the  necessary  predictions  for  the 
current  year.  In  England  the  Nautical  Almanac  gives  in  the  pre&ce 
full  references  to  the  tables  employed  in  predicting  places,  whether  of 
sun,  moon,  planets,  or  stars.  For  general  purposes  connected  with  i 
the  elements  of  the  solar  system,  see  Baily, '  Astronomical  Tables  and  1 
Formula,'  London,  1827.  The  most  complete  list  of  the  elements  of 
the  solar  system  recently  published  is  at  the  end  of  Dr.  Mitchel's 
'Popular  Astronomy'  (U.S.),  and  also  of  Mr.  Tomlinson's  English 
edition  of  the  same  work. 

The  tables  in  the  other  physical  sciences  are  mostly  collections  of 
facts,  and,  we  believe,  generally  speaking,  by  no  means  so  complete  as 
th^  might  be.  The  value  of  tabular  information  seems  to  be  not 
sufficiently  felt.  A  large  portion  of  every  book  of  chemistiy,  for 
instance,  18  a  detailed  statement  in  words  at  length  of  facts  which  ! 
might  with  great  advantage  be  made  the  componmts  of  a  table. 

§  8.  It  remains  to  speak  of  commercial  tables,  a  subject  of  great 
interest  in  this  country,  which  has  produced  a  great  many.  The  I 
mathematical  tables  connected  with  this  subject  may  be  divided  into 
those  intended  to  facilitate  calculations  of  money  with  regard  to  other 
countries,  and  with  regard  to  transactions  in  this  country ;  to  which 
we  must  add,  as  distinct  heads,  tables  of  annuities  and  other  life  con- 
tingencies, and  metrological  tables,  or  tables  of  weights  and  measures. 
Of  all  these  we  shall  omy  mention  a  very  few. 

The  most  complete  work  on  foreign  exchanges,  and  on  ihe  weights 
and  measures  of  England,  as  compared  with  those  of  other  countries,  is 
'  The  Universal  Cambist,'  &c.,  London,  1821  (2nd  edition),  2  vols.  4ta. 
(with  supplements),  by  ^e  late  Dr.  Patrick  Kelly.  We  may  also 
mention  Tiarks's '  Arbitration  of  Exchanges,'  London,  1817. 

Tables  of  interest  of  money  begin  with  Stevinus,  who  in  the '  Practique 
d'Arithmetique,'  appended  to  hLS  Arithmetic,  Leyden,  1586,  reprinted 
by  Albert  Girard  in  Stevlnus's  collected  works,  1626,  gave  the  first 
tables  of  compound  interest  and  annuities.  They  precede  the  famous 
tract '  La  Disme,'  in  which  decimal  fractions  were  &nA  proposed.  And 
as  this  Practique  should  rather  have  been  at  the  beginning  than  at  the 
end,  if  rational  anangement  had  been  studied;  and  as  the  'Disme' 
again  should  have  preceded  it,  on  the  same  supposition ;  we  must  infer 
it  to  be  most  likely  that  the  tracts  were  placed  in  the  order  in  which 
they  were  written.  If  this  be  the  case,  then  it  is  pretty  certain  that 
these  tables  of  compound  interest  luggated  decimal  fractiont,  the 
account  of  which  speedily  follows  them.  They  are  constructed  as 
follows : — Ten  millions  being  taken  as  the  base  (or  root,  as  Stevinus 
caUa  it),  and  a  rate,  say  five  per  cent.,  being  chosen,  the  present  value 
of  ten  millions  due  at  the  end  of  1,2,  &c.,  up  to  30  years,  are  put  in  a 
column,  to  the  nearest  integer.  By  their  sides  are  the  sums  of  their 
values,  which  give  the  present  values  of  the  several  annuities  of  tea 
million,  aa  follow* : — 

TaU*  ^'Interest  de  t  poor  100. 

1  9523810        9528810 

2  9070295  18594105 
8  8638376  27232481 
4       8227026       86469506 
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something  mora  th«ii  the  Tirtual  u«e  by  Stevinu*  in  the '  Practique.' 
The  next  Engliah  writer  who  gave  tables  of  compoand  interest,  Kobert 
Butler,  in  his 'Scale  of  Interest,'  London,  1688,  makes  a  rather  more 
decided  use  of  these  fractions  than  Witt,  and  uses  the  phiBse  dedtMi 
fraetioiu,  which  had  then  hardly  found  its  way  into  booka,  It  should 
be  noted  that  both  Witt  and  Butler  give  real  half-yearly  and  quarterly 
tables,  as  well  as  yearly  ones. 

Tables  of  intereat  begm  to  be  published  at  the  beginning  of  the  17tb 
oentory.  The  earliest  we  have  met  with  is  Biebard  Witt, '  Arithme- 
tioall  Questions,'  London,  1618,  which,  before  tiie  introdoetion  of  the 
notation  of  decimal  fractions,  gives  tables,  or  breviatt,  eontaining  the 
Bigniflcant  figures,  with  roles  equivalent  to  the  management  of  the 
decimal  point ;  and  Clay's  '  Briefe,  ftc,  Tables,'  London,  1621.  In  the 
first  half  of  that  century  we  find  in  catalogues  the  works  of  Fisher, 
Butler,  Webster,  and  outers,  with  anonymous  writers,  all  containing 
tables  of  interMt>  annuities,  or  leases.  For  the  taUes  known  by  the 
name  of  .fioroid,  see  Hobtautt.  The  tables  of  leases,  Cambridge, 
1086,  had  the  approbation  of  Kewton,  aa  LucasiRn  professor,  and  hare 
ainoe  been  often  reprinted  and  styled  Newton's. 

Mr.  Focock,  in  his  Bibliography  of  Annuities,  fte.  ('  Familiar  Expla- 
nation ....  of  A«snrances  upon  Lives,'  London,  1842),  gives  the  follow- 
ing works,  which  we  do  not  remember  to  have  seen : — '  Tables  of 
Leases  and  Interest . . . ,'  London  (1628),  12ma;  and  William  Purser, 
'  Compound  Interest  and  Annuities,  oontaining  the  Art  of  Dedmal 
.Arithmstia,'  London  (1684),  8vo. 

In  Newton's '  Scale  of  Interest,'  mentioned  in  the  Urt  of  logirithms, 
is  a  set  of  tables  for  mz  per  cent,  then  the  maiimum  legal  rate. 
There  ia  here  what  we  never  met  with  elsewhere— a  oommon  almanao, 
with  months,  dominical  kttexs,  and  fixed  saints'  days ;  having,  in  lien 
of  astroDomieal  information,  simple  and  compound  interest  and  dis- 
count tables,  telling  for  each  day  the  amount  of  one  pound  from  the 
beginning  of  tits  year,  or  tiie  present  value  for  the  end. 

The  first  edition  of  Smart's  tablee.  the  original  of  all  our  large  tables 
of  compound  interest,  is '  Tables  of  Simple  Interest  and  Discount,  at  8, 
4, 6,  6, 7,  8, 9,  and  102.  per  cent,  per  Ann. ;  also  Tables  of  Compound 
Interest  at  the  same  rates,  whereby,'  &o.  By  John  Smart,  at  the  Town 
Clerk's  Office,  London:  London,  1707,  4to  (duodecimo  sise).  The 
second  edition,  of  1726,  is  as  luge,  oompaied  with  the  flist,  as  it  is 
possible  its  author,  "  John  Smart  of  Ouildhall,  Gent,"  may  have 
become,  compared  with  the  subordinate  at  the  town  deik's  office. 
It  adds  2),  84,  and  H  per  cent.  The  results  are  interpolated  for  half 
years,  which  give  the  tables  the  appeusnoe  of  being  calculated  for 
interest  payable  half-yearly  j  but  the  fact  ia  that  yearly  payments  are 
supposed.  A  second  edition  of  this  work,  enlarged,  by  C.  Brand, 
London,  1780,  has  the  reputation  of  oontaining  many  errors.  The 
first  edition  (which  we  did  not  know  of  when  we  first  wrote,  and  we 
find  all  *  modem  writers  knew  as  little),  besides  a  smaller  range  of 
rates,  has  not  the  half-years,  and  has  only  six  decimal  places.  The 
tables  of  simple  interest  are  also  of  vary  little  extent.  This  get  of 
tables  was  inoorporated  (with  acknowledgment)  in  the  article '  Interest ' 
in  the  second  volume  of  Harris's  '  Lexioon  Technicum,'  London,  1710. 
There  was  an  abridged  edition,  with  some  of  the  rates  and  of  the 
half-year*  left  out,  but  still  to  eight  figures, '  Tables  of  Interest,  &&, 
abridged  for  the  use  of  Schools,  in  order  to  instruct  young  gentle- 
men in  the  use  ot  Dedmal  Fractions,'  by  John  Smart,  he.,  ImdAod, 
1736,  quarto  (octavo  sise). 

Mr.  Baily's  'Doctrine  of  Interest  and  Annuities,'  London,  1808,  is  sa 
extensive  as  Smart's  for  whole  years,  and  as  oomct ;  sod  the  '  Tables  of 
Leases,'  London,  1807,  by  the  same  author,  contain  the  simple  cases 
which  the  name  implies,  tabulated  by  themaelvesL  The  '  Doctrine  of 
Interest,'  by  Francis  Corbeuix,  London,  1826,  contains  the  real  dis- 
tinction ot  yearly,  half-yearly,  and  quarterly  interest :  these  tables  are 
repeated  in  the  same  author's  work  on  'Population,'  London,  1888. 
Mr.  Hardy's  '  Doctrine  of  Simple  and  Compound  Interest,'  London, 
1888,  contains  rates  of  interest  increasing  by  J  per  oent.  bom  )  up  to 
6  per  cent.,  with  snooeeding  integer  rates.  All  the  standard  works  on 
life  annuities  oontahi  tables  of  compound  interest. 

There  seems  to  have  been  a  tendency  at  the  beginning  of  the  last 
century  to  publish  commercial  tables  in  copper-plate,  probably  with  a 
view  to  secure  the  advantage  which  stereotype  has  smce  secured  in  a 
better  form.  Thus  we  have  the  "arithmetical!  tables"  of  a  Baidon 
(Boy.  Soc.  library)  without  date ;  Lostau's  '  Manual  Mercantile,' 
second  book  (first  never  published),  Iiondon,  1788 ;  Bev.  Q.  Brown's 
'  Arithmetica  Infinita,  London,  1717 ;  the  two  last  being  multiplioation 
tables,  with  multiples  of  numbers  raid  fractions  useful  in  money  trans- 
actions, arranged  under  heads.  The  following  may  be  mentioned  as 
contaii^ng  hints  which  midit  even  now  be  useful : — Benjamin  Webb, 
'Tables  for  Bu;fing  and  Belling  Stocks.'  London,  1759;  also  'The 
C!omplete  Annuitant,^  or  Tables  of  Interest,'  London,  1762 ;  Hayes's 
'  Moneyed  Man's  Guide,'  a  table  for  computing  dividends,  London, 
1726.  The  French  have  a  large  number  of  tables  answering  to  our 
ready-reokoners,  under  the  names  of  Bwrtmg  (a  word  of  the  same  use 
with  them  as  Cocker  with  us),  compta-faUt,  ko.  We  have  seen  one  of 
them  of  the  decimal  character,  in  which  a  metal  plate  with  rectangles 
pierced  in  it  serves,  on  one  rectangle  being  placed  over  the  integers  of 

•  Dr.  Tm  (■  Beg.^eii.  BepV  1M4,  p.  tit)  mcntioBs  tbe  edltioa  oflTtt  as 
the  KCSfid  edition.  , 
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the  number  given,  to  make  another  separate  those  of  the  number  to  be 
found. 

Commercial  tables  of  any  real  power  are  rendered  impossible  in 
practice  by  the  use  of  shillings,  pence,  and  &rthing8,  except  by  an 
extent  of  matter  which  makes  them  very  expenmve.  If,  indeed,  the 
rule  for  denimalisiTig  the  parts  of  a  pound  [Cohpittation]  were  well 
learned  and  properly  used,  some  of  the  older  tables,  which  have  fidlen 
entirely  into  obUvion,  would  certainly  be  revived  with  effect.  Two  of 
those  presently  mentioned  will  oerfaunly  be  reprinted  when  the  time 
oomes ;  Brown  s '  Arithmetica  Infinita,'  and  Webb's '  Tables  for  Buying 
sad  Selling  Stocks.'  The  main  part  of  the  former  ia  the  first  nine 
multiplss  of  tiie  decimal,  which  expresses  any  number  of  fartiUngs  in 
a  pound.  Thus,  under  7<.  81(2.  are  '88S4166  . . .  and  its  multiples  up 
to  nine  times.  The  latter  has  the  multiple  necessary  to  find  the 
quantity  of  stock  wliich  answers  to  any  sum  of  money,  and  vice  vand, 
at  different  prices.  These  are  both  pocket  tables,  and  their  places  are 
supplied  at  present  by  works  of  much  greater  bulk  and  less  extenslTe 
use. 

We  now  g^ve  a  very  condensed  account  of  a  few  mercantile  tables. 
We  take  them  merely  because  we  happen  to  have  examined  them, 
without  any  selection.  Such  a  list,  meagre  as  it  is,  both  in  amount  of 
works  and  m  description,  may  be  of  much  use  to  one  who  ia  oontem- 
plating  the  construction  of  a  table.  He  may  be  warned  that  tables 
exist  which  he  should  consult  before  he  lettiee  his  plan ;  for  those  we 
have  quoted  may  suggest  the  expediency  of  looking  out  either  for 
themselves  or  for  others  resembling  them ;  or  he  may  receive  a  hint 
even  from  so  brief  a  description  as  ours.  There  will  i^pear,  in  so 
short  a  list  ss  this,  sufficient  evidence  of  the  never-oeasing  attempt  to 
bring  dedmal  *  fractions  into  tabular  connection  with  our  mixed 
money.  There  has  never  been  any  lasting  success  vrith  the  world  at 
large ;  sad  we  must  continue,  in  our  oommerdal  azithmetio,  at  per- 
petual war  with  our  own  first  prindples,  until  we  are  wise  enou^  to 
decimalise  our  coinage,  and  ultimately  our  weights  and  measures. 

In  the  following  list,  the  letters  Q.,  0.,  or  D.,  for  quarto,  octavo,  and 
duodecimo  or  under  (referring  to  siae,  and  not  to  mode  of  printing), 
precede  the  date  and  liegin  the  description  of  eadi  work : — 

0. 1618,  London  :  Sichard  VfiM, '  Arithmetiaall  Questions;'  oom- 
pound  interest.  Q.  1619,  Ldpsic  :  '  Ein  newes  metsbar  gerechnetes 
Rechenbuch ; '  ready-reckoner,  tables  of  multiplication  of  ptioea.  D. 
1629,  London  (2nd  edition,  many  editions)  :  William  Webster, 
'  Webster's  Tablee ;'  small  tables  of  simple  interest.  D.  1682,  London: 
.  John  Bill, '  Accompts  cast  up ; '  ready-reckoner,  simple  multiplication 
of  integer  numbers  up  to  100  times;  the  earliest  English  ready- 
reckoner  wo  know  ol  0. 1688,  London :  Robert  Butiar, '  The  Scale  of 
Interest;'  tables  of  discount  and  present  value.  0.  1668,  London: 
John  Newton,  'The  Scale  of  Interest'  (see  Lodtfithms,  1668).  O. 
1677,  London  :  Michael  Dary,  '  Interest  Epitomised ; '  small  tables  of 
compound  interest;  a  rare  and  remarkable  book  in  other  respects. 
D.  1682,  Amsterdam :  J.  SarfatU  Pina,  '  De  Liohtande  Koopman's 
Fackel;'  ntultiples  of  money  in  facilitation  of  exchanges.  D.  1686,  Cun- 
bridge  [Mabbot] :  '  Tables  for  Renewing  and  Purchasing  of  the  Leases 
of  Cathedral  Churohea  f  and  Colleges ; '  reprinted  almort  down  to  our 
own  time  (to  1808  at  least)  under  the  name  of  Newton,  because  it  has 
Newton's  certificate  of  approbation  of  the  method.  Mr.  Edleston,  who 
has  found  the  name  of  the  writer  in  his  researches  into  Newton's 
biography,  says  that  he  was  mandple,  a  caterer,  of  King's  College.  In 
the  treasury  of  Trinity  College,  he  adds,  is  a  taUs  and  explanation,  in 
Newton's  handwriting  (1674-S),  of  the  fines  for  renewing  years  lapsed 
in  a  lease  for  20  years.  It  is  entitied,  '  Tabula  redemptionalis  ad 
reditus  Collegli  BS.  Trinitatia  aocomodata,'  and  gives  seven  years' 
purchase  for  the  whole  lease,  and  one  year  for  seven  years  lapsed. 
This  allows  the  lessee  upwards  of  18  per  cent.     This  table  was 

*  The  day  after  we  had  written  this  we  •tma  la  eoataot  with  aa  sztrast  teas 
the  ■Psbliihers'  Oroolar,'  aa  fbllom: — "An  old  oopj  of  Laathom's  'Kstt 
Duties  and  Drawbaolo,'  digested  Into  aa  caiy  owthod,  onoe  the  standard 
authority  on  the  rabjeot,  gives  ns  the  ezaet  state  of  the  ease  a  hundred  yean 
ago,  and  leaves  ua  in  some  astnalehmmt  that  any  head,  ustlTS  ot  foreign,  oonld 
have  mastered  the  oompUoated  details  then  naoessary  ft>r  their  own  salbty  to 
be  known  to  Importers ....  Deoimals,  indeed,  appear  to  hare  been  the  delight 
flf  the  tariff-maker  of  old,  for  tlis  charge  en  every  ons  of  the  Hfty-dght  itama 
[of  paper]  coaelndsa  with  coma  iuab  a  IhwUon— ooeailonally  rsaahiag  the 
delieats  nleety  of  >3f  hundredths  of  a  peBay."  This  menly  maaaa  that  oobu 
mereial  arithmetie  ii  more  of  a  mare  rontins  than  it  waa,  and  that  a  hnodrad 
yean  ago  decimal  itaetlana  were  mote  eulttvated  than  they  are  now. 

^  Later  editiona  of  this  mrk  are  accompanied  by  a  letter  on  the  value  ol 
ohnreh  leases,  which  waa  one  sommenoemsnt  of  a  long  dispute,  giving  many 
pamphleta.  (See  ■  Notes  and  Queries,'  Ind  leriea,  voL  iv.,  p.  >61.)  The  piaotiae 
ta  raising  the  Saea,  which  had  been  very  much  too  low,  had  been  grovriag  far 
soma  thirty  yeara  ptevioasly  to  18S6 ;  and  the  pnbUoatioa  of  tliase  tables  aeema 
to  have  been  in  Justiilfatlon  of  the  rise.  Hence  the  importanee  attaehad  to  obtain, 
ing  fhim  Nawtoa  a  eertiilcate  of  the  method,  which  those  Intsresled  might  hare 
denied.  The  divste,  which  never  died,  was  vary  warm  ia  1739-11,  whan  the 
clergy  were  threatened  with  lagialativa  intsitatsnea,  and  did  astoally  lecalTa 
lome  implied  taeommendatiOBa  to  desist  ttem  the  House  of  Commons.  Oommon 
aenie,  however,  saema  to  have  found  oat  at  laat  that  the  clergy,  in  apita  of  the 
augmentatioaa,  weie  auUng  muah  leea  ot  thair  landa  than  the  laity;  and  the 
next  phaae  ot  thla  tdatory  ia  that  of  18S7,  in  which  year  the  poor  dirlnea  were 
threatened  hj  parliament  with  the  km  of  the  management  of  their  catatea,  for 
letting  them  too  Jew.    It  ii  not  easy  to  pleaaa  everybody. 
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employed  till  1700,  when  Bcntley  introduced  10  per  cent,  tables ;  but 
the  "greediness  for  present  seeing  money"  compelled  a  return  to 
the  old.  system.  Dr.  Smith,  in  1712,  reintroduced  the  10  per  cent, 
tables,  which  became  9  per  cent,  in  1750.  Newton's  table  is  published 
in  the  'Journal  of  the  Institute  of  Actuaries'  for  January,  1861, 
ToL  iz..  No.  42.  0.  1693,  London  :  W.  Leyboum,  '  Fftnaiitlunologia 
....  all  performed  by  tables  ready  cast  up ; '  ready-reckoner,  multiples 
of  prices,  &c  D.  1707,  London:  Jolm  Smart,  'Tables  of  Simple 
Interest  ....  also  Tables  of  Compound  Interest;'  the  first  edition 
of  these  celebrated  tables.  D.  1710,  London:  John  Castling,  'An 
Interest  Book  .  .  .  ;'  interest  per  year  reduced  to  days  by  tables. 
0.  1711,  London:  E.  Hatton,  'An  Index  to  Interest;'  units,  tens,  and 
hundreds  of  pounds  principal,  reduced  to  interest  for  each  number  of 

days  in  the  year.    D.  1718, :  Qeo.  Brown, 'Arithmetics  Iiifinita;' 

all  farthings  under  one  pound  reduced  to  decimals,  with  the  first  nine 
multiples  of  each  (the  whole  in  copper-plate ;  the  figures  veiy  rough, 
as  if  put  in  by  the  author's  own  hand).  Q.  1726,  London :  John  Smart, 
'  Tables  of  Interest,  Discount,  Annuities ; '  the  second  edition,  and  the 
best.  D.  1726,  London :  Richard  Hayes, '  The  Money'd  Man's  Quide; ' 
tables  of  dividends  on  sums  proceeding  by  eighths  of  a  pound,  at 
—  per  cent. 

D.  17SS,  London;  Gael  Morris,  'Tables  for  Renewing  and  Pur- 
chasing Leases  .  .  . ; '  and,  with  another  title-page,  tables  of  simple 
interest  for  years,  months,  and  days.  0.  1736,  London :  James  Lostau, 
'  The  Manual  Mercantile — Second  Book ; '  the  first  never  published. 
This  book  is  450  pages  of  copper-plate ;  iJie  descriptions,  &a,  in  a  pro- 
fessional handwriting;  all  the  table-work  in  the  roughest  figure,  as  if 
put  in  by  the  author  for  security  against  error,  first  nine  multiples 
of  numbers  up  to  1609;  reciprocal  to  seven  signiflcaots,  and  first 
nine  multiples,  up  to  1635;  numbers  advancing  by  eighths  of  a  unit, 
and  their  nine  multiples  in  decimals  from  100  to  140,  and  then 
by  fourths  to  156 ;  reciprocals  of  the  same,  vrith  nine  multiples ; 
pence  and  farthings  in  decimals  of  a  pound,  with  eight  and  after- 
wards seven  significants,  with  nine  multiples,  up  to  140c2. ;  the 
number  of  times  pence  and  eighths  are  contained  in.  a  pound,  in 
decimals,  with  first  nine  multiples,  up  to  140d. ;  a  mass  of  tables  for 
exchange,  commission,  reduction  of  weights  and  measures,  tec.  &c.,  all, 
or  most,  having  results  expressed  in  decimals,  with  nine  multiples  of 
each.  0.  1730,  London:  John  Smart,  'Tables  of  Interest;'  the  large 
tables  abridged  into  a  school-book.  0.  1756,  London  (19th  edition) : 
John  Playford,  '  Vade  mecmu ; '  ready-reckoner  of  the  modem  type. 

O.  1766,  London :  , '  New  Sett  of  Interest  Tables ; '  smaU  tabfos, 

followed  by  tables  of  excise  on  beer  and  ale,  printed  on  one  side  only, 
apparently  to  allow  pasting  on  a  wall,  and  'designed  for  a  check  on  the 
custom-house  and  excise  otficers.' 

D.  1759,  London:  Benj.  Webb,  'Tables  for  buying  and  selling 
Stocks ; '  the  chief  table  is  one  of  numbers  increasing  by  eighths,  given 
in  decimals,  with  nine  multiples  to  each,  from  60  to  180 ;  and  their 
reciprocals  in  the  same  way.  D.  1762,  London  :  Benj.  Webb, '  Com- 
plete Annuitant ; '  collection  of  tables  subsidiary  to  interest,  not  easy 
to  describe  briefly.  D.  1766,  London  (14th  ed.;  16th  in  1775)  = 
Richard  Hayes,  'Interest  at  one  view;'  interest  in  the  form  of  the 
ready-reckoner  for  months  and  days.  0.  1773,  Amsterdam  :  Nicolas 
Barreme, '  ComptesFaits ; '  an  edition  of  the  celebrated  French  ready- 
reckoner,  which,  like  oun,  consists  of  multiples  of  sums  of  money. 
The  name  of  Barreme  (so  spelt  in  the  licence,  though  now  Sarttne)  is 
ingrafted  on  the  French  language  as  a  word  for  mercantile  calculation. 
^Om'  Cocker  *  is  a  jesting  allusion ;  but  Bartme  is  quite  a  serious  word. 
jO.  1778,  Brussels,  Ren6  Neron,  '  Comptes-faits  +  pour  lee  changes ; ' 
exchanges  between  different  countries,  in  the  ready-reckoner  form. 
O.  1798,  Paris  :  Blavier, '  Nouveau  BarSme ; '  adapted  to  the  change  of 
coinage.  _Q.  1799,  London:  John  Wilson,  'Tables  to  facilitate  the 
computation  of  Interest;'  containing  the  proportion  of  -05  for  each 
nunmer  of  days  in  the  year,  with  multiples  of  each  fraction  up  to  100, 
lo  nine  decimals.  All  calculations  are  made  for  five  per  cent,  and 
afterwards  reduced  to  the  rate  given :  a  very  common  principle  of 
tables.  0.  1804,  London:  8.  Newman,  'Collection  of  Mercantile 
Tables;'  the  ready-reckoner  (or  multifU)  principle  adapted  to  prices, 

*  We  have  endeavoured  to  find  the  reawn  whj  Ooeker,  or  rather  the  book 
which  Hawkins  put  out  in  Cocker's  name,  ihould  be  eeleoted  as  the  type  of 
DommercUl  srlthmetls.  We  traoe  the  allualon  to  1756,  and  no  farther  back. 
In  that  jeer  Arthur  HurphT'e  Arce  of  ■  The  ApprenUoe'  appeared.  In  which 
ihe  old  merehant  Wingate  ii  perpetually  eulogising  Ooeker't  arithmetic. 
Winfato  and  Cocker  were  two  of  the  best-known  books  on  arlthmetlo.  If  the 
allusion  cannot  be  carried  farther  back,  then  the  probability  will  be  that 
Murphy  took  the  names  of  the  arithmstlclana  with  whom  he  most  often  eame  In 
contact,  and  used  them  as  described.  In  that  case  Wingate  would  have  been 
our  Cocker,  If  Murphy  had  chosen  to  make  Cocker  hla  Wingato  ;  and  Wingate 
mneb  better  deserved  the  distinction. 

t  Dedicated  to  tbe  Duke  of  Lorraine,  in  verse^  which  ends  as  follows  :— 

Grand  Prince,  sola  propice  A  ma  Justo  demands. 
De  mon  petit  travail  dalgne  accepter  I'offk-andsk 
Et,  quitcant  d'ApoUon  le  stile  fsmlller, 
VmaH^auA  de  me  dire  en  stile  r<gullor 
Monselgneur, 

De  vAtre  Altecso  Koyalo, 
Le  trt».hnmble,  tris-obeiisant, 
et  trtej-espeotueux  Bervitcur, 

NZBOII. 


lengths,  interest,  tut.  0.  1807,  London :  Francis  BaUy,  '  Tables  fo^ 
.  .  .  Leases'  (second  edition;  first  in  1802)  :  the  first  separate* 
tables  of  leasee  of  the  modem  form.  Q.  1808,  London :  F.  Baily, 
'The  Doctrine  of  Interest  and  Annuities;'  a  well-known  work,  the 
tables  from  Smart.  D.  1811,  London  :  Wm.  Inwood, '  Tables  for  .  .  . 
Estates  .  .- .  and  Leases; '  the  idea,  and  some  of  the  tables,  from  Baily. 
0.  1816,  Calcutta :  G.  M.  Anderson,  '  The  Universal  Calculator ; '  a 
large  rrady-reokoner  for  prices,  exchanges,  interest,  weights  and  mea- 
sures, ftc.  0. 1825,  London  :  Fr.  Corbaux, '  The  Doctrine  of  Compound 
Interest ; '  tibles,  with  a  large  introduction  of  half  and  quarter  rates  of 
interest;  the  tables  are  added  to  the  author's  work  on  population, 
1883,  8vo.  0.  1889,  London  :  Peter  Hardy,  '  Doctrine  of  Simple  and 
Compound  Interest ; '  tables,  wiUi  half  and  quarter  rates  of  interest. 
O.  1841,  liondon  :  Gea  Reid,  '  Tables  of  Exchange ; '  in  .the  ready- 
reckoner  form,  relating  entirely  to  sterling  and  dollars.  D.  1847, 
London :  David  Allester, '  Table  of  Simple  Interest,  comprised  in  one 
page ; '  this  page  has  an  arrangement  W  which  each  day  is  ehown  at 
five  per  cent,  with  its  nine  multiples.  0.  1847,  London  :  D.  Allester, 
'  Decimal  Dividmd  Tables ; '  the  basis  oonsisting  of  shillings  and  pence 
in  decimals  of  a  pound,  with  the  hundred  multiples  of  each.  0.  1849, 
London :  James  Laurie, '  The  Golden  Ready-Reckoner ; '  ready-reckoner 
by  multiples  of  one  share  at  pounds  and  sixteenths  per  share.  0. 1857, 
London  :  C.  M.  Willich,  '  Interest  and  Time  Commutation  Tables ; ' 
conversion  of  five  per  cent  into  any  other  practical  rate  by  inspection ; 
and  conversion  of  days  to  nm  into  days  which  give  the  same  at  five 
per  cent  D.  1869,  Edinburgh  :  W.  Waterston, '  Manual  of  Commerce ' 
(2nd  edition) ;  a  ready-reckoner,  combined  with  interest,  dividend,  Ac., 
tables,  and  information  of  many  kinds.  0.  1869,  London:  Feodor 
Thoman,  'Theory  of  Compound  Interest;'  a  new  disposition  of  the 
subject,  the  tables  being  the  logarithms  of  amounts,  and  the  logarithms 
of  annuities  which  one  pound  will  purchase,  D.  1859,  Halifax : 
'  Nicholson's  Ready-Reckoner ; '  a  good  specimen  of  a  daas  of  sixpenny 
books  which  are  now  common. 

We  cannot  pretend  to  (^ve  a  technical  list  of  life  assurance  and 
annuity  tables :  anything  we  could  do  in  tiiia  way,  in  any  space  we 
could  give,  would  be  professionally  useless,  and  otherwise  worse  than 
uninstructive.  We  may,  however,  attempt  to  point  out  and  to  illus- 
trate an  epoch  of  activity  whidi  commenced  about  the  year  1840,  and 
which  stiU  continues.  In  the  year  1888,  the  chief  of  the  professional 
tables  were  in  the  well-known  works  of  Price,  Morgan,  BaUy,  Milne, 
Griffith  Daviee,  and  Finlaison.  The  extent  of  tables,  as  judged  prac- 
ticable, went  as  &r  as  annuities  on  two  lives,  for  all  ages  differing  by 
multiples  of  five  years,  at  8,  4,  6,  and  6  per  cent  Barrett's  method, 
the  greatest  augmentation  of  resources  which  was  ever  created  on  this 
subject  by  any  one  person,  was  not  in  use  for  want  of  sufficient  appli- 
cation to  acknowledged  rates  of  mortality.  Milne's  book  best  repre- 
sents the  laborious  character  of  many  computations  which  are  now 
either  reduced  to  insignificance,  or  themselves  actually  tabulated  for 
reference.  This  valuable  work  (1816)  was  published  by  the  author  at 
his  own  expense,  and  with  a  certainty  of  heavy  loss ;  and  no  public 
acknowledgment  of  his  merit  was  made,  even  when  it  had  become 
apparent  uiat  he  had  changed  the  basis  of  life-tables,  and  introduced 
an  important  reformation  by  the  only  efficient  means — ^the  construction 
of  a  body  of  tables  competing  in  extent  with  those  already  in  use,  and 
beyond  challenge  as  to  accuracy  of  computation.  Barrett  s  method  is 
nott  noticed  by  Milne  in  this  work ;  but  it  onlv  appeared  in  Baily's 
Appendix  of  1818,  and  Milne  could  hardly  have  had  time,  occupied  as 
he  must  have  been  vrith  bis  ovm  work,  to  have  thoroughly  examined 
it,  much  less  seriously  contemplated  the  use  of  it 

The  impulse  vras  given  by  the  Useful  Knowledge  Society  (who  how- 
ever had  a  colleague,  as  we  shall  see),  when  they  brought  forward  Hr. 
David  Jones,  and  recommended,  almost  insisted  on,  a  veryj:  considerable 

*  A  ease  arose  oat  of  this  work  which  lllttslrates  the  varying  decisions  which 
prevail  in  the  courts  when  a  single  Judge  decides  questions  of  fsct.  Baily 
applied  for  an  injunction  against  a  work  in  which  he  held  Us  own  work  to 
have  been  pirated.  He  produced  his  own  original  calculations;  sad  proved 
that  all  the  misprints  and  errors  of  the  last  figure,  by  the  score,  whidh  ooonrred 
in  the  parts  of  his  work  In  question,  occurred  also  In  the  alleged  piracy.  But 
he  could  not  satisfy  the  court  that  a  piracy  had  been  committed :  he  happened 
to  light  upon  a  Judge  who  would  have  thought  it  might  have  been  a  eolnetdenec, 
if  he  had  seen  his  own  name  growing  in  mustard  and  cress.  Penons  who  hare 
reason  to  fear  that  their  tobies  will  be  pirated  should  lay  some'  special  traps  for 
detection  :  many  might  easily  be  suKgested. 

f  lUlne  has  made  it  apparent,  in  his  work,  that  he  had  had  some  dUterenco 
with  Bally,  who  is  not  alluded  to  by  name,  but  only  by  such  phrases  as  "the 
last  author  who  ha*  treated  on  this  subject."  There  certainly  had  been  some  dis- 
agreement. The  Bun  Fire  Office  became  also  a  life  office  in  1810,  and  BaUy  was 
then  consulted  by  the  directors  :  we  suspect  that  the  disagreement,  whatever  it 
was,  then  took  place.  But  by  the  time  Milne  publistaed  hli  article  on  annuities 
in  the  BncyolopBdla  Metropolitaaa  (of  which  the  private  copies  are  dated 
1817)  moeh  of  this  feeling  bad  worn  off.  Baily's  name  Is  mentioned,  and  his 
merits  are  Jndlsionsly,  thongh  coldly,'  acknowledged  :  but  MUne  was  not 
given  to  strong  praise;  he  neither  blew  his  own  trumpet,  nor  that  of  anybody 
else.  Of  Barrett's  method  Milne  thought  highly.  Having  more  than  once 
heard  it  suspected  that  ha  was  averse  to  Ito  use,  we  give  an  extract  from  a 
Utter  of  Us  to  tiie  writer  of  this  article,  dated  Nov.  17,  1841,  whUe  Jones's 
work  was  in  progress  of  publication  In  numben.  "  Many  thanks  ....  for  the 
Companion  to  the  Almanao  of  the  Useful  Knowledge  Society,  to  which  truly 
oseAU  society  we  are  also  indebted  for  Mr.  Jones's  tobies,  whioh  wUl  greatly 
facilitate  calculations." 

X  We  speak  from  positive  knowledge.    Mr.  Jones,  though  no  way  diaiscUned 


Digitized  by 


Google 


1013 


TABLE. 


TABLK 


lOU 


eztenaioc  of  hia  original  plan.  The  only  tables  in  existence  for  evety 
combination  of  two  lives  had  been  published  by  Hr.  HcKean,  in  1887, 
giving  on  one  large  sheet  the  rates  S,  i,  6, 6  per  cent.,  by  interpolation 
from  the  Carlisle  tables.  Mr.  Jones  (whose  work  was  completed  in  1843) 
gave  every  combination  for  3, 84,  4,  44, 5,  6  per  cent.,  both  in  the  annui- 
ties, and  in  Barrett's  subsidiary  tables ;  that  is,  twelve  tables  for  all 
combinations,  instead  of  four  tables  *  for  combinations  difiering  by 
multiples  of  five  years  of  age  :  and  this  far  from  alL  A  short  account 
of  some  of  the  tables  since  published  will  show  that  the  example  has 
been  vigorously  followed ;  both  as  to  the  completion  of  things  which 
had  been  but  partially  done,  and  as  to  the  origination  of  new  under- 
takings. 

In  saying  that  the  Useful  Knowledge  Society  first  showed  the  way,  in 
actual  print,  to  the  construction  of  more  extensive  tables,  we  should 
oommit  great  injustice  to  a  most  daring  and  peisevering  calculator,  if 
we  omitted  to  notice  that  Mr.  EMward  Sang  could  have  received  no 
Unt  from  their  proceedings.  His  '  Assurance  and  Annuity  Tables,' 
JSdinburg^,  1841,  large  folio,  rave,  for  one  life  and  8  per  cent.,  almost 
-every  deduction  from  the  Oarusle  tables  which  an  actuary  ooiild  have 
supposed  possible  to  be  wanted.  And  Mr.  Song  worked  with  his 
hands  i"  as  well  u  with  his  heed.  Over  and  above  a  table  of  five- 
'decimal  logarithms  and  antilogarithms,  every  result  in  the  book  has  its 
logarithm  attached  to  it.  And  with  this  we  have  the  present  values 
of  every  annuity  and  assurance,  temporary  or  deferred,  which  can  be 
made  on  one  life,  at  any  age,  and  for  any  duration  or  deferment: 
together  with  a  mass  of  values  and  premiums  for  other  cases  which  we 
shAll  not  attempt  to  specify.  In  1859,  Mr.  Sang  published  a  second 
volume,  containing,  tuso  mr  S  per  cent,  a  body  of  results  on  two 
lives  which  meet  b&  the  actuaries'  cases ;  also  with  logarithms  attached. 
The  offices,  and  many  of  the  actuaries,  were  at  first  inclined  to  look 
very  coldly  upon  these  magnificent  efforts ;  but,  so  far  as  we  have 
observed,  we  think  there  is  now  a  disposition  to  acknowledge  their 
utility  :  their  merit  was  never  denied. 

Mr.  Jones  and  Mr.  Sang,  independently  of  each  other,  showed  that 
there  was  no  occasion  to  be  frightened  at  the  notion  of  calculating  and 
printing  all  the  cases  of  a  problem  of  two  lives,  or  of  one  life  for  termi^ 
of  years  :  at  the  time  when  they  began  their  labours,  a  routine  had 
been  established  by  the  consent  of  several  distinguished  writers,  which 
consent  caused  ordinary  calculaton  to  look  upon  anything  beyond  the 
routine  as  next  to  impracticable.  In  1848,  Mr.  T.  Wigglesworth,  in 
'  Carlisle  Probability-Tables  of  the  Logarithms  . .  . ,'  London,  8vo.,  gave 
the  logarithm  of  the  chance  of  surviving  every  number  of  years,  at 
every  age,  from  the  Carlisle  tables.  In  1850,  Mr.  W.  Orchard,  in 
'  Single  and  Annual  Assurance  Premiums,'  London,  Svcj  gave  tables 
for  converting  the  value  of  an  annuity  into  the  single  or  the  annual 
premium  for  a  corresponding  assurance ;  the  necessity  for  which  often 
arrives  in  masses  of  instances  together.  The  rates  are  24,  8,  84, 4,  44, 
6,  6,  and  7  per  cent 

In  1850,  Mr.  H.  E.  Filipowski,  in  an  appendix  to  his  work  on  anti- 
logarithms,  London,  8vo.,  gave  Carlisle  annuities  at  8  per  cent,  for 
tfute  joint  Uves,  for  all  combinations  of  quinquennial  ages.  This  is  the 
first  table  of  three  lives  :  nothing  more  than  specimens  had  been  pre- 
viously published. 

In  1861,  Messrs.  P.  Oray,  H.  A.  Smith,  and  W.  Orchard,  in '  Amu- 
ranoe  and  Armuity  Tables,'  London,  8vo.,  gave,  for  the  Carlisle 
tables,  at  81  per  cent,  the  premium  and  the  annual  premium  for 
every  case  of  survivorship  assurance  on  two  Uves.  In  1860,  Mr.  W.  T. 
Thomson,  of  the  (Scotdi)  Standard  Life  Assurance  Company,  pub- 
lished, in  fifteen  t  sheets,  meant  to  be  joined  in  one,  what  we  may 
describe  as,  for  the  Carlisle  tables  at  8  per  cent.,  a  collection  of 
Barrett's  tablee,  one  for  each  age  In  the  tables:  or  the  number 
living  at  every  age  of  life  discounted  to  every  lower  age.  This  table 
mi^ht  have  had  its  use,  ii  Mr.  Thomson  himself  had  not  superseded 
it,  m  1868,  by  his  book,  entitled  'Actuarial  Tables,  Carlisle  Three  per 

to  the  nadertaklag,  irould  not  have  ventured  to  propose  snoh  an  nnheardrof 
extent  of  tables  i  and  this  extent  was  proposed  to  him,  and  not  by  him,  during 
the  actual  progress  of  the  work.  It  was  Mr.  Jones  who  flrat  propowd  a  large 
exteniion  of  Bxlstlng  means,  and  the  Sooiety  uVed  for  more. 

*  In  our  flnt  srtiale  appean  the  following :  "The  work  of  Hr.  Jones  on 
Life  AiuudtieM,  In  the  '  Idbmry  of  Useful  Knoiriedge,'  which  Is  now  brought 
nearly  to  a  close,  contains  more  tables  thsn  the  old  standard  wbrka  all  put 
together,  and  is  the  first  in  which  extensive  tables  (or  what  is  called  SarrttP* 
Ifethod  are  (hmiihed,  both  for  one  and  two  lives." 

t  Hr.  Song  arranged  the  types  In  the  boxes,  before  nsing  them,  with  sll  the 
cure  of  composition,  and  set  them  up  in  the  boxes  all  In  one  way.  He  then  set 
the  types  for  printing  ttom  with  his  own  hands.  The  second  volume  wsa 
treated  in  the  same  way  by  his  computers.  A  computer  can  set  up  the  types 
from  the  original  calculatloos ;  and  thus  the  labour  and  risk  of  re-writing  are 
avoided.  The  time  of  setting  up  was  ultimately  reduced  to  not  much  more 
than  what  would  have  been  required  for  re-«rltlng  the  manuscript ;  the  com- 
puters, after  very  little  practice,  were  able  to  outstrip  the  speed  of  ordinary 
compositors.  The  only  predecessor  of  Mt.  Bang  In  this  matter  that  we  know 
of  Is  Mastllnns,  who,  in  1596',  while  superintending  some  printing  for  Eepier, 
writes  that  the  tables  have  been  very  badly  described  (as  to  stzaotjire),  and  adds, 
Uincnuliui  tgpotAetanmi  oftri  aumv*  aimottn  fotut  s  Igf  cogor  tfpotketam 
ajere, 

t  This  form  is  Imir^tlcable.  The  fifteen  iheeU  Joined  together  make  a  table 
of  Bj  feet  by  4J  feel.  This  is  too  much,  even  for  the  wall  of  on  offloo.  We 
examined  the  table  by  nailing  the  sheets  against  the  front  of  a  bookcase,  and 
oslDg  a  stepJadder,  as  GolUver  did  when  pursuing  his  studies  at  Brobdingnog. 


cent,'  Edinburgh,  8vo.,  giving  the  ultimate  elements  of  the  old  form 
of  calculation :  that  is,  the  present  value  and  logarithm  of  every  year 
of  annuity,  and  the  logarithm  of  the  risk  of  death  in  each  yeoi-,  from 
and  after  every  age.  These  values  are  put  together  in  successive  sums 
so  that  the  present  value  of  every  deferred  annuity,  and  of  every 
deferred  and  temporary  assurance,  is  gained  directly  from  the  table. 
A  complete  table  of  probabilities  of  living,  logarithms  and  primitives 
both,  is  also  given ;  with  some  other  tables.  In  1858,  Mr.  David 
Chisholm,  in  '  Commutation*  Tables  for  Joint  Annuities  and  Survivor- 
ship Assurances,  based  on  the  Carlisle  tables  at  3,  84,  4, 5,  and  6 per  cent.,' 
London,  2  vols.,  8vo.,  introduced,  in  addition  to  Bairett^s  tables  for 
two  joint  lives,  the  form  for  survivorship  assurances,  by  which  such  as- 
surances for  terms  of  years,  or  when  deferred,  are  immediately 
calculated.  There  are  other  efforts  with  which  we  are  not  acquainted : 
from  those  which  we  have  cited,  the  reader  may  see  the  very  great 
progress  which  the  actuaiy's  t^lee  have  made  in  the  lost  twenty 
years. 

We  shall  mention  a  literary  curiosity  of  the  subject,  the  spuriouii 
edition  of  Francis  Baily's  celebrated  work*!*  on  Life  Assurance :  the 
only  instance  in  modem  times,  we  believe,  in  which  a  heavy  work  of 
algebra  and  tables  has  been  eoimterfdted.  The  genuine  work,  though 
never  out  of  reputation,  was  soon  out  of  print :  and  suoh  copies  as  were 
sold  by  auction  fetched  enormous  prices.  About  the  year  1850,  copies 
of  the  work,  in  appearance,  were  offered  at  the  assurance  offices  at  less 
than  a  quarter  of  the  old  auction  prices :  which  were  discovered  on 
examination  to  be  spurious.  The  type,  paper,  jcc.,  of  the  genuine 
work  had  been  imitated  almost  to  the  smallest  points;  but  the  careful 
supervision  which  Boiiy  always  gave  to  details,  and  the  excellent  per- 
formance of  his  printer,  could  not  be  imitated.  Those  who  do  not 
know  the  original  edition  will  immediately  detect  the  spurious  edition 
by  an  inverted  S  being  always  used  for  the  letter  ,p.  Shabby  as  the 
undertaking  was,  it  invaded  no  copyright :  and  as  no  one  now  much 
wants  Baily^s  work  for  the  (ai2e>,  so  tiut  it  matters  less  whether  these 
be  accurately  reprinted  or  not,  it  must  be  granted  that  the  still  valuable 
part  of  Baily's  work  has  been  made  more  accessible,  and  therefore 
more  useful.  We  are  of  opinion  that  an  edition  of  the  work,  with  no 
more  than  specimens  of  the  tables,  and  notes,  critical,  historical,  and 
prospective,  would  command  drculation. 

The  railroads  have  created  a  demand  for  tables  of  the  cubic  yards  in 
cuttings,  embankments,  &o.  Of  these  we  select  three,  of  extreme  and 
mean  sizes.  First,  'A  general  sheet-table,  &c.,'  on  one  side  of  one 
sheet,  by  F.  Bashforth,  M.A.,  very  efficient  for  its  size.    Secondly, 

'  Tables  for earthwork  of  Railways,'  1847,  by  C.  K.  Sibley  and 

W.  Butherford ;  a  collection  of  sheets,  yrith  flexible  cover,  small  folio. 
Thirdly,  the  second  edition,  '  Tables  for  facilitating  the  calculation  of 
earthwork,'  by  Sir  John  Macneill,  Dublin>  1846,  an  8vo.  volume  of 
368  pages.  We  describe  what  we  have  by  us,  not  knowing  what  edi- 
tions may  now  be  current,  or  what  other  works  there  may  be. 

The  practice  of  stereotyping  tables  is  one  which  should  be  strongly 
enforoed,  if  it  were  not  that  publishers  seem  now  to  be  aware  of  its 
importance.  A  second  edition  derives  no  authority  from  the  goodness 
of  the  first,  because  the  printer,  who  is,  as  already  observed,  as  im- 
portant ft  person  as  the  author  in  the  matter  of  tablee,  has  again 
stepped  between  the  latter  and  the  publia  In  reading  the  proo&  of 
important  tables,  it  is  desirable  that  three  persons  should  be  employed, 
one  to  read  &om  the  manuscript,  the  otners  to  watch  two  separate 
proofs,  without  communication  mth  each  other,  as  done  in  the  Nautical 
Almanac  office.  The  strictest  investigation  diould  take  place  in  tJie 
proof  which  is  taken  from  the  stereotype,  ordinary  pains  being  token 
with  the  previous  proofs.  Persons  who  have  to  correct  the  proofs  of 
tablee  alone  should  bring  the  manuscript  as  near  as  possible  to  the 
proof  by  folding  it  conveniently  :.  even  ii  jbhe  folds  were  altered  after 
every  twQ  or  three  lines,  so  as  always  to  have  both  manuscript  and 
proof  under  tl^e  eye  in  one  position,  it  would  not  give  more  trouble 
than  would  be  well  repaid.  Double  figures  should  be  particularly 
attended  to;  no  mistake  is  so  likely  to  oe  made,  either  by  the  com- 
positor or  the  reader,  as  744  for  774,  and  the  like.  This,  and  mis- 
placing the  order  of  the  figures,  as  012  for  102,  are  the  things  which  it 
IS  piost  difficult  to  avoid.  Again,  of  the  two  things  under  examination, 
manuscript  and  proof,  the  more  difficult  one  should  be  looked  at  first, 
for  the  nund  is  apt  to  allow  knowledge  derived  from  the  more  ea^ 
to  give  help  in  interpreting  the  mora  difficult  Thus,  if  the  tjrpe 
be  harder  to  read  than  the  manuscript  {a  very  common  thing  with 
thick  even-sized  nuinerals),  make  out  the  proof  first,  and  then  look  at 
the  manuscript;  and  vice  ver$4.  If  two  readings  be  given,  wy  the 
anode ;  the  following  may  for  instance  be  the  plan  adoptod :  if  the 
manuscript  column  contam  a,  b,  e,  &0.,  and  the  printed  coltunn  A,  B, 
C,  &0.,  look  at  a,  compare  it  with  A,  then  at  B,  compare  it  witii  b, 

*  The  tables  formed  on  Barrett's  method  are  varioody  described  u  SarrMf* 
tables,  Davle^t  tables  (0.  Davles  was  an  improver),  D  and  If  tables,  and  Om. 
mutation  tables. 

f  In  1848-9,  somethiiig  more  than  a  doxen  copies  of  Baily'a  work  came  Into 
the  hands  of  Hr.  Haynard,  mathematical  booktoller,  slightly  imperfect  The 
sussing  ports  were  reprinted  (pp.  SOS-820  and  {49-591).  These  copies  were 
in  Bidly'a  hands  till  Us  death  :  and  when  the  book  was  selling  by  auction  at 
and  over  five  guineas,  his  friends  applied  to  him  again  and  again  to  have  the 
dcflcienciss  mads  good  ud  the  books  put  into  circulation ;  bat  they  never  aoidd 
prevail. 
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tben  at  c,  compare  it  with  C,  and  so  on ;  the  order  of  inspection  being 
aA,  Bi,  cC,  id,  &c  Some  persons  examine  best  by  the  eye  alone, 
othera  by  the  ear  also,  repeating  aloud.  Each  one  must  ascertain  for 
himself  which  practice  is  best  for  him ;  but  whatever  it  may  be,  it 
should  be  varied.  Alteration  of  position,  motion  of  the  hand  or  foot 
occasionally  to  mark  the  transitions,  change  of  the  tone  of  repeating, 
&a,  are  useful :  it  is  hardly  credible,  to  those  who  have  not  tried,  how 
much  the  perceptions  are  dulled  bv  the  monotonous  comparison  of  one 
column  of  figures  with  another,  or  now  many  and  how  gross  errors  Irath 
eye  and  ear,  when  tired,  will  suffer  to  pass.  Persons  who  are  not 
much  used  to  this  labour  might  very  well  proceed  as  follows.  Let 
them  requeet  the  printer  to  make,  at  hia  own  discretion,  a  certain 
nombw,  say  three,  of  mistakes  (author-tiaps)  in  every  page,  carefully 
regbteijng  them,  but  not  on  the  manuscript.  The  author  may  then 
be  certain  that  ha  ought  to  detect  three  ""'"^*1f«ff  in  every  page,  and 
will  know  that  he  has  been  careless  if  he  have  not  that  number  at 
least.  But  at  the  seme  time,  an  author  who  has  not  reason  for  confi- 
dence in  hlmMlf,  may  very  safely  leave  good  munuaoript  tables  entirely 
to  the  printer,  if  be  make  the  latter  understand  that  he  does  not  intend 
to  ooinot  till  all  is  printed  off,  and  will  require  every  page  containing 
an  error  to  be  cancelled.  No  good  printer  would  now  refuse  to  engage 
to  furnish  a  fao-simile  of  a  manuscript,  on  the  simple  condition  of 
being  allowed  to  refer  to  the  author  for  decision  as  to  any  doubtful 
word  or  figure  in  the  writing;  and  the  accuracy  with  which  the  first- 
rate  London  *  printers  turn  out  their  proo&,  even  where  the  manu- 
script is  criminally  bod,  is  surprising.  We  have  frequently  looked  at 
page  after  page  of  table-matter  more  times  than  we  should  otherwise 
have  thougLt  necesnry,  merely  because  the  total  absence  of  detected 
arot  left  it  an  unsettled  point  whether  it  was  the  excellence  of  the 
proof,  or  a  temporary  suspension  of  our  own  quickness  of  perception, 
which  caused  the  absence  in  question. 

Catalogues  of  tables  (separate)  may  be  seen  in  the  catalogue  of  the 
Boyal  Society's  library;  in  Morhud's  'BibL  Hath.;'  in  Lalande's 
'  BibL  Astron.'  (in  virtue  of  the  index) ;  but  there  is  nothing  spproach- 
ing  to  even  a  moderately  perfect  catalogue. 

In  the  neceding  artide  we  have  described,  we  believe,  all  the  tables 
of  note,  whether  in  history  or  practice,  so  far  as  general  tables  of  pure 
mathematics  are  concerned.  We  have  omitted  t£oae  which  relate  only 
to  astronomy,  life  contingendee,  or  any  other  special  ajmlication  of 
mathematics.  As  the  article  stood  in  the '  Penny  Qrolop»ua,'  we  had 
brought  forward  about  818  tables,  of  which  231  had  been  taken  from 
actual  inspection,  and  the  remainder  from  various  authorities,  very  few 
indeed  from  one  only.  In  Lalande's  '  Bibliographie  Astronomique ' 
there  are  208  tables  mentioned,  inebidiKg  aetronomieal  ona.  In  the 
printed  catalogue  of  the  Boyal  Society's  Library  the  entries  under 
taUes,  of  ereiy  sort,  matliematics,  astronomy,  navigation,  geograpl^, 
meteorology,  so.,  are  SS6  in  number,  including  from  the  merest  tide- 
table  for  one  year  up  to  the  largest  body  of  logarithms.  And  upon 
looking  at  the  appearanoea  which  tbe  difTerent  catalogues  present,  we  do 
not  find  one  in  wnioh  200,  or  even  100,  tables  of  pure  mathematics  are 
mentioned  as  having  undergone  the  actual  inspection  of  the  compiler. 
In  the  present  article  we  have  givenabont  457  tables,  of  whichSSSsrefrom 
actual  mspection.  It  would  not,  then,  w*  suspect,  be  a  very  extensive 
undertaking  to  make  as  complete  a  ust  of  tables  of  all  kinds  ss  can 
now  be  reoovared;  and  the  undertaker  of  it  might  txpeat  to  be  able 
to  verify  about  two  out  of  three  from  inspection. 

In  the  present  article  some  sdditions  have  been  made,  both  of  tables 
and  of  facts  slluding  to  tables  alrsady  inserted,  and  aeveraJ  oorrectiona. 
We  have  not  made  any  effort  to  include  all  the  tables  of  the  last  few 
years,  preferring  to  direct  our  chief  attention  to  the  improvement  <k 
the  anuquarian  part  of  our  task.  To  this  end  we  have  examined  anew 
all  the  old  tables  which  we  could  conveniently  see.  In  reviewing  our 
work,  we  find  that  we  have  sometimes  spoken  of  tits  decimal  plaea  in 
a  table,  and  sometimes  of  the  radiuM  to  which  it  is  ooostructed ;  bat 
we  do  not  mean  that  the  old  tables  had  decimal  places,  properly  so 
called.  We  must  alio  remind  tJ^e  reader  that  ♦■I't*  irHdA  is  not  biblio- 
grapMeal;  our  a&ir  is  not  with  books  as  books,  but  with  tables  as 
tables.    Aeoordisg^t  the  descriptions  of  hodka  sre  not  fully  givaa  t 

*  This  was  ilnt  published  Is  IStS.  la  the  sprtnc  of  1S45,  the  Nautical 
Almanso  of  the  year  va>  nearly  exbanated,  and  It  vu  nccesury  to  reprint 
It  with  the  ntmoat  speed.  The  Nantieal  Almsnao  eontaln*  mora  than  tOO 
Urge  octavo  piges  of  nomerleal  tables.  OlowM  and  Bon,  aU  revisloa  bdng  left 
to  their  omi  readtra,  performed  the  taak  in  ecTtnteea  mn-Uttg  iajt,  from  the 
xwnmmcement  of  the  eompoaitloa  to  the  dcUveiy  la  sbaets.  Hie  tmatar  of 
this  repilst  was  never  Impeached.  A  printer  who  was  aniacad  npon  an  artlels 
la  which  the  above  atatement  was  made,  amnrcd  the  author  that  he  moat  be 
wrong,  that  the  reprint  was  made  from  atandlng  type,  aa  waa  proved  by  the 
ravlslon  being  Intmited  to  the  printer :  on  which  proper  atteaUtlons  were 
proenred  tnm  Clowes  and  Son  and  their  OTeraeers,  and  theae  we  have  seen. 
Even  printers,  Then  their  work  la  all  of  the  ordinary  kind,  an  not,  it  ahould 
seem,  aware  of  the  confidence  due  to  those  who  are  habttoally  concerned  with 
such  things  aa  tables.  This  reprint,  when  It  came  to  be  examined,  had  only 
thlrtj-tbree  errata.  The  neceailty  occurred  again  In  1846,  and,  as  appears  in 
the  advertisement  to  the  aecosd  edition  of  that  work,  the  reprint  was  fblly  done 
In  tisUm  working  days.  Subeeqnent  rerialon  detected  only  twenty-two  errata, 
seven  of  which  wen  in  asm*  copitt  onlf,  that  la,  dne  to  hurried  press-work. 
Then  was  then  perceptible  progress,  both  In  speed  and  accuracy. 


and  their  contenta,  except  so  far  as  they  are  the  tables  spoken  of,  are 
wholly  unnoticed. 

TABLE,  ROUND.  The  most  famous  Round  Table  is  that  of  King 
Arthur,  which  is  said  in  the  old  romances  to  have  been  constructed  by 
the  wirard  Merlin  for  tjther  Pendragon,  Arthur's  father,  from  whom 
it  passed  into  the  possession  of  Leodigan,  or  Leodegrance,  king  of 
Camelard,or  Carmalide,  whose  capital  was  Carshaise,  and  then  came  to 
Arthur  as  the  portion  of  his  wife  Quenevre,  daughter  of  that  monarcB. 
The  romance  of  the  '  Mort  d' Arthur '  says  that  Merlin  made  it  "  in 
token  of  the  roundness  of  the  world;"  according  to  the  metrical 
romance  of  Merlin,  it  was  made  in  imitation  of  one  which  had  been  set 
up  by  Joseph  of  Arimathea  in  commemoration  of  that  at  which  the 
twelve  apostles  ate  the  last  supper  with  their  divine  Master.  The  Round 
Table  is  not  mentioned  at  all  by  OeoffiOT  of  Monmouth,  either  in  his 
'  Chronicle,'  or  in  hia  '  Life  of  Merlin '  in  Latin  verse ;  but  it  is  noticed 
by  his  contemporary  Wace,  in  his  metrical '  Soman  de  Bois  d'Angle- 
terre.'  The  Round  Table  was  intended,  to  quote  the  analysis  of  the 
romance  of  Merlin  given  by  EUis  ('  Specimens  of  Early  English  Ro- 
mances,' i), "  to  assemble  the  best  knighfa  in  tlie  world."  Then  are 
different  accounts  of  the  number  of  the  Enighta  of  the  Bound  Table, 
which  indeed  appears  not  to  have  been  always  the  same.  The  romance 
of  Merlin,  which  states  that  Uther  had  no  power  to  fill  all  the  seats, 
makes  that  king  nevertheless  to  have  nominated  250  knighto,  and  these 
are  also  spoken  of  as  forming  the  number  of  the  order  under  Leo- 
degrance. Tiie  '  Mort  d'Arthur'  makes  Leodegrance  say,  in  surrender- 
ing it  to  Arthur,  "  I  shall  give  him  the  Table  Bound,  the  which  Uther 
Pendragon  gave  me,  and  when  it  is  full  complete,  there  is  a  hundred 
knighta  and  fifty ;  and,  as  for  on  hundred  good  knighta,  I  have  myself, 
but  I  lack  fifty,  for  so  many  have  been  slain  in  my  days."  Of  the  fifty 
knighto  that  were  wanted.  Merlin  waa  at  the  moment  only  able  to  find 
twenty-eight  for  Arthur;  but  some  were  added  afterwards.  Other 
accounto  again  make  the  complete  number  under  Arthur  to  have  been 
only  a  hundred. 

It  is  asserted  by  some  of  the  chroniclers  that  some  time  befora 
Edward  III.  instituted  the  order  of  the  Qorter,  he  established  in  the 
casUe  of  Windsor  a  fraternity  of  twenty-four  faiighte,  and  erected  for 
them  a  round  table,  in  imitation  of  that  of  Arthur,  with  a  chamber  in 
which  it  was  placed,  in  what  is  yet  known  as  the  Round  Tower. 
Bishop  Percy,  m  his '  Beliques  of  Antient  English  Poetry,'  remarks 
"  that  the  round  table  was  not  peculiar  to  the  reign  of  King  Arthur, 
but  was  common  in  all  the  ages  of  chivalry. '  The  proclaiming  a  great 
toiunameot  ^probably  with  some  peculiar  solemnities)  was  called  hold- 
ing a  Bound  Table."  And  he  quotes  a  passage  from  Dugdale,  in  which 
that  learned  antiquary,  deacribug  a  tournament  held  at  KenilworUi  by 
Boger  de  Mortimer,  in  the  reign  of  Edward  I.,  says, "  Then  began  the 
Bound  Table,  so  called  by  reason  that  the  place  wherein  they  practised 
those  feats  was  environed  with  a  strong  wall  made  in  a  round  form." 
Perqr  adds  that  Matthew  Paris  frequentfy  calls  jousta  and  tournaments 
ffamludia  ifentee  Botimda.  These  round  tables  were  probably  a  con- 
trivance on  the  princmie  of  the  modem  Bound  Robin,  to  prevent  any 
diaputa  about  pr«caaenoy.  There  are  several  circular  elevations  in 
different  porta  of  Englud  which  are  still  called  Arthur's  Bound 
Tables. 

TABLES,  TWELVE.    [Twelyx  Tablss.] 

TACK  is  the  technical  term  in  Scotland  for  a  lease,  whether  of 
lands  or  edifices;  the  rent  is  called  the  tack-duty,  and  the  tenant  the 
tacksman.  The  Scotch  lease,  however  long  ita  duration,  is  purely  a 
contract,  and  does  not  partake — at  least  in  questions  between  landlord 
and  tenant — of  the  peculiarities  of  the  feudal  system.  In  early  times 
it  is  possible  to  trace  something  like  an  inferior  system  of  vassalage  in 
the  nature  of  the  agriculturists  tenure ;  but  as  ail  descriptions  of  per- 
manent estates  oould  be  constituted  in  the  land  by  the  adaptation  of 
the  feudal  usages,  there  was  no  temptation  te  convert  the  contract  for 
the  limited  occupation  and  use  of  the  land  into  a  means  of  constitut- 
ing a  semi-propnetary  right  in  it.  The  system  of  leases  accordingly, 
ss  one  of  mere  letting  and  hiring,  took  ita  principles  from  the  Boman 
contract  of  loeatio  condvMio,  the  right  of  the  leasee  or  tacksman  being 
so  purely  personal  that  it  was  ineSbotual  against  a  party  acquiring  the 
lands  by  purchase  from  tiie  lessor.  Leasehold  righto,  however,  in 
questions  of  succession,  and  in  the  form  of  attachment,  employable 
vj  credlton,  have  by  usage  come  into  the  position  of  real  or  heritable 
property,  and  may  now  be  registered  and  transferred  by  the  impropri- 
ate forms  of  tnmsf  er  like  estates  in  fee  simple. 

Writing  is  neoessary  to  constitute  a  lease,  although  possession  dur^ 
ing  the  put  that  nuyrsmain  over  a  year  begun,  maybe  held  as  a  ri^t 
from  stififerance  and  acquiescence  m  ito  commencement.  Without 
writing  the  tenn  is  for  a  year  only. 

TACKINO.  The  evolutions  of  a  ship  when  contending  with  an 
adverse  wind  are  called  tacking ;  and  the  course  upon  which  a  ship 
lies  is  called  ita  "tack,"  and  whether  the  wind  blow  on  the  star- 
board- or  port-side,  these  are  called  starboard  or  port  tacks.  In  endea- 
vouring to  move  a  ship  under  sail  towards  the  point  from  which  the 
wind  blows,  she  must  necessarily  be  close  hauled,  that  is,  her  sails 
must  be  so  braced  as  to  enable  her  to  proceed  ss  near  the  wind  as 
poseible. 

We  may  illustrate  the  operation  of  tacking  by  referenoe  to  a  similar 
movement  in  ourselves,  whether  on  foot  or  horseback,  when  we  mount 
a  steep  incline  on  shore;   for,  instead  of  facing  tiie  inclination  of 
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the  hill  in  ita  •bruptneas,  we  ndle  along  upwards  in  a  zig-zag  direc- 
tion until  the  summit  is  reached, — and  Utos  it  is  with  tadung  at  sea ; 
where,  however,  we  use  horizontal  angles  instead  of  the  Tartical  ones 
on  land. 

The  motion  of  a  ship  in  thus  beating  to  windward  (as  the  whole 
eToIntion  is  called)  is  considerably  afTectod  by  the  form  of  the  ship 
herself ;  for  barges,  and  fl'.t  or  round-bottomed  vessels  make  great  lee- 
way, or  are  driven  bodily  from  the  wind,  and  the  actual  course  sailed 
is  upon  a  line  which  is  the  resultant  of  two  forces.  For  supposing 
the  wind  to  be  acting  in  the  direction  indicated  by  the  arrow  in  the 
diagram,  ita  power  upon  the  mass  of  broadside  and  sails  will  have  a 


tendency  to  drive  it  from  a  towards  b  (this  is  called  leeway),  while  the 
action  of  the  sails  in  their  obliquity  to  the  keel  drives  the  body  also 
fomard  in  the  line  of  keel  ao.  Now  compounding  these  two  forces, 
A  B  and  0  D,  we  have  a  D  in  the  parallelogram  as  the  resultant,  while  the 


amount  of  leeway  would  be  measured  by  ab,  and  ita  an^e  would  be 
■  AF.    Hence  tacking  ia  more  advantageous  to  sharp-bottomed  vessels 


with  a  rising  floor  like  yachts,  cutters,  &a,  as  they  offer  more  vertical 
resistance  to  the  water  in  arresting  the  lateral  drift  ab.  Vessels 
having  no  keel  or  deadwood  are  generally  furnished  with  what  is  called 
a  "  lee-board,"  which  working  on  a  strong  pin,  as  at  o  in  the  figure,  ia 
let  down  below  the  bottom  on  the  lee  side  to  prevent  too  much  leeway 
when  tacking  to  windward. 

In  order  to  very  briefly  ezidain  the  operation  of  tacking  (or  as  it  is 
also  called  "  heaving  about  ),  suppose  the  figure  below  to  represent  a 
ship  at  a,  beating  towards  the  direction  of  the  wind  x,  and  close  hauled 


i!^   <p^ 


on  the  port  tack  accordingly,  the  tiller  is  put  over  towards  y  (^'  hard 
a-lee  "),  which  causes  the  rudder  to  bring  the  ship's  head  to  wind,  as 
at  b,  or  throws  her  into  "  stays; "  just  before  she  reaches  this  position, 
the  afteryards  (on  the  main  and  mizen  masts)  are  hauled  aback  and 
then  braced  as  at  c,  and  as  soon  as  the  ship's  head  is  found  to  be  about 
five  points  from  the  wind  the  head  yards  are  braced  round  likewise, 
and  the  ship  fills  with  the  wind  upon  the  starboard  side,  as  seen  at  d, 
and  she  is  now  on  the  starboard  tack.  It  is  at  times  a  perilous  evolu- 
tion, and  if  there  be  much  sea  on  is  found  impracticable.  To  insure 
success  however  under  ordinary  circumstances,  the  helmsman  just 
previously  keeps  the  sails  "  clean  full"  (as  the  expression  is),  lest  the 
ship's  velocity  be  insufficient  to  bring  her  head  to  wind ;  if  it  be  so, 
her  head  "  falls  off"  again,  and  she  is  said  to  have  mined  (tayi ;  this  ia 
frequently  caused  by  the  helmsman  neglecting  to  shift  the  helm  when 
the  ship  acquires  stem-way.  When,  from  having  lost  all  velocity,  she 
will  neither  stay  nor  fall  off,  she  is  said  to  be  "  jammed  up  in  the 
wind,"  or  "  in  irons,"  the  remedy  being  to  brace  the  head-yards  aback 
and  "pay  off."  If -such  happen  when  too  near  shore  the  danger  is 
imminsidL    (YBBsna.) 


END  OF  VOL,  VII. 
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